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Preface 

Probiotics are specific strains of microorganisms, which when served to human in
proper amount, have a beneficial effect, improving health or reducing risk of get sick. 
They are used of functional foods and pharmaceutical products and play an important
role in promoting and maintaining human health. This book comprehensively reviews 
and compiles information on probiotics strains in 30 chapters which cover the use of 
probiotics the editor has tried arrange the book chapters in a issue order to make it
easier for the readers to find what they need. 

Section 1 – Use of Probiotics in food, which includes chapters 1-12 is showed issues
related with the use of probiotics in food on different approaches such as lactose 
intolerance and functional foods development 

Section 2 – Probiotics in Health, which includes chapters 13-22 is showed issues
related with the use of probiotics in human´s health such as application in 
inflammatory diseases, interaction in the gut and prevention of necrotizing. 

Section 3 – Probiotics in Biotechnological Aspects, which includes chapters 23-26 is
showed issues related with the Biotechnological Aspects such as probiotics
stabilization, types and specifications. 

Section 4 – Probiotics in Aquaculture, which includes chapters 27-28, chapters related
with probiotics in shrimp larvae and biofilms.

This book is written by authors from America, Europe, Asia and Africa, yet, the editor
has tried arrange the book chapters in a issue order to make it easier for the readers to
find what they need. 

The scientists selected to publishing of this book were guests due to their recognized
expertise and important contributions on fields in which they are acting. Without these
scientists, their dedication and enthusiasm the publishing this book would have not been 
possible. I recognize the efforts them in the attempt of contribute to animals production
contributing thus to the developing Human and I´m very gratefully for that. 

This book will hopefully be of help to many scientists, doctors, pharmacists, chemicals
and other experts in a variety of disciplines, both academic and industrial. It may not
only support research and development, but also be suitable for teaching.
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© 2012 Song et al., licensee InTech. This is an open access chapter distributed under the terms of the 
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Recent Application of  
Probiotics in Food and Agricultural Science 

Danfeng Song, Salam Ibrahim and Saeed Hayek 

Additional information is available at the end of the chapter 

http://dx.doi.org/10.5772/50121 

1. Introduction 

Probiotic foods are a group of functional foods with growing market shares and large 
commercial interest [1]. Probiotics are live microorganisms which when administered in 
adequate amounts confer a beneficial health benefit on the host [2].  Probiotics have been 
used for centuries in fermented dairy products. However, the potential applications of 
probiotics in nondairy food products and agriculture have not received formal 
recognition. In recent times, there has been an increased interest to food and agricultural 
applications of probiotics, the selection of new probiotic strains and the development of 
new application has gained much importance. The uses of probiotics have been shown to 
turn many health benefits to the human and to play a key role in normal digestive 
processes and in maintaining the animal’s health. The agricultural applications of 
probiotics with regard to animal, fish, and plants production have increased gradually. 
However, a number of uncertainties concerning technological, microbiological, and 
regulatory aspects exist [3].  

1.1. Definition of probiotics  

Probiotics are live microbes that can be formulated into many different types of products, 
including foods, drugs, and dietary supplements. Probiotic is a relatively new word that is 
used to name the bacteria associated with the beneficial effects for the humans and animals. 
The term probiotic means ‘‘for life’’ and it was defined by an Expert Committee as ‘‘live 
microorganisms which upon ingestion in certain numbers exert health benefits beyond 
inherent general nutrition’’ [4]. FAO/WHO Expert Consultation believes that general 
guidelines need to provide to how these microorganisms can be tested and proven for safety 
and potential health benefits when administered to humans. 

© 2012 Song et al., licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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Lactobacillus and Bifidobacterium are most commonly used probiotics in food and feed (Table 
1). Other microorganisms such as yeast Saccharomyces cerevisiae and some Escherichia coli and 
Bacillus species are also used as probiotics. Lactic acid bacteria (LAB) which have been used 
for food fermentation since the ancient time, can serve a dual function by acting as food 
fermenting agent and potentially health benefits provider. LAB are GRAS (general 
recognized as safe) with no pathogenic, or virulence properties have been reported. For the 
use of LAB as probiotics, some desirable characteristics such as low cost, maintaining its 
viability during the processing and storage, facility of the application in the products, 
resistance to the physicochemical processing must be considered. 
 

Lactobacillus species Bifidobacterium species Others
L. acidophilus B. adolescentis Bacillus cereus 
L. amylovorus B. animalis Clostridium botyricum 
L. brevis B. breve Enterococcus faecalisa 
L. casei B. bifidum Enterococcus faeciuma 
L. rhamnosus B. infantis Escherichia coli 
L. crispatus B. lactis Lactococcus lactis subsp. cremoriss 
L. delbrueckii subsp.
bulgaricus B. longum Lactococcus lactis subsp. lactis 

L. fermentum  Leuconostoc mesenteroides subsp. 
dextranicum 

L. gasseri Pediococcus acidilactici 
L. helveticus Propionibacterium freudenreichiia 
L. johnsonii Saccharomyces boulardii 

L. lactis  Streptococcus salivarius subsp. 
thermophilus 

L. paracasei Sporolactobacillus inulinus a 
L. plantarum 
L. reuteri 
L. salivarius 
L. gallinaruma 

a mainly applied in animals 

Table 1. Probiotic microorganisms. Adapted from [5, 6] 

1.2. Characteristics of probiotics 

Characteristics of probiotics will determine their ability to survive the upper digestive tract 
and to colonize in the intestinal lumen and colon for an undefined time period. Probiotics 
are safe for human consumption and no reports have found on any harmfulness or 
production of any specific toxins by these strains [7, 8]. In addition, some probiotics could 
produce antimicrobial substances like bacteriocins. Therefore, the potential health benefit 
will depend on the characteristic profile of the probiotics. Some probiotic strains can reduce 
intestinal transit time, improve the quality of migrating motor complexes [9], and 
temporarily increase the rate of mitosis in enterocytes [10, 11].  
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The most common probiotics are Lactobacillus and Bifidobacterium. In general most probiotics 
are gram-positive, usually catalase-negative, rods with rounded ends, and occur in pairs, 
short, or long chains [7]. They are non-flagellated, non-motile and non-spore-forming, and 
are intolerant to salt. Optimum growth temperature for most probiotics is 37°C but some 
strains such as L. casei prefer 30 °C and the optimum pH for initial growth is 6.5-7.0 [7]. L. 
acidophilus is microaerophilic with anaerobic referencing and capability of aerobic growth. 
Bifidobacterium are anaerobic but some species are aero-tolerant.  Most probiotics bacteria are 
fastidious in their nutritional requirements [12, 13]. With regard to fermentation probiotics 
are either obligate homofermentative (ex. L. acidophilus, L. helvelicas ), obligate 
heterofermentative (ex. L. brevis, L. reuteri), or facultative heterofermentative (ex. L. casei, L. 
plantarum) [14]. Additionally, probiotics produce a variety of beneficial compounds such as 
antimicrobials, lactic acid, hydrogen peroxide, and a variety of bacteriocins [15, 16] . 
Probiotics should have the ability to interact with the host microflora and competitive with 
microbial pathogens, bacterial, viral, and fungal [16]. 

2. Probiotics health benefits 

Probiotic research suggests a range of potential health benefits to the host organism. The 
potential effects can only be attributed to tested strains but not to the whole group of 
probiotics. Probiotics have shown to provide a diverse variety of health benefits to 
human, animal, and plans. However, viability of the microorganisms throughout the 
processing and storage play an important role in transferring the claimed health effects. 
Therefore, the health benefits must be documented with the specific strain and specific 
dosage [17]. 

2.1. Human health 

Probiotics display numerous health benefits beyond providing basic nutritional value [4]. 
These evidences have been established by the scientific testing in the humans or animals, 
performed by the legitimate research groups and published in peer-reviewed journals [16, 
18]. Some of these benefits have been well documented and established while the others 
have shown a promising potential in animal models, with human studies required to 
substantiate these claims [18]. Health benefits of probiotic bacteria are very strain specific; 
therefore, there is no universal strain that would provide all proposed benefits and not all 
strains of the same species are effective against defined health conditions  [18]. 

Probiotics have been used in fermented food products for centuries. However, nowadays it 
has been claimed that probiotics can serve a dual function by their potentially importing 
health benefits. The health benefit of fermented foods may be further enhanced by 
supplementation of  Lactobacillus and Bifidobacterium species [19]. L. acidophilus, 
Bifidobacterium spp. and L. casei species are the most used probiotic cultures with established 
human health in dairy products, whereas the yeast Saccharomyces cerevisiae and some E. coli 
and Bacillus species are also used as probiotics [20].  
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Several studies have documented probiotic effects on a variety of gastrointestinal and 
extraintestinal disorders, including prevention and alleviation symptoms of traveler’s 
diarrhea and antibiotic associated diarrhea  [21], inflammatory bowel disease [21], lactose 
intolerance [22], protection against intestinal infections [23], and irritable bowel syndrome. 
Some probiotics have also been investigated in relation to reducing prevalence of atopic 
eczema later in life [24], vaginal infections, and immune enhancement [25], contributing to 
the inactivation of pathogens in the gut, rheumatoid arthritis, improving the immune 
response of in healthy elderly people [26], and liver cirrhosis. 

In addition, probiotics are intended to assist the body’s naturally occurring gut microbiota. 
Some probiotic preparations have been used to prevent diarrhea caused by antibiotics, or as 
part of the treatment for antibiotic-related dysbiosis. Although there is some clinical 
evidence for the role of probiotics in lowering cholesterol but the results are conflicting. 
Probiotics have a promising inhibitory effect on oral pathogens especially in childhood but 
this may not necessarily lead to improved oral health [27]. Antigenotoxicity, 
antimutagenicity and anticarcinogenicity are important potential functional properties of 
probiotics, which have been reported recently. Observational data suggest that consumption 
of fermented dairy products is associated with a lower prevalence of colon cancer, which is 
suggested that probiotics are capable of decreasing the risk of cancer by inhibition of 
carcinogens and pro-carcinogens, inhibition of bacteria capable of converting pro-
carcinogens to carcinogens  [18].  

2.2. Animal health 

Probiotics which are traditional idea in the human food have been extended to animals by 
developing fortified feed with intestinal microbiota to benefit the animals. The microflora in 
the gastrointestinal tracts of animals plays a key role in normal digestive processes and in 
maintaining the animal’s health. Probiotics can beneficially improve the intestinal microbial 
balance in host animal. Commercial probiotics for animal use are claimed to improve animal 
performance by increasing daily gain and feed efficiency in feedlot cattle, enhance milk 
production in dairy cows, and improve health and performance of young calves [28] and in 
improving growth performance of chickens [29]. Probiotics can attach the mucosal wall, 
adjust to immune responses [30], and compete the pathogenic bacteria for attachment to 
mucus [31, 32]. Probiotics provide the animal with additional source of nutrients and 
digestive enzymes [33, 34].  They can stimulate synthesis vitamins of the B-group and 
enhancement of growth of nonpathogenic facultative anaerobic and gram positive bacteria 
by producing inhibitory compounds like volatile fatty acids and hydrogen peroxide that 
inhibit the growth of harmful bacteria enhancing the host’s resistance to enteric pathogens 
[32, 35]. Probiotics stimulate the direct uptake of dissolved organic material mediated by the 
bacteria, and enhance the immune response against pathogenic microorganisms [36, 37]. 
Finally, probiotics can inhibit pathogens by competition for a colonization sites or 
nutritional sources and production of toxic compounds, or stimulation of the immune 
system.  
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2.3. Plant health 

The more beneficial the bacteria and fungi are, the more “fertile” the soil is. These 
microorganisms break down organic matter in the soil into small, usable parts that plants 
can uptake through their roots. The healthier the soil, the lower the need for synthetic 
herb/pesticides and fertilizers.The concept that certain microorganisms ‘probiotics’ may 
confer direct benets to the plant acting as biocontrol agents for plants. The plant probiotic 
bacteria have been isolated and commercially developed for use in the biological control of 
plant diseases or biofertilization [38]. These microorganisms have fulfilled important 
functions for plant as they antagonize various plant pathogens, induce immunity, or 
promote growth [38-40]. The interaction between bacteria and fungi with their host plants 
has shown their ability to promote plant growth and to suppress plant pathogens in several 
studies [41-44].  

3. Food applications of probiotics 

Today an increase in knowledge of functional foods has led to develop foods with health 
benefits beyond adequate nutrition. The last 20 years have shown an increased interest 
among consumers in functional food including those containing probiotics. The presence of 
probiotics in commercial food products has been claimed for certain health benets. This has 
led to industries focusing on different applications of probiotics in food products and 
creating a new generation of ‘probiotic health’ foods. This section will summarize the 
common applications of probiotics in food products. 

3.1. Dairy-based probiotic foods 

Milk and its products is good vehicle of probiotic strains due to its inherent properties and 
due to the fact that most milk and milk products are stored at refrigerated temperatures. 
Probiotics can be found in a wide variety of commercial dairy products including sour and 
fresh milk, yogurt, cheese, etc. Dairy products play important role in delivering probiotic 
bacteria to human, as these products provide a suitable environment for probiotic bacteria 
that support their growth and viability [45-48]. Several factors need to be addressed for 
applying probiotics in dairy products such as viability of probiotics in dairy [19, 48], the 
physical, chemical and organoleptic properties of final products [49-51], the probiotic health 
effect [52, 53], and the regulations and labeling issues [4, 54]. 

3.1.1. Drinkable fresh milk and fermented milks 

Among probiotics carrier food products, dairy drinks were the first commercialized products 
that are still consumed in larger quantities than other probiotic beverages. Functional dairy 
beverages can be grouped into two categories: fortified dairy beverages (including probiotics, 
prebiotics, fibers, polyphenols, peptides, sterol, stanols, minerals, vitamins and fish oil), and 
whey-based beverages [55]. Among the probiotic bacteria used in the manufacture of dairy 
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beverages, L. rhamnosus GG is the most widely used. Owing to L. rhamnosus GG acid and bile 
resistance [56], this probiotic is very suitable for industrial applications. Özer and Avnikirmaci 
have reported  several examples of commercial probiotic dairy beverages showing that L. 
acidophilus, L. casei, L. rhamnosus, and L. plantarum as most applied probiotics [55].  

Several factors have been reported to affect the viability of probiotic cultures in 
fermented milks. Acidity, pH, dissolved oxygen content, redox potential, hydrogen 
peroxide, starter microbes, potential presence of flavoring compounds and various 
additives (including preservatives) affect the viability of probiotic bacteria and have 
been identified as having an effect during the manufacture and storage of fermented 
milks [19, 48, 57]. Today, a wide range of dairy beverages that contain probiotic bacteria 
is available for consumers in the market including: Acidophilus milk, Sweet acidophilus 
milk, Nu-Trish AB, Bifidus milk, Acidophilus buttermilk, Yakult, Procult drink, Actimel, 
Gaio, ProViva, and others [55]. 

Probioticts such as Lactobacillus and Bifidobacterium strains grow weakly in milk due to their 
low proteolytic activity and inability to utilize lactose [47, 57]. These bacteria also need certain 
compounds for their growth which is missing in milk [19, 58, 59]. To improve growth and 
viability of probiotics in dairy beverages various substances have been tested in milk. Citrus 
fiber presence in fermented milks was found to enhance bacterial growth and survival of 
probiotic bacteria in fermented milks [60]. Addition of soygerm powder has shown certain 
positive effects on producing fermented milk with L. reuteri. Soygerm powder may release 
important bioactive isoavones during fermentation that could protect L. reuteri from bile salt 
toxicity in the small intestine [61]. Other substances include fructooligosaccahrides (FOS), 
aseinomacropeptides (CMP), whey protein concentrate (WPC), tryptone, yeast extracts, certain 
amino acids, nucleotide precursors and an iron source were also documented [59, 63, 64]. 
Additionally, the selection of probiotic strains and optimization of the manufacturing 
conditions (both formulation properties and storage conditions) are of utmost importance in 
the viability of probiotic bacteria in fermented milk [47, 65]. 

3.1.2. Yogurt 

Yogurt is one of the original sources of probiotics and continues to remain a popular 
probiotic product today. Yogurt is known for its nutritional value and health benefits. 
Yogurt is produced using a culture of L. delbrueckii subsp. bulgaricus and 

Streptococcus salivarius subsp. thermophilus bacteria. In addition, other lactobacilli and 
bifidobacteria are also sometimes added during or after culturing yogurt. The probiotic 
characteristics of these bacterial strains that form the yogurt culture are still debatable. The 
viability of probiotics and their proteolytic activities in yoghurt must be considered.  
Numerous factors may affect the survival of Lactobacillus and Bifidobacterium spp. in yogurt. 
These include strains of probiotic bacteria, pH, presence of hydrogen peroxide and 
dissolved oxygen, concentration of metabolites such as lactic acid and acetic acids, buffering 
capacity of the media as well as the storage temperature  [19, 66, 67].  
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Although yogurt has been widely used as probiotics vehicle, most commercial yogurt 
products have low viable cells at the consumption time [19, 68]. Viability of probiotics in 
yogurt depends on the availability of nutrients, growth promoters and inhibitors, 
concentration of solutes, inoculation level, incubation temperature, fermentation time and 
storage temperature. Survival and viability of probiotic in yogurt was found to be strain 
dependant. The main factors for loss of viability of probiotic organisms have been 
attributed to the decrease in the pH of the medium and accumulation of organic acids as a 
result of growth and fermentation. Among the factors, ultimate pH reached at the end of 
yogurt fermentation appears to be the most important factor affecting the growth and 
viability of probiotics. Metabolic products of organic acids during storage may further 
affect cell viability of probiotics [66]. The addition of fruit in yogurt may have negative 
effect on the viability of probiotics, since fruit and berries might have antimicrobial 
activities. Inoculation with very high level of probiotics with attempts to compensate the 
potential viability loss, might result in an inferior quality of the product. The present of 
probiotic was found to affect some characteristics of yogurt including: acidity, texture, 
flavor, and appearance [69]. However, encapsulation in plain alginate beads, in 
chitosancoated alginate, alginate-starch, alginate-prebiotic, alginate-pectin, in whey 
protein-based matrix, or by adding prebiotics or cysteine into yogurt, could improve the 
viability and stability of probiotics in yogurt [70-79]. 

3.1.3. Cheese 

Yogurt and milk are the most common vehicles of probiotics among dairy products. 
However, alternative carriers such as cheese seem to be well suited. Cheeses have a number 
of advantages over yogurt and fermented milks because they have higher pH and buffering 
capacity, highly nutritious, high energy, more solid consistency, relatively higher fat 
content, and longer shelf life  [80, 81]. Several studies have demonstrated a high survival 
rate of probiotics in cheese at the end of shelf life and high viable cells [45, 48, 82, 83]. 
Probiotics in cheese were found to survive the passage through the simulated human 
gastrointestinal tract and significantly increase the numbers of probiotic cells in the gut [82].  
However, comparing the serving size of yogurt to that of cheese, cheese needs to have 
higher density of probiotic cells and higher viability to provide the same health benefits. 
Cheese was introduced to probiotic industry in 2006 when Danisco decided to test the 
growth and survival of probiotic strains in cheese [84]. At that time, only few probiotic 
cheese products were found on the market. The test showed that less than 10% of the 
bacteria were lost in the cheese whey. Based on the process, a commercial probiotic cheese 
was first developed by the Mills DA, Oslo, Norway. Nowadays, there are over 200 
commercial probiotic cheeses in various forms, such as fresh, semi-hard, hard cheese in the 
marketplaces. Semi-hard and hard cheese, compared to yogurt as a carrier for probiotics, 
has relatively low recommended daily intake and need relatively high inoculation level of 
probiotics (about 4 to 5 times). Fresh cheese like cottage cheese has high recommended daily 
intake, limited shelf life with refrigerated storage temperature. It may, thus, serve as a food 
with a high potential to be applied as a carrier for probiotics. 
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3.1.4. Other dairy based products 

Other dairy products including quark, chocolate mousse, frozen fermented dairy desserts, 
sour cream, and ice cream can be good vehicles of probiotics. Quark was tested with two 
probiotic cultures to improve its nutrition characteristics and the results showed that 
probiotics can ensure the highest level of utilization of fat, protein, lactose, and phosphorus 
partially in skimmed milk [85]. Chocolate mousse with probiotic and prebiotic ingredients 
were developed [86]. Probiotic chocolate mousse was supplemented with L. paracasei subsp. 
paracasei LBC 82, solely or together with inulin and the results showed that chocolate 
mousse is good vehicle for L. paracasei [86]. Sour cream was investigated as probiotic vehicle 
and the results showed that using sour cream as a probiotic carrier is proved feasible [87]. 
Ice creams are among the food products with high potential for use as probiotic vehicles. 
Cruz and others have reviewed the technological parameters involved in the production of 
probiotic ice creams [88]. They have pointed several factors that need to be controlled, 
including the appropriate selection of cultures, inoculums concentration, the appropriate 
processing stage for the cultures to be added, and the processing procedures and transport 
and storage temperatures. They concluded that probiotic cultures do not modify the sensory 
characteristics of the ice-creams and frozen desserts also these products hold good viability 
for probiotics during the product storage period. 

3.2. Non dairy based probiotic products 

Dairy products are the main carriers of probiotic bacteria to human, as these products 
provide a suitable environment for probiotic bacteria that support their growth and 
viability. However, with an increase in the consumer vegetarianism throughout the 
developed countries, there is also a demand for the vegetarian probiotic products. Nondairy 
probiotic products have shown a big interest among vegetarians and lactose intolerance 
customers. According to the National Institute of Diabetes and Digestive and Kidney 
Diseases (NIDDK) of the U.S. National Institutes of Health, about 75% of the world 
population is lactose intolerant. The development of new nondairy probiotic food products 
is very much challenging, as it has to meet the consumer’s expectancy for healthy benefits 
[89, 90]. Granato and others have overview of functional food development, emphasizing 
nondairy foods that contain probiotic bacteria strains [91]. From their review, some 
nondairy probiotic products recently developed are shown in Table 2.  

3.2.1. Vegetable-based probiotic products 

Fermentation of vegetables has been known since ancient time. Fermented vegetables can 
offer a suitable media to deliver probiotics. However, it shows that the low incubation 
temperature of vegetable fermentation is a problem for the introduction of the traditional L. 
acidophilus and Bifidobacterium probiotic bacteria. Probiotic of L. rhamnosus, L. casei and L. 
plantarum are better adapted to the vegetable during fermentation [94]. Nevertheless, when 
the temperature is adjusted at 37ºC, probiotic bacteria grow quite rapidly in plant-based 
substrates [95]. 
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Category Product 
Fruit and vegetable based Vegetable-based drinks 
 Fermented banana pulp 
 Fermented banana 
 Beets-based drink 
 Tomato-based drink 
 Many dried fruits 
 Green coconut water 
 Peanut milk 
 Cranberry, pineapple, and orange juices 
 Ginger juice 
 Grape and passion fruit juices 
 Cabbage juice 
 Carrot juice 
 Noni juice 
 Onion 
 Probiotic banana puree 
 Nonfermented fruit juice beverages 
 Blackcurrant juice 
Soy based Nonfermented soy-based frozen desserts 
 Fermented soymilk drink 
 Soy-based stirred yogurt-like drinks 
Cereal based Cereal-based puddings 
 Rice-based yogurt 
 Oat-based drink 
 Oat-based products 
 Yosa (oat-bran pudding) 
 Mahewu (fermented maize beverage) 
 Maize-based beverage 

 
Wheat, rye, millet, maize, and other cereals fermented 

probiotic beverages 
 Malt-based drink 
 Boza (fermented cereals) 
 Millet or sorghum flour fermented probiotic beverage 
Other nondairy foods Starch-saccharified probiotic drink 
 Probiotic cassava-flour product 
 Meat products 
 Dosa (rice and Bengal gram) 

Table 2. Some nondairy probiotic products recently developed. Adapted from [91] 
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Other dairy products including quark, chocolate mousse, frozen fermented dairy desserts, 
sour cream, and ice cream can be good vehicles of probiotics. Quark was tested with two 
probiotic cultures to improve its nutrition characteristics and the results showed that 
probiotics can ensure the highest level of utilization of fat, protein, lactose, and phosphorus 
partially in skimmed milk [85]. Chocolate mousse with probiotic and prebiotic ingredients 
were developed [86]. Probiotic chocolate mousse was supplemented with L. paracasei subsp. 
paracasei LBC 82, solely or together with inulin and the results showed that chocolate 
mousse is good vehicle for L. paracasei [86]. Sour cream was investigated as probiotic vehicle 
and the results showed that using sour cream as a probiotic carrier is proved feasible [87]. 
Ice creams are among the food products with high potential for use as probiotic vehicles. 
Cruz and others have reviewed the technological parameters involved in the production of 
probiotic ice creams [88]. They have pointed several factors that need to be controlled, 
including the appropriate selection of cultures, inoculums concentration, the appropriate 
processing stage for the cultures to be added, and the processing procedures and transport 
and storage temperatures. They concluded that probiotic cultures do not modify the sensory 
characteristics of the ice-creams and frozen desserts also these products hold good viability 
for probiotics during the product storage period. 

3.2. Non dairy based probiotic products 

Dairy products are the main carriers of probiotic bacteria to human, as these products 
provide a suitable environment for probiotic bacteria that support their growth and 
viability. However, with an increase in the consumer vegetarianism throughout the 
developed countries, there is also a demand for the vegetarian probiotic products. Nondairy 
probiotic products have shown a big interest among vegetarians and lactose intolerance 
customers. According to the National Institute of Diabetes and Digestive and Kidney 
Diseases (NIDDK) of the U.S. National Institutes of Health, about 75% of the world 
population is lactose intolerant. The development of new nondairy probiotic food products 
is very much challenging, as it has to meet the consumer’s expectancy for healthy benefits 
[89, 90]. Granato and others have overview of functional food development, emphasizing 
nondairy foods that contain probiotic bacteria strains [91]. From their review, some 
nondairy probiotic products recently developed are shown in Table 2.  

3.2.1. Vegetable-based probiotic products 

Fermentation of vegetables has been known since ancient time. Fermented vegetables can 
offer a suitable media to deliver probiotics. However, it shows that the low incubation 
temperature of vegetable fermentation is a problem for the introduction of the traditional L. 
acidophilus and Bifidobacterium probiotic bacteria. Probiotic of L. rhamnosus, L. casei and L. 
plantarum are better adapted to the vegetable during fermentation [94]. Nevertheless, when 
the temperature is adjusted at 37ºC, probiotic bacteria grow quite rapidly in plant-based 
substrates [95]. 

 
Recent Application of Probiotics in Food and Agricultural Science 11 

Category Product 
Fruit and vegetable based Vegetable-based drinks 
 Fermented banana pulp 
 Fermented banana 
 Beets-based drink 
 Tomato-based drink 
 Many dried fruits 
 Green coconut water 
 Peanut milk 
 Cranberry, pineapple, and orange juices 
 Ginger juice 
 Grape and passion fruit juices 
 Cabbage juice 
 Carrot juice 
 Noni juice 
 Onion 
 Probiotic banana puree 
 Nonfermented fruit juice beverages 
 Blackcurrant juice 
Soy based Nonfermented soy-based frozen desserts 
 Fermented soymilk drink 
 Soy-based stirred yogurt-like drinks 
Cereal based Cereal-based puddings 
 Rice-based yogurt 
 Oat-based drink 
 Oat-based products 
 Yosa (oat-bran pudding) 
 Mahewu (fermented maize beverage) 
 Maize-based beverage 

 
Wheat, rye, millet, maize, and other cereals fermented 

probiotic beverages 
 Malt-based drink 
 Boza (fermented cereals) 
 Millet or sorghum flour fermented probiotic beverage 
Other nondairy foods Starch-saccharified probiotic drink 
 Probiotic cassava-flour product 
 Meat products 
 Dosa (rice and Bengal gram) 

Table 2. Some nondairy probiotic products recently developed. Adapted from [91] 



 
Probiotics 12 

To develop new probiotic vegetable products, many studies have been carried out. The 
suitability of carrot juice as a raw material for the production of probiotic food with 
Bidobacterium strains was investigated [96]. Kun and others have found that 
Bidobacteria were capable of having biochemical activities in carrot juice without any 
nutrient supplementation [96]. Yoon and others studied the suitability of tomato juice for 
the production of a probiotic product by L. acidophilus, L. plantarum, L. casei and L. delbrueckii. 
They reported that the four LAB were capable of rapidly utilizing tomato juice for cell 
synthesis and lactic acid production without nutrient supplementation and pH adjustment 
[109]. Yoon and others also tested the suitability of cabbage to produce probiotic cabbage 
juice and suggested that fermented cabbage juice support the viability of probiotics and 
serve as a healthy beverage [97]. The viability of various bifidobacteria in kimchi was 
investigated under various conditions and the results show the acceptable levels of 
probiotics in kimchi [98]. In addition, sauerkraut-type products such as fermented cabbage, 
carrots, onions, and cucumbers based on a lactic fermentation by L. plantarum could be good 
probiotic carrier. Yoon and others have evaluated the potential of red beets as substrate for 
the production of probiotic beet juice by four strains of lactic acid bacteria and all strains 
were capable of rapidly utilizing the beet juice for the cell synthesis and lactic acid 
production [99]. However, traditional methods of production might result in inactivation of 
the probiotic cultures and the use of probiotics in fermented vegetables would require low 
temperature storage of the products [94]. 

Moreover, soybean has received attention from the researchers due to its high protein and 
quality. Soymilk is suitable for the growth of LAB and bifidobacteria [100, 101]. Several 
studies have focused on developing fermented soymilk with different strains of LAB and 
Bifidobacteria to produce a soymilk product with improved health benefits [62, 101-103]. 
Soymilk is now known for their health benefits such as prevention of chronic diseases 
such as menopausal disorder, cancer, atherosclerosis, and osteoporosis, therefore, soymilk 
fermented with bifidobacteria may be a unique functional food [62, 104]. In probiotic soy 
products, fermentation by probiotics has the potential to (1) reduce the levels of some 
carbohydrates possibly responsible for gas production in the intestinal system, (2) 
increase the levels of free isoflavones, which has many beneficial effects on human health, 
and (3) favor desirable changes in bacterial populations in the gastrointestinal tract. 
Supplementing soymilk with prebiotics such as, fructooligosaccharides (FOS), mannitol, 
maltodextrin and pectin, was found to be a suitable medium for the viability of probiotic 
bacteria [105].   

3.2.2. Fruit-based probiotic products 

Nowadays, there is increasing interest in the development of fruit-juice based probiotic 
products. The fruit juices contain beneficial nutrients that can be an ideal medium for 
probiotics [106, 107]. Fruit juices have pleasing taste profiles to all age groups and they 
are perceived as being healthy and refreshing. The fruits are rich in several nutrients 
such as minerals, vitamins, dietary fibers, antioxidants, and do not contain any dairy 
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allergens that might prevent usage by certain segments of the population [107, 108]. 
Those characteristics allow the selection of appropriate strains of probiotics to 
manufacture enjoyable healthy fruit juice. However, the sensory impact of probiotic 
cultures would have different taste profiles compared to the conventional, nonfunctional 
products. The different aroma and flavors have been reported when L. plantarum was 
added to orange juices which consumers do not prefer. But if their health benefits 
information is provided the preference increases over the conventional orange juices. 
Different attempts have been made to reduce the sensations of unpleasant aromas and 
flavors in probiotic fruit juice. Luckow and others reported that the perceptible off-
flavors caused by probiotics that often contribute to consumer dissatisfaction may be 
masked by adding 10% (v/v) of tropical fruit juices, mainly pineapple, but also mango or 
passion fruit [108].  

To develop probiotic fruits, many studies have been carried out. The suitability of noni 
juice as a raw material for the production of probiotics was studied by Wang and others 
and found that B. longum and L. plantarum can be optimal probiotics for fermented noni 
juice [109]. Suitability of fermented pomegranate juice was tested using L. plantarum, L. 
delbruekii, L. paracasei, L. acidophilus. Pomegranate juice was proved to be a suitable 
probiotic drink as results have shown desirable microbial growth and viability for L. 
plantarum and L. delbruekii [110]. Optimized growth conditions of L. casei in cashew apple 
juice were studied. L. casei has shown suitable survival ability in cashew apple juice 
during 42 days of refrigerated storage. It was observed that L.  casei grew during the 
refrigerated storage and cashew apple juice showed to be suitable probiotic product [111]. 
Tsen and others reported that L. acidophilus immobilized in Ca-alginate can carry out a 
fermentation of banana puree, resulting in a novel probiotic banana product with higher 
number of viable cells [112].  Kourkoutas and others reported that L. casei immobilized on 
apple and quince pieces survived for extended storage time periods and adapted to the 
acidic environment, which usually has an inhibitory effect on survival during lactic acid 
production [113].  

3.2.3. Cereal-based probiotic products  

Cereal-based probiotic products have health-benefiting microbes and potentially prebiotic 
fibers. The development of new functional foods which combine the beneficial effects of 
cereals and health promoting bacteria is a challenging issue. Nevertheless, cereal-based 
products offer many possibilities. Indeed, numerous cereal-based products in the world 
require a lactic fermentation, often in association with yeast or molds. Cereals are good 
substrates for the growth of probiotic strains and due to the presence of non-digestible 
components of the cereal matrix may also serve as prebiotics [114, 115].  Due to the 
complexity of cereals, a systematic approach is required to identify the factors that enhance 
the growth of probiotic in cereals [116]. Champagne  has listed number of cereal-based 
products that require a lactic fermentation, often in association with yeast or molds. We 
have found it useful to include part of these products in Table 3.  
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Probiotics 14 

Food Country Ingredients Microorganisms 

Adai India Cereal, legume 
Pediococcus spp., Streptococcus spp., 

Leuconostoc spp. 
Anarshe India Rice Lactic acid bacteria 
Aya-bisbaya Mexico Rice Lactic acid bacteria 
Bhatura India Wheat Lactic acid bacteria, yeasts 

Burukutu Nigeria 
Sorghum, 
cassava 

Lactic acid bacteria, Candida spp., S. 
cerevisiae 

Fermented 
oatmeal 
(ProViva) 

Sweden Oatmeal L. plantarum 

Llambazi, 
lakubilisa 

Zimbabwe Maize Lactic acid bacteria, yeasts, molds 

Injera Ethiopia 
Sorghum, tef, 
corn, millet, 

barley, wheat 

L. plantarum, Aspergillus spp., Penicillium 
spp., Rhodotorula spp., Candida spp. 

Kishk, kushuk, 
trahanas 

Egypt, 
Syria, 

Lebanon 

Milk (yoghurt), 
wheat 

L. casei, L. plantarum, L. brevis, B. subtilis, 
B. licheniformis, B. megaterium, yeasts 

Kisra 
Sudan, Irak,

Arabian 
Gulf 

Sorghum, 
millet 

Lactobacillu. spp., L. brevis,  
L. fermentum, E. faecium, 

Acetobacter spp., S. cerevisiae 

Togwa Tanzania 
Maize, 

sorghum 

L. plantarum, L. brevis,  
L. fermentum, L. cellobiosus 
P. pentosaceus, W. confusa,  
S. cerevisiae, C. tropicalis 

Table 3. Fermented cereal products that carry a lactic fermentation [94] 

A multitude of fermented cereal products have been created, but only recently probiotic 
microorganisms involved in traditional fermented cereal foods have been reported. Strains 
of L. plantarum,Candida rugosa and Candida lambica isolated from a traditional Bulgarian 
cereal-based fermented beverage exhibited probiotic properties, being resistant up to 2% 
bile concentration, which enables them to survive bile toxicity during their passage through 
the gastrointestinal system [117]. More studies are being done to demonstrate that cereals 
are suitable substrates for the growth of some probiotic bacteria. Rozada-Sa´nchez and 
others have studied the growth and metabolic activity of four different Bifidobacterium spp. 
in a malt hydrolisate using four Bifidobacterium strains with the aim of producing a 
potentially probiotic beverage [92]. The study has reported potential use for malt 
hydrolysate as probiotic beverage with the addition of a growth and yeast extract. Angelov 
and others have used a whole-grain oat substrate to obtain a drink with probiotics and oat 
prebiotic beta-glucan. They have found that viable cell counts reached at the end of the 
process were about 7.5×1010 cfu/ ml. Also the addition of sweeteners aspartame, sodium 
cyclamate, saccharine and Huxol (12% cyclamate and 1.2% saccharine) had no effect on the 
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dynamics of the fermentation process and on the viability of the starter culture during 
product storage [93]. Charalapompoulos and others have done experiments with different 
cereals to determine the main parameters that need to be considered in the growth of 
probiotic microorganisms, defining them as follows: the composition and processing of 
cereal grains, the substrate formulation, the growth capability and productivity of the starter 
culture, the stability of the probiotic strain during storage, the organoleptic properties and 
the nutritional value of the final product [114]. They reported that many cereals supported 
the growth of probiotics with some differences. Malt medium supported the growth of all 
examined strains (L. plantarum, L. fermentum, L. acidophilus and L. reuteri) better than barley 
and wheat media due to its chemical composition. Also, wheat and barley extracts were 
found to exhibit a significant protective effect on the viability of L. plantarum, L. acidophilis 
and L. reuteri under acidic conditions (pH 2.5). 

Oat is often used in studies of cereal fermented by probiotic bacteria. Several studies have 
evaluated the potential of oat as substrates for the development of a probiotic product. 
Kedia and others have explored the potential of using mixed culture fermentation to 
produce cereal-based foods with high numbers of probiotic bacteria. In this study, LAB 
growth was enhanced by the introduction of yeast and the production of lactic acid and 
ethanol were increased in comparison against pure LAB culture. They have fermented 
whole oat our with L. plantarum along with white our and bran in order to compare the 
suitability of these substrates for the production of a probiotic beverage. Those substrates 
were found to enhance probiotic viability at the end of fermentation above the minimum 
required in a probiotic product [118]. Martensson and others  have studied the development 
of nondairy fermented product based on oat [119]. Yosa is a snack food made from oat bran 
pudding cooked in water and fermented with LAB and Bifidobacteria. It is mainly 
consumed in Finland and other Scandinavian countries. It has a texture and a flavor similar 
to yogurt but it is totally free from milk or other animal products. It is lactose-free, low in 
fat, contains beta-glucan and it is suitable for vegetarians [120]. Yosa is therefore considered 
a healthy food due to its content of oat fiber and probiotic LAB, which combine the effect of 
beta-glucan for cholesterol reduction and the effect of LAB benefits to maintain and improve 
the intestinal microbiota balance of the consumer. 

Other cereals and cereal components that can be used as fermentation substrates for 
probiotics have been studied. Survival of probiotics in a corn-based fermented substrate was 
reported [121]. Autoclaved maize porridge was fermented with probiotic strains (grown 
separately): L. reuteri, L. acidophilus and L. rhamnosus for 24h at 37 ◦C. All strains examined 
showed good growth in maize porridge with added barley malt. Probiotic fermented maize 
products could have a good world-wide acceptance, since maize fermentation induces fruity 
flavors in traditional Mexican foods. Prado and others have summarized some of the 
international cereal based probiotic beverages including: Boza made from wheat, rye, millet 
and other cereals in Bulgaria, Albania, Turkey and Romania, Bushera made from sorghum, 
or millet flour in Western highlands of Uganda, Mahewu (amahewu) made from corn meal 
in Africa and some Arabian Gulf countries, Pozol made from maize in the Southeastern 
Mexico, and Togwa made from maize flour and millet malt in Africa [5]. 
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Normally sourdoughs are the cereal products fermented by LAB cultures. However, baking 
will kills most probiotic bacteria and only probiotics which synthesize a thermostable 
bioactive compound during leavening can be of use in bread making. Different studies have 
shown the ability of human derived strains of L. reuteri to resist simulated gastric acidity 
and bile acid, and also to grow well in a number of cereal substrates [89, 116]. In this 
perspective, L. reuteri has potential use in bread making due to reuterin synthesis [122]. The 
L. reureri cells might be inactivated by heating, but the bioactive compound might remain 
active. Probiotic Bacillus strains could better adapt to bread making due to their spore-
forming characteristics.  

3.2.4. Meat-based probiotic foods  

Probiotic applications are restricted to fermented meats, such as dry sausages. The idea of 
using probiotic bacteria in fermenting meat products has introduced the idea of using 
antimicrobial peptides, i.e. bacteriocins, or other antimicrobial compounds as an extra 
hurdle for meat products. Meat starter culture was defined as preparations which contain 
living or resting microorganisms that develop the desired metabolic activity in the meat 
[123]. LAB are the most common used starter culture in meat which produce lactic acid from 
glucose or lactose. As meat content of these sugars are low, sugar is added at 0.4–0.7% (w/w) 
for glucose and  0.5–1.0% (w/w) for lactose to the sausage matrix [124]. Some LAB strains 
such as L. rhamnosus GG are not able to utilize lactose, therefore, the starter culture 
properties have to be taken into account for successful applications. From pentoses, such as 
arabinose and xylose, meat starter LAB produce both lactic acid and acetic acid [125]. As 
indicated in commercial catalogues LAB strains currently most employed in meat starter 
cultures are L. casei, L. curvatus, L. pentosus, L. plantarum, L. sakei, Pediococcus acidilactici and 
Pediococcus pentosaceus [124]. 

LAB have been used for dry sausage manufacturing process since 1950s in order to ensure 
the safety and quality of the end product. Dry sausages are non heated meat products, 
which may be suitable carriers for probiotics into the human gastrointestinal tract [124]. Dry 
sausage is made from a mixture of frozen pork, beef and pork fat with the addition of 
sugars, salt, nitrite, and nitrate, ascorbates and spices. The raw sausage material is stuffed 
into casing material of variable diameters and hung vertically in fermentation and ripening 
chambers for several weeks. Salt, nitrite, and added spices are the main contributors in the 
inhibition of different bacteria on the surface of the sausages. Lactic acid bacteria and 
staphylococci used as starter cultures to ferment the sausage. Salt decreases the initial water 
activity inhibiting or at least delaying the growth of many bacteria while favoring the 
growth of starter LAB and starter staphylococci. During the first day of fermentation the 
growth of microbes in sausage material uses up all the oxygen mixed in the sausage matrix 
during the chopping. After few days of fermentation, LAB decrease the pH to about 5.0 
which acts as a hurdle for several Gram-negative bacterial species [126, 127]. The presence 
LAB in the food suggests that bacteriocins may be active in the human small intestine 
against food pathogens as long as they are able to survive the environment of 
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gastrointestinal tract [27]. Likewise, probiotic strains with antimicrobial effects on food act 
similarly and therefore might be more successful than commonly used food fermenting 
bacteria. It could be concluded that dry sausage is suitable carrier for probiotics. However, 
human clinical studies are needed before the final answer concerning the health promoting 
effects of probiotic dry sausage. 

Some traditional Indian fermented fish products such as Ngari, Hentak and Tungtap have 
been analyzed for microbial load [128]. LAB were identified as Lactococcus lactis subsp. 
cremoris, Lactococcus plantarum, Enterococcus faecium, L. fructosus, L. amylophilus, L. 
coryniformis subsp. torquens, and L. plantarum. Most strains of LAB had a high degree of 
hydrophobicity, indicating that these microorganisms have a probiotic potential. 

4. Agricultural applications of probiotics 

Probiotics applications have been extended from human applications to diversity of 
agricultural application. Agricultural applications include animal and plants.  

4.1. Animal 

Probiotics, with regard to animal applications, were defined as live microbial feed 
supplements beneficially improve the intestinal microbial balance in host animal [26]. They 
have been approved to provide many benefits to the host animal and animal products 
production. They are used as animal feed to improve the animal health and to improve food 
safety with examples of the application in poultry, ruminant, pig and aquaculture. 

The microflora in the gastrointestinal tracts of poultry plays a key role in normal digestive 
processes and in maintaining the animal’s health. Some feed additives can substantially affect 
this microbial population and their health promoting effects. Recently, concerns about some 
unwanted harmful side effects caused by antibiotics [129] has grown in many countries, so that 
there is an increasing interest in finding alternatives to antibiotics in poultry production. 
Probiotic has provided a possible natural alternative to antibiotics in poultry production to 
produce foods of reliable quality and safety [130].  In addition, the application of probiotic to 
chicken feed was shown to increase the internal and external quality of eggs. Addition of 
probiotic to chicken feed increased egg weight shell thickness, shell weight, albumen weight, 
and specific gravity and decreased shape index [131]. Farm animals are often subjected to 
environmental stresses which can cause imbalance in the intestinal ecosystem and could be a 
risk factor for pathogen infections. Applications of probiotics in feed have decreased the 
pathogen load in the farm animals. Feeding probiotic LAB and yeast to calve was found to 
promote the growth and suppress diarrhea in Holstein calve [132]. Gaggia and others have 
reviewed the applications of probiotics and prebiotics in animal feeding that can introduce to 
safe food production [133]. Probiotics has been used to intervene in decreasing pathogen load 
and in ameliorating gastrointestinal disease symptoms in pigs. Beside the in vitro test to 
identify the best potential probiotics, several studies are conducted in vivo utilizing different 
probiotic microorganisms. Most of the studies showed a beneficial role of improving the 
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gastrointestinal tract [27]. Likewise, probiotic strains with antimicrobial effects on food act 
similarly and therefore might be more successful than commonly used food fermenting 
bacteria. It could be concluded that dry sausage is suitable carrier for probiotics. However, 
human clinical studies are needed before the final answer concerning the health promoting 
effects of probiotic dry sausage. 

Some traditional Indian fermented fish products such as Ngari, Hentak and Tungtap have 
been analyzed for microbial load [128]. LAB were identified as Lactococcus lactis subsp. 
cremoris, Lactococcus plantarum, Enterococcus faecium, L. fructosus, L. amylophilus, L. 
coryniformis subsp. torquens, and L. plantarum. Most strains of LAB had a high degree of 
hydrophobicity, indicating that these microorganisms have a probiotic potential. 

4. Agricultural applications of probiotics 

Probiotics applications have been extended from human applications to diversity of 
agricultural application. Agricultural applications include animal and plants.  

4.1. Animal 

Probiotics, with regard to animal applications, were defined as live microbial feed 
supplements beneficially improve the intestinal microbial balance in host animal [26]. They 
have been approved to provide many benefits to the host animal and animal products 
production. They are used as animal feed to improve the animal health and to improve food 
safety with examples of the application in poultry, ruminant, pig and aquaculture. 

The microflora in the gastrointestinal tracts of poultry plays a key role in normal digestive 
processes and in maintaining the animal’s health. Some feed additives can substantially affect 
this microbial population and their health promoting effects. Recently, concerns about some 
unwanted harmful side effects caused by antibiotics [129] has grown in many countries, so that 
there is an increasing interest in finding alternatives to antibiotics in poultry production. 
Probiotic has provided a possible natural alternative to antibiotics in poultry production to 
produce foods of reliable quality and safety [130].  In addition, the application of probiotic to 
chicken feed was shown to increase the internal and external quality of eggs. Addition of 
probiotic to chicken feed increased egg weight shell thickness, shell weight, albumen weight, 
and specific gravity and decreased shape index [131]. Farm animals are often subjected to 
environmental stresses which can cause imbalance in the intestinal ecosystem and could be a 
risk factor for pathogen infections. Applications of probiotics in feed have decreased the 
pathogen load in the farm animals. Feeding probiotic LAB and yeast to calve was found to 
promote the growth and suppress diarrhea in Holstein calve [132]. Gaggia and others have 
reviewed the applications of probiotics and prebiotics in animal feeding that can introduce to 
safe food production [133]. Probiotics has been used to intervene in decreasing pathogen load 
and in ameliorating gastrointestinal disease symptoms in pigs. Beside the in vitro test to 
identify the best potential probiotics, several studies are conducted in vivo utilizing different 
probiotic microorganisms. Most of the studies showed a beneficial role of improving the 
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number of beneficial bacteria, decreasing the load of pathogens, stimulating the immune cell 
response towards pathogens in comparison to control, and increasing defensive tools against 
pathogenic invasion. In contrast, some authors reported an enhancement of the course of 
infection or a partial alleviation of diarrhea. 

Applications of probiotics in aquaculture generally depend on producing antimicrobial 
metabolites and their ability to attach to intestinal mucus. Aeromonas hydrophila and Vibrio 
alginolyticus are common pathogens in fish, however, addition of probiotics strains (isolated 
from the clownfish, Amphiprion percula) were found capable to prevent the adhesion of these 
microbes to fish intestinal mucus and to compete with the pathogens [31]. Feeding 
probiotics to shrimp was found to reduce disease caused by Vibrio parahaemolyticus in 
shrimp [36]. Balcazar and others have reviewed the use of probiotics for prevention of 
bacterial diseases in aquaculture [134]. 

4.2. Plant 

A strong growing market for plant probiotics for the use in agricultural biotechnology has 
been shown worldwide with an annual growth rate of approximately 10%. Based on the 
mode of action and effects, the plant probiotics products can be used as biofertilizers, plant 
strengtheners, phytostimulators, and biopesticides [38]. Berg has reported several 
advantages of using plant probiotics over chemical pesticides and fertilizers including: more 
safe, reduced environmental damage, less risk to human health, much more targeted 
activity, effective in small quantities, multiply themselves but are controlled by the plant as 
well as by the indigenous microbial populations, decompose more quickly than 
conventional chemical pesticides, reduced resistance development due to several 
mechanisms, and can be also used in conventional or integrated pest management systems 
[38]. Plant growth promotion can be achieved by the direct interaction between beneficial 
microbes and their host plant and also indirectly due to their antagonistic activity against 
plant pathogens. Several model organisms for plant growth promotion and plant disease 
inhibition are well-studied including: the bacterial genera Azospirillum [44, 135], Rhizobium 
[136], Serratia [137], Bacillus [138, 139], Pseudomonas [140, 141], Stenotrophomonas [142], and 
Streptomyces [143] and the fungal genera Ampelomyces, Coniothyrium, and Trichoderma [144]. 
Some examples of commercial products that have plant probiotics are listed in Table 4. 

Several mechanisms are involved in the probiotics-plant interaction. It is important to 
specify the mechanism and to colonize plant habitats for successful application. Steps of 
colonization include recognition, adherence, invasion, colonization and growth, and several 
strategies to establish interactions. Plant roots initiate crosstalk with soil microbes by 
producing signals that are recognized by the microbes, which in turn produce signals that 
initiate colonization [43, 51]. Colonizing bacteria can penetrate the plant roots or move to 
aerial plant parts causing a decreasing in bacterial density in comparison to rhizosphere or 
root colonizing populations [43]. Furthermore, in the processes of plant growth, probiotic 
bacteria can influence the hormonal balance of the plant whereas phytohormones can be 
synthesized by the plant themselves and also by their associated microorganisms [38].  
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Microorganism Name of the 
product 

Plant pathogens, or pathosystem Company 

Ampelomyces 
quisqualis M-10 

AQ10 
Biofungicide 

Powdery mildew on apples, 
cucurbits, grapes, omamentals, 

strawberries, and tomatoes. 
Ecogen 

Azospirillum 
spp. 

Biopromoter Paddy, millets, oilseeds, fruits, 
vegetables, sugarcane, banana 

Manidharma 
Biotech 

Bacillus subtilis 
GB03 Kodiak 

Growth promotion; Rhizoctonia 
and Fusarium spp. 

(Gustafson); 
Bayer 

CropScience 

Bradyrhizobium 
japonicum Soil implant Soy bean Nitragin 

Bacillus pumilus 
GB34 

YiedShield Soil-born fungal pathogens 
(Gustafson); 

Bayer 
CropScience 

Coniothyrium 
minitans 

Contans WG, 
Intercept WG Sclerotinia sclerotiorum, S. minor 

Prophyta 
Biologischer 

Pflanzenschutz 

Delftia 
acidovorans 

BioBoost Canola Brett-Young 
Seeds Limited 

Phlebiopsis 
gigantea Rotex Heterobasidium annosum 

E~nema 
Biologischer 

Pflanzenschutz 

Pseudomonas 
chlororaphis Cedomon 

Leaf stripe, net blotch, Fusarium
sp., sot blotch, leaf spot, etc. on 

barley and oats 
BioAgri AB 

Streptomyces 
griseoviridis K61 Mycostop Phomopsis spp., Botrytis spp., 

Pythium spp.,Phythophora spp. Kemira Agro Oy 

Trichoderma 
harzianum T22 

RootShield,
PlantShield T22, 

Planter box 

Pythium spp., Rhizoctonia solani, 
Fusarium spp 

Bioworks 

Pseudomonas 
spp. Proradix Rhizoctonia solani Sourcon Padena 

Table 4. Examples of commercial products that have plant probiotics. Adapted from [38] 
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number of beneficial bacteria, decreasing the load of pathogens, stimulating the immune cell 
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probiotics to shrimp was found to reduce disease caused by Vibrio parahaemolyticus in 
shrimp [36]. Balcazar and others have reviewed the use of probiotics for prevention of 
bacterial diseases in aquaculture [134]. 

4.2. Plant 

A strong growing market for plant probiotics for the use in agricultural biotechnology has 
been shown worldwide with an annual growth rate of approximately 10%. Based on the 
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conventional chemical pesticides, reduced resistance development due to several 
mechanisms, and can be also used in conventional or integrated pest management systems 
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inhibition are well-studied including: the bacterial genera Azospirillum [44, 135], Rhizobium 
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Some examples of commercial products that have plant probiotics are listed in Table 4. 

Several mechanisms are involved in the probiotics-plant interaction. It is important to 
specify the mechanism and to colonize plant habitats for successful application. Steps of 
colonization include recognition, adherence, invasion, colonization and growth, and several 
strategies to establish interactions. Plant roots initiate crosstalk with soil microbes by 
producing signals that are recognized by the microbes, which in turn produce signals that 
initiate colonization [43, 51]. Colonizing bacteria can penetrate the plant roots or move to 
aerial plant parts causing a decreasing in bacterial density in comparison to rhizosphere or 
root colonizing populations [43]. Furthermore, in the processes of plant growth, probiotic 
bacteria can influence the hormonal balance of the plant whereas phytohormones can be 
synthesized by the plant themselves and also by their associated microorganisms [38].  
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Besides these mechanisms, probiotic bacteria can supply macronutrients and 
micronutrients. They metabolize root exudates and release various carbohydrates, amino 
acids, organic acids, and other compounds in the rhizosphere [43].  Bacteria may contribute 
to plant nutrition by liberating phosphorous from organic compounds such as phytates and 
thus indirectly promote plant growth [145].  Furthermore, probiotic can reduce the activity 
of pathogenic microorganisms through microbial antagonisms and by activating the plant to 
better defend itself, a phenomenon termed “induced systemic resistance” [146, 147]. 
Microbial antagonism includes the inhibition of microbial growth, competition for 
colonization sites and nutrients, competition for minerals, and degradation of pathogenicity 
factors [38, 43]. In Japanese composting, at least three groups of compositing bacteria were 
used individually, or in combination. The following species were used: Bacillus bacteria 
groups, Lactic acid bacteria groups and Actinomycetous groups. These bacteria species can 
protect plant products from cropping hazards. They do this by expelling against various bad 
worms and insects, such as nematodes with potatoes and some types of insects with 
soybeans and maize. They are also effective in controlling fungi such as powdery mildew, 
downy mildew, phythium (damping off with many plants), plasmodipophora brosscae (club-
root with the cabbage Jamily); Crucijert1e (plants. and fusarium of wilt with tomato and 
banana) [148]. 

5. Probiotics application challenges 

From a technological standpoint, Champagne has listed many challenges in the 
development of a probiotic food product including: strain selection, inoculation, growth and 
survival during processing, viability and functionality during storage, assessment the viable 
counts of the probiotic strains particularly when multiple probiotic strains are added and 
when there are also starter cultures added, and the effects on sensory properties [94]. 
Champagne has focused in his chapter on three of these challenges: inoculation, processing 
and storage issues. Other challenges such as: maintaining of probiotics, diversity and origin 
of probiotics, probiotic survival and being active, dealing with endogenous microbiota, and 
proving health benefits have also been discussed [149].  This section will focus on the 
viability and sensory acceptance as we have found these are the most important challenges 
to ensure transferring the health benefits and the commercial success.  

5.1. Viability and survival  

Probiotics have been proved to provide many health benefits. However, the claimed 
health benefits can’t be achieved without high number of viable cells. Many probiotic 
bacteria have shown to die in the food products after exposure to low pH after 
fermentation, oxygen during refrigeration distribution and storage of products, and/or 
acid in the human stomach [150, 151]. Probiotic products need to be supplemented with 
additional ingredients to support the viability throughout processing, storage, 
distribution, and gastrointestinal tract to reach the colon. Several reports have shown that 
survival and viability of probiotic bacteria is often low in yogurt. The efficiency of added 

 
Recent Application of Probiotics in Food and Agricultural Science 21 

probiotic bacteria depends on dose level and their viability must be maintained 
throughout storage, products shelf-life and they must survive the gut environment [151]. 
Several studies have focused on the effect of adding certain compounds to enhance the 
probiotic viability. Many evidences have shown that inulin, oligosaccharides, and 
fructooligosaccharides (FOS) have good impacts on the probiotics viability. However, the 
effect of these compounds are strain specific. Martinez-Villaluenga and others  have 
examined the influence of raffinose on the survival of Bifidobacteria and L. acidophilus in 
fermented milk. The results showed that retention of viability of Bifidobacteria and L. 
acidophilus greater in fermented milk with raffinose [65]. Supplementing probiotic 
products with FOS, mannitol, maltodextrin and pectin were found to provide a suitable 
viability for probiotic bacteria [105]. Inulin and FOS were found to support the growth 
and viability of L. acidophilus but did not significantly affect growth and viability of 
Bifidobacterium and L. casei [152]. During food formulation step several things need to be 
considered such as the composition (nutrients, antimicrobials), structure (oxygen 
permeability, water activity) and pH of the food matrix, and possible interactions with 
starter microbes in fermented food matrices. Growth of probiotics in non-fermented foods 
is not desirable (due to possible off flavor formation), but their growth during the 
production of fermented foods can lower process costs and increase the adaptation of 
probiotics leading to enhanced viability. The starter microbes in fermented foods can 
sometimes inhibit probiotics but they can also enhance their survival by producing 
beneficial substances or by lowering the oxygen pressure. In beverages the most 
important factor affecting probiotic viability is probably the pH. Shelf-stable beverages 
typically have pH values below 4.4 to ensure their microbial stability and this low pH 
value combined with long storage periods is very demanding for most probiotic strains, 
especially those representing bifidobacteria. The packaging material should be a good 
oxygen barrier to promote the survival of especially anaerobic probiotic bacteria 
(bifidobacteria) [153]. Transportation and storage temperature is an important 
determinant of the shelf-life; with increasing temperatures viability losses can occur 
rapidly [154]. 

The viability and survival of probiotics are strain specific. To maintain the viability of very 
sensitive strains, encapsulation is often the only option, especially microcapsulation that do 
not affect the sensory properties of the food produced. Microencapsulation technologies 
have been developed and successfully applied using various matrices to protect the bacterial 
cells from the damage caused by the external environment [155]. Overall 
microencapsulation improved the survival of probiotic bacteria when exposed to acidic 
conditions, bile salts, and mild heat treatment [156]. The immobilization of probiotics using 
microencapsulation may improve the survival of these microorganisms in products, both 
during processing and storage, and during digestion [157, 158]. 

Some probiotic bacteria, such as the spore-forming bacteria, GanedenBC30 provides better 
viability and stability, making it an ideal choice for product development, compared to 
other probiotic bacteria strains, such as L. acidophilus and bifidobacteria. This spore 
safeguards the cell’s genetic material from the heat and pressure of manufacturing 
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Besides these mechanisms, probiotic bacteria can supply macronutrients and 
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survival during processing, viability and functionality during storage, assessment the viable 
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of probiotics, probiotic survival and being active, dealing with endogenous microbiota, and 
proving health benefits have also been discussed [149].  This section will focus on the 
viability and sensory acceptance as we have found these are the most important challenges 
to ensure transferring the health benefits and the commercial success.  

5.1. Viability and survival  

Probiotics have been proved to provide many health benefits. However, the claimed 
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probiotic bacteria depends on dose level and their viability must be maintained 
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microencapsulation may improve the survival of these microorganisms in products, both 
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Some probiotic bacteria, such as the spore-forming bacteria, GanedenBC30 provides better 
viability and stability, making it an ideal choice for product development, compared to 
other probiotic bacteria strains, such as L. acidophilus and bifidobacteria. This spore 
safeguards the cell’s genetic material from the heat and pressure of manufacturing 
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processes, challenges of shelf life and the acid and bile it is exposed to during transit to the 
digestive system. GanedenBC30 can withstand manufacturing processes. and survive 
through high temperature processes such as baking and boiling, low temperature processes 
such as freezing and refrigeration and high pressure applications like extrusion and roll 
forming. GanedenBC30 requires no refrigeration and can be formulated into products to 
have up to a two-year. Once it is safely inside the small intestine, the viable spore is then 
able to germinate and produce new vegetative cells or good bacteria [159].  

5.2. Sensory acceptance 

Probiotic foods must show, at least, the same performance in any sensory test as conventional 
foods. In most probiotic foods sensory tests are aiming to determine acceptance of the 
products, without, obtaining details concerning the addition of the probiotics to the food and 
their interaction with the consumer. Therefore, it is important to development sensory tests for 
probiotic foods that can be accompanied by specific sensory analyses. Sensory testing must 
cover all characteristics with regard to change over time during storage. Some studies have 
reported the possibility of obtaining similar, or even better, performance with probiotic 
products as compared to conventional products such as: functional yogurt supplemented with 
L. reuteri RC-14 and L. rhamnosus GR-1 [160], chocolate mousse with added inulin and L. 
paracasei [86] , curdled milk with inulin, and L. acidophilus [152], and milk fermented with B. 
animalis and L. acidophilus La-5, and supplemented with inulin [161]. 

Sensory methodology will allow obtaining important data for developing the probiotic 
foods. In most cases the developed products need to match similar commercial products in 
parallel. In general, metabolism of the probiotic culture can result in the production of 
components that may contribute negatively to the aroma and taste of the food product, 
probiotic off-avor. For example, acetic acid produced by Bidobacterium spp. can result in a 
vinegary flavor in the product, prejudicing the performance in sensory assessments. 

Masking is one technique that has been used to reduce the off flavors in foods and it has been 
performed successfully through the addition of new substances or flavors to reduce the 
negative sensory attributes contributed by probiotic cultures. The addition of tropical fruit 
juices, mainly pineapple, but also mango or passion fruit, might positively contribute to the 
aroma and flavor of the final product and might avoid the identification of probiotic off-
flavors by consumers [162]. The influence of exposure has been identified in many consumer 
studies [91, 163] that the frequency of exposure to a food stimulus is increased, food stimuli 
have been shown to be better liked. Therefore, repeated exposure and increased familiarity to 
sensory off-flavors, may influence consumer attitudes in a positive way, therefore increasing 
willingness to consume probiotic juices. Nonsensory techniques have proven useful in 
enhancing the sensory quality of products, such as providing consumers with health benefit 
information associated with probiotic cultures.  Health information has been shown to be a 
vital tool in the consumer acceptance of a variety of probiotic food products [164-166]. Finally, 
microcapsules of probiotics may help prevent the off flavor of cultures [167]. 
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6. The future of probiotics  

Dairy based products containing live bacteria are the main vehicles of probiotics to human. 
Non-dairy beverages would be the next food category where the healthy bacteria will make 
their mark. Microencapsulation technologies have provided the necessary protection for 
probiotics and moved them outside the pharmaceutical and supplemental use to become 
food ingredients.  

6.1. Nanotechnology, encapsulation, and probiotics 

The word “nano” comes from the Greek for “dwarf ”. A nanometer is a thousandth of a 
thousandth of a thousandth of a meter (10-9 m). Nanoparticles are usually sized below 100 
nanometers which will enable novel applications and benefits. Nanotechnology of 
probiotics is an area of emerging interest and opens up whole new possibilities for the 
probiotics applications. Their applications to the agriculture and food sector are relatively 
recent compared with their use in drug delivery and pharmaceuticals. The basic of probiotic 
nanotechnology applications is currently in the development of nano-encapsulated 
probiotics. The nanostructured food ingredients are being developed with the claims that 
they offer improved taste, texture and consistency. Applications of nanotechnology in 
organic food production require precaution, as little is known about their impact on 
environment and human health. Some recent food applications of nanotechnology, safety 
and risk problems of nanomaterials, routes for nanoparticles entering the body, existing 
regulations of nanotechnology in several countries, and a certification system of 
nanoproducts were reported [168, 169]. Currently, no regulations exist that specically 
control or limit the production of nanosized particles and this is mainly owing to a lack of 
knowledge about the risks [169]. Nanoencapsulation is defined as a technology to pack 
substances in miniature using techniques such as nanocomposite, nanoemulsification, and 
nanoestructuration and provides final product functionality and control the release of the 
core [170]. Encapsulation of food ingredients may extend the shelf life of the product. 
Nanoencapsulation of probiotic is desirable technique that could deliver the probiotic 
bacteria to certain parts of the gastrointestinal tract where they interact with specific 
receptors [170]. These nanoencapsulated probiotic bacterial may also act as de novo vaccines, 
with the capability of modulating immune responses [171].  

Microencapsulation with alginate can be applied to many different probiotic strains and 
results show better survival than free cells at low pH of 2.0, high bile salt concentrations, 
and moderate heat treatment of up to 65 ◦C [156]. Microencapsulation may prove to be an 
important method of improving the viability of probiotic bacteria in acidic food products 
and help deliver viable bacteria to the host’s gastrointestinal tract. Furthermore, 
microencapsulation appeared to be effective in protecting cells from mild heat treatment 
and thus could stimulate research in functional food products that receive a mild heat 
treatment [156]. The microencapsulation allows the probiotic bacteria to be separated from 
its environment by a protective coating. Several studies have reported the technique of the 
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microencapsulation by using gelatin, or vegetable gum to provide protection to acid-
sensitive Bifidobacterium and Lactobacillus [172-176].  

6.2. Biotechnology and probiotics 

With the revolution in sequencing and bioinformatic technologies well under way it is 
timely and realistic to launch genome sequencing projects for representative probiotic 
microorganisms. The rapidly increasing number of published lactic acid bacterial genome 
sequences will enable utilizing this sequence information in the studies related to probiotic 
technology. If genome sequence information is available for the probiotic species of interest, 
this can be utilized, e.g. to study the gene expression (transcription) profile of the strain 
during fermenter growth. This will enable better control and optimization of the growth 
than is currently possible. Transcription profiling during various production steps will 
allow following important genes for probiotic survival during processing (e.g., stress and 
acid tolerance genes) and identifying novel genes important for the technological 
functionality of probiotics [177]. 

Increasing knowledge of genes important for the technological functionality and rapid 
development of the toolboxes for the genetic manipulation of Lactobacillus and 
Bifidobacterium species will in the future enable tailoring the technological properties of 
probiotic strains. However, before wide application of tailored strains in probiotic food 
products, safety issues are of utmost importance and have to be seriously considered for 
each modified strain [178].  

7. Regulations and guidelines for probiotics 

Depending on intended use of a probiotic (drug vs. dietary supplement), regulatory 
requirements differ greatly. If a probiotic is intended for use as a drug, then it must undergo 
the regulatory process as a drug, which is similar to that of any new therapeutic agent. An 
Investigational New Drug application must be submitted and authorized by the Food and 
Drug Administration before an investigational or biological product can be administered to 
humans. The probiotic drug must be proven safe and effective for its intended use before 
marketing [14]. In the United States, probiotic products are marketed to a generally healthy 
population as foods or dietary supplements. For dietary supplements, premarketing 
demonstration of safety and efficacy and approval by the Food and Drug Administration 
are not required; only premarket notification is required. The law allows that in addition to 
nutrient content claims, manufacturers of dietary supplements may make structure/function 
or health claims for their products. The ‘‘health claims’’ must be defensible when placed 
under the scrutiny by the controlling authorities. Efforts are being made to establish 
meaningful standards or guideline for probiotic products worldwide (Table 5). The Joint 
Food and Agriculture Organization of the United Nations/World Health Organization 
Expert Consultation on Evaluation of Health and Nutritional Properties of Probiotics 
developed guidelines could be used as the global standards for evaluating probiotics in food 
that could lead to the substantiation of health claims. 
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Organization 
Region of 

impact 
Action 

Food Agriculture 
Organization 
(FAO)/ 
World Health 
Organization 
(WHO) 

Worldwide Developed guidelines for the evaluation of probiotics 
in foods. 

International Dairy 
Federation 

Worldwide 
Has begun working on methods to determine certain 
functional and safety properties outlined in the FAO 

guidelines for the evaluation of probiotics in food. 
European Food 
and Feed Culture 
Association 

Europe Developed guidelines for use of probiotics in foods. 

Codex Standard for 
Fermented Milks 
(Codex Stan 243-
2003) 

Worldwide 

Among other composition stipulations, this standard 
specifies minimum numbers of characterizing and 

additional labeled microbes in yoghurt, acidophilus 
milk, kefir, kumys and other fermented milks. 

National Yogurt 
Association USA 

Petition under consideration by the FDA which would 
change the standard of identity of yoghurt, including 
the requirement of minimum levels of live cultures in 
yoghurt, but not specifically levels for any additional 

probiotic cultures. 
International 
Scientific 
Association for 
Probiotics and 
Prebiotics 

Worldwide 

Industry Advisory Committee and Board of Directors 
to consider method validation and establishment of 
laboratory sites to assess microbiological content of 

probiotic products. 

Table 5. Organizations involved in attempting to establish standards for probiotics in commercial 
products. Adapted from [179] 

8. Conclusion 

The uses of probiotics and their applications have shown tremendous increase in the last 
two decades. Probiotics can turn many health benefits to the human, animals, and plants.  
Applications of probiotics hold many challenges. In addition to the viability and sensory 
acceptance, it must be kept in mind that strain selection, processing, and inoculation of 
starter cultures must be considered. Probiotics industry also faces challenges when claiming 
the health benefits. It cannot be assumed that simply adding a given number of probiotic 
bacteria to a food product will transfer health to the subject. Indeed, it has been shown that 
viability of probiotics throughout the storage period in addition to the recovery levels in the 
gastrointestinal tract are important factors [3, 48, 83]. For this purpose, new studies must be 
carried out to: test ingredients, explore more options of media that have not yet been 
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industrially utilized, reengineer products and processes, and show that lactose-intolerant 
and vegetarian consumers demand new nourishing and palatable probiotic products. 
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1. Introduction 

The human large intesine is inhabited by a diverse and complex bacterial flora, which 
includes an outstanding total number of 1014 cells, >1000 species and a biomass of more than 
1 kg [1, 2]. Thus, the gut microbiota may be conceived as a specialized 'microbial organ' 
within the gut, affecting human health and disease through its involvement in pathogenesis, 
nutrition and immunity of the host [1-3]. Recently it has also been recognized that this 
dynamic yet stable ecosystem plays a role in conditions such as obesity and diabetes as well 
as in general well-being, from infancy to ageing [1-8]. Consequently, an increasing number 
of studies which explore the potential of promoting health by nutrition focuses on possible 
ways to influence and modulate the composition and activity of the gut flora towards a 
healthier one [4, 9-12]. 

In this respect, three major dietary approaches have been studied and applied. The first 
approach of probiotics is to fortify the gut flora through the consumption of exogenous live 
microorganisms, e.g. L. acidophilus in dairy products. The second strategy of prebiotics seeks 
to selectively stimulate the growth and/or activity of one or a limited number of 
advantageous indigenous bacteria in the host gut flora [1, 13]. The third approach, known as 
synbiotics due to its synergistic nature, aims to combine the previous ones by the 
simultaneous administration of probiotics and prebiotics, which improves the survival and 
implantation of the live microbes [13].  

Over the years, much attention has been drawn to indigestible carbohydrates that evade 
enzymatic digestion in the upper gastrointestinal tract and become available for 
fermentation in the colon [13]. These dietary compounds were later termed as prebiotics, a 
definition of which has been updated into its current form as "a selectively fermented 
ingredient that allows specific changes, both in the composition and/or activity in the 
gastrointestinal microflora that confers benefits upon host well-being and health" [14, 15]. 
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Although a more recent development compared to probiotics, prebiotics have been at the 
heart of various studies and numerous commercial products since they do not share the 
problem of probiotic survival upon ingestion by the consumer, and they can be added to a 
broad range of food products (e.g. confectionary and baked foods as well as more traditional 
fermented milk products and fruit drinks) because the majority of prebiotics are 
carbohydrates [16]. 

Amongst the carbohydrates currently marketed as prebiotics, inulin, fructo-oligosaccharides 
(FOS), galacto-oligosaccharides (GOS) and lactulose are consistently supported by high 
quality data from in vitro, in vivo and human trials [10-12, 14, 16-19]. Specifically, human 
trials have established that dietary consumption of 5-20 g/day of these prebiotics stimulates 
the growth of Bifidobacterium and Lactobacillus and promotes the health and well-being of 
infants, adults, pregnant and lactating women as well as the elderly to varying extents [6, 8, 
11, 20, 21]. 

2. Prebiotics as gut flora management tools 

2.1. Established prebiotics 

Overall, three major groups of compounds have been consistently established as prebiotics 
conferring health benefits (as detailed in Table 1): fructans, which include inulin and fructo-
oligosaccharides (FOS), galacto-oligosaccharides and lactulose. Under the general term 
fructans one can classify three established prebiotic carbohydrates: inulin, fructo-
oligosaccharides (FOS) and short chain fructo-oligosaccharides (scFOS) [16-18]. The fructans 
are polymers composed of D-fructose units joined by β-2-1 glycosidic linkages and 
terminated by an α-1-2-linked D-glucose.  
 

Established 
prebiotic 

Recommended 
efficaceous 

intake [g/day] 

Key effects in 
humans 

Potential 
adverse intake 

[g/day] 

Suggested 
references 

Inulin 5-15  Stimulate 
bifidobacteria 
growth 

 Production of 
short chain fatty 
acids 

 Protection 
against enteric 
infections 

> 15 (increase in 
fecal output) 

[22] 

Fructo-
oligosaccharides 

10-15 > 15 (increase in 
fecal output)  

[17] 

Galacto-
oligosaccharides 

10-15 > 20 g/human 
body (diarrhea)  

[19] 

Lactulose 10  > 20 (laxative)  [23] 

Table 1. The main established prebiotics and their beneficial/adverse intakes. 

The degree of polymerization (DP), defined by the number of monosaccharide units, is used 
to distinguish between inulin, FOS and scFOS. Molecules with a DP between 2-60 are 
referred to as inulin. Inulin is commercially produced from chicory roots, but it is present in 
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varying extent also in onions, garlic, Jerusalem artichoke, tomato and banana [11, 16, 21]. 
Similarly, oligofructose, commonly referred to as FOS, is prepared from chicory in an 
enzymatic hydrolysis using inulinase, and defined as oligosaccharide fractions which have a 
maximal DP of 20 with most common commercial products having an average DP of 9. In 
contrast, scFOS are synthesized in an enzymatic reaction via transfer of fructosyl units from 
sucrose molecules to yield mixtures of fructosyl chains with a maximum DP of 5. The 
mixture produced is usually comprised mainly of 1-kestose (2 units of fructose linked to 
glucose, GF2), nystose (GF3) and 1-fructosyl nystose (GF4) [16, 17, 24]. 

Fructans have a long tradition as prebiotics. Since their fructose units are joined by β-
linkages, they are resistant to hydrolysis by the human digestive enzymes which mainly 
cleave α-linkages. As a consequence, when these carbohydrates reach the colon they 
selectively stimulate the growth of beneficial bacteria such as bifidobacteria, which do 
contain specific enzymes for their degradation, i.e. β-fructosidases [16, 21, 25]. Therefore, 
inulin, FOS and scFOS are classified as 'nondigestible' carbohydrates, with a calorie value of 
1.5-2.0 kcal/g [24]. FOS fermentation in the colon results in increased levels of short chain 
fatty acids (SCFA) which lower the pH in the intestinal lumen. This can provide an 
explanation to the reports that these fructans lead to a decrease in the number of harmful 
bacteria in the colon (such as Clostridium, Streptococcus faecallis and Escherichia coli) [21, 25]. 

Galacto-oligosaccharides (GOS) are galactose-containing oligosaccharide mixtures of the 
form Glu α-1-4[β-Gal-1-6]n where n can be between two to five. They are produced from 
lactose syrup using β-galactosidases, which catalyze the hydrolysis of lactose into glucose 
and galactose, and also the transgalactosylation reactions with lactose as acceptor of 
galactose units giving rise to a variety of glycosidic linkages and molecular weights [11, 16, 
19, 21]. Furthermore, the use of different enzymes in the various production processes of 
GOS leads to variability in their purity and glycosidic linkages, with β-1-6, β-1-3 and β-1-4 
being the dominant [19]. Several in vitro and in vivo experiments have demonstrated that as 
in inulin-type fructans, the β-glycosidic linkages in GOS render them resistant to hydrolysis 
by the human digestive enzymes secreted in the upper gastrointestinal tract [16, 19, 21, 26]. 
In light of that, manufacturers are obliged by the European regulation to clearly identify 
GOS-containing food products as dietary fibers, with an estimated low calorie value of 1-2 
kcal/g [19]. 

Most of the health effects related to GOS arise from their selective fermentation by 
bifidobacteria and lactobacilli. In fact, it has been reported that when added to infant milk 
formulas, these oligosaccharides replicated the bifidogenic effect of human breast milk, not 
only in bacterial counts, but also with respect to the metabolic activity of the microflora in 
the colon [16, 27]. The growth of Lactobacillus paracasei and Bifidobacterium lactis has been 
shown to be preferential when grown on tri- and tetrasaccharide fractions of FOS or GOS, 
which supports the notion that prebiotics selectively promote the proliferation of bacteria 
possesing an active transport system enabling them to utilize these oligosaccharides [28-30]. 
In addition, it has been demonstrated that GOS compete for pathogen binding sites that coat 
the surface of the gastrointestinal epithelial cells [31, 32]. 
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Although a more recent development compared to probiotics, prebiotics have been at the 
heart of various studies and numerous commercial products since they do not share the 
problem of probiotic survival upon ingestion by the consumer, and they can be added to a 
broad range of food products (e.g. confectionary and baked foods as well as more traditional 
fermented milk products and fruit drinks) because the majority of prebiotics are 
carbohydrates [16]. 

Amongst the carbohydrates currently marketed as prebiotics, inulin, fructo-oligosaccharides 
(FOS), galacto-oligosaccharides (GOS) and lactulose are consistently supported by high 
quality data from in vitro, in vivo and human trials [10-12, 14, 16-19]. Specifically, human 
trials have established that dietary consumption of 5-20 g/day of these prebiotics stimulates 
the growth of Bifidobacterium and Lactobacillus and promotes the health and well-being of 
infants, adults, pregnant and lactating women as well as the elderly to varying extents [6, 8, 
11, 20, 21]. 

2. Prebiotics as gut flora management tools 

2.1. Established prebiotics 

Overall, three major groups of compounds have been consistently established as prebiotics 
conferring health benefits (as detailed in Table 1): fructans, which include inulin and fructo-
oligosaccharides (FOS), galacto-oligosaccharides and lactulose. Under the general term 
fructans one can classify three established prebiotic carbohydrates: inulin, fructo-
oligosaccharides (FOS) and short chain fructo-oligosaccharides (scFOS) [16-18]. The fructans 
are polymers composed of D-fructose units joined by β-2-1 glycosidic linkages and 
terminated by an α-1-2-linked D-glucose.  
 

Established 
prebiotic 

Recommended 
efficaceous 

intake [g/day] 

Key effects in 
humans 

Potential 
adverse intake 

[g/day] 

Suggested 
references 

Inulin 5-15  Stimulate 
bifidobacteria 
growth 

 Production of 
short chain fatty 
acids 

 Protection 
against enteric 
infections 

> 15 (increase in 
fecal output) 

[22] 

Fructo-
oligosaccharides 

10-15 > 15 (increase in 
fecal output)  

[17] 

Galacto-
oligosaccharides 

10-15 > 20 g/human 
body (diarrhea)  

[19] 

Lactulose 10  > 20 (laxative)  [23] 

Table 1. The main established prebiotics and their beneficial/adverse intakes. 

The degree of polymerization (DP), defined by the number of monosaccharide units, is used 
to distinguish between inulin, FOS and scFOS. Molecules with a DP between 2-60 are 
referred to as inulin. Inulin is commercially produced from chicory roots, but it is present in 
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varying extent also in onions, garlic, Jerusalem artichoke, tomato and banana [11, 16, 21]. 
Similarly, oligofructose, commonly referred to as FOS, is prepared from chicory in an 
enzymatic hydrolysis using inulinase, and defined as oligosaccharide fractions which have a 
maximal DP of 20 with most common commercial products having an average DP of 9. In 
contrast, scFOS are synthesized in an enzymatic reaction via transfer of fructosyl units from 
sucrose molecules to yield mixtures of fructosyl chains with a maximum DP of 5. The 
mixture produced is usually comprised mainly of 1-kestose (2 units of fructose linked to 
glucose, GF2), nystose (GF3) and 1-fructosyl nystose (GF4) [16, 17, 24]. 

Fructans have a long tradition as prebiotics. Since their fructose units are joined by β-
linkages, they are resistant to hydrolysis by the human digestive enzymes which mainly 
cleave α-linkages. As a consequence, when these carbohydrates reach the colon they 
selectively stimulate the growth of beneficial bacteria such as bifidobacteria, which do 
contain specific enzymes for their degradation, i.e. β-fructosidases [16, 21, 25]. Therefore, 
inulin, FOS and scFOS are classified as 'nondigestible' carbohydrates, with a calorie value of 
1.5-2.0 kcal/g [24]. FOS fermentation in the colon results in increased levels of short chain 
fatty acids (SCFA) which lower the pH in the intestinal lumen. This can provide an 
explanation to the reports that these fructans lead to a decrease in the number of harmful 
bacteria in the colon (such as Clostridium, Streptococcus faecallis and Escherichia coli) [21, 25]. 

Galacto-oligosaccharides (GOS) are galactose-containing oligosaccharide mixtures of the 
form Glu α-1-4[β-Gal-1-6]n where n can be between two to five. They are produced from 
lactose syrup using β-galactosidases, which catalyze the hydrolysis of lactose into glucose 
and galactose, and also the transgalactosylation reactions with lactose as acceptor of 
galactose units giving rise to a variety of glycosidic linkages and molecular weights [11, 16, 
19, 21]. Furthermore, the use of different enzymes in the various production processes of 
GOS leads to variability in their purity and glycosidic linkages, with β-1-6, β-1-3 and β-1-4 
being the dominant [19]. Several in vitro and in vivo experiments have demonstrated that as 
in inulin-type fructans, the β-glycosidic linkages in GOS render them resistant to hydrolysis 
by the human digestive enzymes secreted in the upper gastrointestinal tract [16, 19, 21, 26]. 
In light of that, manufacturers are obliged by the European regulation to clearly identify 
GOS-containing food products as dietary fibers, with an estimated low calorie value of 1-2 
kcal/g [19]. 

Most of the health effects related to GOS arise from their selective fermentation by 
bifidobacteria and lactobacilli. In fact, it has been reported that when added to infant milk 
formulas, these oligosaccharides replicated the bifidogenic effect of human breast milk, not 
only in bacterial counts, but also with respect to the metabolic activity of the microflora in 
the colon [16, 27]. The growth of Lactobacillus paracasei and Bifidobacterium lactis has been 
shown to be preferential when grown on tri- and tetrasaccharide fractions of FOS or GOS, 
which supports the notion that prebiotics selectively promote the proliferation of bacteria 
possesing an active transport system enabling them to utilize these oligosaccharides [28-30]. 
In addition, it has been demonstrated that GOS compete for pathogen binding sites that coat 
the surface of the gastrointestinal epithelial cells [31, 32]. 
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Finally, lactulose (β-1-4-galactosyl-fructose) is a synthetic disaccharide derived from lactose. 
It is commonly used as a laxative in pharmaceutical products for the treatment of 
constipation, in doses over 20 g/day [16, 21]. Nevertheless, human trials have shown that at 
lower doses, lactulose acts as a prebiotic, reaching the colon and increasing bifidobacteria 
counts [2, 16, 17, 23]. Although this substance is an established prebiotic, it is still heavily 
confined to applications as a therapeutic agent. 

2.2. Novel prebiotics 

The search for new and novel prebiotics is constantly driven by the increased interest in 
management of human health through nutrition, particularly by the modulation of gut flora. 
In addition, studies of established prebiotics have enabled the better understanding of 
mechanisms of action and properties, which provided the basis for emerging prebiotics. 
Among the large array of prebiotic candidates, isomalto-oligosaccharides (IMO), xylo-
oligosaccharides (XOS), soy-oligosaccharides (SOS), gluco-oligosaccharides, lactosucrose 
and resistant starches can be classified as emerging prebiotics [17, 33-40]. Some of these 
compounds present advantages over established prebiotics; for example, XOS are stable 
across a wide range of pH, hence they are resistant to degradation in low pH juices, in 
contrast to inulin [21]. Besides attempts to identify and isolate naturally occurring prebiotics 
there are also attempts to enhance and extend the functionality of exisiting natural 
prebiotics through a rational design approach [41].  

Promising results have been reported, including the selective growth of bifidobacteria and 
lactobacilli and/or the formation of beneficial metabolites, such as short chain fatty acids. 
However, it should be noted that these studies are still limited to in vitro models or small 
scale animal or human trials [16, 17, 40]. For example, thermally produced resistant starch 
has been demonstrated to possess a bifidogenic and butyrogenic effect in an in vitro three 
stage continuous fermentation system inoculated with human feces [42]. Furthermore, this 
study suggested that resistant starch crystalline polymorphism, resulting from different 
thermal treatments, could convey different prebiotic effects on the human colon flora. 

3. Efficacy of prebiotics across the life span 

3.1. Methods to evaluate prebiotics 

Research into the efficacy of prebiotics includes a collection of methods currently in use, 
from pure cultures to human trials, which can be generally classified into in vivo and in vitro 
methods. Overall, the prebiotic effect is mainly evaluated by the presence of beneficial 
metabolites and measuring the growth of major bacterial groups commonly present in the 
human gut, in particular a selection for increased numbers of bifidobacteria and lactobacilli 
in comparison with undesirable bacteria such as certain clostridia and sulfate reducing 
bacteria [40]. Ultimately, health claims concerning prebiotic effects must rely on 
comprehensive well-controlled human trials. Thus, in vivo studies have evolved over the 
years to robust experimental designs which combine double blind and placebo-controlled 
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designs with advanced microbial analyses, such as bacterial enumeration using 16s DNA 
probes in fluorescence in situ hybridization (FISH) [16]. In most human studies, the 
production of short chain fatty acids (SCFA) has been quantified in fecal samples, as a 
marker of enhanced saccharolytic fermentation in response to prebiotic treatment [13]. 

In spite of their high significance, in vivo human studies are usually limited, mainly due to 
financial and ethical restrictions. Therefore, animal models have been used as a possible 
viable alternative to the human GI tract, while allowing the researchers to perform in vivo 
experiments in tightly controlled conditions as well as access intestinal contents, tissues and 
organs at autopsy. Moreover, many in vivo experiments have used germ-free animals dosed 
with fecal suspensions obtained from human donors, which are considered to be a reliable 
model for a reconstituted human gut flora. However, data generated from animal models do 
not necessarily coincide with human or in vitro studies, as has been shown for prebiotic 
resistant starch type III [42].  

Consequently, many in vitro experimental models have been developed to simulate various 
aspects of the human GI tract [43-45]. Seeking to closely mimic the conditions of organs 
along the GI tract, these models include a reactor or a series of reactors under tightly 
controlled settings, with the large intestine represented by an anaerobic reactor/s inoculated 
with fecal slurries [40]. Thus, these systems offer researchers a controlled experimental 
design that is relatively inexpensive, easy to set up, high throughput and raises minimal 
ethical issues [46]. 

One of the first in vitro GI models described in the literature was termed the simulator of the 
human intestinal microbial ecosystem (SHIME) [47]. This computer controlled model is 
composed of a five serially connected vessels simulating the conditions of the stomach, 
small intestine, ascending, transverse and descending colon [48, 49]. Operators can control 
various parameters of physiological relevance, including gastric and pancreatic secretions, 
pH, transit time, feed composition as well as sample different loci along the system on a 
regular basis [13, 46]. Another comprehensive in vitro GI model was developed in the 
Netherlands [50]. This model is actually comprised of two seperate parts: TIM-1 is a series of 
four computer controlled chambers simulating the upper GI, i.e. the stomach, duodenum, 
jejunum and ileum, while TIM-2 models the large intestine. Unlike the SHIME, this model 
consists of a series of linked glass vessels containing flexible walls, which allow simulation 
of the peristaltic movements of the GI. The hollow fiber membrane construct of the system 
enables to simulate absorption of water and nutrients in the lumen as well as their removal 
from the colon [13, 46]. Similarly, simple glass reactors have been used for in batch and three 
stage continuous fermentation systems to simulate the lower GI, i.e. the proximal, transverse 
and distal colon, and have been validated against sudden death victims [51]. 

Overall, in vivo methods and particularly human trials are essential for establishing health 
claims regarding prebiotic effects on human microflora. However, such methods are 
hindered by financial, ethical and practical reasons. In vitro models fail to fully mimic the GI 
system, particularly peristaltic movements, mucosal uptake and impact of immune 
components. Nevertheless, these systems offer relatively low costs, ease of use and have 
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Finally, lactulose (β-1-4-galactosyl-fructose) is a synthetic disaccharide derived from lactose. 
It is commonly used as a laxative in pharmaceutical products for the treatment of 
constipation, in doses over 20 g/day [16, 21]. Nevertheless, human trials have shown that at 
lower doses, lactulose acts as a prebiotic, reaching the colon and increasing bifidobacteria 
counts [2, 16, 17, 23]. Although this substance is an established prebiotic, it is still heavily 
confined to applications as a therapeutic agent. 

2.2. Novel prebiotics 

The search for new and novel prebiotics is constantly driven by the increased interest in 
management of human health through nutrition, particularly by the modulation of gut flora. 
In addition, studies of established prebiotics have enabled the better understanding of 
mechanisms of action and properties, which provided the basis for emerging prebiotics. 
Among the large array of prebiotic candidates, isomalto-oligosaccharides (IMO), xylo-
oligosaccharides (XOS), soy-oligosaccharides (SOS), gluco-oligosaccharides, lactosucrose 
and resistant starches can be classified as emerging prebiotics [17, 33-40]. Some of these 
compounds present advantages over established prebiotics; for example, XOS are stable 
across a wide range of pH, hence they are resistant to degradation in low pH juices, in 
contrast to inulin [21]. Besides attempts to identify and isolate naturally occurring prebiotics 
there are also attempts to enhance and extend the functionality of exisiting natural 
prebiotics through a rational design approach [41].  

Promising results have been reported, including the selective growth of bifidobacteria and 
lactobacilli and/or the formation of beneficial metabolites, such as short chain fatty acids. 
However, it should be noted that these studies are still limited to in vitro models or small 
scale animal or human trials [16, 17, 40]. For example, thermally produced resistant starch 
has been demonstrated to possess a bifidogenic and butyrogenic effect in an in vitro three 
stage continuous fermentation system inoculated with human feces [42]. Furthermore, this 
study suggested that resistant starch crystalline polymorphism, resulting from different 
thermal treatments, could convey different prebiotic effects on the human colon flora. 

3. Efficacy of prebiotics across the life span 

3.1. Methods to evaluate prebiotics 

Research into the efficacy of prebiotics includes a collection of methods currently in use, 
from pure cultures to human trials, which can be generally classified into in vivo and in vitro 
methods. Overall, the prebiotic effect is mainly evaluated by the presence of beneficial 
metabolites and measuring the growth of major bacterial groups commonly present in the 
human gut, in particular a selection for increased numbers of bifidobacteria and lactobacilli 
in comparison with undesirable bacteria such as certain clostridia and sulfate reducing 
bacteria [40]. Ultimately, health claims concerning prebiotic effects must rely on 
comprehensive well-controlled human trials. Thus, in vivo studies have evolved over the 
years to robust experimental designs which combine double blind and placebo-controlled 
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designs with advanced microbial analyses, such as bacterial enumeration using 16s DNA 
probes in fluorescence in situ hybridization (FISH) [16]. In most human studies, the 
production of short chain fatty acids (SCFA) has been quantified in fecal samples, as a 
marker of enhanced saccharolytic fermentation in response to prebiotic treatment [13]. 

In spite of their high significance, in vivo human studies are usually limited, mainly due to 
financial and ethical restrictions. Therefore, animal models have been used as a possible 
viable alternative to the human GI tract, while allowing the researchers to perform in vivo 
experiments in tightly controlled conditions as well as access intestinal contents, tissues and 
organs at autopsy. Moreover, many in vivo experiments have used germ-free animals dosed 
with fecal suspensions obtained from human donors, which are considered to be a reliable 
model for a reconstituted human gut flora. However, data generated from animal models do 
not necessarily coincide with human or in vitro studies, as has been shown for prebiotic 
resistant starch type III [42].  

Consequently, many in vitro experimental models have been developed to simulate various 
aspects of the human GI tract [43-45]. Seeking to closely mimic the conditions of organs 
along the GI tract, these models include a reactor or a series of reactors under tightly 
controlled settings, with the large intestine represented by an anaerobic reactor/s inoculated 
with fecal slurries [40]. Thus, these systems offer researchers a controlled experimental 
design that is relatively inexpensive, easy to set up, high throughput and raises minimal 
ethical issues [46]. 

One of the first in vitro GI models described in the literature was termed the simulator of the 
human intestinal microbial ecosystem (SHIME) [47]. This computer controlled model is 
composed of a five serially connected vessels simulating the conditions of the stomach, 
small intestine, ascending, transverse and descending colon [48, 49]. Operators can control 
various parameters of physiological relevance, including gastric and pancreatic secretions, 
pH, transit time, feed composition as well as sample different loci along the system on a 
regular basis [13, 46]. Another comprehensive in vitro GI model was developed in the 
Netherlands [50]. This model is actually comprised of two seperate parts: TIM-1 is a series of 
four computer controlled chambers simulating the upper GI, i.e. the stomach, duodenum, 
jejunum and ileum, while TIM-2 models the large intestine. Unlike the SHIME, this model 
consists of a series of linked glass vessels containing flexible walls, which allow simulation 
of the peristaltic movements of the GI. The hollow fiber membrane construct of the system 
enables to simulate absorption of water and nutrients in the lumen as well as their removal 
from the colon [13, 46]. Similarly, simple glass reactors have been used for in batch and three 
stage continuous fermentation systems to simulate the lower GI, i.e. the proximal, transverse 
and distal colon, and have been validated against sudden death victims [51]. 

Overall, in vivo methods and particularly human trials are essential for establishing health 
claims regarding prebiotic effects on human microflora. However, such methods are 
hindered by financial, ethical and practical reasons. In vitro models fail to fully mimic the GI 
system, particularly peristaltic movements, mucosal uptake and impact of immune 
components. Nevertheless, these systems offer relatively low costs, ease of use and have 
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minimal ethical considerations, while providing researchers controllable settings for 
studying luminal biochemistry and microbiology. 

3.2. Prebiotic efficacy in infancy and childhood 

At birth, the neonate gut is considered to be sterile with rapid colonization by bacteria 
believed to occur in three phases: delivery, breastfeeding and weaning to solid foods [52-54]. 
Immediately after birth, facultative anaerobic bacteria such as Enterobacteriaceae, streptococci 
and staphylococci colonize the gut environment of the newborn, gradually consuming 
oxygen and producing various metabolites. Consequently, strict anaerobic bacterial 
population dominated by bifidobacteria, Clostridium and Bacteroides can be established [55-
57]. Within the first year of life, the microflora is highly dynamic, but by the age of two years 
with the introduction of solid foods, the colonic microbiota is considered complete – it 
stabilizes and resembles that of the adult [58-60].  

The interest in prebiotics as a nutritional strategy to program infant gut microbiota to favor 
a more advantageous population has been inspired by the beneficial effects attributed to the 
200 different human milk oligosaccharides (HMO) [52-54]. Based on the observations of 
bifidobacteria in the feces of breastfed babies, attempts have been made to reproduce this 
bifidogenic aspect in infant formulas by adding commercial prebiotics, in particular FOS 
and GOS [8, 53]. This practical application of prebiotics was evaluated for example in 
double-blind, randomized and controlled studies in 90 full term infants, which 
demonstrated that 4 g/L or 8 g/L of FOS, GOS or their combination resulted in a significant 
decrease in fecal pH and a concomitant increase in bifidobacteria and lactobacilli after 28 
days feeding [61, 62]. A GOS and FOS mixture at a ratio of 9:1 (GOS:FOS) has been 
extensively studied as a prebiotic additive to infant formulas [63], and shown to increase 
bifidobacteria in infant feces and lower the incidence of pathogens [64-66]. Therefore, the 
administration of FOS and GOS into commercial infant formulas for their prebiotic effects 
has spread, and researchers continue exploring additional prebiotics as possible candidates 
for infant formulas supplementation. Moreover, studies are also looking into the persistence 
of the prebiotic effects. 

3.3. Prebiotic efficacy in adulthood 

To date, various studies have determined fructans (inulin and FOS) induce different 
beneficial effects on the health and general well-being of healthy adult subjects [10, 16-18]. A 
daily consumption of 5-10 g of fructans has been demonstrated to exert a bifidogenic effect 
on healthy adults based on dose-response studies, while similar doses of GOS and lactulose 
have been reported in in vitro and human trials as stimulating a bifidogenic effect [16, 67, 
68]. As to bowel habit, i.e. the frequency of bowel discharge but not fecal output, 
constipation and laxative effect, there is some evidence that in constipated subjects, inulin 
may increase bowel habit [69], whereas lactulose is prescribed at 20 g/day to increase fecal 
output of chronically constipated patients, however, having a bifidogenic effect on healthy 
adults at lower doses [68]. Moreover, numerous studies have shown that fecal output 
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remains unchanged at a daily intake of up to 15 g fructans with a slight increase at doses of 
15 g/day or higher [11]. Hence, inulin, FOS, GOS and lactulose may be defined as mild 
laxatives with adverse effects observed only at a consumption of over 20 g/day. 

Additionally, established prebiotics have been linked to protection against enteric infections, 
modification of the host immune response, production of short chain fatty acids, particularly 
butyrate, increased mineral absorption and even the reduced risk of colon cancer [10, 11, 14, 
16, 18]. Prebiotics efficacy has also been studied during pregnancy and lactation. These life 
periods are sometimes accompanied by irregular gastrointestinal activity, which can be 
improved by the consumption of dietary fibers and prebiotics [20]. Furthermore, gestational 
weight gain and postpartum weight retention have been suggested to be affected from 
prebiotics intake, since they modulate the gut microflora [5]. However, it is also important to 
note that the prebiotic effect has not been found to extend to neonates and infants, even 
when solely breast fed. 

3.4. Prebiotics efficacy in ageing 

At the old age, increased threshold for taste and smell as well as masticatory dysfunction 
can lead to a nutritionally imbalanced diet. In addition, various physiological functions 
deteriorate with age and may influence the absorption and/or metabolism of nutrients. 
Furthermore, the increased intake of drugs results in GI disturbances due to antibiotics 
undesired effect on indigenous bacteria in the host gut flora. Thus, changes in the GI tract, 
modification of diet and host immune system inevitably give rise to bacterial population 
alterations [70, 71]. In spite of the increasing proportion of the elderly in Western countries 
[72, 73], scarce data exists on the changes that occur in the intestinal microbiota during the 
ageing process and their possible health outcomes. Overall, an increase in facultative 
anaerobes and decrease in Bacteroides and bifidobacteria (total numbers as well as species 
diversity) have been reported [74]. 

Therefore, modulation of the colon microflora by the consumption of prebiotics is 
increasingly being studied as a potent, cost effective and natural way to improve the health 
and well-being of elderly people as well as reduce risks for various diseases [70, 71, 74]. FOS 
and GOS ingestion, as well as synbiotic preparations, were found to significantly increase 
the number of bifidobacteria at the expense of less beneficial microbiota in ageing 
individuals [6, 75-78]. In addition, a randomized, double-blind, controlled study with 74 
subjects aged 70 and over has indicated that prebiotic addition can improve the low noise 
inflammatory process frequently observed in this sensitive population [79]. 

4. Prebiotics as therapeutics 

4.1. Prebiotics therapeutic efficacy in human diseases 

It is now well documented that the bacteria microflora residing in the human GI has a role 
not only in promoting health but also in preventing some diseases [3, 80, 81]. Prebiotics 
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minimal ethical considerations, while providing researchers controllable settings for 
studying luminal biochemistry and microbiology. 

3.2. Prebiotic efficacy in infancy and childhood 

At birth, the neonate gut is considered to be sterile with rapid colonization by bacteria 
believed to occur in three phases: delivery, breastfeeding and weaning to solid foods [52-54]. 
Immediately after birth, facultative anaerobic bacteria such as Enterobacteriaceae, streptococci 
and staphylococci colonize the gut environment of the newborn, gradually consuming 
oxygen and producing various metabolites. Consequently, strict anaerobic bacterial 
population dominated by bifidobacteria, Clostridium and Bacteroides can be established [55-
57]. Within the first year of life, the microflora is highly dynamic, but by the age of two years 
with the introduction of solid foods, the colonic microbiota is considered complete – it 
stabilizes and resembles that of the adult [58-60].  

The interest in prebiotics as a nutritional strategy to program infant gut microbiota to favor 
a more advantageous population has been inspired by the beneficial effects attributed to the 
200 different human milk oligosaccharides (HMO) [52-54]. Based on the observations of 
bifidobacteria in the feces of breastfed babies, attempts have been made to reproduce this 
bifidogenic aspect in infant formulas by adding commercial prebiotics, in particular FOS 
and GOS [8, 53]. This practical application of prebiotics was evaluated for example in 
double-blind, randomized and controlled studies in 90 full term infants, which 
demonstrated that 4 g/L or 8 g/L of FOS, GOS or their combination resulted in a significant 
decrease in fecal pH and a concomitant increase in bifidobacteria and lactobacilli after 28 
days feeding [61, 62]. A GOS and FOS mixture at a ratio of 9:1 (GOS:FOS) has been 
extensively studied as a prebiotic additive to infant formulas [63], and shown to increase 
bifidobacteria in infant feces and lower the incidence of pathogens [64-66]. Therefore, the 
administration of FOS and GOS into commercial infant formulas for their prebiotic effects 
has spread, and researchers continue exploring additional prebiotics as possible candidates 
for infant formulas supplementation. Moreover, studies are also looking into the persistence 
of the prebiotic effects. 

3.3. Prebiotic efficacy in adulthood 

To date, various studies have determined fructans (inulin and FOS) induce different 
beneficial effects on the health and general well-being of healthy adult subjects [10, 16-18]. A 
daily consumption of 5-10 g of fructans has been demonstrated to exert a bifidogenic effect 
on healthy adults based on dose-response studies, while similar doses of GOS and lactulose 
have been reported in in vitro and human trials as stimulating a bifidogenic effect [16, 67, 
68]. As to bowel habit, i.e. the frequency of bowel discharge but not fecal output, 
constipation and laxative effect, there is some evidence that in constipated subjects, inulin 
may increase bowel habit [69], whereas lactulose is prescribed at 20 g/day to increase fecal 
output of chronically constipated patients, however, having a bifidogenic effect on healthy 
adults at lower doses [68]. Moreover, numerous studies have shown that fecal output 
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remains unchanged at a daily intake of up to 15 g fructans with a slight increase at doses of 
15 g/day or higher [11]. Hence, inulin, FOS, GOS and lactulose may be defined as mild 
laxatives with adverse effects observed only at a consumption of over 20 g/day. 

Additionally, established prebiotics have been linked to protection against enteric infections, 
modification of the host immune response, production of short chain fatty acids, particularly 
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periods are sometimes accompanied by irregular gastrointestinal activity, which can be 
improved by the consumption of dietary fibers and prebiotics [20]. Furthermore, gestational 
weight gain and postpartum weight retention have been suggested to be affected from 
prebiotics intake, since they modulate the gut microflora [5]. However, it is also important to 
note that the prebiotic effect has not been found to extend to neonates and infants, even 
when solely breast fed. 

3.4. Prebiotics efficacy in ageing 

At the old age, increased threshold for taste and smell as well as masticatory dysfunction 
can lead to a nutritionally imbalanced diet. In addition, various physiological functions 
deteriorate with age and may influence the absorption and/or metabolism of nutrients. 
Furthermore, the increased intake of drugs results in GI disturbances due to antibiotics 
undesired effect on indigenous bacteria in the host gut flora. Thus, changes in the GI tract, 
modification of diet and host immune system inevitably give rise to bacterial population 
alterations [70, 71]. In spite of the increasing proportion of the elderly in Western countries 
[72, 73], scarce data exists on the changes that occur in the intestinal microbiota during the 
ageing process and their possible health outcomes. Overall, an increase in facultative 
anaerobes and decrease in Bacteroides and bifidobacteria (total numbers as well as species 
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Therefore, modulation of the colon microflora by the consumption of prebiotics is 
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and well-being of elderly people as well as reduce risks for various diseases [70, 71, 74]. FOS 
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4. Prebiotics as therapeutics 

4.1. Prebiotics therapeutic efficacy in human diseases 

It is now well documented that the bacteria microflora residing in the human GI has a role 
not only in promoting health but also in preventing some diseases [3, 80, 81]. Prebiotics 
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have been reported to protect against pathogenic gastrointestinal infections by promoting 
the growth of probiotics which help displace pathogens from the mucosa, producing 
antimicrobial agents and competing with pathogens on binding sites and nutrients [3]. In 
addition to in vitro data which supports this disease preventing effect of prebiotics [16, 
22], a human study on 140 infants has concluded that consumption of oligofructose and 
cereal significantly reduced events of fever, frequency of vomiting, regurgitation and 
abdominal discomfort [82]. Moreover, various studies have shown that prebiotics can 
beneficially affect patients with antibiotic-associated diarrhea, especially when it arises 
from C. difficile [11]. 

Prebiotics have also been reported to reduce the risk of colon cancer as a result of gut flora 
modulation [11, 14, 16-18]. Specifically, they support the metabolism of carcinogenic 
molecules and the secretion of short chain fatty acids to the lumen by the colon microbiota 
[83, 84]. Furthermore, human trials have demonstrated that inulin, FOS and scFOS 
beneficially affect colorectal cell proliferation and genotoxicity [17], hence the potential of 
prebiotics in prevention and treatment of colon cancer should be further explored.  

Inflammatory bowel disease (IBD), which includes ulcerative colitis (UC) and Crohn's 
disease (CD), has also been researched as a possible target for prebiotics [11, 16, 17]. As 
mucosal communities significantly change in these diseases, prebiotics may be used in order 
to manipulate them. For example, patients fed 15 g per day of a prebiotic mixture composed 
of 7.5 g inulin and 7.5 g FOS for 2 weeks prior to colonoscopy, have had more than a 10-fold 
increase in bifidobacterial and eubacterial numbers in the mucosa of the proximal and distal 
colon [85]. Similarly, in a small open-label human trial, 10 patients with active ileum-colonic 
CD were fed 15 g FOS daily for 3 weeks, after which a significant reduction in the Harvey 
Bradshaw index of disease activity was observed as well as an increase of fecal 
bifidobacteria numbers [11]. 

4.2. Prospective therapeutic targets 

4.2.1. Obesity and the metabolic syndrome 

Increasing evidence linking gut flora to human health and diseases have inspired further 
research regarding the possible link between gut flora and obesity, which has led to the 
notion that prebiotics could be harnessed as potential therapeutic agents or management 
tools to prevent and treat obesity and the metabolic syndrome [4, 5, 7, 20, 52]. The metabolic 
syndrome is a cluster of metabolic abnormalities, including abdominal obesity, type 2 
diabetes mellitus and cardiovascular diseases [86, 87].  

Various studies have shown that prebiotic intervention decreased fat storage in white 
adipose tissues and in the liver, decreased hepatic insulin resistance as well as systemic 
inflammation in several nutritional (high-fat diet-fed) and genetic (ob/ob mice) obese rodents 
[88-95]. Some beneficial effects of fructans on BMI, fat mass and insulin resistance were also 
shown in the limited human trials conducted so far [95-98].  
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However, to date, the mechanisms underlying the complex role of gut microbiota in such 
conditions are largely unknown [1]. It has been reported that a lower number of 
bifidobacteria at birth is associated with overweight later in childhood [99], and in adults, 
the number of bifidobacteria is slightly lower in individuals with obesity than in lean 
subjects [100]. The number of these bacteria is also decreased in patients with type 2 diabetes 
mellitus compared with nondiabetic people [101]. Hence, these results seem to suggest that 
bifidobacteria affects the development of obesity and its related comorbidities [52]. 

A remarkable increase has been observed in the number of Bifidobacterium spp. following 
inulin-type fructans supplementation to mice with diet-induced or genetically determined 
obesity [52]. Interestingly, the number of bifidobacteria was inversely correlated with the 
development of fat mass, glucose intolerance and levels of lipopolysaccharides (LPS) [102]. 
LPS has been found at a significantly higher level in the serum of obese individuals, which 
creates a metabolic endotoxemia, leading to obesity, insulin resistance and systemic 
inflammation [103]. Moreover, it has been reported that the overexpression of numerous 
host genes that are related to adiposity and inflammation was prevented by prebiotic 
intake [52]. 

A pathway involving short chain fatty acids (SCFA) has been proposed to be involved in the 
interplay between prebiotics, the gut flora and obesity. SCFA act as signaling molecules and 
are specific ligands for at least two G protein-coupled receptors, GPR41 and GPR43, which 
have a potential role in fat mass development [13, 104]. In addition, it has been shown that 
acetate and propionate can modify hepatic lipid metabolism [105]. Interestingly, a recent 
study has demonstrated that diet-induced obesity and insulin resistance were prevented 
when mice on a high-fat diet were supplemented with butyrate, which promoted energy 
expenditure and induced mitochondrial function [106]. Various studies have shown that a 
diet enriched with prebiotics leads to a greater intestinal SCFA production and thereby 
migitates body weight gain, fat mass development and the severity of diabetes [89, 90, 100, 
107-109]. Numerous peptides secreted by the enteroendocrine cells along the GI are 
involved in the regulation of energy homeostasis and/or pancreatic function. Three such 
peptides which can modulate food intake and energy expenditure are glucagon-like 
peptide-1 (GLP-1), peptide YY (PYY) and ghrelin [110-113]. Thus, it has been suggested that 
SCFA are related to changes in the gut peptide secretion, namely increased production and 
secretion of GLP-1 and PYY and the reduction of ghrelin which induce metabolic effects [13, 
114, 115]. Piche et al. were the first to report that inulin-type fructan feeding of 20 g/day 
significantly increased plasma GLP-1 in humans [116]. In another study, a 2-week 
supplementation with inulin-type fructans (16 g/day) to healthy volunteers increased GLP-1, 
consequently increasing satiety, lowering calorie intake and decreasing postprandial 
glycemia [90, 108]. Furthermore, prebiotic treatment in obese patients has been found to 
induce and increase PYY and decrease ghrelin levels [117]. Finally, Tarini and Wolever have 
demonstrated that a single dose of inulin significantly increased postprandial plasma GLP-1 
and decreased plasma ghrelin [118]. This is in contrast to perceived necessity for a 
prolonged prebiotics administration to modulate gut microbiota and allow effect on gut 
endocrine function. Thus, it seems that further studies are needed to fully unravel the 
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potential of prebiotics to offer a nutritional means to cope with the worrisome increase in 
human obesity and the metabolic syndrome.   

5. Future challenges 

5.1. Harmonization of methods to evaluate efficacy 

To date, a plethora of studies have investigated the effects of prebiotics on human health 
and well-being, leading to the general realization prebiotics could serve as a possible 
method of therapeutic intervention. However, the majority of these studies cannot be 
compared due to the variety of methods employed. For example, results obtained by 
bacterial isolation techniques [39, 119] cannot be compared with data from more advanced 
methods for the molecular characterization of the microbiota, now considered essential to 
obtain a comprehensive view of the gut ecosystem. Furthermore, DNA-based techniques 
including the use of the 16s ribosomal RNA gene are considered as less biased, hence their 
results are more reliable [54]. In addition, studies focused on the effect of prebiotics on the 
elderly, even in healthy subjects, lack a clear definition of 'elderly', and various groups are 
recruited, usually on the basis of 'over 60' [120], 'over 65' [119, 121] or 'over 70' [122]. This 
makes is difficult to define a 'threshold age' at which the gut environment starts to be 
influenced from the ageing process [70]. Thus, harmonization of methods to evaluate 
efficacy is a prequisite step limiting the further application of prebiotics for the prevention 
and treatment of diseases as well as the development of novel prebiotics. 

5.2. The challenge of personalization 

A broad range of parameters has been known to affect the bacterial composition of the 
infant gut, e.g. mode of delivery, type of feeding (exclusive breastfeeding versus formula), 
antibiotic use and maternal infection [55-57, 123, 124]. Furthermore, various studies have 
indicated that the low number of certain bacteria at birth such as bifidobacteria is related to 
overweight later in childhood [99]. Consequently, prebiotics supplementation even in 
infants may be used as a preventive nutritional programming tool, which will affect the 
health and well-being also in adulthood. Moreover, it has been increasingly accepted that 
environmental factors such as nutritional habits and lifestyle may impact the gut microbiota 
composition, for example striking country-related differences in the effects of age on the 
microflora have been reported [70]. This wide variety of factors, affecting intestinal 
microbiota composition from infancy to elderly, drove the need for personalized nutrition, 
including personalized and tailored prebiotics. In addition, since prebiotics are recently 
considered even as therapeutic agents for the prevention and treatment of diseases, it may 
be beneficial to aim personalized prebiotics to people at high-risk to develop these illnesses. 
Thus, the challenge of personalization includes performing long-term, large-sized, well-
controlled and multidisciplinary-collaborated studies which will demonstrate and establish 
the health promoting effects of prebiotics and enable harnessing them in the clinic or in 
supermarket shelves. 
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6. Conclusions 

Prebiotics have emerged as cost-effective and efficient nutritional programming tools to 
beneficially and selectively promote the growth and/or activity of certain bacteria in the 
indigenous flora of the human GI. So far, prebiotics have been demonstrated to exert 
various beneficial effects during an individual's lifetime, from infancy to ageing, as well as 
function as therapeutic agents for the prevention and treatment of different diseases, 
including obesity and the metabolic syndrome.  

In addition to the well-established prebiotics of FOS, GOS and lactulose, novel prebiotics are 
constantly being developed. State of the art techniques, in vitro gastrointestinal models and 
advanced computerization tools are leading many researchers to adopt more complete and 
comprehensive approaches, e.g. metabolomics and metagenomics.  

Future challenges include the harmonization of methods of evaluating efficacy that will help 
focus research efforts and enable a more comprehensive understanding of prebiotic 
mechanisms of action and beneficial effects and how these can be modulated. Another 
important prospect is personalization, i.e. fitting tailored prebiotics to individual needs in 
order to nutritionally program and affect their health and well-being from infancy and into 
old and prosperous age. 
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1. Introduction 

Over the years, the biological significance of conjugated fatty acids has been demonstrated. 
Among them, there are two that are present naturally in milk and dairy products, from 
ruminant origin which have been intensively studied in recent times: conjugated linoleic 
acid and conjugated linolenic acid.  

Conjugated linoleic acid (CLA) refers to a mixture of positional and geometric isomers of 
linoleic acid (c9,c12-C18:2, LA) with a conjugated double bond. It is a natural compound 
mainly found in ruminant products such as meat, milk and other dairy food that represent 
the main source of CLA for humans. Of the two biologically important isomers, c9,t11 is the 
most prevalent one comprising around 80 to 90% of total CLA in ruminant products, and 
t10,c12 is present in lower amounts as 3-5% of total CLA [1]. 

CLA is formed as an intermediate product of the biohydrogenation (BH) process that occurs in 
rumen, as multi-step mechanism carried out by different microorganisms on unsaturated fatty 
acids to produce stearic acid (C18:0). Also , it can be produced by desaturation of trans vaccenic 
acid (t11-C18:1, TVA), process that occurs in different tissues such as mammary gland,.  

Conjugated linolenic acid (CLNA) are representing by different conjugated isomers of the 
linolenic acid (c9, c12, c15-C18:3, LNA). It is also resulting of the ruminal microbial 
metabolism on fatty acids present in foods, but they are also found in some plant seed oils, 
like pomegranate seed oil rich in punicic acid (c9,t11, c13-CLNA) [2-3] and tung seed oil 
where α-eleostearic acid (c9,t11,t13-CLNA) content is about 70% [2-3]. 

Both conjugated fatty acids has undoubted effects on health, with important biological 
functions demonstrated in animal models, making them a target of intensive study. 
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metabolism on fatty acids present in foods, but they are also found in some plant seed oils, 
like pomegranate seed oil rich in punicic acid (c9,t11, c13-CLNA) [2-3] and tung seed oil 
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Over the years, CLA has received great attention due to their beneficial properties on health. 
There exist near 28 different CLA isomers produced by natural and industrial process 
during fatty acid hydrogenation [4], but the most important according to their biological 
effects are c9, t11 and t10,c12 forms. However, CLA isomer in milk fat according to 
importance are c9,t11 (around 80%) followed by t7,c9, which is quantitatively the second 
most important reaching level so high as 3 to 16 % of total CLA [5]. Factors affecting CLA 
content in milk, such as the food of ruminants [6-7], the animal breeding type and the stage 
of lactation [8] were widely reported. 

Many studies demonstrated the action of CLA as anti-carcinogenic [9], anti-diabetic [10] and 
immune-modulator [11] compound. Although there is no agreement regarding its function 
on fat metabolism, some authors revealed that its consumption also decreases the fat 
deposition [12].  

In addition, CLA produced trough chemical isomerization of LA is offer as dietary 
supplement in many countries. However, unexpected isomers are produced by this process. 
To consider CLA as a nutraceutical or medicinal compound, a selective isomer production 
must be done. 

On the other hand, CLNA showed anti-carcinogenesis effects in vitro and in vivo models [9, 
13-14] and other isomers were reported as hypolipidemic compound in human liver derived 
HepG2 cells [15]. Moreover, it was demonstrated that CLNA exhibits stronger cytotoxic 
effect on tumoral cells than CLA isomers [16].  

Since the most important sources of both conjugated fatty acids for human consumption are 
milk and dairy products, and due to the microbial production of these compounds, several 
attempts are being developed to increase its content in food using natural process for it 
production. In the field of human and animal health, it is interesting to understand the 
potential beneficial role of selection of bacteria with the ability to form conjugated fatty 
acids to be then included in foods. Thus, the processed products could be considered as 
functional foods and sometimes as probiotics, as we detailed below. 

2. Ruminal production of conjugated linoleic and linolenic acid  

Fatty acids are present in forages and concentrate feeds, mainly as esterified form, mostly 
present as phospholipids and glycolipids in forrages and triglycerides in plant seeds, 
comonly used in concentrates.  

The two most abundant fatty acids from animal diet are linoleic and linolenic acids. Both are 
incorporated through diet and once they reach the rumen, are extensively modified by 
microbial enzymes, such as lipases. These enzymes produce as results LA and LNA as free 
form for further reactions of isomerization and hydrogenation.  

The biohydrogenation of both fatty acids occur in a similar manner, but differ in the 
intermediate products, as shown in Figure 1.  
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Hydrogenation of linoleic acid produces as first intermediate c9, t11-CLA isomer, by a 
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C18:1 (trans vaccenic acid, TVA) by a reduction mechanism and further hydrogenated to 
stearic acid (C18:0) [17].  

The other CLA isomer resulting of rumen metabolism is t10, c12, which is produced by 
different microorganism such as Butyrivibrio fibrisolvens [18] and Megasphaera eldsenii YJ-4 
[19]. But the hidrogenation of this isomer not produced TVA but c6, t10-C18:2 which is 
further converted to C18:0. According to authors, some bacteria can produce hydroxiacids 
previously to its conversion to CLA isomers [20-21].  

As we mentioned above, the other fatty acid of importance in ruminant feeding is linolenic 
acid, which is also converted to C18:0 by microbial action. In this pathway, LNA is 
isomerized at cis-12 position forming as first intermediate product c9,t11,c15 isomer, named 
conjugated linolenic acid (CLNA). This compound is further reduced to t11,c15-C18:2 and 
after that converted to three different products: t11-C18:1; c15-C18:1 and t15-C18:1. As 
shown in Figure 1, only t11-C18:1 is reduced up to C18:0.  

Note that metabolic pathway of both LA and LNA fatty acids produce TVA as result of a 
reduction process, forming conjugated fatty acids as intermediate products. All conjugated 
fatty acids are absorbed by intestine cells, reason why they are further present in milk and 
meat fat [22-23].  

 
Figure 1. Biohydrogenation process of linoleic and linolenic fatty acid in rumen (adapted from Harfoot 
and Hazlewood [17]) and endogenous synthesis of CLA in mammary gland (dotted arrow). 
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Of the rumen microorganism, bacteria are largely responsible for biohydrogenation of 
unsaturated fatty acids and protozoa seem to be of only minor importance [17]. 

Kemp and Lander [24] divided bacteria into two groups according to reactions and end 
products of biohydrogenation. Group A includes those bacteria able to hydrogenate linoleic 
acid and α-linolenic acid producing t11- C18:1 as an end product. On the other hand, Group 
B bacteria including those able to use t11-C18:1 as one of the main substrates to produce 
stearic acid as end product. A listing of the bacteria species of both groups is provided in the 
review by Harfoot and Hazlewood [17]. 

Instead of ruminal biohydrogenation, there is another CLA synthesis pathway carried out 
through the Δ9-desaturase enzyme activity on trans-vaccenic acid (t11-C18:1-TVA) in 
different tissues, especially in the mammary gland [25]. This endogenous synthesis of CLA 
is the responsible for most of CLA level found in milk fat, being according to findings 
around a 64 % [25] to > 80% [26].  

But other pathway of CLNA isomers synthesis, in addition to ruminal production, was not 
yet evidenced. For that reason, its content in ruminant milk apparently comes exclusively 
from BH of linolenic acid and diet.  

As results of microorganism metabolism, many isomers originated in rumen are present in 
milk. Due to biological properties of both conjugated fatty acids researchers are looking to 
develop natural foods enriched in CLA and CLNA and thus increase daily intake by 
humans. 

As it was previously mentioned, ruminant milk and meat are the most abundant sources of 
CLA for humans. Different studies have demonstrated that CLA content of ruminant milk 
and meat products varies between 4-6 mg/g fat [27-29]. From this value, near the 80 to 90% 
corresponds to the c9,t11 isomer [30-31]. However, the concentration of CLA can vary 
widely, where differences are largely related to diet. So, milk fatty acid profile can be 
modified according to animal feeding.  

In the last years, different supplements such as vegetal oils, animal fat, natural pasture and 
seeds were used to improve fatty acid profile of milk, to attempt higher levels of CLA [32-
33] or CLNA [22, 34].  

Respect to CLA synthesis in non-ruminant animal, an increase on CLA content in tissues 
was evidenced in studies using rats [35] and mice [23] after TVA supplementation. 

In humans, an endogenous synthesis of CLA was also shown by Adolf et al. [36]. But tisular 
human production in human tissues is so low, that the concentration found in tissues are 
directly related to food consumption.  

Although ruminant foods are the richest source of CLA for humans, it is also found in 
monogastric animal products, such as swine [37], chicken [30], turkey [30], fish and rabbit 
[38] meat but in much lower levels. Among south-american camelids, CLA was determined 
in llama´s (Lama glama) milk [39]. Vegetable oils contain little CLA and according to some 
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authors no CLA content were evidenced in vegetal oils. Typical values of CLA in non-
ruminant foods are given in Table 1.  

Product Total CLA
(mg/ 100 g of fat)

Author 

Meat 
Turkey 0.25 Chin et al. [30]
Fish 0.01-0.09 Fristche and Steinhart [105] 
Swine 0.3-0.9 Ross et al.[ 37]
Rabbit 0.11 Fristche and Steinhart [105] 
Chicken 0.09-0.2 Chin et al. [30]

Eggs yolk N.D 
N.D 

Raes et al. [106]
Gultemiriam et al. [107] 

Milk 
Human 0.1 Park et al. [108] 
Horse 0.05-0.12 Jahreis et al. [8]
Sow 0.19-0.27 Jahreis et al. [8]
Llama (Lama glama) 0.7 Schoos et al. [39]

Vegetable oils 0.01 Fristche and Steinhart [105] 

ND: not determined 

Table 1. CLA content in non-ruminant foods 

So as CLA, different CLNA isomers occur naturally, some of which could be formed by 
ruminal biohydrogenation and further incorporated into milk and meat fat.  

Only a few studies were done respect to CLNA content in ruminant products and according 
to data informed, the only isomer present in cow milk is c9,t11,c15 form [40] while in muscle 
is also present c9,t13,c15 isomer [40]. 

CLNA content in milk is around of 0.3-0.39 mg/g fat [23, 40]. At the present, the effect of diet 
on CLNA concentration in milk was only reported by one work, where cows not fed with 
extruded linseed (control) have no CLNA in milk, but linseed supplementation in diet 
increased both CLA and CLNA content, reaching the latest fatty acid a value of 0.15% of 
total fatty acids [22]. In this study, CLNA was also present only as c9, t11, c15 isomer. 

CLNA content in non-ruminant products were determined in different seed oils, being the 
most abundant source of these fatty acid isomers (Table 2). Moreover, tung, pomegranate 
and catalpa oils showed high level of CLNA but in different isomer ratio. On this way, 
punicic acid (c9, t11, c15-CLNA) is contained about 72% in pomegranate seed oil [3]. In 
bitter gourd oil and tung seed oil the main isomer present correspond to α-eleostearic acid 
(c9,t11,t13-CLNA) in about 60% and 70%, respectively [3, 41]. Catalpa seed oil contains 
CLNA at a level of 31 %, found as catalpic acid (t9, t11, c12-CLNA) isomer.  
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Only a few studies were done respect to CLNA content in ruminant products and according 
to data informed, the only isomer present in cow milk is c9,t11,c15 form [40] while in muscle 
is also present c9,t13,c15 isomer [40]. 
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and catalpa oils showed high level of CLNA but in different isomer ratio. On this way, 
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(c9,t11,t13-CLNA) in about 60% and 70%, respectively [3, 41]. Catalpa seed oil contains 
CLNA at a level of 31 %, found as catalpic acid (t9, t11, c12-CLNA) isomer.  
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Product CLNA (%) Author 
Pomegranate oil 75

86 
Suzuki et al. [3]
Yücel et al. [2] 

Catalpa oil 27.5
31

Yücel et al.[2]
Suzuki et al. [3]

Bitter gourd oil 60 Yücel et al. [2]; Suzuki et al. [3] 
Tung oil 70 Suzuki et al. [3]

Cow milk 0.3-0.39 Loor et al. [23]
Plourde et al. [40] 

Table 2. CLNA content in cow milk and seed oils 

3. CLA recommended human intake  

CLA concentration in dairy products widely varied according to data reported (0.55–9.12 
mg/g fat), but even though are lower than required to achieve a biological effect in humans. 

Biological properties after CLA administration is depending on isomer and doses administered 
and the period of study. Those, studies on animal models reported anti-atherosclerosis effect 
after 0.1-1% of total CLA per day to rabbits [42]. Moreover, anti-carcinogenic effect was 
determined by authors using levels from 0.5% to 4% into the diet [43-44].  

Although the action mechanism is not well understood, CLA was reported as antioxidant 
compound in animals and in vitro models [15]. 

Just as there are variations in experimental models about effective doses of CLA, depending 
on animal model and the biological effect evaluated, the recommended dose from human 
daily intake also widely varied. 

In general, by extrapolation of results found in animals, the recommended CLA daily intake 
is around 0.35 to 1 g/day [15]. Some authors estimated a daily dose of 650 mg [45], but other 
studies considered that higher doses (3.0 to 4.2 g/day) are adequate to reduce body fat mass 
[46-47].  

However, at the present the real consumption in different countries is lower than 
recommended dose. Studies on German population estimated a daily CLA intake of 0.35 to 
0.43 g for men and women, respectively [38]. In other countries, CLA daily intake was 
informed so lower as 120 to 140 mg per day [27].  

A few epidemiological studies were done in humans, and evidence show that no all isomers 
are absorbed to a similar extent. According to result is difficult to predict the impact of CLA 
consumption on humans and the preventive effect of isomers.  

Thus, a short-term (4 to 12 weeks) human studies showed that 2.2 g/d, administered as a 
mixture of c9,t11 and t10,c12 isomers, produces a decrease on inflammatory markers [48]. A 
higher dose (3 g/d) were used by Moloney et al. [49] who found an increase on HDL levels 
and a decrease on the ratio of LDL cholesterol to HDL cholesterol, but did not show positive 
effect on insulin levels in diabetics patients.  
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Smedman et al. [50] reported a reduction of body fat in humans after consumption of 4.2 g/d 
of a mixture of CLA isomer (c9,t11 and t10,c12) during 12 weeks.  

Even though there are many positive findings about CLA supplementation by animals, 
some negative aspects were informed by other authors, such as the induction of fatty liver 
and spleen and resistance to insulin [51].  

Studies concerning to increase CLA content in foods receives great attention since bacterial 
inclusion improves CLA levels in some fermented dairy products or could generate CLA at 
intestinal level after a probiotic administration. In this way, studies on bacterial CLA or 
CLNA production are relevant in this field, and are detailed in this chapter. 

4. Bacterial CLA and CLNA production  

The ruminal anaerobe Butyrivibrio fibrisolvens was the first bacteria were CLA production 
was evidenced [18]. After years, it was revealed that not only ruminal bacteria were able to 
form CLA. So, microorganisms isolated from dairy products, human and animal intestine 
were demonstrated as CLA-producing bacteria, including lactic acid bacteria (LAB) and 
bifidobacteria. At the present, Lactobacillus reuteri, Lactobacillus rhamnosus, Lactobacillus 
plantarum; Lactobacillus brevis, Lactobacillus acidophilus; Lactococcus lactis, Propionibaterium 
freudenrehichii, Bifidobacterium sp, Streptococcus, among others, were able to form CLA [52-54].  

Some years ago, it was reported the formation of another isomers of conjugated fatty acid 
from α and γ-linolenic in Lactobacillus plantarum, named as CLNA [21]. Even though this 
conjugated fatty acid production was reported since 2003, it was only recently informed for 
bifidobacterium strains [55-56]. 

Conjugation of linoleic and linolenic acid were proposed as a detoxification mechanism to 
avoid the growth inhibition effect of fatty acid on bacteria [57-58].  

CLA/CLNA production varied among strains being influenced by substrate concentration, 
culture media, temperature and time of fermentation, among other factors. The isomer 
formed is also strain-dependent, showing some microorganism the production of only one 
isomer while others produce two or more CLA/CLNA forms.  

As an example of the influence of culture condition, Ogawa et al. (2001)[59] informed CLA 
production by L. acidophilus cultured in microaerophilia conditions, but when bacteria were 
cultured in aerophilia conditions not CLA formation was determined.  

Nowadays, different processes are being carried out to increase CLA production by strains. 
So, Lin et al (2005) [60] immobilized cells of Lactobacilli strains in two matrix (chitosan and 
poliacrilamide). In this study, L. delbruekii ssp. bulgaricus and L. acidophilus showed higher 
CLA production than not immobilized cells. Washed cell instead of growth cultures is 
another way to produce high CLA levels ([20, 59, 61].  

Further studies informed that the uses of enzyme extract of L. acidophilus at 50ºC and pH 5 
produce more than eight CLA isomers, being around 48% as c,t/t,c form [62].  
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culture media, temperature and time of fermentation, among other factors. The isomer 
formed is also strain-dependent, showing some microorganism the production of only one 
isomer while others produce two or more CLA/CLNA forms.  

As an example of the influence of culture condition, Ogawa et al. (2001)[59] informed CLA 
production by L. acidophilus cultured in microaerophilia conditions, but when bacteria were 
cultured in aerophilia conditions not CLA formation was determined.  

Nowadays, different processes are being carried out to increase CLA production by strains. 
So, Lin et al (2005) [60] immobilized cells of Lactobacilli strains in two matrix (chitosan and 
poliacrilamide). In this study, L. delbruekii ssp. bulgaricus and L. acidophilus showed higher 
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produce more than eight CLA isomers, being around 48% as c,t/t,c form [62].  
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The transformation of linoleic and linolenic acid to the conjugated form is carried out by 
linoleate isomerase (LAI) enzyme, which is bound to the bacterial membrane [63]. This 
enzyme will be treated in other section of this chapter. 

At the present, the in vitro bioproduction of conjugated fatty acids has been shown in lactic 
acid bacteria (LAB), propionibacteria and bifidobacteria strains. 

A different mechanism of CLA production via 10-OH-C18:1 seems to be the most common 
pathway in human intestine bacteria according to McIntosh et al. (2009) [64], who evidenced 
this metabolic pathway in Roseburia, Ruminococcus and other intestinal strains.  

5. Lactic acid bacteria (LAB)  

CLA production by LAB strains were informed during years. The mechanism, isomer and 
optimum condition for CLA formation makes these the most variable group on the 
literature.  

Some strains as L. plantarum AKU 1009a were informed as CLA-producing bacteria via a 
two-step reaction: first the hydration of linoleic acid to 10-hydroxy-18:1, followed by 
dehydration of the resulting hydroxy acid to CLA. In this strain, CLA was formed as c9,t11 
(CLA1) and t10,c12 (CLA2) isomers [21].  

Xu et al. [65] also informed CLA production as c9,t11 and t10,c12 isomer of CLA, at different 
ratio, in LAB and propionibacteria strains cultured in a fat milk model supplemented with 
hydrolized soy oil for 24 to 48 h. Among these, L. acidophilus, L. casei, L. plantarum, E. faecium, 
L. rhamnosus, Pediococcus (Ped.) acidilactici and yogurt cultures (mixture of L. delbruekii ssp. 
bulgaricus and Str. salivarius ssp. thermophilus, 1:1 ratio) were reported as CLA-producing 
bacteria in the mentioned condition. Increasing time from 24 to 48 h did not increase CLA 
content, except in Ped. acidilactici and L. rhamnosus strains. The main isomer found was c9,t11 
followed by t10,c12 after 24 h of incubation, except in E. faecium were t10,c12 were not 
determined.  

The ability to produce CLA in Lactobacilli strains from human origin was also informed by 
Lee et al [66]. In this study, L. rhamnosus, L. paracasei and L. pentosus also showed different 
CLA isomer ratio production. So, L. rhamnosus and L. pentosus were able to transform LA to 
c9, t11 and t10,c12- CLA, while L. paracasei only produce the c9,t11 isomer. 

Other study revealed six LAB able to form CLA after 24 h of incubation, varying percentage 
of LA conversion between 17% and 36%. Here, L. casei, L. rhamnosus, and Strep. thermophilus 
showed the highest LA conversion in MRS broth, and increased two- or threefold in milk 
than MRS broth [53]. Strep. thermophilus has importance by it uses as starter culture during 
fermentation process of dairy products.  

Some authors informed a positive correlation between CLA production and tolerance to LA 
[53, 67] using different substrate concentration. However, the efficiency of CLA production 
in some LAB and bifidobacterium decreases at higher levels of free LA in the medium [53].  
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Other studies using LAB showed CLA production mainly as c9,t11 form (60-65 %), followed 
by t10,c12 (30-32%) and other minor isomers like t9,t11 and t10,t12 (2-5%) in L. acidophilus, L. 
plantarum and Lact. lactis cultured in MRS broth and skim milk during 24 h. [68]. 

In a recent work, a low CLA production was informed by strains of L. sakei and L. curvatus 
(1.6 % and 4.2 %, respectively), commonly present in meat fermentation as starter cultures or 
natural microorganism [56, 69]. 

The reaction sequence of isomerization of LA seems to involve different steps according to 
bacterial strain. 

Respect to CLNA production, L. plantarum AKU 1009a was able to transform ricinoleic acid 
to CLA (CLA1 and CLA2) [20]. Further studies demonstrated that this lactobacilli strain has 
the capacity of use α- and γ-linoleic acids as substrate to generate the corresponding 
conjugated trienoic acids [21] named CALA and CGLA, respectively. Authors reported a 
CALA production rate of 40% under two isomer forms: c9, t11, c15-C18:3 (CALA 1, 67% of 
total CALA) and t9,t11,c15-C18:3 (CALA 2, 33% of total CALA). A higher CGLA production 
rate was determined in this study (68%) as a mixture of two isomer: c6, c9, t11-C18:3 (CGLA 
1, 40 % of total CGLA) and c6, t9, t11-C18:3 (CGLA 2, 60% of total CGLA).  

Recently, determination of CLNA production by other LAB strains were informed [69]. 
Among these, a high production levels were determined in L. sakei and L. curvatus, 
reaching a percentage of conversion of 22.4 % and 60.1 %, respectively. Authors evidenced 
that the isomerization process of LA to CLA and LNA to CLNA is different according to 
LAB strain, so as isomer resulting after culturing. Some microorganisms were able to form 
both conjugated fatty acids, but predominantly convert LNA to CLNA, while others not 
were able to form CLA but effectively converted LNA to CLNA. Results are given in  
Table 3. 

Strain c9,t11 t10,c12 Other 
isomer 

LA conversion
(%) 

Author 

L. curvatus + + - 1.6% Gorissen et al. [69] 
L. plantarum 

 
+ 
+ 
+ 
+ 
+ 

+ 
- 
+ 
+ 
+ 

- 
+ 
- 
- 
- 

4.6% 
N.D 
N.D 
N.D 
N.D 

Gorissen et al. [69] 
Kishino et al. [20] 
Ogawa et al. [109] 
Rodríguez-alcalá et al. [68] 
Xu et al. [65] 

L. sakei + + - 4.2 Gorissen et al. [69] 
L. reuteri + +  26 Lee et al. [110] 

L. rhamnosus 
 

+ 
+ 
+ 

+ 
+ 
- 

- 
- 
- 

 
 

34 

Lee et al. [66] 
Ogawa et al. [109] 
Van Nieuwenhove  et al. [53] 

L. paracasei + - - N.D Lee et al. [66] 
L. pentosus + 

+ 
+ 
+ 

- 
- 

N.D Lee et al. [66] 
Ogawa et al. [109] 
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Other studies using LAB showed CLA production mainly as c9,t11 form (60-65 %), followed 
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plantarum and Lact. lactis cultured in MRS broth and skim milk during 24 h. [68]. 

In a recent work, a low CLA production was informed by strains of L. sakei and L. curvatus 
(1.6 % and 4.2 %, respectively), commonly present in meat fermentation as starter cultures or 
natural microorganism [56, 69]. 

The reaction sequence of isomerization of LA seems to involve different steps according to 
bacterial strain. 

Respect to CLNA production, L. plantarum AKU 1009a was able to transform ricinoleic acid 
to CLA (CLA1 and CLA2) [20]. Further studies demonstrated that this lactobacilli strain has 
the capacity of use α- and γ-linoleic acids as substrate to generate the corresponding 
conjugated trienoic acids [21] named CALA and CGLA, respectively. Authors reported a 
CALA production rate of 40% under two isomer forms: c9, t11, c15-C18:3 (CALA 1, 67% of 
total CALA) and t9,t11,c15-C18:3 (CALA 2, 33% of total CALA). A higher CGLA production 
rate was determined in this study (68%) as a mixture of two isomer: c6, c9, t11-C18:3 (CGLA 
1, 40 % of total CGLA) and c6, t9, t11-C18:3 (CGLA 2, 60% of total CGLA).  

Recently, determination of CLNA production by other LAB strains were informed [69]. 
Among these, a high production levels were determined in L. sakei and L. curvatus, 
reaching a percentage of conversion of 22.4 % and 60.1 %, respectively. Authors evidenced 
that the isomerization process of LA to CLA and LNA to CLNA is different according to 
LAB strain, so as isomer resulting after culturing. Some microorganisms were able to form 
both conjugated fatty acids, but predominantly convert LNA to CLNA, while others not 
were able to form CLA but effectively converted LNA to CLNA. Results are given in  
Table 3. 

Strain c9,t11 t10,c12 Other 
isomer 

LA conversion
(%) 

Author 

L. curvatus + + - 1.6% Gorissen et al. [69] 
L. plantarum 

 
+ 
+ 
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34 

Lee et al. [66] 
Ogawa et al. [109] 
Van Nieuwenhove  et al. [53] 

L. paracasei + - - N.D Lee et al. [66] 
L. pentosus + 

+ 
+ 
+ 

- 
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N.D Lee et al. [66] 
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Strep. 
thermophilus 

+ - - 33 Van Nieuwenhove et al. [53] 

L. brevis + + - N.D Ogawa et al. [109] 
L.curvatus + + - 1.6 Gorissen et al. [69] 

L. acidophilus + 
+ 
+ 

- 
+ 
+ 

- 
- 
- 

20 
N.D 
N.D 

Van Nieuwenhove et al. [53] 
Ogawa et al. [109] 
Xu et al. [65] 

L. reuteri N.I N.I N.I 26 Lee et al. [110] 
Lact. lactis + + - N.D Rodríguez- Alcalá et al. [68] 

+: positive production. -: no production. N.D: not determined. N.I: not informed  

Table 3. CLA production by LAB strains cultured in presence of free LA 

6. Propionibacteria  

Propionibacteria are commonly present in milk and dairy products and some species play 
an important role in the creation of cheeses, such as emmental cheese. Propionibacteria 
represents another important group of bacteria where the capacity of LA isomerization in 
vitro was demonstrated, being relevant since it could be included in fermented products as 
cheeses. So, P. freudenrehichii was able to produce CLA mainly as c9,t11 form according to 
different studies [58, 65, 70-71] although other author reported eight different isomers of 
CLA produced by enzyme extract in this bacteria [72].  

CLA production in a fat milk model supplemented with hydrolyzed soy oil for 24 to 48 h 
was demonstrated in two P. freudenreichii ssp shermanii and P. freudenreichii ssp freudenreichii 
[65]. Higher levels of CLA were determined in skim milk than MRS broth. 

The ability of P. acnes, isolated from sheep, to form CLA only as t10, c12 form was also 
evidenced [73]. 

The results clearly demonstrate that propioniacteria strains show a great variability on CLA 
production, according to many factors as origin, species, substrate and culture conditions. 

To the best of our knowledge, CLNA production by propionibacteria strains was recently 
evidenced by Henessy et al. [74]. In this work, bacteria were culture in presence of different 
fatty acid used as substrate to evaluate it further conversion into the conjugated form. Thus, 
LA, α and -LNA, stearidonic (c6, c9, c15-C18:4) and other polyunsaturated fatty acids were 
individually incorporated to culture medium. Strains of P. freudenreiichii ssp shermanii and P. 
freudenreihichii ssp freudenreichii were able to conjugate different PUFA, showing different 
percentage of conversion of each particular fatty acid. Thus, P. freudenreiichii ssp shermanii 
9093 reached a rate conversion of 50.5; 53.5 and 3.09 for LA, α-LNA and stearidonic acid, 
respectively. On the other hand, P. freudenreihichii ssp freudenreichii Propioni-6 reached a 
conversion rate of 44.65; 8.94; and 3.58 for the same fatty acids. The isomerization process on 
-LNA was not evidenced for these bacteria. The increase of substrate concentration caused 
a decrease on the percentage of bioconversion (as is shown in Table 4).  
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Strain c9,t11,c15 t9,t11,c15 CLA (%) CLNA (%) Author 
L. curvatus LMG 13553 + + 1.6% 22.4 Gorissen et al. [69] 
L. plantarum ATCC 8014 + + 4.6% 26.8 Gorissen et al. [69] 
L. sakei LMG 13558 
                 CG1 

+ 
+ 

+ 
+ 

4.2 
ND 

60.1 
28.4 

Gorissen et al. [69] 

B. bifidum LMG 10645 + + 40.7 78.4 Gorissen et al. [55] 
B. breve LMG 11040 + + 44 65.5 Gorissen et al. [55] 
B. breve LMG 11084 + + 53.5 72.0 Gorissen et al. [55] 
B. breve LMG 11613 + + 19.5 55.6 Gorissen et al. [55] 
B. breve LMG 13194 + + 24.2 63.3 Gorissen et al. [55] 
B. pseudolongum ssp 
pseudolongum LMG 11595

+ + 42.2 62.7 Gorissen et al. [55] 

B. breve  NCIMB 8807* + + 66 68 Hennessy et al. [74] 
B. breve DPC6330* + + 67 83 Hennessy et al. [74] 
B. longum DPC6315* - - 12 0.0 Hennessy et al. [74] 
P. freudenreichii ssp.  
freudenreichii Propioni-6 **

+ + 44.6 8.9 Hennessy et al. [74] 

P. freudenreichii ssp. 
shermanii 9093** 

+ + 50.5 53.5 Hennessy et al. [74] 

*: production of conjugated isomers of -LNA and stearidonic acid were also reported. **: production of conjugated 
stearidonic acid was also informed. ND: not determined 

Table 4. CLNA isomers production by bacteria cultured in presence of α-LNA 

7. Bifidobacterium strains 

Bifidobacteria are found as normal inhabitants of the human gut and is among the first 
colonizers of the sterile gastrointestinal tracks of newborns [75]. Due to their health´s 
benefits on humans, it uses as probiotic strains is indubitable [76]. As results after years of 
investigations, many functional foods have been developed with the addition of 
bifidobacteria to the food matrix [77-79].  

For this reason, it is not surprising that many studies on the ability of these bacteria to 
produce CLA have been carried out for a long time.  

Bifidobacteria species able to produce CLA was reported at first time by Coakley et al. [57], 
who informed a considerable interspecies variation. So, Bifidobacterium breve and B. dentium 
were the most efficient CLA producers among the range of evaluated strains. The highest 
percentage of LA conversion was determined for B. breve, reaching a value of 65% (c9, t11-
CLA). In this study, strains also varied considerably with respect to their tolerance to 
linoleic acid concentration in the medium.  

Other authors showed that strains of Bifidobacterium breve and B. pseudocatenulatum isolated 
from human feces, were able to form CLA in a rate conversion of 69% and 78%, respectively 
[80]. 
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colonizers of the sterile gastrointestinal tracks of newborns [75]. Due to their health´s 
benefits on humans, it uses as probiotic strains is indubitable [76]. As results after years of 
investigations, many functional foods have been developed with the addition of 
bifidobacteria to the food matrix [77-79].  
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who informed a considerable interspecies variation. So, Bifidobacterium breve and B. dentium 
were the most efficient CLA producers among the range of evaluated strains. The highest 
percentage of LA conversion was determined for B. breve, reaching a value of 65% (c9, t11-
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from human feces, were able to form CLA in a rate conversion of 69% and 78%, respectively 
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Moreover, CLA production in B. bifidum cultured in skim milk, using as substrate 
hydrolyzed soy oil was reported by Xu et al. [65], where authors detected CLA production 
after 24-48 h only as c9,t11 isomer, and traces of the t10,c12 form. 

In a recently study the ability to form CLA in two strains of B. animalis were reported [68]. 
Authors found CLA production from free LA and safflower oil added to MRS broth and 
skim milk. Strains were able to transform LA to CLA after 24-48 h of incubation. In order 
to abundance, the most important isomer produced was c9, t11 isomer, followed by t10, 
c12.  

Bifidobacterium breve LMC520 can actively convert linoleic acid to c9,t11-CLA, which is the 
major isomer derived from microbial conversion according to results from Park et al. [81]. 

The study with the highest number of bifidobacteria were carried out by Gorissen et al. [55], 
which performed a screening of 36 different Bifidobacteria strains to investigate their ability 
to produce CLA and/or CLNA. As substrate they used free LA and α- LNA, revealing that 
only six strains were able to convert it to different conjugated fatty acid isomers. Strains 
were identified as a Bifidobacterium bifidum, Bifidobacterium pseudolongum and four B. breve 
strains, named B. breve LMG 11084, B. breve LMG 11613, B. breve LMG 13194, B. bifidum 
LMG 10645 and B. pseudolongum subsp. pseudolongum LMG 11595. Moreover, all strains 
have been shown to be more efficient in converting LNA to CLNA than LA to CLA, in 
percentages from 55.6% to 78.4% and 19.5% to 53.5%, respectively. In addition, the CLNA 
isomers that were mainly found were in order c9, t11, c15-CLNA followed by t9, t11, c15-
CLNA isomer. 

Hennessy et al. [74] also informed about isomerization process of different fatty acids by 
bifidobacteria strains. Moreover, different PUFA such as stearidonic, araquidonic and 
docosapentanoic and docosahexanoic acid were supplemented to the culture. A general 
patron of isomerization was determined on B. breve and B. longum strains, being able to 
transform LA, α and -LNA and stearidonic acid to it conjugated form. As was observed in 
propionibacteria, the percentage of conversion varied among strains, showing around 12 to 
67% of LA conversion, mainly into c9, t11 and t10,c12 isomer. α- LNA was converted among 
0 to 83% among strains, and lower rate conversion was determined for -LNA (0.5- 37%). 
The conjugation of stearidonic acid varied from 3.8 to 27%. B. breve DPC6330 was the most 
effective conjugated fatty acid producer, showing a bioconversion rate of 70% for LA, 90% of 
α-LNA, 17% for -LNA and 28% for stearidonic acid.  

As well as different ability to isomerize fatty acids was determined in LAB and 
propionibacteria, bifidobacteria also exhibit a wide range of bioconversion rate. Many 
factors affect the mechanism of the fatty acids isomerization, such as culture conditions and 
substrate concentration. The production of different isomers ratio was reported for all 
evaluated strains.  

To the best of our knowledge, this is the only work reporting the conjugation of stearidonic 
acid by bacteria. Results are given in Table 4. 

 
Conjugated Linoleic and Linolenic Acid Production by Bacteria: Development of Functional Foods 67 

8. Alternative substrate to CLA production  

Although free fatty acids is the most commonly substrate employed by authors to analyze 
CLA or CLNA production by strains, alternative substrates are being evaluated. Many 
studies using vegetable oils (hydrolyzed or not hydrolyzed) and mono or dilinoleins as 
exogenous source of fatty acids were determined to be further incorporated to food matrix. 
Therefore, bacteria must have the ability to hydrolyze the triglycerides and liberate linoleic 
acid or linolenic acid for further conversion. Only hydrolyzed oils can offer the fatty acid as 
free form. 

While vegetable oils are the richest source of linoleic and linolenic acid, data about the 
utilization of monolinolein by B. breve were informed. This strain, from human origin, was 
able to generate CLA at higher bioconversion rate than free LA or dilinolein was added to 
the medium [82]. 

CLA production in milk system models was described by many authors using vegetal oils as 
substrate for further isomerization. At the present, soy, sunflower, canola, castor and 
safflower oils were used as source of linoleic acid [20, 61, 68, 83].  

Kishino et al.[20] determined CLA production in L. plantarum using castor oil and ricinoleic 
acid as substrate, showing the same end product than using free LA. Moreover, the 
production of the previously reported hydroxyacids as intermediate compounds, were also 
evidenced in the assay.  

CLA formation by LAB and Bifidobacterium strain using safflower oil as LA source added to 
skim milk at 1 mg/ml was reported by other authors [68], where they informed that some 
bacteria produced higher CLA using safflower oil than free linoleic acid in skim milk broth 
after 24 h of incubation. Among these group of microorganism was B. animalis, L. acidophilus 
and Lact. lactis. 

Among bacteria isolated from rumen, L. brevis was reported as CLA-producing strain in 
presence of sunflower oil [84].  

However, there was informed no CLA production after the addition of soy oil to skim milk 
in P. freudenreihchii; L. casei; L. acidophillus, L. plantarum; P. acidilactici, B. bifidum, L. rhamnosus 
and E. faecium [65]. But once hydrolyzed soy oil was supplemented to the medium as 
substrate, CLA production from 0.6 to 2.2 mg/g fat was determined in all selected strains.  

According to results, the utilization of vegetable oils by bacteria as source of fatty acid for it 
further isomerization is also depending on metabolism of strains.  

9. LAI enzyme 
As we previously mentioned, linoleate isomerase is an enzyme present in some bacteria, 
which is bound to the membrane. In the most of bacteria, CLA production is primarily 
located in the extracellular phase [71] but it can be also found in the cellular membrane as an 
structural lipid [80]. Moreover, both LA and CLA incorporated to the membrane represent 
less than 1.7% of the total amount of CLA formed [80]. 



 
Probiotics 66 

Moreover, CLA production in B. bifidum cultured in skim milk, using as substrate 
hydrolyzed soy oil was reported by Xu et al. [65], where authors detected CLA production 
after 24-48 h only as c9,t11 isomer, and traces of the t10,c12 form. 

In a recently study the ability to form CLA in two strains of B. animalis were reported [68]. 
Authors found CLA production from free LA and safflower oil added to MRS broth and 
skim milk. Strains were able to transform LA to CLA after 24-48 h of incubation. In order 
to abundance, the most important isomer produced was c9, t11 isomer, followed by t10, 
c12.  

Bifidobacterium breve LMC520 can actively convert linoleic acid to c9,t11-CLA, which is the 
major isomer derived from microbial conversion according to results from Park et al. [81]. 

The study with the highest number of bifidobacteria were carried out by Gorissen et al. [55], 
which performed a screening of 36 different Bifidobacteria strains to investigate their ability 
to produce CLA and/or CLNA. As substrate they used free LA and α- LNA, revealing that 
only six strains were able to convert it to different conjugated fatty acid isomers. Strains 
were identified as a Bifidobacterium bifidum, Bifidobacterium pseudolongum and four B. breve 
strains, named B. breve LMG 11084, B. breve LMG 11613, B. breve LMG 13194, B. bifidum 
LMG 10645 and B. pseudolongum subsp. pseudolongum LMG 11595. Moreover, all strains 
have been shown to be more efficient in converting LNA to CLNA than LA to CLA, in 
percentages from 55.6% to 78.4% and 19.5% to 53.5%, respectively. In addition, the CLNA 
isomers that were mainly found were in order c9, t11, c15-CLNA followed by t9, t11, c15-
CLNA isomer. 

Hennessy et al. [74] also informed about isomerization process of different fatty acids by 
bifidobacteria strains. Moreover, different PUFA such as stearidonic, araquidonic and 
docosapentanoic and docosahexanoic acid were supplemented to the culture. A general 
patron of isomerization was determined on B. breve and B. longum strains, being able to 
transform LA, α and -LNA and stearidonic acid to it conjugated form. As was observed in 
propionibacteria, the percentage of conversion varied among strains, showing around 12 to 
67% of LA conversion, mainly into c9, t11 and t10,c12 isomer. α- LNA was converted among 
0 to 83% among strains, and lower rate conversion was determined for -LNA (0.5- 37%). 
The conjugation of stearidonic acid varied from 3.8 to 27%. B. breve DPC6330 was the most 
effective conjugated fatty acid producer, showing a bioconversion rate of 70% for LA, 90% of 
α-LNA, 17% for -LNA and 28% for stearidonic acid.  

As well as different ability to isomerize fatty acids was determined in LAB and 
propionibacteria, bifidobacteria also exhibit a wide range of bioconversion rate. Many 
factors affect the mechanism of the fatty acids isomerization, such as culture conditions and 
substrate concentration. The production of different isomers ratio was reported for all 
evaluated strains.  

To the best of our knowledge, this is the only work reporting the conjugation of stearidonic 
acid by bacteria. Results are given in Table 4. 

 
Conjugated Linoleic and Linolenic Acid Production by Bacteria: Development of Functional Foods 67 

8. Alternative substrate to CLA production  

Although free fatty acids is the most commonly substrate employed by authors to analyze 
CLA or CLNA production by strains, alternative substrates are being evaluated. Many 
studies using vegetable oils (hydrolyzed or not hydrolyzed) and mono or dilinoleins as 
exogenous source of fatty acids were determined to be further incorporated to food matrix. 
Therefore, bacteria must have the ability to hydrolyze the triglycerides and liberate linoleic 
acid or linolenic acid for further conversion. Only hydrolyzed oils can offer the fatty acid as 
free form. 

While vegetable oils are the richest source of linoleic and linolenic acid, data about the 
utilization of monolinolein by B. breve were informed. This strain, from human origin, was 
able to generate CLA at higher bioconversion rate than free LA or dilinolein was added to 
the medium [82]. 

CLA production in milk system models was described by many authors using vegetal oils as 
substrate for further isomerization. At the present, soy, sunflower, canola, castor and 
safflower oils were used as source of linoleic acid [20, 61, 68, 83].  

Kishino et al.[20] determined CLA production in L. plantarum using castor oil and ricinoleic 
acid as substrate, showing the same end product than using free LA. Moreover, the 
production of the previously reported hydroxyacids as intermediate compounds, were also 
evidenced in the assay.  

CLA formation by LAB and Bifidobacterium strain using safflower oil as LA source added to 
skim milk at 1 mg/ml was reported by other authors [68], where they informed that some 
bacteria produced higher CLA using safflower oil than free linoleic acid in skim milk broth 
after 24 h of incubation. Among these group of microorganism was B. animalis, L. acidophilus 
and Lact. lactis. 

Among bacteria isolated from rumen, L. brevis was reported as CLA-producing strain in 
presence of sunflower oil [84].  

However, there was informed no CLA production after the addition of soy oil to skim milk 
in P. freudenreihchii; L. casei; L. acidophillus, L. plantarum; P. acidilactici, B. bifidum, L. rhamnosus 
and E. faecium [65]. But once hydrolyzed soy oil was supplemented to the medium as 
substrate, CLA production from 0.6 to 2.2 mg/g fat was determined in all selected strains.  

According to results, the utilization of vegetable oils by bacteria as source of fatty acid for it 
further isomerization is also depending on metabolism of strains.  

9. LAI enzyme 
As we previously mentioned, linoleate isomerase is an enzyme present in some bacteria, 
which is bound to the membrane. In the most of bacteria, CLA production is primarily 
located in the extracellular phase [71] but it can be also found in the cellular membrane as an 
structural lipid [80]. Moreover, both LA and CLA incorporated to the membrane represent 
less than 1.7% of the total amount of CLA formed [80]. 



 
Probiotics 68 

CLNA isomers are also found primarily in the cell-free supernatants compared to the cell 
pellet [55]. Authors reported that around 7% of LNA and 5% of CLNA corresponding to the 
cellular pellet in bacteria cultured in presence of LNA.  

For this reason, the analysis methods of fatty acids of cultures did not involve the remotion 
of bacterial cells. Moreover, total fatty acids content is necessary to determine the complete 
bioavailability of those compounds once bacteria are included in a food matrix or is 
considered as probiotic strain. 

At the present, LAI has been isolated from bacteria such as L. delbrueckii subsp. bulgaricus, 
But. fibrisolvens, L. acidophilus and P. freudenreichii subsp. shermanii showing some 
differences.  

LAI from But. fibrisolvens A-38 was isolated by Park et al [85], determining the molecular 
weight and partial amino acid sequence of the enzyme. According to findings, this LAI 
consist of a single polypeptide with a molecular weight of 19 kDa. 

Other authors isolated and characterized the LAI from L. reuteri MRS8 [86], showing a 
molecular weight of more than 100 kDa. In this study, the optimal activity of the enzyme 
was in the pH range of 4.7 to 5.4.  

A genotypic identification of LAI gene from ten strains able to form CLA and/or CLNA was 
recently performed [69]. This work presented the homologies of LAI sequence in a 
dendrogram comparing to other LAI sequence from known LAB.  

Moreover, the molecular weight forms LAI from L. reuteri, P. acnes and C. sporogenes were 68 
kDa, 45 kDa and 55 kDa, respectively [87-88]. 

10. Functional foods and probiotics 

The development of healthier food is looking for taking in account their benefits for 
humans. Among these, dairy products represent a good alternative to manufacture 
functional and/or probiotic foods. Functional food includes processed food or foods fortified 
with health-promoting additives. By other hand, probiotics are live microorganisms which 
when administered in adequate amounts confer a health benefit to the host. Several bacteria 
are informed as probiotic strains during years, where several positive effects on health have 
been supported [89]. 

At the present, conjugated fatty acids have attracted considerable attention because of their 
potentially beneficial biologic effects. Important properties were attributed to CLA and 
CLNA, and scientific evidence has been demonstrated both in humans and animal models, 
including anti-tumor, anti-obese, anti-atherogenic and anti-diabetic activities. 

Microbiota present in intestine plays an important physiological rol to the host, modulating 
some metabolic functions, conferring resistance to microorganism infection and increasing 
immune response, among other functions.  
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The bioconversion of LA to CLA and LNA to CLNA by bacteria at intestinal level, result a 
novel and interesting topic to be developed with the objective to obtain probiotic foods with 
microorganism able to produce it or functional foods with high levels of CLA and /or CLNA.  

The uses of CLA or CLNA-producing bacteria as probiotics have received great attention for 
nutrition, since many studies evidenced their benefits for the promotion of human health.  

It has been demonstrated that isomer of CLA has different function and according to reports 
t10, c12 is more potent than c9,t11 CLA to prevent cancer cell proliferation [90]. This isomer 
is also associated to a decrease on body fat in animals [91-92] and humans [93-94].  

Previous studies informed that CLA content in cheeses varied according to strain used as 
starter or adjunct culture [95] and to the ripening time [96]. Therefore, the inclusion of 
bacteria able to form it during the fermentation process has been received great attention by 
researchers.  

At the present, different functional foods (yogurt, cheese, fermented milk) were 
manufactured with CLA-producing bacteria, obtaining a final product with a high CLA 
content. cheeses manufactured with CLA-producing bacteria were developed using 
sunflower oil as exogenous source of LA, reporting a modification of fatty acids profile in 
mice tissues after it administration [83]. Mice fed functional cheeses showed a protective 
effect on viability of intestinal cells after a treatment of 1,2-dimethylhydrazine drug, used as 
oxidant compound. 

Nowadays, CLA production by probiotic bacteria has received special interest in the 
research field, being well established that bacteria isolated from intestine or fecal samples 
can form it. However, in vitro production was intensely informed, while a few studies have 
established an in vivo CLA production after ingestion of bacteria. Authors revealed that 
according to administered strain, a high t10, c12 isomer [66, 98] or c9,t11 isomer [99] content 
in animal tissues occurs.  

Linoleic acid excretion in humans is estimate at 340 mg/day [100], being this fatty acid 
available to further isomerization process by intestinal microbiota. Nevertheless, this local 
CLA production was only reported after probiotic treatment, but if CLA amount produced 
is enough to exert a preventive effect require better understanding. 

Strains daily administered as probiotic, in a short-term study, produced an increase on CLA 
systemic content [66]. Authors showed that consumption of L. rhamnosus PL60 (107-109 

CFU/day) during 8 weeks increased t10, c12 isomer content in plasma and tissues of diet-
induced obese mice. Animals receiving PL60 showed a significant reduction of fat adipose 
tissue (epididymal and perineal). No liver steatosis were observed in this study, being the 
most adverse effect informed to t10, c12-CLA. The increasing amount of CLA in tissues after 
oral treatment with L. rhamnosus was explained as an intestinal production once bacterium 
has been colonized the intestine. Lower leptin levels in PL60 group were also informed. 
Obese mice selection as animal model was supported by t10, c12-CLA as the main isomer 
formed by this probiotic strain.  
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Another work supporting the generation of CLA at intestine using animal models have also 
reported by same researchers and in this study, they use as probiotic strain L. plantarum 
PL62 in obese mice, at daily dose of 107-109 CFU/mice. The presence of PL62 was determined 
in fecal samples after the first week of its intake, and after 5 weeks of feeding a weight 
reduction in mice receiving PL62 was determined. Similar results were observed after two 
experimental doses. Respect to CLA, as in the previous study, the main isomer formed by 
bacterium was t10,c12-CLA [98]. 

So, both human bacteria L. rhamnosus PL60 and L. plantarum PL62 were demonstrated to be 
able to form in vivo CLA [66, 98].  

But. fibrisolvens from goat rumen was able to rapidly convert LA to CLA and LNA to CLNA, 
showing similar rate conversion for both fatty acids [101]. In this work, selective strain was 
administered to mice using a daily dose of 1011 CFU/mouse, during 4 weeks. After the trial 
period, a higher CLA amount in feces was determined. CLA content in tissues was also 
increased after probiotic treatment. Although a high dose of bacteria was employed, no 
adverse effect was determined. The aim of this study was to develop a probiotic for animals 
to generate a continuous CLA production and absorption. 

The administration of a mix of bacteria able to form CLA as c9, t11 and t10, c12, called VSL3 
was used as probiotic for mice administration [102]. The combination of all strains (L. casei, 
L. plantarum, L. acidophilus, L. delbrueckii subsp bulgaricus, B. infantis, B. breve, B. longum, Strep. 
salivarius subsp. thermophilus) did not increase CLA production compared with individual 
strains. Probiotic was prepared as lyophilized form and mice were fed 30 μL of probiotic 
(0.03 g VSL3 in 10 ml water) for 3 days. Feces were collected at day 0 and 3, and were 
incubated with LA. Results shown that murine feces with LA after administering VSL3 
yielded 100-fold more CLA than feces collected prior to VSL3 feeding. This work also 
reported that the incorporation of probiotic into conditioned medium produced a reduction 
of viability and induced apoptosis of HT- 29 and Caco-2 cells. 

Another important work using bacteria able to produce CLA as probiotics for animal 
models was showed by Wall et al. [99]. The administration of B. breve NCIMB 702258 to mice 
and pigs, combined with dietary linoleic acid, showed changes on fatty acid composition of 
liver and adipose tissues. Higher levels of c9, t11 in liver tissues were determined for both 
animals receiving B. breve, and were also associated with reductions of the pro-inflammatory 
cytokines level.  

Recently, an study to investigate if recombinant lactobacillus expressing LAI (from P. acnes, 
producing t10, c12 isomer) administered to mice produce changes on fatty acids profile was 
carried out [103]. Authors found that after a daily administration of L. paracasei NFBC 338 
(109 UFC/mouse) during 8 weeks, and 4-fold increase of t10, c12 content in adipose tissue 
was produced comparing with control mice group. Moreover, in liver a 2.5-fold higher level 
of the same isomer was reported in treatment group. To the best of our knowledge, this is 
the only work about using genetically modified strains with the ability to produce t10, c12-
CLA, administered as probiotic in mice.  
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There is few data respect to probiotic administration and in vivo CLA production in humans. 
Lee and Lee [104] reported the effect of PL60 consumption by humans. Here, volunteers 
consumed PL60 as freeze-dried at a dose of 1g/day (1012 CFU/g) during 3 weeks. After one 
week of uptake, PL60 was recovered from feces, as was previously determined in mice. 
Respect to CLA content in tissues, both c9,t11 and t10,c12 isomers were higher respect to 
day 0 of treatment (baseline). Leptin levels were also lower at the end of the study.  

11. Conclusion  

Although one of the most effective method to increase CLA uptake by humans consist of 
increase CLA levels in milk and dairy products by modification of animal diet or the 
inclusion of bacteria able to form it during manufacture process, in the last years the in vivo 
CLA production appears as an alternative way to make it.  

Since CLA was recognized as an important biolipid with health benefic properties, there 
was an increasing interest on this field. However, there is another conjugated fatty acid 
recently included in studies: conjugated linolenic acid (CLNA). This fatty acid is also 
generating great attention since anti-atherogenic properties were attributed to them. Some 
bacteria could produce CLNA using as substrate linolenic acid. CLNA isomers in foods and 
its biological effects in animal models were lesser understanding than CLA, being the 
mechanism of it production by bacteria recently investigated. So, in the literature there is not 
yet recommended dose for this compound for humans.  

Development of functional foods enriched on conjugated fatty acids is being extensively 
studied by researchers, since benefits of health properties were related to humans. The 
physiological role of conjugated fatty acids like CLA or CLNA is well documented on the 
literature.  

The ability of some species of lactic acid bacteria, propionibacteria and bifidobacteria to in 
vitro conjugate the LA and/or LNA has been established over the years. Manufacture of 
functional food enriched in conjugated fatty acids by using it as starter or adjunct culture is 
a promising topic to be developed.  

The variation on CLA and CLNA production among bacteria depends on many factors such 
as intrinsic characteristic of each particular strain, conditions of experimental design and 
methodology for isomer determination, among others. For this reason, studies must be 
carefully done before the inclusion of strain during food manufacture.  

Few authors have demonstrated the action of bacteria intake on in vivo CLA production 
using experimental animal models and human, but results are promising in this field.  

Instead of some technological developments have been performed, many points remain 
undiscovered at this issue. Some aspects of technological processed foods must be 
considered, such as CLA-enriched products are also high in fat, being difficult to 
recommend a single daily dose of CLA after food intake. As we earlier mentioned, not all 
isomers are incorporated at the same way into tissues fat. 
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CLA, administered as probiotic in mice.  
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There is few data respect to probiotic administration and in vivo CLA production in humans. 
Lee and Lee [104] reported the effect of PL60 consumption by humans. Here, volunteers 
consumed PL60 as freeze-dried at a dose of 1g/day (1012 CFU/g) during 3 weeks. After one 
week of uptake, PL60 was recovered from feces, as was previously determined in mice. 
Respect to CLA content in tissues, both c9,t11 and t10,c12 isomers were higher respect to 
day 0 of treatment (baseline). Leptin levels were also lower at the end of the study.  

11. Conclusion  

Although one of the most effective method to increase CLA uptake by humans consist of 
increase CLA levels in milk and dairy products by modification of animal diet or the 
inclusion of bacteria able to form it during manufacture process, in the last years the in vivo 
CLA production appears as an alternative way to make it.  

Since CLA was recognized as an important biolipid with health benefic properties, there 
was an increasing interest on this field. However, there is another conjugated fatty acid 
recently included in studies: conjugated linolenic acid (CLNA). This fatty acid is also 
generating great attention since anti-atherogenic properties were attributed to them. Some 
bacteria could produce CLNA using as substrate linolenic acid. CLNA isomers in foods and 
its biological effects in animal models were lesser understanding than CLA, being the 
mechanism of it production by bacteria recently investigated. So, in the literature there is not 
yet recommended dose for this compound for humans.  

Development of functional foods enriched on conjugated fatty acids is being extensively 
studied by researchers, since benefits of health properties were related to humans. The 
physiological role of conjugated fatty acids like CLA or CLNA is well documented on the 
literature.  

The ability of some species of lactic acid bacteria, propionibacteria and bifidobacteria to in 
vitro conjugate the LA and/or LNA has been established over the years. Manufacture of 
functional food enriched in conjugated fatty acids by using it as starter or adjunct culture is 
a promising topic to be developed.  

The variation on CLA and CLNA production among bacteria depends on many factors such 
as intrinsic characteristic of each particular strain, conditions of experimental design and 
methodology for isomer determination, among others. For this reason, studies must be 
carefully done before the inclusion of strain during food manufacture.  

Few authors have demonstrated the action of bacteria intake on in vivo CLA production 
using experimental animal models and human, but results are promising in this field.  

Instead of some technological developments have been performed, many points remain 
undiscovered at this issue. Some aspects of technological processed foods must be 
considered, such as CLA-enriched products are also high in fat, being difficult to 
recommend a single daily dose of CLA after food intake. As we earlier mentioned, not all 
isomers are incorporated at the same way into tissues fat. 
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Respect to microorganisms able to form conjugated fatty acids, it is not unreasonable to 
assume a production of these bioactive compounds at intestinal level, since fatty acid 
substrate are present in human diet.  

Further studies are necessary to understand the kinetic mechanism of it particular 
production. Questions such as if LAI enzyme is the responsible for both LA and LNA 
conversion need to be clarified so as the factors determining the isomer production by each 
strain.  

Indeed, taking in account the lack of information respect to some epidemiological and 
technological aspects of conjugated fatty acids, further studies are required to fully 
understand the utility of CLA and CLNA in disease prevention. The development of 
products as probiotic or functional foods to ensure the bioavailability of both compounds 
for humans is a valuable strategy to be considered. 
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1. Introduction 

Probiotics are live microorganisms that confer a beneficial effect on the host when 
administered in proper amounts [1, 2]. Their beneficial effects on gastrointestinal infections, 
the reduction of serum cholesterol, the protection of the immune system, anti-cancer 
properties, antimutagenic action, anti-diarrheal properties, the improvement in 
inflammatory bowel disease and suppression of Helicobacter pylori infection, Crohn's disease, 
restoration of the microflora in the stomach and the intestines after antibiotic treatment, etc. 
are proven by addition of selected strains to food products [3, 4, 5, 6]. 

Lactobacilli and bifidobacteria are normal components of the healthy human intestinal 
microflora. They are included in the composition of probiotics and probiotic foods because 
of their proven health effects on the body [7, 8, 9]. They are the main organisms that 
maintain the balance of the gastrointestinal microflora [10]. 

Not all strains of lactobacilli and bifidobacteria can be used as components of probiotics and 
probiotic foods, but only those that are of human origin, non-pathogenic, resistant to gastric 
acid, bile and to the antibiotics, administered in medical practice; they should also have the 
potential to adhere to the gut epithelial tissue and produce antimicrobial substances; they 
should allow the conduction of technological processes, in which high concentrations of 
viable cells are obtained as well as to allow industrial cultivation, encapsulation and freeze-
drying and they should remain active during storage [11, 12]. This requires the mandatory 
selection of strains of the genera Lactobacillus and Bifidobacterium with probiotic properties. 
Moreover, the concentration of viable cells of microorganisms in the composition of 
probiotics should exceed 1 million per gram [13] in order for the preparation to exhibit a 
therapeutic and prophylactic effect. 

Along with probiotics probiotic bacteria are most frequently included in the composition of 
dairy products - yogurt, cheese, etc. [14, 15]. A dairy product that delivers viable cells of 
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L.acidophilus, L.bulgaricus, Bifidobacterium sp. is bio-yoghurt. Adequate numbers of viable 
cells, namely the”therapeutic minimum” need to be consumed regularly for transfer of the 
“probiotic” effect to consumers. This requires, according to Rybka & Kailasapathy, 1995 [16] 
the consumption of 100 g per day bio-yoghurt containing more than 106cfu/cm3 viable cells. 

The species L.bulgaricus is a heterogeneous group of bacteria, including strains with 
probiotic properties [17]. The inclusion of such cultures in yogurt would transform this 
lactic acid product into a probiotic product. 

Probiotic bacteria are included as components of the starter cultures for non-dairy foods 
[18]. For each type of non-dairy product strains that can grow in the food environment and 
contribute to the formation of the sensory profile are selected. So in starter cultures for raw-
dried meat products probiotic bacteria that are able to grow in the meat environment are 
included; in soy fermented foods as components of the starter cultures lactobacilli and 
bifidobacteria strains which can grow and multiply in soy milk are applied; in fruit and 
vegetables and fruit and vegetable juices microorganisms with probiotic properties suitable 
for this type of food are used [19]. 

Some strains of lactobacilli with probiotic potential are used as components of sourdough in 
bread-making to extend the shelf life and to improve the quality and some technological 
properties of the final product [20, 21, 22, 23]. 

In this chapter, the new steps in obtaining probiotics and probiotic foods are discussed. The 
requirements for the strains of microorganisms which are implemented as components of 
the probiotics and probiotic foods are listed. 

The chapter includes some data from the research of our research team in the field of 
selection of bifidobacteria and lactobacilli with probiotic properties, developing the 
technology for obtaining the probiotics "Enterosan", probiotic milk and beverages, probiotic 
starter cultures for meat foods and non-traditional fermented probiotic foods. 

2. Microorganisms with probiotic properties 

Enormous amount of microbial biomass inhabits the stomach and the intestines and 
accompanies individuals throughout their lives. Organisms that are a part of the 
gastrointestinal microflora, include saprophytic, pathogenic and conditionally pathogenic 
microorganisms, enterobacteria, lactobacilli, lactic acid cocci, bifidobacteria. They occupy a 
niche in the digestive tract and enter into complex relationships both among themselves and 
with the host - man or animal. Depending on the composition of food intake the diversity of 
species and the ratio between them varies significantly. Upon intake of plant foods 
fermenting species predominate, while in meat meal representatives of the putrefactive 
microorganisms take the upper hand. Microbes transform nutrients in food in different 
ways and excrete metabolites with diverse chemical nature. Through them the 
gastrointestinal microflora influences the condition and the health of the body. A part of the 
microflora that includes lactobacilli and bifidobacteria utilizes the substrates and forms 
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metabolites as a result of its vital activity through which it oppresses and expels pathogenic 
and toxigenic bacteria from the biological niche. The degradation of nutrients from the 
decay performed by pathogenic and toxigenic microorganisms, which include the 
pathogenic genera Clostridium and Bacteroides leads to the formation of toxins and products 
of decay that inhibit the functioning of the organisms and cause diseases. The balance 
between these two groups of microorganisms determines to a considerable extent the health 
of the individuals. Many factors affect this balance - the quality of food, water and air, the 
neuro-psychological status and stress, the social and personal hygiene, the health and the 
use of drugs, antibiotics, etc. The age of the individuals also influences the diversity of the 
microflora in the stomach and intestines. 

Maintaining the right balance between the species in the gastrointestinal tract is achieved 
through the adoption of beneficial flora (lactobacilli and bifidobacteria) in the form of 
concentrates of viable cells, known as probiotics, or in the composition of foods that can be 
enriched with them. 

Probiotics are biologically active preparations containing high concentrations of beneficial 
natural microorganisms that allow maintaining a predominantly beneficial microflora in the 
gastro-intestinal tract, ensuring good health and quality of life. In the last decades, science 
and health care are paying serious attention to probiotics as preventive and therapeutic tools 
against many diseases. The first beneficial effect of their adoption is the normalization of the 
gastrointestinal microflora and the occurrence of recovery processes in the digestive tract. 
This helps to improve the health status of other organs and systems. The practical 
application of probiotics clearly speaks in favor of this claim. Probiotic microorganisms 
should be regarded as an indispensable ingredient of food. Absence, lack or destruction of 
part or all of the useful microflora poses serious hazards to human health. Therefore, one 
can neither exist without the normal probiotic microorganisms nor can replace them with 
something else. Neglecting this requirement is associated with serious consequences for the 
health and life of humans and animals. Quite often probiotics are the only key to the 
treatment of some diseases of gastroenterological, functional and deficiency nature. 

By applying advanced technologies for fermentation, encapsulation and freeze-drying 
probiotic preparations (Multibionta, Enterogermina, Reuterina, Enterosan, Florastor) with 
proven prophilactic and healing action in children and adults against colitis, including 
ulcerative colitis, gastritis, enteritis, ulcerative disease, intestinal infections, disbacteriosis 
and some cases of dyspepsia, have been created. 

Not all species and strains of lactobacilli and bifidobacteria could act as regulators of the 
gastrointestinal microflora, but only those who are able to survive and grow under the 
different conditions of the digestive tract. This requires the selection of strains of lactobacilli 
and bifidobacteria with probiotic properties, which are reflected in their ability: 

1. To be part of the natural microflora in humans and animals. 
2. To have the ability to adhere to epithelial cells or cell lines, or at least to be able to 

colonize the ileum temporarily [24, 25]. 
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Adhesion can be nonspecific - related to the physicochemical factors, and specific - based on 
specific molecules on the surface of the probiotic cells that adhere to receptor molecules on 
the surface of the epithelial cells. The strains used in the production of fermented milk 
products are not with the best adhesion properties, while probiotic bacteria show strong 
adhesion that is species specific. As far as their ability to adhere is concerned lactic acid 
bacteria (including lactic acid bacteria used in the manufacture of milk products) show 
moderate to good adhesion properties when it comes to adhesion on human cell lines [26, 
27, 28]. 

The adhesion of probiotic strains to the surface of the intestine and the subsequent 
colonization of the gastrointestinal tract of humans creates conditions for better retention in 
the intestinal tract and implementation of metabolic processes with a strong 
immunomodulatory effect. Adhesion provides interaction with the mucosa, supporting the 
contact with the intestine-associated lymphoid tissue, which in turn provides stabilization of 
the intestinal mucosa that performs a barrier function. The intestine-associated lymphoid 
tissue can interact with the cells of the probiotic strains and their components and thus has a 
positive effect on the immune system of the host [29]. 

In many species of lactic acid bacteria, including those of the genus Lactobacillus, the 
presence of surface-layer proteins [30, 31, 32] has been found. The gene for the S-layer 
protein has been sequenced and cloned in Lactobacillus brevis [33], Lactobacillus acidophilus 
[34], Lactobacillus helveticus [35] and Lactobacillus crispatus [36]. 

The thickness of the surface-layer (S-layer) in bacteria is typically 5 to 25 nm and it is 
composed of subunits arranged in a grid (lattice) with irregular, square or hexagonal 
symmetry [37]. In the amino acid analysis of the S-layer proteins it was found that they 
are rich in acidic and hydrophobic amino acids and very poor in sulfur-containing amino 
acids [38]. In determining the secondary structure it was found that in most S-layer 
proteins 40% of the amino acids form a β-sheet structure and 10-30% - α-helix [38]. 
Common feature of all surface-layer proteins characterized so far is their ability to 
crystallize spontaneously into a two-dimensional layer on the outer side of the bacterial 
cell wall. 

In representatives of the genus Lactobacillus some surface located enzymes are established 
along with the S-layer proteins on the cell surface. The molecular weight of the S-layer 
proteins in lactobacilli ranges from 40 kDa to 60 kDa and they are one of the smallest known 
S-layer proteins [31, 36, 39, 40]. Compared with many other S-layer proteins, which are of 
acidic nature, those in lactobacilli are characterized by high values of their isoelectrical 
points [41]. The S-layer proteins in some lactobacilli give the cell surface hydrophobicity [40, 
42]. Moreover, the hydrophobicity of the cell surface of the strain Lactobacillus acidophilus 
ATCC 4356 can be varied in accordance with the change of the ionic strength of the medium 
[43]. In a sequencing study of the S-layer proteins in Lactobacillus acidophilus, Lactobacillus 
crispatus and Lactobacillus helveticus a high degree of homology in one third of their C-
terminus is demonstrated [36]. 
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The functions of the S-layer proteins in lactobacilli are insufficiently studied. The S-layer 
proteins act as adhesins in many bacteria such as lactobacilli and some representatives of the 
genus Bacillus, so they determine their adhesion to epithelial cells or extracellular matrix 
proteins [44, 45, 46, 47]. 

3. To survive in the conditions of the stomach and intestines, i.e. to survive in the 
conditions of acidic pH in the stomach and to withstand the effects of bile [48, 49, 50]. 

The survival of bacteria in gastric juice depends on their ability to tolerate the low pH 
values of the medium. Transition time in these conditions depends on the condition of the 
individual and the type of the food and it ranges from 1 to 3-4 hours. The lactic acid 
bacteria L.sakei, L.plantarum, L.pentosus, P.acidilactici and Pediococcus pentosaceus can 
survive in acidic conditions [51, 52]. Therefore Klingberg et al., 2006 [51] and Pennacchia 
et al., 2004 [52] suggest the examination of the survival of the strains for probiotic 
purposes in cultural medium at pH 2.5, acidified with hydrochloric acid for 4 h. Using this 
criterion Lactobacillus strains resistant to low values of pH (pH 2) and the presence of 
pepsin [17] are selected. 

Bacteria that survive in the conditions of the stomach then enter the duodenum, where 
bile salts are poured and their concentration is 0.3%. Microorganisms reduce the 
emulsifiable effect of bile salts by hydrolyzing them, thus reducing their solubility. Some 
intestinal lactobacilli, such as L.acidophilus, L.casei and L.plantarum have the ability to 
hydrolyze bile salts [53]. Moreover, some strains of lactic acid bacteria isolated from 
sausages such as L.sakei, L.plantarum, L.pentosus and P.acidilactici are resistant to 0.3% bile 
salts [51, 52]. 

The survival of probiotic bacteria in the gastrointestinal tract, their translocational and 
colonizational properties and the destruction of their active components are essential for the 
realization of their preventive role. 

Different probiotic strains react differently in different parts of the gastrointestinal tract - 
some strains are killed very quickly in the stomach, while others pass through the entire 
gastrointestinal tract, retaining high concentrations of viable cells [29, 54, 55, 56, 57, 58, 59, 
60]. 

The natural gastro-intestinal microflora, especially lactobacilli, should have the ability to 
hydrolyze conjugated bile acids that are present in large quantities in the intestines. 
Conjugated bile acids provide the emulsification, digestion and absorption of lipids more 
efficiently than bile acids in non-conjugated form. The hydrolysis of bile acids may be 
associated with the accumulation of energy in anaerobic conditions and / or the detoxication 
of bile acids that inhibit bacterial growth. 

4. To have the ability to reproduce in the gastrointestinal tract. By primarily utilizing the 
substrate to oppress and expel from the biological niche the pathogenic and toxigenic 
microorganisms. 
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proteins act as adhesins in many bacteria such as lactobacilli and some representatives of the 
genus Bacillus, so they determine their adhesion to epithelial cells or extracellular matrix 
proteins [44, 45, 46, 47]. 

3. To survive in the conditions of the stomach and intestines, i.e. to survive in the 
conditions of acidic pH in the stomach and to withstand the effects of bile [48, 49, 50]. 

The survival of bacteria in gastric juice depends on their ability to tolerate the low pH 
values of the medium. Transition time in these conditions depends on the condition of the 
individual and the type of the food and it ranges from 1 to 3-4 hours. The lactic acid 
bacteria L.sakei, L.plantarum, L.pentosus, P.acidilactici and Pediococcus pentosaceus can 
survive in acidic conditions [51, 52]. Therefore Klingberg et al., 2006 [51] and Pennacchia 
et al., 2004 [52] suggest the examination of the survival of the strains for probiotic 
purposes in cultural medium at pH 2.5, acidified with hydrochloric acid for 4 h. Using this 
criterion Lactobacillus strains resistant to low values of pH (pH 2) and the presence of 
pepsin [17] are selected. 

Bacteria that survive in the conditions of the stomach then enter the duodenum, where 
bile salts are poured and their concentration is 0.3%. Microorganisms reduce the 
emulsifiable effect of bile salts by hydrolyzing them, thus reducing their solubility. Some 
intestinal lactobacilli, such as L.acidophilus, L.casei and L.plantarum have the ability to 
hydrolyze bile salts [53]. Moreover, some strains of lactic acid bacteria isolated from 
sausages such as L.sakei, L.plantarum, L.pentosus and P.acidilactici are resistant to 0.3% bile 
salts [51, 52]. 

The survival of probiotic bacteria in the gastrointestinal tract, their translocational and 
colonizational properties and the destruction of their active components are essential for the 
realization of their preventive role. 

Different probiotic strains react differently in different parts of the gastrointestinal tract - 
some strains are killed very quickly in the stomach, while others pass through the entire 
gastrointestinal tract, retaining high concentrations of viable cells [29, 54, 55, 56, 57, 58, 59, 
60]. 

The natural gastro-intestinal microflora, especially lactobacilli, should have the ability to 
hydrolyze conjugated bile acids that are present in large quantities in the intestines. 
Conjugated bile acids provide the emulsification, digestion and absorption of lipids more 
efficiently than bile acids in non-conjugated form. The hydrolysis of bile acids may be 
associated with the accumulation of energy in anaerobic conditions and / or the detoxication 
of bile acids that inhibit bacterial growth. 

4. To have the ability to reproduce in the gastrointestinal tract. By primarily utilizing the 
substrate to oppress and expel from the biological niche the pathogenic and toxigenic 
microorganisms. 
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5. To possess antimicrobial activity against conditionally pathogenic, carcinogenic and 
pathogenic microorganisms, which is associated with inactivation of their enzyme 
systems, overcoming their adhesion, growth suppression and forcing them out of their 
biological niche, as a result of which gastrointestinal microflora is normalized. 

6. To produce antimicrobial substances. 

Probiotic strains should be able to carry out fermentation with lactic acid and bacteriocin 
production by utilizing the carbohydrates, thus changing the pH of the medium and 
suppressing the development of pathogenic and toxigenic microorganisms or acting directly 
on the microbial cells by producing antibacterial substances with peptide nature 
(bacteriocins) [61, 62]. 

7. To modulate the immune response. 
8. To be safe for clinical and food applications. 

Lactic acid bacteria applied in clinical and functional foods must be safe, especially if 
intended for humans. 

9. To allow industrial cultivation, resulting in obtaining concentrates with high 
concentrations of viable cells that can be included in gel matrices (encapsulation), thus 
retaining their activity in the process of freeze-drying as well as in the composition of 
the finished products. 

Donald and Brow, 1993 [13] and Wolfson, 1999 [63] conclude that in order to prevail in the 
balance of gastro-intestinal microbial association the number of live beneficial probiotic 
bacteria shoud exceed 109 per gram product. Achieving this value requires a better 
understanding of the factors of cultivation, concentration, drying and storage. 

3. Lactobacilli and bifidobacteria with probiotic properties – Foundation 
for the probiotics "Enterosan" 

Lactobacilli, bifidobacteria and lactic acid cocci are isolated from different sources (from the 
intestinal tract of infants naturally fermented raw-meat dried products, naturally fermented 
sourdough, fermented vegetables, etc.) by contemporary breeding and genetic methods, 
they are identified using the methods of conventional taxonomy (morphological, 
physiological, biochemical, cultural) and molecular genetic methods (ARDRA, pulse gel 
electrophoresis, RAPD). 

As a result of extensive breeding work on a wide range of strains of lactobacilli and 
bifidobacteria, strains suitable for incorporation in starter cultures for fermented milk 
products, probiotics and probiotic foods and beverages that have the ability to reproduce in 
the model conditions of digestion, to synthesize lactic and other organic acids, bacteriocins, 
by inhibiting the growth of pathogens that cause toxicity, toxicoinfections and fungal 
infections are selected. They allow the accumulation of high concentrations of viable cells in 
the process of fermentation, immobilisation, freeze-drying that retain their viability in 
storage conditions (Table 1) [64]. 
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Genus Lactobacillus genus Bifidobacterium Lactic acid cocci 

L.bulgaricus BG 
L.bulgaricus GB 
L.bulgaricus BB 
L.helveticus H 
L.plantarum 226-15 
L.plantarum Sw 
L.casei C 
L.acidophilus 2 
L.acidophilus A 

B.bifidum 1H 
B.bifidum L1 
B.infantis 
B.breve 
B.longum 

Pediococcus pentosaceus 
Lactococcus lactis L4 
Streptococcus thermophilus T3 

Table 1. Strains of lactobacilli, lactic acid cocci and bifidobacteria with probiotic properties 

The human organism is a complex biological system, which requires nutrients, air, water 
and energy for performing the thousands of biochemical reactions, which provide its normal 
functioning. The food in the stomach is subjected to transformation under the action of 
enzyme systems and with the direct participation of microorganisms. A part of them, which 
are related to the genera Lactobacillus and Bifidobacterium, form the group of the beneficial 
microorganisms. They digest substrates and through the metabolites, produced as a result of 
their vital activity, they inhibit and expel from the biological niche the pathogenic, toxigenic 
and putrefactive microorganisms. 

The assimilation of nutrients by the toxigenic and putrefactive microorganisms, which form 
the group of the undesired microflora, leads to the synthesis of putrefactive and toxic 
metabolites, which impede the functions of separate systems and the oragnism as a whole. 

Pathogenic microorganisms enter the digestive tract of humans and animals and cause 
digestive disorders and inflammation of the intestinal mucosa, when present in high 
concentrations (above 105cfu/g). 

Some of the metabolites produced by lactic acid bacteria and bifidobacteria are lactic, acetic, 
citric and other organic acids, through which they acidify the medium and inhibit the 
growth of pathogens. Another group of substances with antimicrobial action are 
bacteriocins, which have protein nature.  

The interactions between the selected group of lactobacilli [17] and bifidobacteria and the 
pathogens, representatives of Enterobacteriaceae, causing toxicoinfections and toxicoses, as 
well as fungal pathogens and the cancerogenic Helicobacter pylori are of great interest.  

Pathogenic microorganisms of human origin - Salmonella sp., Candida albicans, Proteus 
vulgaris, Enterococcus faecalis, Staphylococcus aureus subsp. aureus, Pseudomonas aeruginosa, 
Klebsiella pneumoniae subsp. pneumoniae, Escherichia coli with viable cell counts of the 
suspensions above 1010cfu/cm3 are used as test-microorganisms. The investigations are 
conducted using the agar diffusion method. The results from these experiments are 
presented in Table 2.  
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conducted using the agar diffusion method. The results from these experiments are 
presented in Table 2.  
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Bifidobacteria have inhibitory activities close to that of lactobacilli (Table 2). When 
cultivated together, B. breve, B. infantis, B. longum and B. bifidum L1 exhibit greater 
antimicrobial effect in comparison with each one of the strains separately. The titratable 
acidity of the liquid supernatant is comparatively higher as well. They demonstrate certain 
synergism, which has a positive effect on human and animal organisms. Having in mind 
their distribution in the gastro-intestinal tract, they are the main regulators of the microflora 
in the colon.  

Bifidobacteria belong to the symbionts particularly important to the human and animal 
organism. They are some of the first inhabitants of the digestive tract of the new-born 
mammals. Their importance is strengthened by their regulatory role in the colon.  

Bifidobacteria have active metabolism, producing other organic acids (acetic, citric, tartaric) 
beside lactic acid. They exhibit antimicrobial activity against pathogenic and toxigenic 
microorganisms. Their significant synergism with lactobacilli and the rest of their probiotic 
properties, as well as their important place of habitat, define the important health-
promoting role of bifidobacteria. 

Strain

Test-
microorganism 

Bif.breve Bif.longum Bif.infantis Bif.bifidum L1 
Bifidobacterium 
symbiotic culture 

Salmonella sp.,  
1,2.1012 cfu/cm3* 

14 9 7 10 15 

C. albicans, 
5.108 cfu/cm3 

10 9 – 10 10 10 10 

P.vulgaris, 
5.1011 cfu/cm3 

11 9 7 8 13 

E. faecalis, 
2,2.1011 cfu/cm3 

13 11 10 9 12 – 13 

S. aureus, 
1,0.1012 cfu/cm3 

8 10 10 - 8 

P.aeruginosa, 
7.1010 cfu/cm3 

11 7 8 8 10 

K. pneumoniae, 
1,0.1011 cfu/cm3 

20 18 19 21 20 – 21 

E.coli 
1,5.1010 cfu/cm3 

12 10 9 11 10 – 11 

 * concentration of the cells of the test-microorganism in the agar medium. 

Table 2. Antimicrobial properties of bifidobacteria 

The antimicrobial activity of L. acidophilus 2, L. bulgaricus NBIMCC 3607, the symbiotic 
culture of B. bifidum L1, B. longum, B. breve on the growth of 11 strains of H. pylori of human 
origin is determined.  
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The symbiotic culture of bifidobacteria demonstrates the highest inhibitory effect on H. 
Pylori – the zones of inhibition are >10 mm for 50% of the strains (Table 3.) 

L. acidophilus 2 and L. bulgaricus GB suppress the growth of half of the investigated strains 
of Helicobacter pylori (Table 3). It must be noted, that the model investigations on the 
influence of the tested cultures on the cells of H. pylori are conducted with liquid 
concentrates of L. acidophilus 2, L. bulgaricus GB, symbiotic culture of B. bifidum 1, B. 
longum, B. breve with viable cell counts above 1010 cfu/cm3 and pH of the fermentation 
medium 6,3. This means that the action of part of the metabolites with antimicrobial 
activity is eliminated.  

H. pylori 
Mc Farland 

Inhibition zone of H. pylori, mm 
рH 

L. acidophilus 2 L. bulgaricus GB 
Symbiotic culture of 

bifidobacteria 

MF=1 7(10) 7(17) 7(12) 6,3 

MF=0.5 7 7 7 6,3 

MF =0.5 7 7 7 6,3 

MF =0.5 7,5 7 7 6,3 

MF=0,5 7 7 15,5 6,3 

MF =0.5 9,3 10 13 6,3 

MF=0.5 26 20 12 6,3 

MF=0.5 7 7 20 6,3 

MF=2 9 11 10,2 6,3 

MF=0.5 11 9,7 14 6,3 

MF=0.5 7 7 8,5 6,3 

Table 3. Antimicrobial activity of L. acidophilus 2, L. bulgaricus GB, the symbiotic culture of Bif. bifidum 1, 
Bif. longum, Bif. breve against H.pylori 

4. Antibiotic resistance of bifidobacteria 

Antibiotics are substances with antimicrobial action, which influence both Gram-positive 
and Gram-negative bacteria. They inhibit the growth of or destroy microbial cells. In order 
to fulfill these functions, the antimicrobial substances must penetrate the cell, conjugate with 
a certain cell structure, which participates in a vital processes (DNA replication and cell 
division) or suppress them completely.  

The effect of 22 antibiotics - β-lactam (penicillin, ampicillin, cefamndole, ciprofloxacin, 
amoxicillin, oxacillin, piperacillin, azlocillin), aminoglicoside (streptomycin, gentamicin, 
kanamycin, lincomycin, clindamycin, amikacin, vancomycin, tobramycin), macrolide 
(rifampin, erythromycin), tetracycline (tetracycline, doxicycline), aromatic (chloramphenicol) 
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origin is determined.  

 
Development of New Products: Probiotics and Probiotic Foods 89 

The symbiotic culture of bifidobacteria demonstrates the highest inhibitory effect on H. 
Pylori – the zones of inhibition are >10 mm for 50% of the strains (Table 3.) 

L. acidophilus 2 and L. bulgaricus GB suppress the growth of half of the investigated strains 
of Helicobacter pylori (Table 3). It must be noted, that the model investigations on the 
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and Gram-negative bacteria. They inhibit the growth of or destroy microbial cells. In order 
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and nalidixic acid, on the growth of the selected lactobacilli - is studied. The 22 antibiotics 
belong to 3 groups with different mechanism of action – inhibition of the synthesis of the 
cell walls (penicillin, ampicillin, cefamndole, amoxicillin, oxacillin, piperacillin, azlocillin, 
vancomycin), inhibition of the protein synthesis (streptomycin, gentamicin, kanamycin, 
lincomycin, clindamycin, amykacin, tobramycin, rifampin, erythromycin, tetracycline, 
doxycycline, chloramphenicol), inhibition of the synthesis of DNA and/or cell division 
(ciprofloxacin and nalidixic acid). The investigated concentrations are equivalent to the 
actual concentration in in vivo antibiotic therapy. 

All four strains of bifidobacteria (Bif.bifidum L1, Bif.breve, Bif.infantis, Bif.longum) are resistant 
to the action of most of the studied antibiotics with Bif.bifidum expressing the best results, 
followed by Bif.breve, Bif.infantis and Bif.longum. They show some sensitivity towards the 
action of aminoglicoside antibiotics. Bif.bifidum L1 demonstrates dense growth when tested 
against 18 out of the 22 antibiotics, weak growth when examined against 3 of the 22 
antibiotics and it has single colonies in the clearance zone when tested against vancomycin. 
Bif.breve shows the following results: dense growth - 9 out of 22 antibiotics, weak growth – 
11 out of 22 antibiotics, no growth – 2 out of 22 antibiotics. Bif.infantis exibits dense growth 
when tested against 5 out of 22 antibiotics, weak growth – 12 out of 22 antibiotics, single 
colonies in the clearance zone – 3 out of 22 antibiotics, no growth – 2 out of 22 antibiotics. 
Bif.longum is characterized with dense growth when examined against 15 out of 22 
antibiotics, weak growth – 6 out of 22 antibiotics, no growth – 1 out of 22 antibiotics. These 
results reveal the possibility for the inclusion of the strains in the complex therapy against 
different diseases. 

The resistance of the cells of the different Lactobacillus [17] and Bifidobacterium strains to 22 of 
the most frequently applied in medical treatment antibiotics reveals the possibility for their 
application in the cases of disbacteriosis. Moreover, it is better to use strains with natural 
polyvalent resistance as components of probiotics for the treatment of disbacteriosis. 

5. Survival of bifidobacteria in the model conditions of the digestive tract 

Bifidobacteria survive in the model conditions of the digestive tract – at low pH values in 
the presence of enzymes (pH=2 + pepsin) and at neutral pH values in the presence of 
enzymes (pH=7 + pepsin) (Fig. 1). The cells of the four strains are more sensitive to pH=2 + 
pepsin than to pH=7 + pepsin. At pH=2 + pepsin a reduction in the number of viable cells 
is observed; the reduction is by over 2 to approximately 5 log cfu/g at the 24th hour from 
the beginning of the cultivation in comparison to the baseline concentration of viable cells 
in the population; Bif.infantis and Bif.longum are more sensitive to pH=2 + pepsin than 
Bif.breve and Bif.bifidum L1. At pH=7 + pepsin the reduction in the number of viable cells is 
by over 1 to approximately 3 log cfu/g at the 24th hour from the beginning of the 
cultivation in comparison to the baseline concentration of viable cells in the population; 
Bif.infantis and Bif.longum are more resistant to pH=7 + pepsin than Bif.breve and 
Bif.bifidum L1. 
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Figure 1. Reduction of the viable cells of bifidobacteria at pH=2 + pepsin (a) and at pH=7 + pepsin (b) 

All bifidobacteria strains tested for their resistance to different concentrations of bile salts 
maintain high levels of viable cells (Fig. 2). An increase in the titre of viable cells at 0,15% 
bile salts is observed in Bif.infantis (Fig. 2a), Bif.bifidum L1 (Fig. 2b) and Bif.longum (Fig. 2c), 
while in Bif.breve (Fig. 2d) the number of viable cells at 0,15% bile salts decreases from the 
very beginning of the experiment. At 0,3% bile salts the number of viable cells of Bif.bifidum 
L1 (Fig. 2b) and Bif.longum (Fig. 2c) increases during the first 8 hours, but at the 24th hour the 
cell count is lower than the value at the 8th hour in both the two strains. In Bif.infantis (Fig. 
2a) and Bif.breve (Fig. 2d), the concentration of viable cells starts decreasing from the 
beginning of the test.   

On the basis of these investigations four groups of probiotics „Еnterosan” are developed: 
probiotics for the gastro-intestinal tract, probiotics for promotion of the functions of some 
endocrine glands, probiotics for functional usage and probiotics for deficiency diseases [65]. 
They have high concentration of viable cells of probiotic bacteria (over 109cfu/g). 

The probiotics "Enterosan" have been tested by leading experts in clinics in our country and 
abroad and are proven to be beneficial to the human organism - for gastrointestinal 
infections, rotavirus infections, disbacteriosis due to antibiotics, in chemotherapy, in 
osteoporosis, arthritis, multiple sclerosis, allergies, anemia, high blood pressure, etc. 

The road to developing a probiotic preparation is quite long. It begins with the selection of 
strains of microorganisms with probiotic properties, the development of probiotic 
formulations and the implementation of industrial process. 

There are several probiotic products on the market but the documentation is often based 
upon case reports, animal studies or uncontrolled small clinical trials, and only few products 
declare the content of microorganisms [66]. 

In the conducted studies on the probiotic properties of different species and strains 
differences not only between different types of probiotic bacteria, but also between strains 
within a species are established; differences that should be taken into account in the 
selection of strains with probiotic properties for industrial use. 
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colonies in the clearance zone – 3 out of 22 antibiotics, no growth – 2 out of 22 antibiotics. 
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The resistance of the cells of the different Lactobacillus [17] and Bifidobacterium strains to 22 of 
the most frequently applied in medical treatment antibiotics reveals the possibility for their 
application in the cases of disbacteriosis. Moreover, it is better to use strains with natural 
polyvalent resistance as components of probiotics for the treatment of disbacteriosis. 

5. Survival of bifidobacteria in the model conditions of the digestive tract 

Bifidobacteria survive in the model conditions of the digestive tract – at low pH values in 
the presence of enzymes (pH=2 + pepsin) and at neutral pH values in the presence of 
enzymes (pH=7 + pepsin) (Fig. 1). The cells of the four strains are more sensitive to pH=2 + 
pepsin than to pH=7 + pepsin. At pH=2 + pepsin a reduction in the number of viable cells 
is observed; the reduction is by over 2 to approximately 5 log cfu/g at the 24th hour from 
the beginning of the cultivation in comparison to the baseline concentration of viable cells 
in the population; Bif.infantis and Bif.longum are more sensitive to pH=2 + pepsin than 
Bif.breve and Bif.bifidum L1. At pH=7 + pepsin the reduction in the number of viable cells is 
by over 1 to approximately 3 log cfu/g at the 24th hour from the beginning of the 
cultivation in comparison to the baseline concentration of viable cells in the population; 
Bif.infantis and Bif.longum are more resistant to pH=7 + pepsin than Bif.breve and 
Bif.bifidum L1. 
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Figure 1. Reduction of the viable cells of bifidobacteria at pH=2 + pepsin (a) and at pH=7 + pepsin (b) 

All bifidobacteria strains tested for their resistance to different concentrations of bile salts 
maintain high levels of viable cells (Fig. 2). An increase in the titre of viable cells at 0,15% 
bile salts is observed in Bif.infantis (Fig. 2a), Bif.bifidum L1 (Fig. 2b) and Bif.longum (Fig. 2c), 
while in Bif.breve (Fig. 2d) the number of viable cells at 0,15% bile salts decreases from the 
very beginning of the experiment. At 0,3% bile salts the number of viable cells of Bif.bifidum 
L1 (Fig. 2b) and Bif.longum (Fig. 2c) increases during the first 8 hours, but at the 24th hour the 
cell count is lower than the value at the 8th hour in both the two strains. In Bif.infantis (Fig. 
2a) and Bif.breve (Fig. 2d), the concentration of viable cells starts decreasing from the 
beginning of the test.   

On the basis of these investigations four groups of probiotics „Еnterosan” are developed: 
probiotics for the gastro-intestinal tract, probiotics for promotion of the functions of some 
endocrine glands, probiotics for functional usage and probiotics for deficiency diseases [65]. 
They have high concentration of viable cells of probiotic bacteria (over 109cfu/g). 

The probiotics "Enterosan" have been tested by leading experts in clinics in our country and 
abroad and are proven to be beneficial to the human organism - for gastrointestinal 
infections, rotavirus infections, disbacteriosis due to antibiotics, in chemotherapy, in 
osteoporosis, arthritis, multiple sclerosis, allergies, anemia, high blood pressure, etc. 

The road to developing a probiotic preparation is quite long. It begins with the selection of 
strains of microorganisms with probiotic properties, the development of probiotic 
formulations and the implementation of industrial process. 

There are several probiotic products on the market but the documentation is often based 
upon case reports, animal studies or uncontrolled small clinical trials, and only few products 
declare the content of microorganisms [66]. 

In the conducted studies on the probiotic properties of different species and strains 
differences not only between different types of probiotic bacteria, but also between strains 
within a species are established; differences that should be taken into account in the 
selection of strains with probiotic properties for industrial use. 
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Figure 2. Change in the concentration of viable cells of Bif.infantis (a), Bif.longum (b), Bif.bifidum L1 (c), 
Bif.breve (d) at different concentrations of bile salts 

6. Probiotic foods  

6.1. Yoghurt with high concentration of viable cells of the probiotic strain 
Lactobacillus delbrueckii subsp.bulgaricus NBIMCC 3607 

Lactic acid foods occupy a major place in the diet of our contemporaries. About 80% of the 
population use yoghurt for direct consumption or as a food supplement daily. A 
characteristic feature of this product is the addition of starters of pure cultures of 
Streptococcus thermophilus and Lactobacillus delbrueckii ssp.bulgaricus for conducting lactic acid 
fermentation. By using an appropriate technological process a product with characteristic 
taste and aroma, physicochemical and biological properties is obtained from milk as a raw 
material. These traditional lactic acid bacteria have a positive effect on the body, which is a 
result of the formed metabolites, which inhibit the putrefactive and pathogenic flora or of 
the improvement of the utilization of lactose [67]. 

Many functional foods include lactobacilli in their composition (Table 4). Lactobacilli are 
particularly important in the manufacture of probiotic foods [68]. Several species of the 
genus Lactobacillus are used as starters in the manufacture of yoghurt, cheese and other 
fermented liquid products [69, 70]. It should be noted that the properties of the strain itself 
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are particularly important in the selection of probiotic cultures. Not all strains can be 
cultivated on an industrial scale because of the low reproductive capacity in the medium or 
because of their low survival rate in the processes of freezing and freeze-drying [71]. That is 
why the cultures used in the production of fermented foods must meet certain requirements 
(Table 5). 

GENUS SPECIES 

Lactobacillus 
L. acidophilus; L. delbrueckii subsp. bulgaricus; L. casei;  
L. crispatus; L. johnsonii; L. lactis; L. paracasei; L. fermentum; 
L. plantarum;L. rhamnosus; L. reuteri; L. salivarius. 

Bifidobacterium 
B. adolescentis; B. bifidum; B. breve; B. essensis; B. infantis; B. lactis;  
B. longum 

Enterococcus E. faecalis; E. Faecium 
Pediococcus P. acidilactici 
Propionibacterium  P. freudenreichii 
Saccharomyces S. boulardii 
Streptococcus S. thermophilus 

Table 4. Probiotic strains used in the production of fermented milk [72, 73, 74] 

The selection of probiotic strains is based on microbiological criteria for food safety of the 
final product. This is achieved by applying non-pathogenic strains with clear health effects 
and proper hygiene [75]. 

The high concentration of viable cells and the good survival when passing through the 
stomach allow lactobacilli and bifidobacteria in fermented milk products to fulfill their 
biological role in the intestine. 

Several properties of bacteria such as oxygen sensitivity, storage stability, resistance to the 
proteases of the digestive system, sensitivity to aldehyde or phenolic compounds produced 
by the metabolism of amino acids, antioxidant activity, adhesion to the intestinal mucosa are 
examined in in vitro testings [88,89]. Strains exhibit the specific properties of lactic acid 
bacteria in a different degree. The combination of strains with different properties allows the 
increase in the biological activity of fermented foods. This in turn is related to their ability to 
develop as symbiotic cultures. 

Fermented milk products with probiotic properties are designed on the basis of the 
experience in the field of development of probiotics. Given that yogurt is the most 
popular food after bread a technology that includes the use of a starter culture with the 
probiotic strain Lactobacillus delbrueckii subsp.bulgaricus NBIMCC 3607, which has high 
reproductive capacity and meets all the requirements for probiotic cultures, has been 
developed. The technology is piloted for a period of over 1 year in industry. Table 6 
presents the change of the acidity and the concentration of viable cells in the finished 
product during storage. 
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are particularly important in the selection of probiotic cultures. Not all strains can be 
cultivated on an industrial scale because of the low reproductive capacity in the medium or 
because of their low survival rate in the processes of freezing and freeze-drying [71]. That is 
why the cultures used in the production of fermented foods must meet certain requirements 
(Table 5). 

GENUS SPECIES 

Lactobacillus 
L. acidophilus; L. delbrueckii subsp. bulgaricus; L. casei;  
L. crispatus; L. johnsonii; L. lactis; L. paracasei; L. fermentum; 
L. plantarum;L. rhamnosus; L. reuteri; L. salivarius. 

Bifidobacterium 
B. adolescentis; B. bifidum; B. breve; B. essensis; B. infantis; B. lactis;  
B. longum 

Enterococcus E. faecalis; E. Faecium 
Pediococcus P. acidilactici 
Propionibacterium  P. freudenreichii 
Saccharomyces S. boulardii 
Streptococcus S. thermophilus 

Table 4. Probiotic strains used in the production of fermented milk [72, 73, 74] 

The selection of probiotic strains is based on microbiological criteria for food safety of the 
final product. This is achieved by applying non-pathogenic strains with clear health effects 
and proper hygiene [75]. 

The high concentration of viable cells and the good survival when passing through the 
stomach allow lactobacilli and bifidobacteria in fermented milk products to fulfill their 
biological role in the intestine. 

Several properties of bacteria such as oxygen sensitivity, storage stability, resistance to the 
proteases of the digestive system, sensitivity to aldehyde or phenolic compounds produced 
by the metabolism of amino acids, antioxidant activity, adhesion to the intestinal mucosa are 
examined in in vitro testings [88,89]. Strains exhibit the specific properties of lactic acid 
bacteria in a different degree. The combination of strains with different properties allows the 
increase in the biological activity of fermented foods. This in turn is related to their ability to 
develop as symbiotic cultures. 

Fermented milk products with probiotic properties are designed on the basis of the 
experience in the field of development of probiotics. Given that yogurt is the most 
popular food after bread a technology that includes the use of a starter culture with the 
probiotic strain Lactobacillus delbrueckii subsp.bulgaricus NBIMCC 3607, which has high 
reproductive capacity and meets all the requirements for probiotic cultures, has been 
developed. The technology is piloted for a period of over 1 year in industry. Table 6 
presents the change of the acidity and the concentration of viable cells in the finished 
product during storage. 
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Industrial 
field 

Criteria Product References 

Su
pp

lie
rs

 o
f 

pr
ob

io
tic

 
cu

ltu
re

s Cheap cultivation 
Cultures for all groups 
of products 

Charteris et al., 1998 
[76] 

Easy concentration for obtaining 
high cellular density 

Cultures for all groups 
of products 

Charteris et al., 1998 
[76] 
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od
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n 
of

 p
ro
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ot

ic
 fo

od
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Possibility for industrial 
production 

Products, produced in 
high quantities (cheese) 

Gomes and 
Malcata, 1999 [77] 

Compatibility with other lactic 
acid bacteria 

All fermented products 

Samona and 
Robinson, 1994 [78] 
Nighswonger et al., 
1996 [79] 

Stability during storage at acidic 
conditions 

Acidophilous milk, 
yoghurt, cheese 

Micanel et al. 1997 
[80] 
Gobbetti et al., 1998 
[81] 

Stability during storage in non-
fermented milk 

Sweetened acidophilous 
milk 

Brashears and 
Gilliland, 1995 [82] 

Resistance to bacteriophages All fermented products 
Richardson, 1996 
[83] 

Survival in the conditions during 
the maturation and freezing of 
the ice cream 

Ice-cream 
Christiansen et al., 
1996 [84] 

Tolerance to preservatives Non-sterilized products
Charteris et al., 1998 
[76] 

Stability during storage at 
temperatures under  
-20°С 

Ice-cream, frozen 
products 

Modler et al., 1990 
[85] 
Christiansen et al., 
1996 [84] 

Tolerance towards oxygen 
during growth 

All fermented products 
Gomes and 
Malcata, 1999 [77] 

Low activity at temperatures 
under 15°С 

Cultures for all groups 
of products 

Gomes and 
Malcata, 1999 [77] 

Utilization of pentanal and n-
hexanal 

Soy products 

Scalabrini et al., 
1998 [86] 
Murti et al., 1993 
[87] 

Fermentation of raffinose and 
stachyose 

Soy products 
Scalabrini et al., 
1998 [86] 

Table 5. Some criteria applied in the selection of probiotic strains for fermented foods 
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Day 
Titrable 

acidity, оТ 

Concentration of viable cells, 
cfu/cm3 

Proportion 
Str.thermophilus : 

L.bulgaricus 

Extraneous 
microflora 

Str.thermophilus L.bulgaricus 

1 104 5x1011 5x1011 1:1 Not found 

15 106 6,5x1011 6,45x1011 1:1 Not found 

30 108 6x1011 6x1011 1:1 Not found 

Table 6. Physicochemical and microbiological indicators of yogurt produced using the new technology 

The data show that the yoghurt produced according to this technology lasts for one month, 
during which the acidity is maintained within the standard requirements and the 
concentration of viable cells of L.bulgaricus NBIMCC 3607 in 1 gram of the product exceeds 1 
billion by the end of the prolonged storage. Furthermore, the ratio of streptococci to 
lactobacilli is within the range of 1:1. A similar result can be achieved in any of the currently 
used technologies. 

High concentrations of lactobacilli in yogurt increase its healing and preventive 
properties.Thus, the most popular product becomes probiotic. 

6.2. Bio-yoghurt 

Most of the strains of Streptococcus thermophilus and Lactobacillus delbrueckii subsp.bulgaricus 
do not retain in the intestinal tract, which limits the application of yogurt during antibiotic 
therapy and for other medical purposes. Therefore, probiotic bacteria are included in the 
composition of starter cultures for lactic acid products in addition to the traditional 
microorganisms L.bulgaricus and Str.thermophilus, which turns them into products with 
medicinal properties, known as bio-yoghurt (yogurt, dry mixes, ice cream, soft and hard 
cheeses, products for infant feeding). 

The microflora of bio-yoghurt includes mainly L.acidophilus, L.paracasei ssp.paracasei, 
L.paracasei biovar shirota, L.rhamnosus, L.reuteri, L.gasseri, Bifidobacterium infantis, Bif.breve, 
Bif.longum, Bif. bifidum, Bif.adolescentis and Bif.lactis [90]. In addition to these species, some 
products contain Bif.animalis, which multiplies faster than other bifidobacteria, but unlike 
them it is not isolated from the intestinal tract of humans, although some in vitro studies 
show that some strains of Bif.animalis have the ability to attach to epithelial cells. 

Many researchers believe that only species and strains isolated from the gastrointestinal 
tract of humans, provide probiotic effects on the human body. The digestive system of the 
fetus in the womb is sterile. It is inhabited within the first 2-3 days after birth. So right after 
birth the digestive system is inhabited by species and strains that form its gastro-intestinal 
microflora, as a result of natural selection, and they are better adapted to the conditions of 
the gastro-intestinal tract. Through this type of functional foods probiotic bacteria enter the 
body in the form of fermented milk. 
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1 104 5x1011 5x1011 1:1 Not found 
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30 108 6x1011 6x1011 1:1 Not found 

Table 6. Physicochemical and microbiological indicators of yogurt produced using the new technology 

The data show that the yoghurt produced according to this technology lasts for one month, 
during which the acidity is maintained within the standard requirements and the 
concentration of viable cells of L.bulgaricus NBIMCC 3607 in 1 gram of the product exceeds 1 
billion by the end of the prolonged storage. Furthermore, the ratio of streptococci to 
lactobacilli is within the range of 1:1. A similar result can be achieved in any of the currently 
used technologies. 

High concentrations of lactobacilli in yogurt increase its healing and preventive 
properties.Thus, the most popular product becomes probiotic. 

6.2. Bio-yoghurt 

Most of the strains of Streptococcus thermophilus and Lactobacillus delbrueckii subsp.bulgaricus 
do not retain in the intestinal tract, which limits the application of yogurt during antibiotic 
therapy and for other medical purposes. Therefore, probiotic bacteria are included in the 
composition of starter cultures for lactic acid products in addition to the traditional 
microorganisms L.bulgaricus and Str.thermophilus, which turns them into products with 
medicinal properties, known as bio-yoghurt (yogurt, dry mixes, ice cream, soft and hard 
cheeses, products for infant feeding). 

The microflora of bio-yoghurt includes mainly L.acidophilus, L.paracasei ssp.paracasei, 
L.paracasei biovar shirota, L.rhamnosus, L.reuteri, L.gasseri, Bifidobacterium infantis, Bif.breve, 
Bif.longum, Bif. bifidum, Bif.adolescentis and Bif.lactis [90]. In addition to these species, some 
products contain Bif.animalis, which multiplies faster than other bifidobacteria, but unlike 
them it is not isolated from the intestinal tract of humans, although some in vitro studies 
show that some strains of Bif.animalis have the ability to attach to epithelial cells. 

Many researchers believe that only species and strains isolated from the gastrointestinal 
tract of humans, provide probiotic effects on the human body. The digestive system of the 
fetus in the womb is sterile. It is inhabited within the first 2-3 days after birth. So right after 
birth the digestive system is inhabited by species and strains that form its gastro-intestinal 
microflora, as a result of natural selection, and they are better adapted to the conditions of 
the gastro-intestinal tract. Through this type of functional foods probiotic bacteria enter the 
body in the form of fermented milk. 
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Probiotic lactobacilli attach to special receptors on the epithelial wall and fill the vacant 
spots in the intestine. They utilize nutrients and produce lactic acid and substances with 
antimicrobial activity [90]. Their prophylactic role consists in changing the conditions, 
making them unsuitable for the development of bacteria that cause infections such as 
Salmonella sp. [90]. It has been shown that lactobacilli increase the levels of immunoglobulin 
Ig A and Ig G [91], thus protecting the immune system, lower cholesterol levels [59, 92], etc. 

Bifidobacteria are located on the surface of the colon. In this part of the gastrointestinal tract 
different types of bifidobacteria utilize nutrients and produce lactic and acetic acids and 
antimicrobial substances (bacteriocins). The large amount of viable cells of bifidobacteria 
stimulate the walls of the colon to excrete the polysaccharide mucin that facilitates the 
passage of faeces through the colon, thereby preventing the colonization of cells of E.coli, 
Candida sp. thus protecting the body. 

In recent years some yoghurt products have been reformulated to include live cells of strains 
of L.acidophilus and species of Bifidobacterium (known as AB-cultures) in addition to the 
conventional yoghurt organisms, Str.thermophilus and L.bulgaricus. Therefore bio-yoghurt is 
yoghurt that contains live probiotic microorganisms, the presence of which may give rise to 
claimed beneficial health effects [93]. In order to exert its probiotic effect, the number of 
viable cells of probiotic bacteria in bio-yoghurt should exceed 1 million [94] (108-109cfu/g) 
[10]. According to a Japanese standard the number of bifidobacteria in fresh milk must be at 
least 107 viable cells/ml. As far as the National Yoghurt Association (NYA) in the U.S. is 
concerned in the production of bio-yoghurt the concentration of lactic acid bacteria in the 
finished products must be 108 viable cells of lactic acid bacteria / g. Moreover, the culture 
must have rapid growth during fermentation as well as acid tolerance in order to maintain 
high microbial content during storage. 

Technologies for obtaining probiotic yogurt from whole milk and lactic acid beverage with 
bifidobacteria from skimmed cow's milk with the participation of Streptococcus thermophilus, 
Lactobacillus bulgaricus and strains of the genus Bifidobacterium have been developed. The 
microbiological indicators of this probiotic milk are presented in Table 7. 

With the inclusion of bifidobacteria in the starter culture for yoghurt a product with high 
concentration of active cells (more than 108cfu/g) with durability of 30 days is obtained (Table 7). 

Day 
Titrable 
acidity, 

оТ 

Concentration of viable cells, cfu/cm3 Proportion 
Str.thermophilus : 

L.bulgaricus 

Extraneous 
microflora Str.thermophilus L.bulgaricus Bifidobacteria

1 114 7x1010 3,5x1010 7x109 1:2 Not found 

15 120 7,7x1010 3,75x1010 2,9x109 1:2 Not found 

30 126 6x109 3x109 5x108 1:2 Not found 

Table 7. Physicochemical and microbiological indicators of the probiotic yogurt with bifidobacteria 
during storage at 4 ± 2°C 
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A technology for obtaining fermented milk beverage with bifidobacteria has been developed 
and implemented. The concentration of viable cells in the product is over 109cfu/cm3, which 
is consistent with the requirements for the concentration of viable probiotic cells in bio-
yogurt, required to perform health beneficial effects. The beverage retains the concentration 
of bifidobacteria cells for 40 days when stored at 4 ± 2ºC (Table 8). 

Day 
Concentration of viable cells, cfu/cm3 

Titrable 
acidity, °Т 

Extraneous 
microflora L. delbrueckii subsp. 

bulgaricus 
Bifidobacterium sp. 

1 8,0x1012 7,0x1010 102 Not found 

10 7,7x1012 2,9x1010 104 Not found 

20 6,0x1012 5,0x109 108 Not found 

30 1,0x1011 3,0x109 110 Not found 

40 1,2x1011 2,0x109 120 Not found 

90 1,7x108 7,0x108 125 Not found 

Table 8. Physicochemical and microbiological characterization of the probiotic milk during storage at  
4  2°C 

A technology for obtaining other probiotic foods - acidophilous milk and milk, containing 
Lactobacillus acidophilus and bifidobacteria - has been developed as well, which expands the 
range of dairy foods with preventive role for humans, which in turn is the key to protecting 
public health. 

Lactic acid bacteria are applied in the production of different types of cheeses. Other 
microorganisms that form the specific properties of cheeses are involved as well. Using 
molds to obtain cheeses not only radically alters the organoleptic characteristics of cheeses, 
but also requires changes in the production technology. Depending on the types of 
microorganisms in the composition of starter cultures, cheeses with starter cultures of 
mesophilic lactic acid bacteria, starter cultures of mesophilic and thermophilic lactic acid 
bacteria and propionic acid bacteria, with the participation of molds, bifidobacteria and/or 
Lactobacillus acidophilus - dietetic (functional) cheeses [90] are obtained. 

In the production of certain hard cheeses with high temperature of the secondary heating 
propionic acid bacteria participate in the formation of the specific taste, flavor and texture of 
the product along with lactic acid bacteria. Propionic acid bacteria absorb part of the lactate, 
forming propionic and acetic acid and carbon dioxide. Therefore, as a component of these 
starter cultures the propionic acid bacterial species Propionibacterium frendenreichii subsp. 
frendenreichii, Propionibacterium frendenreichii subsp. shermanii and Propionibacterium 
frendenreichii globosum are included. 



 
Probiotics 96 

Probiotic lactobacilli attach to special receptors on the epithelial wall and fill the vacant 
spots in the intestine. They utilize nutrients and produce lactic acid and substances with 
antimicrobial activity [90]. Their prophylactic role consists in changing the conditions, 
making them unsuitable for the development of bacteria that cause infections such as 
Salmonella sp. [90]. It has been shown that lactobacilli increase the levels of immunoglobulin 
Ig A and Ig G [91], thus protecting the immune system, lower cholesterol levels [59, 92], etc. 

Bifidobacteria are located on the surface of the colon. In this part of the gastrointestinal tract 
different types of bifidobacteria utilize nutrients and produce lactic and acetic acids and 
antimicrobial substances (bacteriocins). The large amount of viable cells of bifidobacteria 
stimulate the walls of the colon to excrete the polysaccharide mucin that facilitates the 
passage of faeces through the colon, thereby preventing the colonization of cells of E.coli, 
Candida sp. thus protecting the body. 

In recent years some yoghurt products have been reformulated to include live cells of strains 
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Day 
Titrable 
acidity, 

оТ 

Concentration of viable cells, cfu/cm3 Proportion 
Str.thermophilus : 

L.bulgaricus 

Extraneous 
microflora Str.thermophilus L.bulgaricus Bifidobacteria

1 114 7x1010 3,5x1010 7x109 1:2 Not found 

15 120 7,7x1010 3,75x1010 2,9x109 1:2 Not found 

30 126 6x109 3x109 5x108 1:2 Not found 

Table 7. Physicochemical and microbiological indicators of the probiotic yogurt with bifidobacteria 
during storage at 4 ± 2°C 
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A technology for obtaining fermented milk beverage with bifidobacteria has been developed 
and implemented. The concentration of viable cells in the product is over 109cfu/cm3, which 
is consistent with the requirements for the concentration of viable probiotic cells in bio-
yogurt, required to perform health beneficial effects. The beverage retains the concentration 
of bifidobacteria cells for 40 days when stored at 4 ± 2ºC (Table 8). 

Day 
Concentration of viable cells, cfu/cm3 

Titrable 
acidity, °Т 

Extraneous 
microflora L. delbrueckii subsp. 

bulgaricus 
Bifidobacterium sp. 

1 8,0x1012 7,0x1010 102 Not found 

10 7,7x1012 2,9x1010 104 Not found 

20 6,0x1012 5,0x109 108 Not found 

30 1,0x1011 3,0x109 110 Not found 

40 1,2x1011 2,0x109 120 Not found 

90 1,7x108 7,0x108 125 Not found 

Table 8. Physicochemical and microbiological characterization of the probiotic milk during storage at  
4  2°C 

A technology for obtaining other probiotic foods - acidophilous milk and milk, containing 
Lactobacillus acidophilus and bifidobacteria - has been developed as well, which expands the 
range of dairy foods with preventive role for humans, which in turn is the key to protecting 
public health. 

Lactic acid bacteria are applied in the production of different types of cheeses. Other 
microorganisms that form the specific properties of cheeses are involved as well. Using 
molds to obtain cheeses not only radically alters the organoleptic characteristics of cheeses, 
but also requires changes in the production technology. Depending on the types of 
microorganisms in the composition of starter cultures, cheeses with starter cultures of 
mesophilic lactic acid bacteria, starter cultures of mesophilic and thermophilic lactic acid 
bacteria and propionic acid bacteria, with the participation of molds, bifidobacteria and/or 
Lactobacillus acidophilus - dietetic (functional) cheeses [90] are obtained. 

In the production of certain hard cheeses with high temperature of the secondary heating 
propionic acid bacteria participate in the formation of the specific taste, flavor and texture of 
the product along with lactic acid bacteria. Propionic acid bacteria absorb part of the lactate, 
forming propionic and acetic acid and carbon dioxide. Therefore, as a component of these 
starter cultures the propionic acid bacterial species Propionibacterium frendenreichii subsp. 
frendenreichii, Propionibacterium frendenreichii subsp. shermanii and Propionibacterium 
frendenreichii globosum are included. 
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The research on the development of starter cultures for yoghurt conducted by our research 
team shows the importance of achieving symbiosis between the strains in the composition of 
the starter culture for the quality of the finished product. Few strains of L. bulgaricus can be 
used to obtain a symbiotic culture. The symbiosis between L. bulgaricus and Str. thermophilus 
determines the taste-aroma complex of the finished products to a great extent. 

A starter culture for hard cheese with the inclusion of the strain Propionibacterium 
frendenreichii subsp. frendenreichii NBIMCC 328 with high antioxidant activity (catalase, 
peroxidase and superoxide reductase), determined by the ORAC method (Oxygen Radical 
Absorbance Capacity), antimicrobial ability, moderate lipolytic and proteolytic activity is 
created. The ability of the microorganisms to neutralize free radicals is important for milk 
production and health, since they enter the gastrointestinal tract with food and their growth 
continues after intake. Thus another source of antioxidants (bacteria capable of synthesizing 
antioxidants during growth) is ensured. 

Probiotic bacteria are included in a starter culture for hard cheese with high temperature of 
second heating (50-520C), providing protection of the product in the process of maturation 
and storage. 

At the end of the ripening process high content of beneficial microorganisms - lactic acid 
and propionic acid bacteria with concentration of 108cfu/g - remains. There are no 
representatives of the pathogenic microflora. Extraneous microflora is less than 100 cfu/g. 
Moreover, in the final hard cheese the concentration of viable cells is more than 108cfu/g. 
This opens up new paths for the usage of microorganisms with probiotic potential. The 
content of short-chain acids in the hard cheese with high temperature of secondary heating 
is determined by HPLC. The final product contains significant amount of propionate (14,9 
mg/kg) and acetate (2 mg/kg). 

Goat’s milk improves blood composition and exhibits bactericidal properties, strengthens 
the immunity, accelerates the healing of bone traumas due to its significant levels of 
calcium, activates the work of the digestive glands and has anti-allergic properties. It also 
has a positive impact on diseases of the skin, joints, etc. It protects against tooth decay and 
helps build a healthy enamel. Gastric diseases are rapidly improved with goat’s milk. In the 
cases of arthritis, rheumatism and all conditions in which acidic metabolic products occur 
predominantly such as diabetes, heart, lung, kidney, liver, etc. the health of the individual 
improves significantly after the inclusion of goat’s milk in the diet. Goat’s milk combined 
with soaked and peeled dates turns out to be useful combination in the case of gastric ulcer 
and in combination with dried figs in the case of arthritis. 

Goat’s milk is digested in the stomach 20 min after intake, unlike cow’s milk, which requires 
2 hours. Great part of the population eats goat's milk. 

Yoghurts and yoghurt beverages from goat’s milk with lactobacilli and bifidobacteria with 
probiotic properties are obtained as a result of the work of our research team (Table 9 and 
Table 10). They are characterized with high concentration of viable cells (above 108cfu/cm3). 
Probiotic bacteria influence not only the functionality but also the flavor of these products. 
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Storage time 
 
 

Bio-yoghurt 

10 days 20 days 30 days 

N, [cfu/cm3] ТA, 
[ºТ]

N, [cfu/cm3] ТA, 
[ºТ] 

N, [cfu/cm3] ТA, 
[ºТ] LAB bifidobacteria LAB bifidobacteria LAB bifidobacteria 

Bif. bifidum L1 5x1011 3,2x1011 97 4x1011 8x1011 110 6x1010 7x108 108 

MZ2 control 2,7x1012 - 68 3x1011 - 112 3x1010 - 126 

Lactobacillus 
acidophilus 2 

1,3x1012 - 94 1,1x1012 - 105 6x1010 - 119 

Lactobacillus 
acidophilus 2 
+ Bif. bifidum 

9x1012 5,3x1011 82 3,5x1012 4,2x1011 112,5 6x1011 4x108 120 

MZ2 – starter culture for yoghurt containing a probiotic strain of Lactobacillus delbrueckii ssp.bulgaricus and Streptococcus 
thermophilus 

Table 9. Concentration of viable cells (N) and titrable acidity (TA) of goat yoghurt, produced with a 
probiotic starter cultures during storage 

Storage time 
 
 

Beverage 

1day 15 days 30 days 
N, [cfu/cm3] TA, 

[ºТ]

N, [cfu/cm3] TA, 
[ºТ]

N, [cfu/cm3] TA, 
[ºТ] LAB bifidobacteria LAB bifidobacteria LAB bifidobacteria 

B. bifidum L1 3,5x1012 1x1010 90 3,75x1011 1,9x1010 98 4x1011 1x109 102 
MZ2 control 7x1011 - 62 6,58x1011 - 90 5,8x1010 - 100 
Lactobacillus 
acidophilus 2 

5x1011 - 58 5x1011 - 96 3,8x1010 - 110 

MZ2 – starter culture for yoghurt containing a probiotic strain of Lactobacillus delbrueckii ssp.bulgaricus and Streptococcus 
thermophilus 

Table 10. Change in concentration of viable cells (N) of probiotic lactobacilli and bifidobacteria and 
titrable acidity (TA) of goat yoghurt beverages during storage at temperature 4±2°С 

Probiotic goat yoghurt and yoghurt beverages have high concentrations of viable cells of 
lactobacilli and/or bifidobacteria and can be applied as probiotic foods for 30 days. 

6.3. Probiotic bacteria in the composition of the starter cultures for fermented 
sausages without heating 

Biological preservation of ground meat is an important and topical issue for the meat 
industry. Its solution is associated with the search for suitable strains of microorganisms that 
provide protective properties and pleasant taste and flavor of the finished products. By 
applying this method of preservation a number of advantages can be achieved, the most 
important of which are extending storage, usage of softer modes of cold storage, etc. To 
achieve targeted fermentation and quality maturation in the production of cured meat 
products starter cultures of lactic acid bacteria are imported. A new trend in the production 
of dried meat products is the inclusion of probiotic strains in the composition of starter 
cultures. They provide proper conduction of the fermentation process in meat foods and 
significant amounts of microflora beneficial to human health. 
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is determined by HPLC. The final product contains significant amount of propionate (14,9 
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Goat’s milk improves blood composition and exhibits bactericidal properties, strengthens 
the immunity, accelerates the healing of bone traumas due to its significant levels of 
calcium, activates the work of the digestive glands and has anti-allergic properties. It also 
has a positive impact on diseases of the skin, joints, etc. It protects against tooth decay and 
helps build a healthy enamel. Gastric diseases are rapidly improved with goat’s milk. In the 
cases of arthritis, rheumatism and all conditions in which acidic metabolic products occur 
predominantly such as diabetes, heart, lung, kidney, liver, etc. the health of the individual 
improves significantly after the inclusion of goat’s milk in the diet. Goat’s milk combined 
with soaked and peeled dates turns out to be useful combination in the case of gastric ulcer 
and in combination with dried figs in the case of arthritis. 

Goat’s milk is digested in the stomach 20 min after intake, unlike cow’s milk, which requires 
2 hours. Great part of the population eats goat's milk. 

Yoghurts and yoghurt beverages from goat’s milk with lactobacilli and bifidobacteria with 
probiotic properties are obtained as a result of the work of our research team (Table 9 and 
Table 10). They are characterized with high concentration of viable cells (above 108cfu/cm3). 
Probiotic bacteria influence not only the functionality but also the flavor of these products. 
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Probiotic goat yoghurt and yoghurt beverages have high concentrations of viable cells of 
lactobacilli and/or bifidobacteria and can be applied as probiotic foods for 30 days. 

6.3. Probiotic bacteria in the composition of the starter cultures for fermented 
sausages without heating 

Biological preservation of ground meat is an important and topical issue for the meat 
industry. Its solution is associated with the search for suitable strains of microorganisms that 
provide protective properties and pleasant taste and flavor of the finished products. By 
applying this method of preservation a number of advantages can be achieved, the most 
important of which are extending storage, usage of softer modes of cold storage, etc. To 
achieve targeted fermentation and quality maturation in the production of cured meat 
products starter cultures of lactic acid bacteria are imported. A new trend in the production 
of dried meat products is the inclusion of probiotic strains in the composition of starter 
cultures. They provide proper conduction of the fermentation process in meat foods and 
significant amounts of microflora beneficial to human health. 



 
Probiotics 100 

Meat products, which are not treated thermally are suitable carriers of probiotic bacteria [95, 
96]. Strains of lactic acid bacteria with probiotic properties as starter cultures for fermented 
sausages are given in Table 11. These species are isolated from the gastrointestinal tract. 
Human digestive tract is a natural biological environment for Lactobacillus acidophillus, 
Lactobacillus casei and Bifidobacterium sp. These microorganisms are found in various 
fermented foods [90, 97, 98, 99]. According to Anderssen, 1998 [97], however, lactobacilli 
isolated from the intestines do not grow and contribute to the implementation of 
fermentation of the meat substrate. 

In the preparation of starter cultures for the meat industry various microbial species are 
included (Table 9). 

Microorganisms Species 

Bacteria  
Lactic acid bacteria Lactobacillus acidophilus, L.alimentarius, L.casei, L.curvatus, 

L.plantarum, L.pentosus, L.sakei, Lactococcus lactis, Pediococcus 
acidilactici, P.pentosaceus 

staphylococci Staphylococcus xylosus, S.carnosus subsp. carnosus, S.carnosus subsp. 
utilis, S.equorum; Halomonadaceae, Halomonas elongata 

enterobacteria Aeromonas sp. 
Bifidobacterium sp.  
Actinomycetales Kocuria varians 

Streptomyces griseus 
Yeasts Debaryomyces hansenii, Candida famata 
Molds Penicillium nalgioevnse, Penicillium chrysogenum, Penicillium 

camemberti 

Table 11. Microbial species involved as components of starter cultures 

A study conducted by Hammes et al., 1997 [100] clearly shows the beneficial effects of 
fermented meat products in the fermentation of which strains of the genus Lactobacillus with 
probiotic properties are used [100]. 

In studies conducted on representatives of the genus Lactobacillus it has been found that 
Lactobacillus gasseri JCM 1131T is suitable for meat fermentation. Moreover, Lactobacillus 
gasseri JCM 1131T and Lactobacillus acidophilus are the predominant species in the digestive 
tract of humans and Lactobacillus gasseri JCM 1131T has the ability to adhere to the 
gastrointestinal mucosa. Further research with this strain in meat environment shows some 
positive effects, but the culture is sensitive to the addition of NaCl and NaNO2 and can only 
be used in meat products with low salt concentration without the addition of nitrites [101]. 

Lactobacillus sakei is widely used in meat industry as a species with probiotic properties, high 
antimicrobial activity against Escherichia coli, Staphylococcus aureus and Listeria monocytogenes, 
and ability to retain the sensory profile of meat products [102, 103, 104]. 
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The strains Lactobacillus plantarum NBIMCC 2415 [18] and Pediococcus pentosaceus NBIMCC 
1441 are selected. They grow well in meat environment at high concentrations of sodium 
chloride and low temperatures, since under such conditions the processes of salting, 
ripening and drying of these products are performed. They also have well expressed 
fermentative activity without gas release, reisitance to low pH, moderate proteolytic and 
lipolytic activity as well as antioxidant activity, which is associated with the formation of 
free amino acids, volatile fatty acids, carbonyl compounds and other substances that 
determine the taste and flavor of meat products, have good antimicrobial activity. The two 
strains are incorporated as starter cultures in a batch of sausage. Lactobacillus plantarum 
NIBMCC 2415 is imported as a monoculture with concentration of 108 cfu/g for the 
implementation of targeted lactic acid fermentation (batch I) and in a combination with 
Pediococcus pentosaceus NBIMCC 1441 (batch II). The microbiological parameters of the 
products are tested during the process of fermentation and drying. Experimental data are 
presented in Table 12 and Table 13. 

Day рН 
Total Microbial 

Count, cfu/g 
S.aureus,

cfu/g 
Salmonella sp.,

cfu/g 
E.coli, 
cfu/g 

Enterococcus sp., 
cfu/g 

LAB, 
cfu/g 

8 5,00 1,1x103 - - 3x103 1,1x103 2x109 

18 4,63 Under 10 - - - 2,3x103 6x1011 

28 5,1 Under 10 - - - Under 10 7,8x1010 

40 5,5 Under 10 - - - Under 10 8x108 

Table 12. Microbiological parameters of the first batch of sausage in the process of fermentation and 
drying 

Day рН 
Total Microbial 

Count, cfu/g 
S.aureus,

cfu/g 
Salmonella sp.,

cfu/g 
E.coli, 
cfu/g 

Enterococcus sp., 
cfu/g 

LAB, 
cfu/g 

4 5,2 Under 10 - - - Under 104 8,4x109 

14 5,5 Under 10 - - - Under 102 5,4x1010 

48 5,5 Under 10 - - - Under 10 3,5x1010 

Table 13. Microbiological parameters of the second batch of sausage in the process of fermentation and 
drying 

The extraneous microflora is suppressed and the total number of microorganisms is reduced 
as well as the number of coliforms and enterococci, which ensures safety of the product on 
one hand and maintaining its quality during fermentation on the other. The product also 
contains a high concentration of viable cells (8x108 - 3,5x1010cfu/g) of the probiotic strain 
Lactobacillus plantarum NIBMCC 2415, which turns the product into a probiotic and healthy 
one, and these indicators increase its durability and storage time [18]. 
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The strains Lactobacillus plantarum NBIMCC 2415 [18] and Pediococcus pentosaceus NBIMCC 
1441 are selected. They grow well in meat environment at high concentrations of sodium 
chloride and low temperatures, since under such conditions the processes of salting, 
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fermentative activity without gas release, reisitance to low pH, moderate proteolytic and 
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Pediococcus pentosaceus NBIMCC 1441 (batch II). The microbiological parameters of the 
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as well as the number of coliforms and enterococci, which ensures safety of the product on 
one hand and maintaining its quality during fermentation on the other. The product also 
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one, and these indicators increase its durability and storage time [18]. 
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6.4. Probiotic bacteria in the composition of bread sourdough 

Bread is one of the main products in the diet of contemporary people. The quality of bread 
depends upon several factors. Intrinsic parameters of the flour, such as carbohydrate [105, 
106], gluten [107], mineral element [108], lipid content [109, 110] and endogenous enzyme 
activity [111], and on the other hand extrinsic parameters referring to the breadmaking 
procedure, such as temperature, stages and extent of fermentation [112], water activity [113, 
114], redox potential and additives [115, 116, 117], and incorporation of nutritional or 
rheological improvers, such as dairy ingredients [118], affect the quality of the final product. 
The effect of these factors can be either direct or indirect, by affecting the microflora, either 
this is supplied as a commercial starter or in traditional sourdough processes. These factors 
influence the microflora submitted in the form of a starter culture or traditional processes 
involving sour dough [119]. 

Bread is considered to be perishable food, microbial spoilage is observed quite often.The 
growth of molds causing huge economic losses and reduction of the safety of the bread 
due to the production of mycotoxins. Fungal spoilage of wheat bread is mainly due to 
Penicillium sp., which cause around 90% of wheat bread spoilage [120]. Other common 
bread spoilage molds belong to the genera Aspergillus, Monilia, Mucor, Endomyces, 
Cladosporium, Fusarium or Rhizopus [121]. At present a number of alternatives are applied 
to prevent or minimize microbial spoilage of bread, e.g. modified atmosphere packaging, 
irradiation, pasteurization of packaged bread and/or addition of propionic acid and its 
salts [121, 122]. 

Propionic acid has previously been shown to inhibit moulds and Bacillus spores, but not 
yeasts to a large extent, and has therefore been the traditional chemical of choice for bread 
preservation [123]. Legislation implemented under the European Parliament and Council 
Directive No. 95/2/EC requires that propionic acid may only be added to bread in a 
concentration not exceeding 3000 ppm [124]. However, recent studies have shown that 
under these conditions propionic acid is not effective against common bread spoilage 
organisms [125]. Additionally, a reduction of preservatives to sub-inhibitory levels might 
stimulate the growth of spoilage molds [126] and/or mycotoxin production [127, 128, 129]. 
Recent trends in the bakery industry have included the desire for high-quality foods, which 
are minimally processed and do not contain chemical preservatives, thus increasing the 
interest toward natural preservation systems [130]. 

Among the natural means for preservation of bread is the use of strains of lactic acid 
bacteria, which are imported in the form of sourdough [131, 132], providing fast and reliable 
stability of the dominant microflora in the production cycle. As components of the starter 
cultures selected strains homo- and heterofermentative lactic acid bacteria are applied. The 
latter utilize substrates with the formation of lactic and acetic acid, resulting in acidification 
of the medium (pH, total titratable acidity (TTK)) [105, 131, 133]. Acetate production by 
heterofermentative metabolism is of major importance for the development of flavour. The 
molar ratio between lactic to acetic acid in bread (fermentation quotient, FQ) is considered 
optimum in the range between 2.0 and 2.7 [131]. Production of suitable end-products during 

 
Development of New Products: Probiotics and Probiotic Foods 103 

dough fermentation depends on the availability of soluble carbohydrates, which are 
attacked by the enzymes of the flour and the microbial enzyme systems [105, 134, 135, 136]. 
Metabolism of carbohydrates is species specific, even strain specific. It depends on the type 
of sugars, the co-presence of yeasts and the processing conditions [137]. 

Besides weak organic acids, i.e. lactic and acetic acid [138, 139, 140], LAB produce a wide 
range of low molecular weight substances [141], peptides [142] and proteins [143] with 
antifungal activity. 

Sourdough is applied in the production of classic bread, sour bread, snacks, pizza and sweet 
baked goods. Sourdough fermentation increases the performance of the dough, improves 
the volume, texture, taste and nutritional value of the final product, slows down the loss of 
freshness and flavor and protects bread from mold and bacterial spoilage. These beneficial 
effects result from the appropriate balance between the metabolism of yeast strains and 
strains of hetero- and homofermentative lactic acid bacteria, which are the predominant 
microorganisms in natural sourdough. The metabolism of lactic acid bacteria is responsible 
for the production of organic acids and contributes, together with yeasts, to the production 
of aromatic components [144, 145, 146].  

The activity of the lactobacilli in the composition of sourdough affects the protein fraction of 
flour during fermentation. This protein is particularly important for the quality of the bread, 
as the protein network of the bread determines its rheology, gas retention and thus the 
volume and texture of the bread. The substrates for the microbial conversion of amino acids 
in taste precursors and antifungal metabolites [147] are provided by proteolytic reactions. 
The levels of some peptides are reduced, which is helpful in the cases of inability to absorb 
cereal products by some people [148]. 

Bread with best quality is obtained by the simultaneous use of homo- and 
heterofermentative lactic acid bacteria in a certain ratio. Pure cultures of yeasts and lactic 
acid bacteria, imported in sufficient quantities provide fast and reliable stabilization of the 
dominant microbiota, normal fermentation process and actively participate in the quality of 
the finished bread. To observe this effect proper selection of species of lactic acid bacteria 
and process design, control over the purity and the activity of the cultures are required. 

The strains Lactobacillus casei C, Lactobacillus brevis I, Lactobacillus plantarum NBIMCC 2415 
and Lactobacillus fermentum J are isolated from naturally fermented sourdough, which 
defines their ability to grow in the mixture of flour and water, reaching high levels of viable 
cells and accumulating acid. Therefore, the growth of each of the four strains in the mixture 
of flour and water is examined. The change in the concentration of viable cells and the 
titratable acidity for 96 hours of cultivation at 30ºC is traced. The proportions for the 
repeated kneading every 24 hours are: first day - 44% flour: 56% tap water and 5% 48-hour 
culture of the strain, second to fifth day: 25% starter from the previous day: 75% new mix 
flour / water with ratio 44% / 56%. All four strains of lactobacilli grow well in the mixture of 
flour and water, reaching 109-1015cfu/g within 96 hours and the TTA of the sourdoughs 
increases to around 100N (Table 14). 
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6.4. Probiotic bacteria in the composition of bread sourdough 
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salts [121, 122]. 
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yeasts to a large extent, and has therefore been the traditional chemical of choice for bread 
preservation [123]. Legislation implemented under the European Parliament and Council 
Directive No. 95/2/EC requires that propionic acid may only be added to bread in a 
concentration not exceeding 3000 ppm [124]. However, recent studies have shown that 
under these conditions propionic acid is not effective against common bread spoilage 
organisms [125]. Additionally, a reduction of preservatives to sub-inhibitory levels might 
stimulate the growth of spoilage molds [126] and/or mycotoxin production [127, 128, 129]. 
Recent trends in the bakery industry have included the desire for high-quality foods, which 
are minimally processed and do not contain chemical preservatives, thus increasing the 
interest toward natural preservation systems [130]. 

Among the natural means for preservation of bread is the use of strains of lactic acid 
bacteria, which are imported in the form of sourdough [131, 132], providing fast and reliable 
stability of the dominant microflora in the production cycle. As components of the starter 
cultures selected strains homo- and heterofermentative lactic acid bacteria are applied. The 
latter utilize substrates with the formation of lactic and acetic acid, resulting in acidification 
of the medium (pH, total titratable acidity (TTK)) [105, 131, 133]. Acetate production by 
heterofermentative metabolism is of major importance for the development of flavour. The 
molar ratio between lactic to acetic acid in bread (fermentation quotient, FQ) is considered 
optimum in the range between 2.0 and 2.7 [131]. Production of suitable end-products during 
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dough fermentation depends on the availability of soluble carbohydrates, which are 
attacked by the enzymes of the flour and the microbial enzyme systems [105, 134, 135, 136]. 
Metabolism of carbohydrates is species specific, even strain specific. It depends on the type 
of sugars, the co-presence of yeasts and the processing conditions [137]. 

Besides weak organic acids, i.e. lactic and acetic acid [138, 139, 140], LAB produce a wide 
range of low molecular weight substances [141], peptides [142] and proteins [143] with 
antifungal activity. 

Sourdough is applied in the production of classic bread, sour bread, snacks, pizza and sweet 
baked goods. Sourdough fermentation increases the performance of the dough, improves 
the volume, texture, taste and nutritional value of the final product, slows down the loss of 
freshness and flavor and protects bread from mold and bacterial spoilage. These beneficial 
effects result from the appropriate balance between the metabolism of yeast strains and 
strains of hetero- and homofermentative lactic acid bacteria, which are the predominant 
microorganisms in natural sourdough. The metabolism of lactic acid bacteria is responsible 
for the production of organic acids and contributes, together with yeasts, to the production 
of aromatic components [144, 145, 146].  

The activity of the lactobacilli in the composition of sourdough affects the protein fraction of 
flour during fermentation. This protein is particularly important for the quality of the bread, 
as the protein network of the bread determines its rheology, gas retention and thus the 
volume and texture of the bread. The substrates for the microbial conversion of amino acids 
in taste precursors and antifungal metabolites [147] are provided by proteolytic reactions. 
The levels of some peptides are reduced, which is helpful in the cases of inability to absorb 
cereal products by some people [148]. 

Bread with best quality is obtained by the simultaneous use of homo- and 
heterofermentative lactic acid bacteria in a certain ratio. Pure cultures of yeasts and lactic 
acid bacteria, imported in sufficient quantities provide fast and reliable stabilization of the 
dominant microbiota, normal fermentation process and actively participate in the quality of 
the finished bread. To observe this effect proper selection of species of lactic acid bacteria 
and process design, control over the purity and the activity of the cultures are required. 

The strains Lactobacillus casei C, Lactobacillus brevis I, Lactobacillus plantarum NBIMCC 2415 
and Lactobacillus fermentum J are isolated from naturally fermented sourdough, which 
defines their ability to grow in the mixture of flour and water, reaching high levels of viable 
cells and accumulating acid. Therefore, the growth of each of the four strains in the mixture 
of flour and water is examined. The change in the concentration of viable cells and the 
titratable acidity for 96 hours of cultivation at 30ºC is traced. The proportions for the 
repeated kneading every 24 hours are: first day - 44% flour: 56% tap water and 5% 48-hour 
culture of the strain, second to fifth day: 25% starter from the previous day: 75% new mix 
flour / water with ratio 44% / 56%. All four strains of lactobacilli grow well in the mixture of 
flour and water, reaching 109-1015cfu/g within 96 hours and the TTA of the sourdoughs 
increases to around 100N (Table 14). 



 
Probiotics 104 

Time, h 
 
Strain 

0 h 24 h 48 h 72 h 96 h 
N, 

[cfu/g]
TTA, 
[0N] 

N, 
[cfu/g]

TTA, 
[0N] 

N, 
[cfu/g]

TTA, 
[0N] 

N, 
[cfu/g]

TTA, 
[0N] 

N, 
[cfu/g] 

TTA, 
[0N] 

L.casei C 2x108 1,8 3x1011 10,4 3,8x1011 12 3,8x1012 11,2 8,1x1014 10,8 
L.brevis I 7,6x108 1,9 3x1010 13,2 4x1010 13 4,2x1010 8,6 5,6x1010 8 
Lactobacillus 
plantarum 
NBIMCC 
2415 

2x109 1,7 1,4x1011 11,8 9x1012 11 1,8x1013 9 1,4x1015 8,8 

L.fermentum J 1,3x108 2 3x109 9,6 5,2x109 10,2 5,6x109 8,8 7x109 8 

Table 14.  Change in the concentration of viable cells (N) of lactobacilli and the total titrable acidity 
(TTA) of the medium in repeated kneading in flour/water mixture every 24 hours for 96 hours 

Based on the results for the four strains of lactobacilli a starter culture for wheat bread is 
created by mixing them in a certain ratio. The ratio of is 2:1:1:1 = Lactobacillus plantarum 
NBIMCC 2415: Lactobacillus casei C: Lactobacillus brevis I: Lactobacillus fermentum J. 

The accumulation of biomass and the change in TTA of the sourdoughs during the repeated 
kneading every 24 hours is determined. The following experiment scheme is applied: first 
day - 44% flour: 56% tap water and 10% of the combination; second to fifth day: 25% from 
the starter culture from the previous day : 75% new mix flour / water with ratio 44% / 56%. 
On the third day of repeated kneading yeasts are added to the sourdough (1g).  

The results of the study on the starter culture for wheat bread are given in Table 15. The four 
strains develop with the accumulation of high concentrations of viable cells (over 1010cfu / g) 
of lactobacilli and TTA increases to 17,30N. 

In the sourdough molds have not been established. In addition to that, the metabolites 
formed by the lactic acid bacteria in the composition of the starter culture inhibit „wild” 
yeasts that get into sourdough through flours (Table 15). This ability is particularly 
important in sourdough fermentation of bread in repeated kneading for a long period of 
time - 6-9 months. 
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Under

10 
2,5 6,2x1011 nf 

Under
10 

8,4 2x1010 nf 
Under 

10 
17,3 

Table 15. Concentration of viable cells (N) of lactobacilli and of the Total Titrable Acidity (TTA) in the 
wheat starter culture and change in the microflora for 96 hours. LAB – lactic acid bacteria, M – molds, Y 
- yeasts, nf - not found 
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Along with determining the concentration of viable cells an organoleptic analysis of the starter 
culture is performed as well. The results show that for 48 to 72 hours of cultivation the starter 
culture reaches normal consistency of the sourdough and pleasant lactic acid flavor. 

The starter culture is probated in industrial production - for the baking of bread 96-hour 
sourdough with different percentage is used; the percentage is determined by the weight of 
the used flour - 5%, 7% and 10%, according to the following scheme: 2 kg of flour, 1.5% 
NaCl, 2% yeasts, the respective percentage from the starter culture and tap water (the 
amount of water is determined by water absorption of the type of flour). Enhancers are 
added as well - 2 g/kg flour. 

All the indicators of the sourdough and the bread are traced, so that the levels of 
incorporation of the sourdough would not adversely affect the rheological characteristics of 
the dough and the technologies adopted by manufacturers for the production of bread. The 
results of these experimental studies are presented in Table 16. 

Wheat bread with the starter culture is baked as well as a control bread (without a starter 
culture). The data from the evaluation of the final bread with different percentages of the 
starter culture, including its strength and elasticity, the pieces of bread before and after 
baking, taste, flavor, etc. are shown in Table 16 and show acceleration of the fermentation 
process. The bread obtained with the starter culture is healthier, has more elasticity, the 
loaves of the bread are higher. The final wheat bread has softer and lighter crumb, with 
pleasant aroma and characteristic lactic acid odour. 

Sample 

1 2 3 4 
Control 
(without 

starter culture)

Starter culture
5% 

Starter culture 
7% 

Starter culture 
10% 

TTA of the starter 
culture 

- 15,6 15,6 15,6 

Dough  Elastic Elastic Elastic 
Rise of the dough [min] 52 50 48 52 
Amount of water [%] 53 51 50 48 
Temperature of the 
dough [ºС] 

29.1 28.4 29.5 29.4 

Pieces before baking  Higher that the control 
Rise of the dough [cm] 9.0 9.0 9.2 9.2 
Baking (upper crust) Normal Normal Normal Normal 
Aroma of the bread 

Typical wheat 
bread aroma 

Soft lactic acid 
aroma 

Pleasant, 
characteristic 

lactic acid aroma

Strong an sharp 
characteristic 

lactic acid aroma 
TTA of the bread 1.2 1.5 1.6 1.7 

Table 16. Indicators characterizing the rheology of the sourdough, the flavor and aroma of the bread, 
prepared with 96-hour starter cultures 
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(TTA) of the medium in repeated kneading in flour/water mixture every 24 hours for 96 hours 

Based on the results for the four strains of lactobacilli a starter culture for wheat bread is 
created by mixing them in a certain ratio. The ratio of is 2:1:1:1 = Lactobacillus plantarum 
NBIMCC 2415: Lactobacillus casei C: Lactobacillus brevis I: Lactobacillus fermentum J. 

The accumulation of biomass and the change in TTA of the sourdoughs during the repeated 
kneading every 24 hours is determined. The following experiment scheme is applied: first 
day - 44% flour: 56% tap water and 10% of the combination; second to fifth day: 25% from 
the starter culture from the previous day : 75% new mix flour / water with ratio 44% / 56%. 
On the third day of repeated kneading yeasts are added to the sourdough (1g).  

The results of the study on the starter culture for wheat bread are given in Table 15. The four 
strains develop with the accumulation of high concentrations of viable cells (over 1010cfu / g) 
of lactobacilli and TTA increases to 17,30N. 

In the sourdough molds have not been established. In addition to that, the metabolites 
formed by the lactic acid bacteria in the composition of the starter culture inhibit „wild” 
yeasts that get into sourdough through flours (Table 15). This ability is particularly 
important in sourdough fermentation of bread in repeated kneading for a long period of 
time - 6-9 months. 
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Along with determining the concentration of viable cells an organoleptic analysis of the starter 
culture is performed as well. The results show that for 48 to 72 hours of cultivation the starter 
culture reaches normal consistency of the sourdough and pleasant lactic acid flavor. 

The starter culture is probated in industrial production - for the baking of bread 96-hour 
sourdough with different percentage is used; the percentage is determined by the weight of 
the used flour - 5%, 7% and 10%, according to the following scheme: 2 kg of flour, 1.5% 
NaCl, 2% yeasts, the respective percentage from the starter culture and tap water (the 
amount of water is determined by water absorption of the type of flour). Enhancers are 
added as well - 2 g/kg flour. 

All the indicators of the sourdough and the bread are traced, so that the levels of 
incorporation of the sourdough would not adversely affect the rheological characteristics of 
the dough and the technologies adopted by manufacturers for the production of bread. The 
results of these experimental studies are presented in Table 16. 

Wheat bread with the starter culture is baked as well as a control bread (without a starter 
culture). The data from the evaluation of the final bread with different percentages of the 
starter culture, including its strength and elasticity, the pieces of bread before and after 
baking, taste, flavor, etc. are shown in Table 16 and show acceleration of the fermentation 
process. The bread obtained with the starter culture is healthier, has more elasticity, the 
loaves of the bread are higher. The final wheat bread has softer and lighter crumb, with 
pleasant aroma and characteristic lactic acid odour. 
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Table 16. Indicators characterizing the rheology of the sourdough, the flavor and aroma of the bread, 
prepared with 96-hour starter cultures 
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The created starter culture for sourdough for wheat bread improves its technological and 
organoleptic characteristics. Along with this it has been found to inhibit “wild” yeasts and 
mold spores in flour. 

6.5. Soy probiotic foods 

Soy foods are essential in the diet of the people in the Far East. They are rich in protein, 
supplying the body with all the essential amino acids for building and maintaining the 
tissues [149]. They are a source of flavones and isoflavones that exhibit antioxidant activity 
and can reduce the damage caused by free radicals [150]. Soybeans have stachyose and 
raffinose, oligosaccharides that are bifidogenic factors. The body is supplied with vitamins 
from groups B and D, mineral elements - calcium, magnesium, iron, etc. by traditional soy 
foods. Anti-cancer agents - protease inhibitors, saponins, phytosterols, phenolic acids, phytic 
acid and isoflavones, most of which are important flavones and isoflavones, which are 
polyphenolic compounds and relate to the group of plant estrogens, phytoestrogens, are 
also present in soy foods. The general term phytoestrogens refers to substances which have 
the effect of female hormones, but are not steroids. It is believed that soy foods play an 
important role in preventing chronic diseases such as menopausal disorders, cancer, 
osteoporosis, atherosclerosis. 

Soy milk is obtained from dried, ripened, whole soybeans. They are soaked in fresh water 
for 16-18 hours at room temperature. The beans are washed, drained and ground. Hot 
potable water is added in a blender of Osterizer. The final suspension is filtered, autoclaved 
at 121ºC, stored overnight at 5ºC and it is processed to obtain soy milk products. 

The dense residual mass is also rich in plant protein, vitamins C and E, calcium, manganese 
and iron and is a soy enrichment agent. 

Soy milk contains no lactose. It replaces cow's milk for all people who suffer from 
allergies, lactase deficiency and milk protein intolerance. It can be used to carry out lactic 
acid fermentation with suitable strains of lactic acid bacteria (Lactobacillus acidophilus, 
Lactobacillus delbrueckii ssp. bulgaricus, Lactobacillus casei, Leuconostoc mesenteroides, 
Lactococcus lactis ssp. lactis, Bifidobacterium longum, Bifidobacterium bifidum) to obtain 
various fermented soy foods. It is a suitable environment for the development of new 
probiotic supplements. Having in mind the fact that it contains oligosaccharides, the 
obtained concentrates are synbiotics. 

Soy milk yoghurt has been studied extensively [151, 152, 153]. Fermented soy milk products 
may provide economic and nutritional benefits, because they can be preparated at higher 
protein levels at comparable or lower cost than regular fermented milk products [154]. Soy 
proteins have favorable amino acid balance, meeting the essential amino acid, require 
ments, except for methionine [155]. The researches of a number of authors [156, 157, 158] 
show a lot of advantages of the soy milk products in the nutrition of children and adults, 
suffering from allergies, diabetes, cancerous, heart and renal diseases. Soy milk products 
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and soy milk yoghurt successfully replace fermented milk products from cow's milk [157, 
158]. 

By selection of strains of lactobacilli (Lactobacillus acidophilus A) and bifidobacteria 
(Bifidobacterium bifidum L1) alone and in a combination with streptococci (Streptococcus 
thermophilus T3) soy probiotic milk and beverages, characterized by high concentration of 
active cells of lactobacilli and bifidobacteria (1011 - 1014cfu/g) and moderate titratable acidity, 
which allows 20 days of storage under refrigerated conditions, are obtained. 

It has been shown that the antioxidant activity of fermented soy foods is significantly higher 
in comparison with unfermented soy foods. 

Wang et al., 2006 [149] explores the influence of spray-drying and freeze-drying on 
fermented soy milk with L.acidophilus and Str.thermophilus and bifidobacteria - Bif. longum 
and Bif. infantis. The authors demonstrate increased antioxidant activity in fermented soy 
milk and the increase is species specific. Freeze-drying of soy milk leads to lower reduction 
of the antioxidant activity. This opens up new opportunities to use soy milk for obtaining 
probiotic supplements and probiotic soy milks and beverages. 

Soy cheese can be obtained from soy milk coagulated as a result of the action of lactic acid 
bacteria. Soy cheese is the result of fermentation with starter cultures for soy cheese and the 
probiotic strain L.rhamnosus. 

Probiotic lactobacilli and bifidobacteria may be included in other non-fermented soy foods - 
soy mayonnaise, soy delicacies, etc.in concentration 106-107cfu/g, which provides greater 
durability of soy foods. 

Heenan et al., 2004 [159] includes L.acidophilus, L.rhamnosus, L.paracasei subsp.paracasei, 
Sacch.boulardii and Bif.lactis in concentrations 106cfu/g in frozen non-fermented vegetable soy 
desserts made from soy beverage, sugar, butter, salt and stabilizers. 

Thus, the durability of soy foods increases as well as their biological effect on the body since 
they deliver beneficial microflora as well. That is how the preparation of healthy foods 
without the application of chemical preservatives is achieved. The role of the chemical 
preservatives is conducted by the imported probiotic cultures. 

6.6. Probiotic bacteria in the fermentation of fruit, vegetables, fruit and vegetable 
juices 

Almost all fruits and vegetables can undergo natural fermentation as they are inhabited 
by many types of lactic acid bacteria. The latter vary as a function of the microflora of the 
raw material, the temperature and the storage conditions [160]. Currently fermented 
cabbage, olives, cucumbers, carrots, lettuce, peas, corn, tomatoes, onions, pickles, 
radishes, Brussels sprouts, etc. are being produced mainly by natural fermentation. They 
allow fermentation with starter cultures as well. Lactic acid bacteria including the 
probiotic strains that are included as components of the starter cultures for fermented 
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The created starter culture for sourdough for wheat bread improves its technological and 
organoleptic characteristics. Along with this it has been found to inhibit “wild” yeasts and 
mold spores in flour. 

6.5. Soy probiotic foods 

Soy foods are essential in the diet of the people in the Far East. They are rich in protein, 
supplying the body with all the essential amino acids for building and maintaining the 
tissues [149]. They are a source of flavones and isoflavones that exhibit antioxidant activity 
and can reduce the damage caused by free radicals [150]. Soybeans have stachyose and 
raffinose, oligosaccharides that are bifidogenic factors. The body is supplied with vitamins 
from groups B and D, mineral elements - calcium, magnesium, iron, etc. by traditional soy 
foods. Anti-cancer agents - protease inhibitors, saponins, phytosterols, phenolic acids, phytic 
acid and isoflavones, most of which are important flavones and isoflavones, which are 
polyphenolic compounds and relate to the group of plant estrogens, phytoestrogens, are 
also present in soy foods. The general term phytoestrogens refers to substances which have 
the effect of female hormones, but are not steroids. It is believed that soy foods play an 
important role in preventing chronic diseases such as menopausal disorders, cancer, 
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and soy milk yoghurt successfully replace fermented milk products from cow's milk [157, 
158]. 
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6.6. Probiotic bacteria in the fermentation of fruit, vegetables, fruit and vegetable 
juices 

Almost all fruits and vegetables can undergo natural fermentation as they are inhabited 
by many types of lactic acid bacteria. The latter vary as a function of the microflora of the 
raw material, the temperature and the storage conditions [160]. Currently fermented 
cabbage, olives, cucumbers, carrots, lettuce, peas, corn, tomatoes, onions, pickles, 
radishes, Brussels sprouts, etc. are being produced mainly by natural fermentation. They 
allow fermentation with starter cultures as well. Lactic acid bacteria including the 
probiotic strains that are included as components of the starter cultures for fermented 
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fruits and vegetables have the ability to grow in the fruit matrix and the cell vitality 
depends on the strain, the type of the substrate, the final acidity of the product [73], their 
resistance to high concentrations of salt in the medium, their ability to grow at 
temperatures around 18ºC, to reproduce rapidly and to accumulate acids, which acidify 
the environment and inhibit the growth of extraneous microflora. Most of them belong to 
the genera Leuconostoc (Leuconostoc mesenteroides), Lactobacillus (Lactobacillus brevis, 
lactobacillus plantarum, Lactobacillus casei) and Pediococcus (Pediococcus pentosaceus) [161, 
162] and can be used as monocultures and as combinations. During its growth in 
vegetable juice Leuconostoc helps the growth of other lactobacilli and bifidobacteria by 
synthesis of dextranase [163]. 

Different strains are characterized with different sensitivity to the pH of the juice, to the 
acidification as a result of the fermentation, to the metabolic products, to the environmental 
conditions such as temperature, etc. [164, 165]. It has been shown that the optimum 
temperature for the development of probiotic strains is 35-40ºC and pH varies between 4,0 
and 3,6 [6]. To protect the cells from the effects of the environmental factors agar, alginate, 
chitosan are used [165, 166, 167]. A probiotic banana product fermented with Lactobacillus 
acidophilus, included in alginate gel structures, is obtained. The inclusion of bacteria in 
alginate gel and carrageenan matrices protects the cells from the damages resulting from 
freezing and freeze-drying [168]. Encapsulation is applied in the production of probiotics as 
well [169]. 

Many fruits and vegetables allow processing to turn into media rich in nutrients, mineral 
elements, vitamins and antioxidants suitable for the growth of probiotic bacteria [170]. The 
probiotic strain Lactobacillus plantarum NBIMCC 2415 grows well in such medium (tomato 
juice) [18]. Tomato juice is a suitable medium for the growth of Lactobacillus acidophilus, 
Lactobacillus casei, Lactobacillus delbrueckii [170], which for 48 hours of growth at 30ºC reach 
concentration of 108cfu/ml. This probiotic beverage is kept at refrigerated temperature and 
maintains the amount of viable cells for 4 weeks. The same author obtained probiotic 
cabbage juice with the same strains of lactobacilli [171]. 

According to Rakin et al., 2007 [172] yeast autolysate can be added to vegetable juices before 
lactic acid fermentation. Its addition stimulates the growth of Lactobacillus plantarum and 
Lactobacillus delbrueckii. 

Lactobacillus acidophilus and Lactobacillus plantarum can grow in red beet juice, reaching up to 
109 cfu/ml viable cells and reducing the pH from 6.3 to 4.5. 

Of course during the growth of probiotic bacteria in fruit and vegetable juices it is possible 
to obtain a product with specific flavor and aroma. In such cases the addition of fruit juices, 
which remove the off flavor, is needed. 

All this suggests that probiotic bacteria represent a potential for obtaining fruit and 
vegetable functional foods because of their ability to grow in them and their resistance to 
acidic environments. 
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7. Conclusion 

Beneficial microorganisms (lactobacilli and bifidobacteria) interact with other members of 
the intestinal microflora. The ability of the selected strains of lactobacilli and bifidobacteria 
to inhibit the growth of most representatives of Enterobacteriaceae which cause toxemia and 
toxicoinfections and some molds is a criterion that the microbial strains in the composition 
of probiotics and probiotic foods must meet. This is particularly important for the industry 
because of the sustainability of their growth to the majority of antibiotics used in modern 
health care - while pathogenic microorganisms can develop polyvalent resistance towards 
antibiotics, they can not do so against probiotic bacteria. The antimicrobial effect of the 
beneficial microflora is due to the synthesis of lactic, acetic and other organic acids and 
bacteriocins (proteins associated with microbial cells). 

The intact intestinal epithelium with normal intestinal microflora serves as a barrier to the 
migration of pathogens, antigens and other harmful substances from the intestinal contents. 
Thus the host is protected and normal functioning of the intestines is provided. The 
impaired balance of the gastrointestinal microflora leads to diarrhea, intestinal 
inflammation, problems with the permeability or activation of carcinogens from the 
intestinal contents. 

The future will undoubtedly show the many benefits of the combination of compatible 
symbiotic bacterial strains and prebiotics in functional foods. 

So far probiotics are an effective alternative to antibiotics and chemotherapy, but in the 
coming years they are expected to demonstrate their suitability as therapeutic and 
prophylactic agents for many diseases associated with disorders of the digestive system. 

As far as the products themselves are concerned future studies should be directed 
towards the selection of strains of lactobacilli and bifidobacteria with high probiotic effect 
and the development of technologies for the production of improved probiotics and 
probiotic foods. 
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1. Introduction 

Coronary heart disease (CHD) is one of the major causes of death in adults in the 
developed and developing countries which is referred to the condition in which the main 
coronary arteries supplying the heart are no longer able to supply sufficient blood and 
oxygen to the heart muscle (myocardium). The main cause of the reduced flow is an 
accumulation of plaques, mainly in the intima of arteries, a disease known as 
atherosclerosis (Akbarzadeh and Toufan, 2008). A number of risk factors known to affect 
an individual to CHD have been categorized such as hyperlipidaemia (high levels of 
lipids in the blood), hypertension (high blood pressure), obesity, cigarette smoking and 
lack of exercise. Probiotics as a live microbial food supplement beneficially affects the host 
by improving its intestinal microbial balance and is generally consumed as fermented 
milk products containing lactic acid bacteria such as bifidobacteria and/or lactobacilli. The 
supposed health benefits of probiotics include improved resistance to gastrointestinal 
infections, reduction in total cholesterol and TAG levels and stimulation of the immune 
system. A number of mechanisms have been proposed to explain their putative lipid-
lowering capacity and these include a ‘milk factor’, which has been thought to inhibit 
HMG-CoA reductase and the assimilation of cholesterol by certain bacteria. The 
mechanism of action of probiotics on cholesterol reduction include physiological actions 
of the end products of fermentation SCFAs, cholesterol assimilation, deconjugation of bile 
acids and cholesterol binding to bacterial cell walls. It has been well documented that 
microbial bile acid metabolism is a peculiar probiotic effect involved in the therapeutic 
role of some bacteria. The deconjugation reaction is catalyzed by conjugated bile acid 
hydrolase enzyme, which is produced exclusively by bacteria. The mechanism of 
cholesterol binding to bacterial cell walls has also been suggested as a possible 
explanation for hypocholesterolaemic effects of probiotics. Probiotics have received 
attention for their beneficial effects on the gut microflora and links to their systemic 

© 2012 Akbarzadeh and Homayouni, licensee InTech. This is a paper distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



 
Probiotics 120 

[171] Yoon K, Woodams E, Hang Y (2006) Production of probiotic cabbage juice by lactic 
acid bacteria. Bioresource Technol. 97: 1427–1430. 

[172] Rakin M, Vukasinovic M, Siler-Marinkovic S, Maksimovic M (2007) Contribution of 
lactic acid fermentation to improved nutritive quality vegetable juices enriched with 
brewer’s yeast autolysate. Food Chem. 100: 599–602. 

Chapter 5 

 

 

 
 

© 2012 Akbarzadeh and Homayouni, licensee InTech. This is an open access chapter distributed under the 
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is 
properly cited. 

Dairy Probiotic Foods and Coronary Heart 
Disease: A Review on Mechanism of Action 

Fariborz Akbarzadeh and Aziz Homayouni 

Additional information is available at the end of the chapter 

http://dx.doi.org/10.5772/50432 

1. Introduction 

Coronary heart disease (CHD) is one of the major causes of death in adults in the 
developed and developing countries which is referred to the condition in which the main 
coronary arteries supplying the heart are no longer able to supply sufficient blood and 
oxygen to the heart muscle (myocardium). The main cause of the reduced flow is an 
accumulation of plaques, mainly in the intima of arteries, a disease known as 
atherosclerosis (Akbarzadeh and Toufan, 2008). A number of risk factors known to affect 
an individual to CHD have been categorized such as hyperlipidaemia (high levels of 
lipids in the blood), hypertension (high blood pressure), obesity, cigarette smoking and 
lack of exercise. Probiotics as a live microbial food supplement beneficially affects the host 
by improving its intestinal microbial balance and is generally consumed as fermented 
milk products containing lactic acid bacteria such as bifidobacteria and/or lactobacilli. The 
supposed health benefits of probiotics include improved resistance to gastrointestinal 
infections, reduction in total cholesterol and TAG levels and stimulation of the immune 
system. A number of mechanisms have been proposed to explain their putative lipid-
lowering capacity and these include a ‘milk factor’, which has been thought to inhibit 
HMG-CoA reductase and the assimilation of cholesterol by certain bacteria. The 
mechanism of action of probiotics on cholesterol reduction include physiological actions 
of the end products of fermentation SCFAs, cholesterol assimilation, deconjugation of bile 
acids and cholesterol binding to bacterial cell walls. It has been well documented that 
microbial bile acid metabolism is a peculiar probiotic effect involved in the therapeutic 
role of some bacteria. The deconjugation reaction is catalyzed by conjugated bile acid 
hydrolase enzyme, which is produced exclusively by bacteria. The mechanism of 
cholesterol binding to bacterial cell walls has also been suggested as a possible 
explanation for hypocholesterolaemic effects of probiotics. Probiotics have received 
attention for their beneficial effects on the gut microflora and links to their systemic 

© 2012 Akbarzadeh and Homayouni, licensee InTech. This is a paper distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



 
Probiotics 122 

effects on the lowering of lipids known to be risk factors for CHD, notably cholesterol and 
TAG. The incorporation of probiotics into dairy products such as fermented milk 
products controlled nutrition studies need to be carried out to determine the beneficial 
effects of prebiotics, probiotics and synbiotics before substantial health claims can be 
made (Ranjbar et al., 2007a). 

2. Probiotics 

Probiotics are distinct as live microorganisms which, when administered in sufficient 
amounts present a health benefit on the host (FAO/WHO, 2002; Homayouni, 2008a; 
Homayouni, 2009). In recent years probiotic bacteria have increasingly been incorporated 
into dairy foods as dietary adjuncts. Lactobacillus and Bifidobacterium are the most common 
species of probiotic bacteria that were used in the production of fermented and non-
fermented dairy products. Consumption of probiotic bacteria via dairy food products is an 
ideal way to re-establish the intestinal microflora balance (Homayouni, 2008a). 

Probiotics have been shown to be effective against a number of disorders. Some mostly 
documented effects are relieving diarrhea, improving lactose intolerance and its 
immunomodulatory, anticarcinogenic, antidiabetic, hypocholesterolemic and hypotensive 
properties (Shah, 2007; Mai, and Draganov, 2009; Lye, et al., 2009). Probiotic bacteria, by 
competing with enteric pathogens for available nutrients and binding sites, reducing the pH 
of the gut, producing a variety of chemicals which inactivate viruses, enhancing specific and 
non-specific immune responses and increasing mucin production, can reduce incidence, 
severity and duration of diarrhea (Homayouni, et al., 2007; Allen, et al., 2010; Ejtahed, and 
Homayouni Rad, 2010). Alleviation of lactose intolerance symptoms by probiotic bacteria is 
attributed to their intracellular β-galactosidase content (Mustapha, et al., 1997). Studies have 
revealed that probiotic bacteria can induce many immunological changes and affect both 
Th1 and Th2 cytokine production and that these effects are strongly strain-specific (Lebeer, 
et al., 2010). Some major routes through which probiotic bacteria have been assumed to 
prevent cancer are: binding to mutagenic compounds thus decreasing their absorption, 
suppression of the growth of bacteria which convert procarcinogens to carcinogens, 
decreasing the activity of enzymes predictive of neoplasm including β-glucuronidase, 
nitroreductase and choloylglycine hydrolase as well as enhancing immune responses (Roos, 
and Katan, 2000). Inflammation plays a major role in both initiation and progression of 
diabetes (Duncan, et al., 2003; Pickup, and Frcpath, 2004). By reducing inflammatory 
responses, probiotics have been shown to correct insulin sensitivity and reduce 
development of diabetes mellitus. This anti-inflammatory effect has been proposed to be 
rooted in immunomodulatory properties of probiotic bacteria (Lye, et al., 2009). By reducing 
cholesterol absorption in the gut, incorporation of cholesterol into cell membranes, 
enzymatically deconjugation of bile salts and conversion of cholesterol to coprostanol, 
probiotics can reduce blood cholesterol (Lye, et al., 2009; Ooi, and Liong, 2010). Release of 
angiotensin converting enzyme (ACE) inhibitory peptides from the parent protein through 
proteolytic action explains how probiotics can exert antihypertensive effects (Lye, et al., 
2009). 
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3. Dairy probiotic foods 

Dairy probiotic foods are scientifically documented as having physiological benefits beyond 
those of basic nutritional values. Dairy products such as ice cream, cheese, yogurt, 
acidophilus-bifidus-milk, ayran, kefir, kumis, doogh containing probiotics and milk having 
omega-3, phytosterols, isoflavins, CLA, minerals, and vitamins have an outstanding position 
in the development of functional foods (Homayouni, et al., 2008b; Homayouni, et al., 2008c). 
Dairy beverages (both fermented and non-fermented) have long been considered as 
important vehicles for the delivery of probiotics. In fermentation process, lactic acid, acetic 
acid and citric acid are naturally produced which are commonly used organic acids to 
enhance organoleptic qualities as well as safety of many food products. Lactic acid bacteria 
are found to be more tolerant to acidity and organic acids than most of the pathogens and 
spoilage microorganisms (Homayouni, et al., 2008d).  

4. Coronary heart disease (CHD) 

Coronary heart disease (CHD) is one of the major causes of death in adults in the developed 
and developing countries which is referred to the condition in which the main coronary 
arteries supplying the heart are no longer able to supply sufficient blood and oxygen to the 
heart muscle (myocardium). The main cause of the reduced flow is an accumulation of 
plaques, mainly in the intima of arteries, a disease known as atherosclerosis (Akbarzadeh 
etal., 2003; Ranjbar et al., 2007b; Akbarzadeh etal., 2010; Ghaffari etal., 2010). 

5. Main risk factors of coronary heart disease 

CHD has assumed almost epidemic proportions in wealthy societies, whereas rheumatic 
heart disease is common in developing countries (Akbarzadeh etal., 2003; Akbarzadeh etal., 
2008). Known risk factors of CHD can be classified into those that cannot be modified (being 
male increasing age, genetic traits including lipid metabolism abnormalities, body build, 
ethnic origin), those that can be changed (cigarette smoking, hyperlipidaemia, low levels of 
high density lipoprotein, obesity, hypertension, low physical activity, increased thrombosis, 
stress, alcohol consumption), those associated with disease states (diabetes and glucose 
intolerance) and those related to geographic distribution (climate and season, cold weather, 
soft drinking water) (Lovegrove and Jackson, 2003; Akbarzadeh etal., 2009a). It has been 
demonstrated that there is a strong and consistent relationship between total plasma 
cholesterol and CHD risk (Martin et al., 1986). Accumulation of LDL in the plasma leads to a 
deposition of cholesterol in the arterial wall, a process that involves oxidative modification 
of the LDL particles. The oxidized LDL is taken up by macrophages, which finally become 
foam cells and forms the basis of the early atherosclerotic plaque. It has been estimated that 
every 1% increase in LDL cholesterol level leads to a 2-3% increase in CHD risk (Gensini et 
al., 1998; Akbarzadeh etal., 2009b). HDL cholesterol levels are higher in women than in men. 
Factors that may lead to reduced HDL cholesterol levels include smoking, low physical 
activity and diabetes mellitus; whereas those that increase levels include moderate alcohol 
consumption (Assmann et al., 1998; Akbarzadeh etal., 2009c). 
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6. Probiotics and CHD: Mechanism of action 

Diet is considered to control the risk of CHD through its effects on certain risk factors 
including blood lipids, blood pressure and probably also through thrombogenic 
mechanisms. New evidences suggest a protective role for dietary antioxidants such as 
vitamins E and C and carotenes, possibly through a mechanism that prevents the oxidation 
of LDL cholesterol particles (Lovegrove and Jackson, 2003). The diet is one of the adjustable 
risk factors associated with CHD risk which is recommends to reduce total fat (especially 
saturated fat), increasing Non-starch polysaccharides (NSP) intake and consumption of fruit 
and vegetables is advice that is expected to be associated with overall benefits on health. 

As a result of low consumer compliance of low-fat diets, attempts have been made to 
identify other dietary components that can reduce blood cholesterol levels. These have 
included investigations into the possible hypocholesterolaemic properties of milk products, 
especially in a fermented form. 18% fall in plasma cholesterol after feeding 4-5 liters of 
fermented milk per day for three weeks (Mann, and Spoerry, 1974). 

The mechanisms of action of probiotics on cholesterol reduction are physiological actions of 
the end products of fermentation SCFAs, cholesterol assimilation, deconjugation of bile 
acids and cholesterol binding to bacterial cell walls. The SCFAs that are produced by the 
bacterial anaerobic breakdown of carbohydrate are acetic, propionic and butyric. It has been 
well documented that microbial bile acid metabolism is a irregular probiotic effect involved 
in the therapeutic role of some bacteria. The deconjugation reaction is catalyzed by 
conjugated bile acid hydrolase enzyme, which is produced exclusively by bacteria. 
Deconjugation ability is widely found in many intestinal bacteria including genera 
Enterococcus, Peptostreptococcus, Bifidobacterium, Fusobacterium, Clostridium, 
Bacteroides and Lactobacillus (Hylemond, 1985). This reaction releases the amino acid 
moiety and the deconjugated bile acid, thereby reducing cholesterol reabsorption, by 
increasing faecal excretion of the deconjugated bile acids. Many in vitro studies have 
investigated the ability of various bacteria to deconjugate a variety of different bile acids. 
Grill et al. (1995) reported Bifidobacterium longum as the most efficient bacterium when 
tested against six different bile salts. Another study reported that Lactobacillus species had 
varying abilities to deconjugate glycocholate and taurocholate (Gilliland et al., 1985). Studies 
performed on in vitro responses are useful but in vivo studies in animals and humans are 
required to determine the full contribution of bile acid deconjugation to cholesterol 
reduction. Intervention studies on animals and ileostomy patients have shown that oral 
administration of certain bacterial species led to an increased excretion of free and 
secondary bile salts (De Smet, et al., 1998; Marteau, et al., 1995). 

There is also some in vitro evidence to support the hypothesis that certain bacteria can 
assimilate (take up) cholesterol. It was reported that L. acidophilus and B. bifidum had the 
ability to assimilate cholesterol in in vitro studies, but only in the presence of bile and under 
anaerobic conditions (Gilliland, et al., 1985; Rasic, et al., 1992). However, despite these 
reports there is uncertainty whether the bacteria are assimilating cholesterol or whether the 
cholesterol is co-precipitating with the bile salts. Studies have been performed to address 
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this question. Klaver and Meer (1993) concluded that the removal of cholesterol from the 
growth medium in which L. acidophilus and a Bifidobacterium sp. were growing was not 
due to assimilation, but due to bacterial bile salt deconjugase activity. The same question 
was addressed by Tahri et al., (1995) with conflicting results, and they concluded that part of 
the removed cholesterol was found in the cell extracts and that cholesterol assimilation and 
bile acid deconjugase activity could occur simultaneously. 

The mechanism of cholesterol binding to bacterial cell walls has also been suggested as a 
possible explanation for hypocholesterolaemic effects of probiotics. Hosona and Tono-oka 
(1995) reported Lactococcus lactis subsp. biovar had the highest binding capacity for 
cholesterol of bacteria tested in the study. It was speculated that the binding differences 
were due to chemical and structural properties of the cell walls, and that even killed cells 
may have the ability to bind cholesterol in the intestine. The mechanism of action of 
probiotics on cholesterol reduction could be one or all of the above mechanisms with the 
ability of different bacterial species to have varying effects on cholesterol lowering. 
However, more research is required to elucidate fully the effect and mechanism of 
probiotics and their possible hypocholesterolaemic action.  

It has been demonstrated that microbial bile acid metabolism is a main effect in the 
therapeutic role of probiotic bacteria. The deconjugation reaction is catalysed by conjugated 
bile acid hydrolase enzyme, which is produced by Bifidobacterium and Lactobacillus. This 
reaction releases the amino acid and deconjugated bile acid, which is reducing cholesterol 
reabsorption, by increasing faecal elimination of the deconjugated bile acids. 

7. Conclusions and future trends 

Risk factors known to affect an individual to CHD have been categorized such as 
hyperlipidaemia, hypertension, obesity, cigarette smoking and lack of exercise. Probiotics 
may prevent coronary heart disease by cholesterol reduction and microbial bile acid 
metabolism. The mechanism of action of probiotics on cholesterol reduction include 
physiological actions of the end products of fermentation SCFAs, cholesterol assimilation, 
deconjugation of bile acids and cholesterol binding to bacterial cell walls. It has been 
demonstrated that microbial bile acid metabolism is a peculiar probiotic effect involved in 
the therapeutic role of some bacteria. Deconjugation reaction is catalyzed by conjugated 
bile acid hydrolase enzyme, which is produced exclusively by bacteria. The mechanism of 
cholesterol binding to bacterial cell walls has also been suggested as a possible 
explanation for hypocholesterolaemic effects of probiotics. Probiotics have beneficial 
effects on the gut microflora and links to their systemic effects on the lowering of lipids 
known to be risk factors for CHD, notably cholesterol and TAG. In recent years, several 
probiotic foods were produced industrially. These foods have received attention for their 
beneficial effects on the gut microflora and links to their systemic effects on the lowering 
of lipids known to be risk factors for CHD. For progress to be made, the consumers need 
to be educated about the various health benefits and how they will be able to use these 
products in their own diet without adverse consequences. Also to make these foods 
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attractive to the consumer, the products need to be priced in such a way that they are 
accessible to the general public. 
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1. Introduction 

Since ancient times, food has been considered essential and indispensable to human life. 
Numerous studies clearly show that an individual’s quality of life is linked to daily diet and  
lifestyle (Moura, 2005).  

Interest in the role of probiotics for human health began as early as 1908 when Metchnikoff 
associated the intake of fermented milk with prolonged life (Lourens-Hattingh and Vilijoen, 
2001b). However, the relationship between intestinal microbiota and good health and 
nutrition has only recently been investigated. Therefore, it was not until the 1960’s that 
health benefit claims began appearing on foods labels.  

In recent years, there has been an increasing interest in probiotic foods, which has 
stimulated innovation and fueled the development of new products around the world. 
Probiotic bacteria have increasingly been incorporated into foods in order to improve gut 
health by maintaining the microbial gastrointestinal balance. The most popular probiotic 
foods are produced in the dairy industry because fermented dairy products have been 
shown to be the most efficient delivery vehicle for live probiotics to date.  

In this chapter, we will discuss the application of probiotic microorganisms in fermented 
dairy products, particularly cheeses. In addition, we will also discuss the benefits of 
probiotic fermented foods on human health. 

2. Probiotic concepts 

The word “probiotic” comes from Greek and means “for life” (Fuller, 1989). Over the years, 
the term “probiotic” has been given several definitions. ”Probiotic” is used to refer to 
cultures of live microorganisms which, when administered to humans or animals, improve 
properties of indigenous microbiota (Margoles and Garcia, 2003). In the food industry, the 
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term is described as “live microbial food ingredients that are beneficial to health” (Clancy, 
2003).  

It is important to mention that for a microorganism to be considered probiotic, (Figure 1), it 
must survive passage through the stomach and maintain its viability and metabolic activity 
in the intestine (Hyun and Shin, 1998). Native inhabitants of the human or animal 
gastrointestinal tract, such as lactobacilli and bifidobacteria, are considered to be probiotic, 
but often display low stress tolerance, which reduces their viability in probiotic applications. 
Microorganisms traditionally grown in fermented foods, such as lactic acid bacteria, 
propionibacteria and yeasts, are also considered for these applications.. 

 
Figure 1. Schematic representation of gastrointestinal tract 

It is essential that commercialized probiotic products which make health claims meet the 
minimum criterion of one million viable probiotic cells per milliliter of product at the 
expiration date. Accordingly, the minimum dosage of probiotic cells per day for any 
beneficial effect on the consumer is considered to be 108–109 probiotic CFU ml-1 or CFU g-1, 
which corresponds to an intake of 100 g product containing 106–107  CFU ml-1 or CFU g-1 
per day (Lorens-Hattingh and Viljoen, 2001a). 
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2.1. Selection of probiotic microorganisms 

The human intestinal tract constitutes a complex ecosystem of microorganisms. The 
bacterial population in the large intestine is very high and can reach maximum counts of 
1012 CFU g-1. In the small intestine, the bacterial content is considerably lower at only 104–108 
CFU g-1. In the stomach only 101-102 CFU g-1 are found due to the low pH of the environment 
(Lorens-Hattingh and Viljoen, 2001b). 

It is known that microbiota in the human intestine changes during human development. The 
intestine of newborn babies is fully sterile, however immediately after birth, colonization of 
many kinds of bacteria begins. On the first and second days after birth, coliforms, 
enterococci, clostridia and lactobacilli have been shown to be present present in infants’ 
feces. Within three to four days, bifidobacteria begins colonization and becomes 
predominant around the fifth day. Simultaneously, coliform counts decrease. Breast-fed 
babies show 1 log-count more of bifidobacteria in feces than bottle-fed babies. 
Enterobacteriaceae, streptococci, and other putrefactive bacteria counts are higher in bottle-
fed babies, suggesting that breast-fed babies are more resistant to gastrointestinal infections 
than the bottle-fed infants (Lorens-Hattingh and Viljoen, 2001b). 

In addition to the microbiota changes that occur during human aging, the microbiota in the 
gastrointestinal system can also change because of the food and health conditions of an 
individual. For example, use of antibiotics can damage the equilibrium of intestinal 
microbiota, reducing counts of bifidobacteria and lactobacilli and increasing clostridia. The 
ensuing imbalance can cause diarrhea in elderly and immunocompromised people. 

To help improve the balance of intestinal microbiota, probiotic microorganisms can be 
added to the human diet in order to stimulate the growth of preferred microorganisms, 
crowd out potentially harmful bacteria, and reinforce the body’s natural defense 
mechanisms.  

The selection of probiotic microorganisms is based on safety, functional and technological 
aspects, as reported by (Saarela et al., 2000). These are summarized in Figure 2. 

Certain probiotic bacteria have been extensively studied and are already on the market, as 
shown in Table 1. 

Before probiotic strains can be delivered to consumers, they must first be able to be 
manufactured under industrial conditions. They must then survive and retain their 
functionality during storage as frozen or freeze-dried cultures, as well as in the food 
products into which they are finally formulated. Moreover, they must be able to be 
incorporated into foods without producing off-flavors or textures (Saarela et al., 2000). 

Functional food requirements must take into consideration the following aspects in relation 
to the probiotics: The preparation should remain viable for large-scale production; it should 
remain stable and viable during storage and use; it should be able to survive in the intestinal 
ecosystem (Prado et al., 2008). 
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in the intestine (Hyun and Shin, 1998). Native inhabitants of the human or animal 
gastrointestinal tract, such as lactobacilli and bifidobacteria, are considered to be probiotic, 
but often display low stress tolerance, which reduces their viability in probiotic applications. 
Microorganisms traditionally grown in fermented foods, such as lactic acid bacteria, 
propionibacteria and yeasts, are also considered for these applications.. 

 
Figure 1. Schematic representation of gastrointestinal tract 

It is essential that commercialized probiotic products which make health claims meet the 
minimum criterion of one million viable probiotic cells per milliliter of product at the 
expiration date. Accordingly, the minimum dosage of probiotic cells per day for any 
beneficial effect on the consumer is considered to be 108–109 probiotic CFU ml-1 or CFU g-1, 
which corresponds to an intake of 100 g product containing 106–107  CFU ml-1 or CFU g-1 
per day (Lorens-Hattingh and Viljoen, 2001a). 
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2.1. Selection of probiotic microorganisms 

The human intestinal tract constitutes a complex ecosystem of microorganisms. The 
bacterial population in the large intestine is very high and can reach maximum counts of 
1012 CFU g-1. In the small intestine, the bacterial content is considerably lower at only 104–108 
CFU g-1. In the stomach only 101-102 CFU g-1 are found due to the low pH of the environment 
(Lorens-Hattingh and Viljoen, 2001b). 

It is known that microbiota in the human intestine changes during human development. The 
intestine of newborn babies is fully sterile, however immediately after birth, colonization of 
many kinds of bacteria begins. On the first and second days after birth, coliforms, 
enterococci, clostridia and lactobacilli have been shown to be present present in infants’ 
feces. Within three to four days, bifidobacteria begins colonization and becomes 
predominant around the fifth day. Simultaneously, coliform counts decrease. Breast-fed 
babies show 1 log-count more of bifidobacteria in feces than bottle-fed babies. 
Enterobacteriaceae, streptococci, and other putrefactive bacteria counts are higher in bottle-
fed babies, suggesting that breast-fed babies are more resistant to gastrointestinal infections 
than the bottle-fed infants (Lorens-Hattingh and Viljoen, 2001b). 

In addition to the microbiota changes that occur during human aging, the microbiota in the 
gastrointestinal system can also change because of the food and health conditions of an 
individual. For example, use of antibiotics can damage the equilibrium of intestinal 
microbiota, reducing counts of bifidobacteria and lactobacilli and increasing clostridia. The 
ensuing imbalance can cause diarrhea in elderly and immunocompromised people. 

To help improve the balance of intestinal microbiota, probiotic microorganisms can be 
added to the human diet in order to stimulate the growth of preferred microorganisms, 
crowd out potentially harmful bacteria, and reinforce the body’s natural defense 
mechanisms.  

The selection of probiotic microorganisms is based on safety, functional and technological 
aspects, as reported by (Saarela et al., 2000). These are summarized in Figure 2. 

Certain probiotic bacteria have been extensively studied and are already on the market, as 
shown in Table 1. 

Before probiotic strains can be delivered to consumers, they must first be able to be 
manufactured under industrial conditions. They must then survive and retain their 
functionality during storage as frozen or freeze-dried cultures, as well as in the food 
products into which they are finally formulated. Moreover, they must be able to be 
incorporated into foods without producing off-flavors or textures (Saarela et al., 2000). 

Functional food requirements must take into consideration the following aspects in relation 
to the probiotics: The preparation should remain viable for large-scale production; it should 
remain stable and viable during storage and use; it should be able to survive in the intestinal 
ecosystem (Prado et al., 2008). 
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Figure 2. Theoretical basis for selection of probiotic microorganism selection (adapted from Saarela et 
al., 2000). 

 

Strains Origin 
Lactobacillus casei Shirota Yakult, Japan 

Lactobacillus reuteri MM53 BioGaia, Sweden 
Bifidobacterium lactis HN019 Danisco, France 
Lactobacillus rhamnosus GG Valio, Finland 

Lactobacillus acidophilus NCFM Nestle, Switzerland 
Lactobacillus casei DN-173 010 Danone, France 

Lactobacillus casei CRl-431 Chr. Hansen, USA 
Bifidobacterium animalis BB12 Chr. Hansen, Denmark 

Bifidobacterium animalis DN173010 Danone, France 

Source: Prado et al., 2008 

Table 1. Probiotic bacteria marketed worldwide 

3. Beneficial effects of probiotics 

The role of balanced nutrition for health maintenance has attracted the attention of the 
scientific community, which in turn has produced numerous studies in order to prove the 
performance of certain foods in reducing the risk of Some diseases. There has also been 
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considerable growing interest in encouraging research into new natural components 
(Thamer and Penna, 2006). 

In a healthy host, a balance exists among members of the gut microbiota, such that potential 
pathogenic and non-pathogenic organisms can be found in apparent harmony. In the case of 
bacterial infection, this balance can become disturbed, leading to often dramatic changes in 
the composition. 

For most bacterial infections, nonspecific antibiotics are used, killing both non-pathogenic 
members of gut microbiota as well as pathogenic members. This can lead to a substantial delay 
in the restoration of healthy gut microbiota (Reid et al, 2011). The restoration of the gut 
microbiota balance is believed to be important because maintaining a healthy and balanced 
gut microbiota throughout life is thought to help preserve health and favor longevity. 

The most comprehensive analysis of human microbiota to date examined 27 distinct sites in 
the body and revealed the presence of 22 bacterial phyla, with most sequences (92.3%) 
related to just four phyla: Actinobacteria (36.6%), Firmicutes (34.3%), Proteobacteria (11.9%) 
and Bacteroidetes (9.5%) (Costelo, 2008). 

The metabolic capacity of gut bacteria is extremely diverse. This diversity is influenced by 
the large number of bacterial genera and species. Lactic acid species are present, as well as 
peptide-degrading bacteria, amino acids, and other methanogenic bacteria components of 
the gut microbiota which grow with the intermediate products of fermentation such as 
hydrogen, lactate, succinate and ethanol (Topping and Clifton, 2001). 

In host’s diet residue (matter undigested by its digestive system including resistant starch, 
fibers, proteins and peptides) substrates for primary fermentation can be found. Other 
important available substrates derive from mucin glycoproteins, exfoliated epithelial cells 
and pancreatic Secretions (MacFarlane et al., 1992). 

Hydrolysis and carbohydrate metabolism in the large intestine is influenced by a variety of 
physical, chemical, biological and environmental parameters. Probably the nature and 
quantity of available substrate that has greater meaning, making the diet easier and the 
main mechanism by which to influence the profile of fermentation. Other factors affecting 
the colonization and growth of bacteria in the intestine are intestinal pH, which inhibits the 
production of metabolites (acids and peroxides) and specific inhibitory substances 
(bacteriocins), bile salts and molecules and cells which constitute the immune system 
(Rastall et al., 2000) . 

Knowledge of intestinal gut microbiota and their interactions led to the development of food 
strategies aimed at the stimulation and maintenance of normal bacteria present in the gut 
(Gibson and Fuller, 2000). 

According to Wohlgemuth (2010), strategies for studying mechanisms of probiotic action 
involve in-vitro models, or conventional or gnotobiotic animal models, plus development of 
a simplified human intestinal gut microbiota. Wohlgemuth’s article proposes certain 
requirements that a model should ideally fulfill: 
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considerable growing interest in encouraging research into new natural components 
(Thamer and Penna, 2006). 

In a healthy host, a balance exists among members of the gut microbiota, such that potential 
pathogenic and non-pathogenic organisms can be found in apparent harmony. In the case of 
bacterial infection, this balance can become disturbed, leading to often dramatic changes in 
the composition. 

For most bacterial infections, nonspecific antibiotics are used, killing both non-pathogenic 
members of gut microbiota as well as pathogenic members. This can lead to a substantial delay 
in the restoration of healthy gut microbiota (Reid et al, 2011). The restoration of the gut 
microbiota balance is believed to be important because maintaining a healthy and balanced 
gut microbiota throughout life is thought to help preserve health and favor longevity. 

The most comprehensive analysis of human microbiota to date examined 27 distinct sites in 
the body and revealed the presence of 22 bacterial phyla, with most sequences (92.3%) 
related to just four phyla: Actinobacteria (36.6%), Firmicutes (34.3%), Proteobacteria (11.9%) 
and Bacteroidetes (9.5%) (Costelo, 2008). 

The metabolic capacity of gut bacteria is extremely diverse. This diversity is influenced by 
the large number of bacterial genera and species. Lactic acid species are present, as well as 
peptide-degrading bacteria, amino acids, and other methanogenic bacteria components of 
the gut microbiota which grow with the intermediate products of fermentation such as 
hydrogen, lactate, succinate and ethanol (Topping and Clifton, 2001). 

In host’s diet residue (matter undigested by its digestive system including resistant starch, 
fibers, proteins and peptides) substrates for primary fermentation can be found. Other 
important available substrates derive from mucin glycoproteins, exfoliated epithelial cells 
and pancreatic Secretions (MacFarlane et al., 1992). 

Hydrolysis and carbohydrate metabolism in the large intestine is influenced by a variety of 
physical, chemical, biological and environmental parameters. Probably the nature and 
quantity of available substrate that has greater meaning, making the diet easier and the 
main mechanism by which to influence the profile of fermentation. Other factors affecting 
the colonization and growth of bacteria in the intestine are intestinal pH, which inhibits the 
production of metabolites (acids and peroxides) and specific inhibitory substances 
(bacteriocins), bile salts and molecules and cells which constitute the immune system 
(Rastall et al., 2000) . 

Knowledge of intestinal gut microbiota and their interactions led to the development of food 
strategies aimed at the stimulation and maintenance of normal bacteria present in the gut 
(Gibson and Fuller, 2000). 

According to Wohlgemuth (2010), strategies for studying mechanisms of probiotic action 
involve in-vitro models, or conventional or gnotobiotic animal models, plus development of 
a simplified human intestinal gut microbiota. Wohlgemuth’s article proposes certain 
requirements that a model should ideally fulfill: 
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 Selected bacterial species should represent numerically dominant organisms of the 
human gut microbiota. 

 By and large, the metabolic activity of this community should mimic that of normal 
human gut microbiota. 

 The genome sequence of all members of the microbial community should be known. 
 The members of this consortium should form a stable community in rodents. It should 

be possible to maintain this community under gnotobiotic conditions from generation 
to generation. 

 The composition of the microbial community should be modifiable when required.  

It is possible to increase the number of health-promoting microorganisms in gut microbiota 
through the introduction of probiotics in the diet. The probiotics will selectively modify the 
composition of the gut microbiota, providing the probiotic microorganisms demonstrate a 
competitive advantage over other bacteria in the ecosystem (Crittenden, 1999). Probiotic 
therapeutic properties are listed in Table 2.  
 

Probiotic therapeutic properties 
Influence on host gut microbiota and pathogenic bacteria 

Improvement of specific enzymatic activities 
Production of antibacterial substances 

Competitive exclusion of pathogenic bacteria 
Induction of defensin production 

Improvement of intestinal barrier function 
Modulation of host immune functions 

Modulation of intestinal carcinogenesis 
Modulation of cholesterol uptake 

Wohlgemuth et al. (2010); Reddy and Rivenson (1993); Chen et al. (1984); Zhu et al., Cancer letters (2011);  
Jones et al., Br J Nutr (2012) 

Table 2. Therapeutic Properties of Probiotics   

There is a growing body of evidence that ingested beneficial bacteria, called probiotics, can 
beneficially modulate chronic intestinal inflammation, diarrhea, constipation, vaginitis, 
irritable bowel syndrome, atopic dermatis, food allergies and liver disease (Wallace et al., 
2011, Nutrition reviews). 

Probably the most promising area is the alleviation of symptoms linked to inflammatory 
bowel diseases (IBD), a growing health concern. As an example, the probiotic preparation 
VSL#3 induced remission in children (n=18) with mild to moderate ulcerative colitis (UC) 
(Huynh et al., 2009, Inflamm. Bowel Dis.) Accordingly, VSL#3 was tested in a 1-year, 
placebo-controlled, double-blind clinical study on UC children (n=29). Remission was 
achieved in 36.4% of children receiving IBD therapy and placebo, but in 92.8% of children 
receiving IBD therapy and VSL#3 (Milele et al., 2009, Am J Gastroeterol.) Similar promising 
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results were obtained with the probiotic Escherichia coli Nissle 1917 strain (Kruis et al., 2004, 
Gut ; Do et al., Ann Pharmacother, 2010). However, a review of available data indicates that 
more clinical studies are needed to confirm the beneficial effects of these products in UC and 
in inactive pouch patients (Jonkers et al., 2012, Drugs). This review also states that there is 
no evidence to support the use of probiotics in Crohn’s disease. 

Other studies confirm these findings. Miele et al. (2009) reported that all of 29 patients 
studied responded to inflammatory bowel disease therapy. Remission was achieved in 
92.8% of patients treated with mixed probiotics and 36.4% of patients treated with placebo. 
Overall, 21.4 % patients treated with a mix of probiotics and 73.3 % patients treated with 
placebo relapsed within 1 year of follow-up. 

Urinary tract infections (UTIs) are a common and frequently recurrent infection among 
women. Depletion of vaginal lactobacilli is associated with UTI risk, which suggests that 
repletion of the bacteria may be beneficial. Young women with a history of recurrent UTI 
were randomized to receive either a probiotic or placebo daily. Recurrent UTI occurred in 
15% of women receiving probiotic compared with 27% of women receiving placebo  
(Stapleton et al., 2011). 

Probiotics have considerable potential for preventive and therapeutic applications in 
gastrointestinal disorders. However, it is important to note that many probiotic health 
claims have not yet been substantiated through experimental evidence. In addition, the 
efficacy demonstrated for a single given bacterial strain cannot be extrapolated to other 
probiotic organisms. Moreover, the mechanisms underlying probiotic action have not yet 
been fully elucidated. A better understanding of these mechanisms will be able to shed light 
on the disparate clinical data and provide new tools to help the prevention or treatment of 
health disorders (Wohlgemuth et al., 2010; Yan et al., 2011). 

4. Application of probiotic bacteria in dairy foods 

There is evidence that food matrices play an important role in the beneficial health effects of 
probiotics on the host (Espirito Santo et al., 2011). 

Fermented foods, particularly dairy foods, are commonly used as probiotic carriers. 
Fermented beverages provide an important contribution to the human diet in many 
countries because fermentation is an inexpensive technology which preserves food, 
improves its nutritional value and enhances its sensory properties (Gadaga et al., 1999). 
However, the increasing demand for new probiotic products has encouraged the 
development of other matrices to deliver probiotics, such as ice cream, infant milk power 
and fruit juice. 

Davidson et al. (2000) evaluated the viability of probiotic strains in low-fat ice cream. They 
used cultures containing Streptococcus salivarius ssp. thermophilus and Lactobacillus delbrueckii 
ssp. Bulgaricus, Bifidobacterium longum and Lactobacillus acidophilus, and verified that culture 
bacteria did not decrease in the yogurt during frozen storage. Also, the presence of probiotic 
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results were obtained with the probiotic Escherichia coli Nissle 1917 strain (Kruis et al., 2004, 
Gut ; Do et al., Ann Pharmacother, 2010). However, a review of available data indicates that 
more clinical studies are needed to confirm the beneficial effects of these products in UC and 
in inactive pouch patients (Jonkers et al., 2012, Drugs). This review also states that there is 
no evidence to support the use of probiotics in Crohn’s disease. 

Other studies confirm these findings. Miele et al. (2009) reported that all of 29 patients 
studied responded to inflammatory bowel disease therapy. Remission was achieved in 
92.8% of patients treated with mixed probiotics and 36.4% of patients treated with placebo. 
Overall, 21.4 % patients treated with a mix of probiotics and 73.3 % patients treated with 
placebo relapsed within 1 year of follow-up. 

Urinary tract infections (UTIs) are a common and frequently recurrent infection among 
women. Depletion of vaginal lactobacilli is associated with UTI risk, which suggests that 
repletion of the bacteria may be beneficial. Young women with a history of recurrent UTI 
were randomized to receive either a probiotic or placebo daily. Recurrent UTI occurred in 
15% of women receiving probiotic compared with 27% of women receiving placebo  
(Stapleton et al., 2011). 

Probiotics have considerable potential for preventive and therapeutic applications in 
gastrointestinal disorders. However, it is important to note that many probiotic health 
claims have not yet been substantiated through experimental evidence. In addition, the 
efficacy demonstrated for a single given bacterial strain cannot be extrapolated to other 
probiotic organisms. Moreover, the mechanisms underlying probiotic action have not yet 
been fully elucidated. A better understanding of these mechanisms will be able to shed light 
on the disparate clinical data and provide new tools to help the prevention or treatment of 
health disorders (Wohlgemuth et al., 2010; Yan et al., 2011). 

4. Application of probiotic bacteria in dairy foods 

There is evidence that food matrices play an important role in the beneficial health effects of 
probiotics on the host (Espirito Santo et al., 2011). 

Fermented foods, particularly dairy foods, are commonly used as probiotic carriers. 
Fermented beverages provide an important contribution to the human diet in many 
countries because fermentation is an inexpensive technology which preserves food, 
improves its nutritional value and enhances its sensory properties (Gadaga et al., 1999). 
However, the increasing demand for new probiotic products has encouraged the 
development of other matrices to deliver probiotics, such as ice cream, infant milk power 
and fruit juice. 

Davidson et al. (2000) evaluated the viability of probiotic strains in low-fat ice cream. They 
used cultures containing Streptococcus salivarius ssp. thermophilus and Lactobacillus delbrueckii 
ssp. Bulgaricus, Bifidobacterium longum and Lactobacillus acidophilus, and verified that culture 
bacteria did not decrease in the yogurt during frozen storage. Also, the presence of probiotic 
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bacteria did not alter the sensory characteristics of the ice cream. The ice cream matrix may 
offer a good vehicle for probiotic cultures due to its composition, which includes milk 
proteins, fat and lactose, as well as other compounds. Moreover, its frozen state contributes 
to its efficiency. However, a probiotic ice cream product should have relatively high pH 
values –5.5 to 6.5, in order to favor an increased survival of lactic cultures during storage. 
The lower acidity also results in increased consumer acceptance, especially among 
consumers who prefer milder Products. (Cruz et al., 2009b). 

Growth of a probiotic yeast, Saccharomyces boulardii, in association with the bio-yogurt 
microflora, which is done by incorporating the yeast into commercial bio-yogurt, has been 
suggested as a way to stimulate growth of probiotic organisms and to assure their survival 
during storage. Lorens-Hattingh and Viljoen (2001a) studied the ability of probiotic yeast to 
grow and survive in dairy products, namely bio-yogurt, UHT yogurt and UHT milk. S. 
boulardii was incorporated into these dairy products and stored at 4 ºC over a 4-week period. 
It was observed that the probiotic yeast species, S. boulardii, had the ability to grow in bio-
yogurt and reach maximum counts exceeding 107 CFU g-1. The number of yeast populations 
was substantially higher in the fruit-based yogurt, mainly due to the presence of sucrose 
and fructose derived from the fruit. Despite the inability of S. boulardii to utilize lactose, the 
yeast species utilized available organic acids, galactose and glucose derived from bacterial 
metabolism of the milk sugar lactose present in the dairy products. 

The viability of strains of L. acidophilus and Bifidobacterium animalis ssp. lactis in stirred 
yoghurts with fruit preparations of mango, mixed berry, passion fruit and strawberry was 
evaluated during shelf-life (Godward et al., 2000; Kailasapathy et al., 2008). The authors 
observed that regardless of concentrations, the addition of any of the fruit preparations had 
no effect on the counts of the two probiotics tested. 

Fermented milks supplemented with lemon and orange fibers increased the counts of L. 
acidophilus and L. casei during cold storage compared to the control set. This was not the case 
for B. bifidum, possibly owing to the well-known sensitivity of bifidobacteria species to an 
acidic environment (Sendra et al., 2008). 

5. Probiotic cheeses 

Probiotic foods are currently primarily found in fermented milk drinks and yogurt, both of 
which have limited shelf life compared to cheeses. Incorporation of probiotic cultures in 
cheeses offers the potential not only to improve health but also product quality. It also opens 
the way to  increasing the range of probiotic products on the market. The manufacture of 
most cheeses involves combining four ingredients: milk, rennet, microorganisms and salt 
These are processed using a number of common steps such as gel formation, whey 
expulsion, acid production and salt addition. Variations in ingredient blends and 
subsequent processing have led to the evolution of all cheese varieties. 

Cheeses are dairy products which have a strong potential for delivering probiotic 
microorganisms into the human intestine, due to their specific chemical and physical 
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characteristics. Cheeses have higher pH levels, lower titratable acidity, higher buffering 
capacity, more solid consistency, relatively higher fat content, higher nutrient availability 
and lower oxygen content than yogurts. These qualities protect probiotic bacteria during 
storage and passage through the gastrointestinal tract (Karimi et al., 2011; Ong et al., 
2006).  

As mentioned above, the physicochemical properties of food influence probiotic bacteria 
survival in the digestive tract, due to the low pH in the stomach, typically between 2.5 and 
3.5 (Holzapfel et al., 1998), and the anti-microbial activity of pepsin that serve as effective 
barriers against the entrance of bacteria into the intestinal tract. Values of pH between 1 and 
5 are commonly employed in determining the in vitro acid tolerance of Lactobacillus and 
Bifidobacterium spp. (Charteris et al., 1998). Bile salt concentrations between 0.15% and 0.3% 
have been recommended as appropriate for selection of probiotic bacteria for human 
consumption (Yang and Adams, 2004).  

A variety of microorganisms, typically food-grade lactic acid bacteria (LAB), have been 
evaluated for their probiotic potential and have been applied as adjunct cultures in various 
food products or therapeutic preparations (Rodgers, 2008). Lactobacillus and Bifidobacterium 
species may be found in many foods; some are frequently regarded as probiotics due to 
their capacity to improve certain biological functions in the host. Complex interactions occur 
among resident microbiota, epithelial and immune cells and probiotics. These interactions 
play a major role in the development and maintenance of the beneficial activities for healthy 
humans (Medici el al., 2004).  

According to Karimi et al. (2012), recommendations for the minimum viable counts of each 
probiotic strain in gram or millilitre of probiotic products vary when it comes to providing 
health benefits related to probiotic organisms. For example, the minimum viable levels of 
105 cfu g-1 have been recommended (Shah, 1995); while 106 cfu g-1 (Karimi and Amiri-Rigi, 
2010; Talwalkar and Kailasapathy, 2004) and 107 cfu g-1 (Samona and Robinson, 1994) have 
been suggested for probiotics in different products. However, populations of 106-107 CFU/g 
in the final product have been shown to be more acceptable as efficient levels of probiotic 
cultures in processed foods (Talwalkar, Miller, Kailasapathy and Nguyen, 2004), with 
numbers attaining 108 - 109 CFU when provided by a daily consumption of 100 g or 100 mL 
of probiotic food, and hence benefiting human health (Jayamanne & Adams, 2006). It is 
important to emphasize that the incorporation of probiotic cultures into cheeses would 
produce functional foods only if the cultures remained viable in recommended numbers 
during maturation and shelf life of the products. 

One of the preconditions for a bacterial strain to be called probiotic is the strain’s ability to 
survive in the gastrointestinal environment, although the importance of viability for the 
beneficial effects of probiotics has not been well defined since inactivated and dead cells can 
also have immunological and health-promoting effects (Ghadimi et al., 2008; Lopez et al., 
2008). Moreover, there are significant technological challenges associated with the 
introduction and maintenance of high numbers of probiotic microorganisms in foods that 
depend on the form of the probiotic inoculant, and with the viability and maintenance of 
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bacteria did not alter the sensory characteristics of the ice cream. The ice cream matrix may 
offer a good vehicle for probiotic cultures due to its composition, which includes milk 
proteins, fat and lactose, as well as other compounds. Moreover, its frozen state contributes 
to its efficiency. However, a probiotic ice cream product should have relatively high pH 
values –5.5 to 6.5, in order to favor an increased survival of lactic cultures during storage. 
The lower acidity also results in increased consumer acceptance, especially among 
consumers who prefer milder Products. (Cruz et al., 2009b). 

Growth of a probiotic yeast, Saccharomyces boulardii, in association with the bio-yogurt 
microflora, which is done by incorporating the yeast into commercial bio-yogurt, has been 
suggested as a way to stimulate growth of probiotic organisms and to assure their survival 
during storage. Lorens-Hattingh and Viljoen (2001a) studied the ability of probiotic yeast to 
grow and survive in dairy products, namely bio-yogurt, UHT yogurt and UHT milk. S. 
boulardii was incorporated into these dairy products and stored at 4 ºC over a 4-week period. 
It was observed that the probiotic yeast species, S. boulardii, had the ability to grow in bio-
yogurt and reach maximum counts exceeding 107 CFU g-1. The number of yeast populations 
was substantially higher in the fruit-based yogurt, mainly due to the presence of sucrose 
and fructose derived from the fruit. Despite the inability of S. boulardii to utilize lactose, the 
yeast species utilized available organic acids, galactose and glucose derived from bacterial 
metabolism of the milk sugar lactose present in the dairy products. 

The viability of strains of L. acidophilus and Bifidobacterium animalis ssp. lactis in stirred 
yoghurts with fruit preparations of mango, mixed berry, passion fruit and strawberry was 
evaluated during shelf-life (Godward et al., 2000; Kailasapathy et al., 2008). The authors 
observed that regardless of concentrations, the addition of any of the fruit preparations had 
no effect on the counts of the two probiotics tested. 

Fermented milks supplemented with lemon and orange fibers increased the counts of L. 
acidophilus and L. casei during cold storage compared to the control set. This was not the case 
for B. bifidum, possibly owing to the well-known sensitivity of bifidobacteria species to an 
acidic environment (Sendra et al., 2008). 

5. Probiotic cheeses 

Probiotic foods are currently primarily found in fermented milk drinks and yogurt, both of 
which have limited shelf life compared to cheeses. Incorporation of probiotic cultures in 
cheeses offers the potential not only to improve health but also product quality. It also opens 
the way to  increasing the range of probiotic products on the market. The manufacture of 
most cheeses involves combining four ingredients: milk, rennet, microorganisms and salt 
These are processed using a number of common steps such as gel formation, whey 
expulsion, acid production and salt addition. Variations in ingredient blends and 
subsequent processing have led to the evolution of all cheese varieties. 

Cheeses are dairy products which have a strong potential for delivering probiotic 
microorganisms into the human intestine, due to their specific chemical and physical 
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characteristics. Cheeses have higher pH levels, lower titratable acidity, higher buffering 
capacity, more solid consistency, relatively higher fat content, higher nutrient availability 
and lower oxygen content than yogurts. These qualities protect probiotic bacteria during 
storage and passage through the gastrointestinal tract (Karimi et al., 2011; Ong et al., 
2006).  

As mentioned above, the physicochemical properties of food influence probiotic bacteria 
survival in the digestive tract, due to the low pH in the stomach, typically between 2.5 and 
3.5 (Holzapfel et al., 1998), and the anti-microbial activity of pepsin that serve as effective 
barriers against the entrance of bacteria into the intestinal tract. Values of pH between 1 and 
5 are commonly employed in determining the in vitro acid tolerance of Lactobacillus and 
Bifidobacterium spp. (Charteris et al., 1998). Bile salt concentrations between 0.15% and 0.3% 
have been recommended as appropriate for selection of probiotic bacteria for human 
consumption (Yang and Adams, 2004).  

A variety of microorganisms, typically food-grade lactic acid bacteria (LAB), have been 
evaluated for their probiotic potential and have been applied as adjunct cultures in various 
food products or therapeutic preparations (Rodgers, 2008). Lactobacillus and Bifidobacterium 
species may be found in many foods; some are frequently regarded as probiotics due to 
their capacity to improve certain biological functions in the host. Complex interactions occur 
among resident microbiota, epithelial and immune cells and probiotics. These interactions 
play a major role in the development and maintenance of the beneficial activities for healthy 
humans (Medici el al., 2004).  

According to Karimi et al. (2012), recommendations for the minimum viable counts of each 
probiotic strain in gram or millilitre of probiotic products vary when it comes to providing 
health benefits related to probiotic organisms. For example, the minimum viable levels of 
105 cfu g-1 have been recommended (Shah, 1995); while 106 cfu g-1 (Karimi and Amiri-Rigi, 
2010; Talwalkar and Kailasapathy, 2004) and 107 cfu g-1 (Samona and Robinson, 1994) have 
been suggested for probiotics in different products. However, populations of 106-107 CFU/g 
in the final product have been shown to be more acceptable as efficient levels of probiotic 
cultures in processed foods (Talwalkar, Miller, Kailasapathy and Nguyen, 2004), with 
numbers attaining 108 - 109 CFU when provided by a daily consumption of 100 g or 100 mL 
of probiotic food, and hence benefiting human health (Jayamanne & Adams, 2006). It is 
important to emphasize that the incorporation of probiotic cultures into cheeses would 
produce functional foods only if the cultures remained viable in recommended numbers 
during maturation and shelf life of the products. 

One of the preconditions for a bacterial strain to be called probiotic is the strain’s ability to 
survive in the gastrointestinal environment, although the importance of viability for the 
beneficial effects of probiotics has not been well defined since inactivated and dead cells can 
also have immunological and health-promoting effects (Ghadimi et al., 2008; Lopez et al., 
2008). Moreover, there are significant technological challenges associated with the 
introduction and maintenance of high numbers of probiotic microorganisms in foods that 
depend on the form of the probiotic inoculant, and with the viability and maintenance of 
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probiotic characteristics in the food product up to the time of consumption. Spray drying 
has been used as a preservation method for microbial cultures. Gardiner et al. (2002) 
produced spray-dried probiotic milk powder containing the probiotic Lactobacillus paracasei 
NFBC 338. The powder contained 1 x 109 CFU.g-1 L. paracasei which was used as adjunct 
inoculums during probiotic Cheddar cheese manufacture. After three months of ripening, 
the count was 7.7 x 107 CFU.g-1, without any adverse effects on the cheese. The researchers’ 
data shows that probiotic spray-dried powder may be a useful means for adding probiotic 
strains to dairy products.  

In order to use probiotic bacteria in the manufacture of cheese products, the process may 
have to be modified and adapted to the requirements of the strains employed. Overall, 
probiotic strains should be technologically compatible with the food manufacturing 
process involved. With regard to the development of probiotic cheeses, this means that 
such strains should be cultivable to high cell density for inoculation into the cheese vat, or 
that the strains are capable of proliferating during the manufacturing and/or ripening 
process (Ross et al., 2002). In general, a probiotic cheese should have the same attributes 
as a conventional cheese: the incorporation of probiotic bacteria should not imply a loss of 
quality of the product. In this context, the level of proteolysis and lipolysis must be the 
same or even better than for cheese which does not have functional food appeal (Cruz et 
al., 2009a). 

Proteolysis plays a critical role in determining typical sensory characteristics and represents 
a significant quality indicator for certain cheeses. Proteolysis is caused by enzymes found in 
milk (plasmin), rennet (pepsin and chymosin) and microbial enzymes released by starter 
cultures. The activities of these enzymes hydrolyze the fractions of caseins, which leads to 
the formation of peptides. These peptides may be further hydrolyzed with proteolytic 
enzymes originating from microbiota such as starter bacteria, non-starter lactic acid bacteria 
(NSLAB) and probiotic adjuncts to the cheeses, into smaller peptides and free amino acids, 
which are important for flavor development in some cheeses (Ong et al., 2007; Cliffe et al., 
1993; Lynch et al., 1999). 

Three batches of Cheddar cheeses (Batch 1, with only starter lactococci; Batch 2, with 
lactococci and Lactobacillus acidophilus 4962, Lb. casei 279, Bifidobacterium longum 1941; Batch 
3, with lactococci and Lb. acidophilus LAFTIs L10, Lb. paracasei LAFTI L26, B. lactis LAFTI 
B94) were manufactured in triplicate to study the survival and influence of probiotic 
bacteria on proteolytic patterns and production of organic acid during a ripening period of 6 
months at 4 ºC. All probiotic adjuncts survived the manufacturing process and maintained 
their viability of 7.5 log10 cfu g-1 at the end of the ripening term. The number of lactococci 
decreased by one to two log cycles, but their counts were not significantly different (P> 
0.05) in either the control or the probiotic cheeses. No significant differences were 
observed in composition (fat, protein, moisture, salt content), although acetic acid 
concentration was higher in the probiotic cheeses. Proteolysis assessment during ripening 
showed no significant differences (P> 0.05) in the level of water-soluble nitrogen (primary 
proteolysis), but the levels of secondary proteolysis indicated by the concentration of free 

 
Probiotics in Dairy Fermented Products 139 

amino acids were significantly higher (P> 0.05) in probiotic cheeses. These data thus 
suggested that Cheddar cheese is an effective vehicle for the delivery of probiotic 
organisms (Ong et al., 2006). 

Phillips et al. (2006) have also studied probiotic Cheddar cheese. They manufactured six 
batches of Cheddar cheese containing different combinations of commercially-available 
probiotic cultures. Duplicate cheeses contained organisms from each supplier, 
Bifidobacterium spp., Lactobacillus acidophilus and either Lactobacillus casei, Lactobacillus 
paracasei, or Lactobacillus rhamnosus. Using selective media, the different strains were 
assessed for viability during Cheddar cheese maturation over 32 weeks. Bifidobacterium sp. 
remained at high numbers with the three strains present in cheese at 4×107, 1.4×108, and 
5×108 CFU/g respectively after 32 weeks. Similarly, the L. casei (2×107 CFU/g), L. paracasei 
(1.6×107 CFU/g), and L. rhamnosus (9×108 CFU/g) strains survived well. However, the L. 
acidophilus strains performed poorly. Both decreased in a similar manner and were recorded 
at 3.6×103 CFU/g and 4.9×103 CFU/g after 32 weeks. 

Numerous scientific papers have been published on the development of fresh cheeses 
containing recognized and potentially probiotic cultures. They have described suitable 
viable counts as well as a positive influence on texture and sensorial properties of the 
cheeses. Cottage cheese in particular shows an adequate profile for the incorporation of 
probiotic cells and/or prebiotic substances. In addition, cottage cheese is a healthy 
alternative to many other cheeses by virtue of its low fat content. 

Araújo et al. (2010) developed a symbiotic cottage cheese containing Lactobacillus 
delbrueckii UFV H2b20 and inulin, and evaluated the survival of this bacterium when the 
cheese was exposed to conditions simulating those found in the gastro-intestinal tract. 
Throughout the entire storage period of the cheese, the probiotic cell counts were higher 
than recommended levels for probiotic products. The probiotic bacterium exhibited 
satisfactory resistance to low pH values and to high concentrations of bile salts. The 
addition of probiotic cells and inulin generated no alterations in the physicochemical 
characteristics of cheese. By allowing the viable microorganism has characteristics 
desirable for incorporation of a probiotic strain. Probiotic cells could be added to the 
dressing, creamy liquid that surrounds the granules of cheese because after this step there 
is not exposition at high temperature. 

Although cottage cheese is well adapted to the health requirements of modern populations, 
its consumption has been in decline over the past few years. By developing new production 
processes, cottage cheese, apart from carrying the nutritional qualities of milk, may also 
furnish consumers with a source of lactic acid bacteria, probiotic microorganisms and 
prebiotics. The lactic acid bacteria perform more critical functions in cottage cheese than just 
producing lactic acid. They also aid the manufacture process and increase the final 
rheological and sensorial qualities of the cheese. Controlling of the fermentation process 
with lactic acid bacteria allows for the enhancement of the sensorial quality of the cheese 
and could hence play a crucial role in increasing consumption of cottage cheese. 
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probiotic characteristics in the food product up to the time of consumption. Spray drying 
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data shows that probiotic spray-dried powder may be a useful means for adding probiotic 
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quality of the product. In this context, the level of proteolysis and lipolysis must be the 
same or even better than for cheese which does not have functional food appeal (Cruz et 
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cultures. The activities of these enzymes hydrolyze the fractions of caseins, which leads to 
the formation of peptides. These peptides may be further hydrolyzed with proteolytic 
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which are important for flavor development in some cheeses (Ong et al., 2007; Cliffe et al., 
1993; Lynch et al., 1999). 

Three batches of Cheddar cheeses (Batch 1, with only starter lactococci; Batch 2, with 
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3, with lactococci and Lb. acidophilus LAFTIs L10, Lb. paracasei LAFTI L26, B. lactis LAFTI 
B94) were manufactured in triplicate to study the survival and influence of probiotic 
bacteria on proteolytic patterns and production of organic acid during a ripening period of 6 
months at 4 ºC. All probiotic adjuncts survived the manufacturing process and maintained 
their viability of 7.5 log10 cfu g-1 at the end of the ripening term. The number of lactococci 
decreased by one to two log cycles, but their counts were not significantly different (P> 
0.05) in either the control or the probiotic cheeses. No significant differences were 
observed in composition (fat, protein, moisture, salt content), although acetic acid 
concentration was higher in the probiotic cheeses. Proteolysis assessment during ripening 
showed no significant differences (P> 0.05) in the level of water-soluble nitrogen (primary 
proteolysis), but the levels of secondary proteolysis indicated by the concentration of free 
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amino acids were significantly higher (P> 0.05) in probiotic cheeses. These data thus 
suggested that Cheddar cheese is an effective vehicle for the delivery of probiotic 
organisms (Ong et al., 2006). 

Phillips et al. (2006) have also studied probiotic Cheddar cheese. They manufactured six 
batches of Cheddar cheese containing different combinations of commercially-available 
probiotic cultures. Duplicate cheeses contained organisms from each supplier, 
Bifidobacterium spp., Lactobacillus acidophilus and either Lactobacillus casei, Lactobacillus 
paracasei, or Lactobacillus rhamnosus. Using selective media, the different strains were 
assessed for viability during Cheddar cheese maturation over 32 weeks. Bifidobacterium sp. 
remained at high numbers with the three strains present in cheese at 4×107, 1.4×108, and 
5×108 CFU/g respectively after 32 weeks. Similarly, the L. casei (2×107 CFU/g), L. paracasei 
(1.6×107 CFU/g), and L. rhamnosus (9×108 CFU/g) strains survived well. However, the L. 
acidophilus strains performed poorly. Both decreased in a similar manner and were recorded 
at 3.6×103 CFU/g and 4.9×103 CFU/g after 32 weeks. 

Numerous scientific papers have been published on the development of fresh cheeses 
containing recognized and potentially probiotic cultures. They have described suitable 
viable counts as well as a positive influence on texture and sensorial properties of the 
cheeses. Cottage cheese in particular shows an adequate profile for the incorporation of 
probiotic cells and/or prebiotic substances. In addition, cottage cheese is a healthy 
alternative to many other cheeses by virtue of its low fat content. 

Araújo et al. (2010) developed a symbiotic cottage cheese containing Lactobacillus 
delbrueckii UFV H2b20 and inulin, and evaluated the survival of this bacterium when the 
cheese was exposed to conditions simulating those found in the gastro-intestinal tract. 
Throughout the entire storage period of the cheese, the probiotic cell counts were higher 
than recommended levels for probiotic products. The probiotic bacterium exhibited 
satisfactory resistance to low pH values and to high concentrations of bile salts. The 
addition of probiotic cells and inulin generated no alterations in the physicochemical 
characteristics of cheese. By allowing the viable microorganism has characteristics 
desirable for incorporation of a probiotic strain. Probiotic cells could be added to the 
dressing, creamy liquid that surrounds the granules of cheese because after this step there 
is not exposition at high temperature. 

Although cottage cheese is well adapted to the health requirements of modern populations, 
its consumption has been in decline over the past few years. By developing new production 
processes, cottage cheese, apart from carrying the nutritional qualities of milk, may also 
furnish consumers with a source of lactic acid bacteria, probiotic microorganisms and 
prebiotics. The lactic acid bacteria perform more critical functions in cottage cheese than just 
producing lactic acid. They also aid the manufacture process and increase the final 
rheological and sensorial qualities of the cheese. Controlling of the fermentation process 
with lactic acid bacteria allows for the enhancement of the sensorial quality of the cheese 
and could hence play a crucial role in increasing consumption of cottage cheese. 
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Souza, et al. (2008) and Souza and Saad (2009) studied the manufacture of Minas fresh 
cheese supplemented solely with the probiotic strain of L. acidophilus La-5. Cheeses 
manufactured solely with La-5 presented populations above 1 x 106 CFU/g, reaching 1 x 107 

CFU/g on the 14th day of storage. 

The Argentinean fresh cheese is a soft rindless cheese with a ripening period of 12 days at  
5 ºC before its commercial distribution. This cheese presents the following physicochemical 
characteristics: pH 5.29, moisture 58% (w/w), fat 12% (w/w), proteins 23% (w/w), salt 0.9% 
(w/w), ashes 3.4% (w/w), dry matter 40.8% (w/w) and calcium 0.6% (w/w). This product has 
proven to be an adequate vehicle for probiotic bacteria during storage and until 
consumption. It offers offer a certain degree of protection of the viability of bacteria during 
the in vitro simulation of gastric transit (Vinderola et al., 2000). 

Kasimoglu et al. (2004) have shown that L. acidophilus strain can be used for the manufacture 
of probiotic Turkish white cheese. The final numbers of L. acidophilus were greater than the 
minimum (107 cfu g-1) required to make health benefits claims. Furthermore, L. acidophilus 
can be used to enhance flavor, texture, and a produce a high level of proteolysis. Moreover, 
probiotic cheese which was vacuum packed following salting was shown to be more 
acceptable than the corresponding cheese stored in brine following salting. Therefore, 
vacuum packaging is the preferred means for storing probiotic Turkish white cheeses. 

6. Concluding remarks and future trends 

In conclusion, probiotic microorganisms, including bacteria and yeasts, are attracting a 
growing interest due to their promising physiological effects as well as the value they add to 
probiotic-containing food products. There is a growing body of evidence that probiotics may 
play a beneficial role in human health (Ouwehand et al., 2002; Collado et al., 2009). 
Established effects in humans include alleviation of symptoms linked to lactose intolerance 
or to irritable bowel syndrome. They also include reduced diarrhea associated with 
antibiotic treatment, rotavirus or traveler’s diseases. It should be emphasized that the 
beneficial properties of probiotic microorganisms are highly dependent on the strains, 
which means that each strain or product requires demonstration of the specific effects in 
vivo. The possibility of using certain probiotics to modulate the immune system, particularly 
at the mucosal level (O'Flaherty et al., 2010) is the most promising application. In this 
respect, promising healing effects were obtained using the probiotic mixture VSL#3 on 
ulcerative colitis patients (Miele et al., 2009; Huynh et al., 2009; Ng et al., 2010). These 
clinical studies, which still need to be confirmed by larger studies, strongly suggest that 
selected strains of probiotics may help in treating the bowel diseases which constitute a 
growing health concern in developing countries. Clearly, animal studies suggest other 
promising probiotic effects incuding inflammatory diseases, allergies and associated 
asthma, and colorectal cancer. These applications open exciting avenues that must be 
investigated at both molecular and clinical levels. 

Understanding the impact of ingested bacteria on health, as well as the impact of gut 
microbiota perturbation (dysbiosis) on emerging diseases, including immune disorders and 
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cancer remains a great challenge. In developed countries, gut microbiota have evolved with 
a reduced diversity of bacterial species (Yatsunenko et al., 2012). This is particularly true in 
Crohn’s disease patients (Manichanh et al., 2006), who lack immunomodulatory anti-
inflammatory bacteria, including Faecalibacterium prausnitzii (Sokol et al., 2008). A similar 
reduced diversity was also described in the case of colorectal cancer, (Chen et al., 2012) 
confirming the involvement of dysbiosis in digestive cancers (Azcarate-Peril et al., 2011). 
The composition of gut microbiota is linked to long term dietary patterns (Wu et al., 2011). 
This suggests that ingested bacteria can participate in the prevention and/or treatment of 
emerging diseases. This hypothesis has been reinforced by recent epidemiological studies 
which show that raw milk prevents the onset of allergy and asthma in children (Loss et al., 
2011; Waser et al., 2007; Braun-Fahrlander et al., 2011). The authors suggested a protective 
immunomodulatory role of raw milk bacteria (Braun-Fahrlander et al., 2011).  

Most interestingly, bacterial species used as dairy starters display promising properties in 
this field. For example, immunomodulatory anti-inflammatory properties were described in 
certain strains of Propionibacterium freudenreichii (Foligné et al., 2010; Deutsch et al., 2012), 
Streptococcus thermophilus (Ogita et al., 2011), Lactobacillus delbrueckii subsp. bulgaricus and 
subsp. lactis (Santos-Rocha et al., 2012), as well as Lactobacillus helveticus (Guglielmetti et al., 
2010). Modulation of colon cancer cell growth was also reported in vitro and/or in animal 
models for P. freudenreichii (Cousin et al., 2010; Lan et al., 2008), when the cells were exposed 
to yogurt containing S. thermophilus and L. bulgaricus (Narushima et al., 2010; Perdigon et al., 
2002)  and L. helveticus (de Moreno et al., 2010). Future trends may thus include the 
development of specific fermented dairy products designed for specific population. These 
could use bacteria strains and employ both technological capabilities and probiotic potential 
to affect immune system modulation, gut physiology and cancer cells. 
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manufactured solely with La-5 presented populations above 1 x 106 CFU/g, reaching 1 x 107 
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minimum (107 cfu g-1) required to make health benefits claims. Furthermore, L. acidophilus 
can be used to enhance flavor, texture, and a produce a high level of proteolysis. Moreover, 
probiotic cheese which was vacuum packed following salting was shown to be more 
acceptable than the corresponding cheese stored in brine following salting. Therefore, 
vacuum packaging is the preferred means for storing probiotic Turkish white cheeses. 

6. Concluding remarks and future trends 
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probiotic-containing food products. There is a growing body of evidence that probiotics may 
play a beneficial role in human health (Ouwehand et al., 2002; Collado et al., 2009). 
Established effects in humans include alleviation of symptoms linked to lactose intolerance 
or to irritable bowel syndrome. They also include reduced diarrhea associated with 
antibiotic treatment, rotavirus or traveler’s diseases. It should be emphasized that the 
beneficial properties of probiotic microorganisms are highly dependent on the strains, 
which means that each strain or product requires demonstration of the specific effects in 
vivo. The possibility of using certain probiotics to modulate the immune system, particularly 
at the mucosal level (O'Flaherty et al., 2010) is the most promising application. In this 
respect, promising healing effects were obtained using the probiotic mixture VSL#3 on 
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cancer remains a great challenge. In developed countries, gut microbiota have evolved with 
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emerging diseases. This hypothesis has been reinforced by recent epidemiological studies 
which show that raw milk prevents the onset of allergy and asthma in children (Loss et al., 
2011; Waser et al., 2007; Braun-Fahrlander et al., 2011). The authors suggested a protective 
immunomodulatory role of raw milk bacteria (Braun-Fahrlander et al., 2011).  

Most interestingly, bacterial species used as dairy starters display promising properties in 
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2010). Modulation of colon cancer cell growth was also reported in vitro and/or in animal 
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1. Introduction 

Lactose is the main sugar in milk and therefore the main energy source for the newborn. 
Milk contains 4,8% lactose [1]. Lactose is a disaccharide consisting out of glucose and 
galactose.  

In normal physiological conditions lactose is hydrolyzed by lactase also known as lactase-
phlorizin hydrolase and under its systemic name lactose- galactosehydrolase (EC 3.2.1.108), 
which is a brush-border membrane bound enzyme. Glucose and galactose are taken up by 
the intestinal cells and transported into the bloodstream (Fig. 1). A considerable part of 
glucose and most galactose is cleared by the liver after the first pass. Lactose which is not 
hydrolyzed in the small intestine is passing into the colon where it is fermented. Lactose 
itself and its metabolites are osmotic active products causing an osmotic pressure; excessive 
amounts present in the colon are related to the development of clinical symptoms as 
diarrhea. 

The apparent lactase enzyme activity is affected by various factors like a. age, b. genetic 
background, c. integrity of the small intestinal membrane and d. the small-intestinal transit 
time 

a. The activity of the enzyme lactase is age dependent. The activity is high in the first year 
of age and declines until adulthood is reached. It is not clear what the physiological 
advantage is of the age dependency of the lactase activity in relation to the disaccharide 
glucose-galactose. 

Several remarkable aspects can be brought up in this respect: 

- Galactose has a higher hepatic clearance than glucose, which prevents a significant 
postprandial increase in blood glucose in the systemic circulation. 

- Galactose does not lead to an induction of the pancreatic insulin response. 

© 2012 Vonk et al., licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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- Lactase might have a variable and limited capacity which leads to a regulated spill over 
of lactose into the colon. There lactose might act as a primer (prebiotic) for the colonic 
microbiota in the first period of life (See also the subchapter of colonic fermentation of 
lactose). 

 
b. The role of the genetic background of the lactase activity has been described in detail 

elsewhere [2]. 
c. The lactase activity is strongly affected by the integrity of the small intestinal 

membrane. This is the reason why in patients with celiac disease, which have not been 
treated optimally, symptoms of lactose intolerance may appear [3]. 

d. Finally, the turnover of lactose by the enzyme is dependent on the small intestinal 
transit time (apparent enzyme activity). 

Fermented milk products can alleviate symptoms by delaying gastric emptying, orocecal 
transit time, or both. Delay of gastric emptying is due to the higher viscosity of the 
fermented milk product as compared to milk. Decrease of orocecal transit time is due to the 
metabolic products of probiotics or a lower osmotic force due to improved lactose digestion. 
A longer passage time in lactose maldigesters aids in hydrolyzing as much lactose as 
possible before spill over into the colon occurs. These findings support that pasteurized 
yogurt already provides alleviation of symptoms and that yogurt containing living 
probiotics improves this alleviation [4]. The effect of sugars, including lactose, on the small 
intestinal transit time is not well documented [5]. Changes in intestinal transit time due to 
the sugar molecules might especially play a role in other pathological conditions like 
irritable bowel disease. 

Lactose intolerance is the pathophysiological situation in which the small intestinal 
digestion and / or colonic fermentation is altered which leads to clinical symptoms. 

 
Figure 1. Small intestinal metabolism of lactose. Lactose enters the small intestine (1), lactose is then 
coverted by lactase from the host (2) or by probiotics (3). Excess amounts of lactose spill over into the 
colon (4). 
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2. Colonic fermentation of lactose 

Lactose which is spilled over into the colon can be hydrolyzed by the colonic bacterial 
enzyme β-galactosidase resulting in the formation of glucose and galactose. Glucose and 
galactose are subsequently converted into lactate as well as into the short chain fatty acids 
(SCFA) acetate, propionate and butyrate (see Fig. 2). Additionally, microbial biomass will be 
formed. The original substrate lactose, the intermediate products glucose and galactose and 
the final products can all contribute to the osmotic load in the colon. This might lead to 
increased colonic transit time, altered fermentation profiles and ultimately to diarrhea.  

The central question is which molecule contributes most to the pathological symptoms, like 
diarrhea: the original substrate lactose and / or one of the metabolites. 

As indicated in Fig. 2 the number of molecules is doubled after the first conversion by β-
galactosidase and tripled after the second conversion. A rapid conversion to the final 
metabolites enhances the osmotic force considerable.  

We first analyzed the role of lactose itself assuming that β-galactosidase is the rate limiting 
step. In a recent paper of us [6], we describe that inducing the colonic β-galactosidase by 
administration of yogurt and additional probiotics alleviates the clinical symptoms of 
lactose intolerance in an adult Chinese population. This suggests a specific role of lactose 
itself in the development of clinical symptoms. Our observation was confirmed by [7], who 
observed in post-weaning Balb/c mice that symptoms of diarrhea were reduced by inducing 
the β-galactosidase activity by administration of a recombinant Lactococcus lactis 
MG1363/FGZW strain expressing β-galactosidase. 

 

 
 
Figure 2. Colonic metabolism of lactose. Lactose enters the colon (1) and is fermented by the microbiota 
into glucose and galactose. Gasses such as hydrogen, methane and carbondioxide are formed (2). 
Lactate is also formed and converted into short chain fatty acids (SCFA)(3,4), also in this stage gasses 
are formed (2). These SCFAs can be taken up by epithelial cells (5) or can be used by the microbiota  
(6) or excreted in the faeces (7). 
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Figure 2. Colonic metabolism of lactose. Lactose enters the colon (1) and is fermented by the microbiota 
into glucose and galactose. Gasses such as hydrogen, methane and carbondioxide are formed (2). 
Lactate is also formed and converted into short chain fatty acids (SCFA)(3,4), also in this stage gasses 
are formed (2). These SCFAs can be taken up by epithelial cells (5) or can be used by the microbiota  
(6) or excreted in the faeces (7). 
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In contrast with these observations is the fact that β-galactosidase is an abundant enzyme in 
the colonic microbiota. It is present in many phylogroups of bacteria which in total might 
contribute to more than 40% of the total population of the colonic microbiome (Table 1). 
However, relative abundance and composition of bacteria with β-galactosidase in the distal 
colon do not seem to be related to lactose intolerance [8]. Another argument to consider is 
that the conversion of lactose into glucose, galactose and subsequently SCFA / lactate 
doubles and triples respectively the osmotic pressure. This aspect will be discussed in more 
detail under the chapter administration of pre- and probiotics. 
 

 
Table 1. Overview of all bacteria known to produce β-galactosidase. 
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Considering the physiological aspects of lactose digestion and fermentation it is clear that 
sufficient small intestinal hydrolysis of lactose related to the dose consumed will prevent 
symptoms of lactose intolerance. In case of relative insufficient lactase activity in the small 
intestine, spillover into the colon will occur. Adequate removal of osmotic active molecules, 
however, can prevent development of clinical symptoms of diarrhea. 

3. Clinical symptoms of lactose intolerance 

Symptoms of intestinal discomfort, abdominal pain and / or diarrhea can occur in case of 
lactose intolerance. These complaints are, however, not specific and can also be noticed in 
several other clinical conditions (for example irritable bowel syndrome, coeliac disease, 
Crohn’s disease). For proper treatment and correct interpretation of interventions accurate 
diagnosis of the underlying pathophysiology is therefore very important. 

4. Diagnostics of lactose intolerance 
The most direct diagnosis is the analysis of lactase activity. However, the enzyme activity 
derived from a small intestinal biopsy does not reflect the overall lactase activity in the small 
intestine because of the patchy character of the distribution of this enzyme. This can lead to 
false positive and negative estimation of the overall physiological capacity to hydrolyze 
lactose.  

Screening the genotype of people with lactose intolerant-like symptoms can aid in the 
correct diagnosis of lactose intolerance. The lactase gene can contain single-nucleotide 
polymorphisms (SNP) in the promotor region which leads to a high capacity to digest 
lactose. The most common SNP C/T-13910 is found in many Northwest European people. 
Several methods have been developed to detect this most common SNP. Järvelä et al. [2] 
sum up in their review the different methods for detection: minisequencing, enzyme 
digest, polymerase chain reaction-restriction fragment length polymorphism and 
pyrosequencing. For detection of all known SNPs, sequencing is the most reliable 
technique. Because there is a poor correlation between abdominal symptoms and lactase 
activity, genetics alone is not sufficient for a correct clinical diagnosis of adult lactose 
intolerance. 

For congenital lactase deficiency genetic screening is effective, mutations occur in the lactase 
gene itself and symptoms start shortly after birth [2]. The prevalence of this syndrome 
however, is very low. 

The analysis of the capacity to digest lactose in vivo by using two stable isotopes might be 
theoretically the best diagnostical method [9]. This test consists of the administration of 13C-
lactose and 2H-glucose and calculation of the ratio of the 13C-glucose/2H-glucose 
concentrations measured in plasma. This test can be used to analyze the effect of 
interventions and to demonstrate changes in the capacity to digest lactose. However, as 
a routinely used diagnostic tool this test is not applicable because of its complex 
character.  
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The most commonly used diagnostic method for lactose intolerance is the hydrogen breath 
test. This test is easy to apply in clinical practice, but as discussed in detail by us [12] others 
[11] this test leads to false positive and false negative results. 

A way to improve the precision of the breath test is to use 13C-lactose as a substrate and 
measure both H2 and 13CO2 in breath as first described by Hiele et al. [12]. This might be the 
best applicable test in daily practice. 

5. Application of pre- and probiotics to improve the clinical symptoms of 
lactose intolerance 

An effect of an intervention with probiotics can be expected at two levels: 

a. hydrolysis of lactose in the milk product and in the small intestine 
b. at the level of colonic fermentation 

a. The hydrolytic capacity of probiotic strains can be used to reduce the actual amount 
of lactose in the product, as occurs in yogurt. It can also be used to increase the 
overall hydrolytic capacity in the small intestine. The probiotic strain can be alive or 
can be lysed in the intestinal tract for its effect. Lactobacillus acidophilus is a bile-salt 
tolerant bacterium which hardly increases lactose digestion. However, sonication of 
Lactobacillus Acidophilus milk weakens their membranes and improves lactose-
intolerance symptoms [4]. Lactobacillus delbrüeckii in a milk product can deliver β-
galactosidase activity. These microorganisms do not have to be alive as long as their 
membranes are intact which helps to protect β-galactosidase during gastric passage 
[4]. Yogurt improves the lactose intolerance due to the presence of a group of 
lactobacillus bacteria it contains, i.e., Lactobacillus acidophilus [13]. Kinova et al. [14] 
described the beneficial effects of Lactobacillus present in fermented milk products. In 
[15] is described that consumption of yogurt containing Lactobacillus bulgaricus and 
Streptococcus thermophiles alleviate the lactose intolerance through their enzyme 
lactase when the product reaches the intestinal tract. Also Masood et al. [16] describe 
the beneficial effects of lactic acid bacteria in their review. From these findings it is 
inferred that lactose intolerance can be reduced by regularly consuming the 
fermented dairy products due to the production of β-galactosidase enzyme by lactic 
acid bacteria present in them.  

In general, it can be stated that in yogurt several probiotic strains are present which results 
in a better tolerance of lactose in lactose intolerant persons. 

b. Application of probiotics to manipulate the colonic fermentation.  
 

As suggested before [17], one of the problems in studies concerning this topic is that it is 
difficult to prove that the intervention only has an effect at the level of the colon and not at 
the level of the small intestine.  
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As discussed before it is not clear which compound, lactose or one of its fermentation 
metabolites contributes most to the development of symptoms of lactose intolerance. The 
hypothesis is that removal of these product(s) can reduce the clinical symptoms. 

1. Removal of lactose 

Lactose is hydrolyzed by β-galactosidase. We recently published [6] that a mix of probiotics 
in yogurt together with Bifidobacterium longum capsules could increase the β-galactosidase 
activity in faeces and alleviate the complaints of lactose intolerance. 

Together with the observation that the capacity to digest lactose, which was measured by 
the 13C-lactose/2H-glucose test, was not changed, it could be concluded that this 
intervention has an effect on colonic metabolism, possibly by enhancing the β-galactosidase 
activity. A study with mice [7] suggested the same mechanism. However, after analyzing 
the presence of β-galactosidase in the common bacterial strains in humans it can be 
concluded that β-galactosidase is abundantly present and it seems that administration of 
exogenous β-galactosidase from probiotics is not important. Alleviation of complaints and 
enhanced β-galactosidase concentration in stool therefore might have been a coincidence in 
our study. 

2. Removal of glucose and galactose 

Glucose is a preferred substrate for many bacterial strains and it is not likely that enhanced 
glucose removal by probiotic administration might play a role in alleviation of symptoms. 
Also galactose is easily consumed by most bacteria. Our in vitro studies [18] also indicated 
that accumulation of glucose and galactose does not occur during the breakdown of 
lactose, which confirms that these molecules once formed are subsequently metabolized 
very fast. 

3. Removal of acetate, propionate, butyrate and lactate 

As illustrated in Fig. 2 removal of SCFA takes place at the epithelium by uptake in the 
colonocytes and through the uptake and metabolism by various bacteria (“bacterial 
mass”). 

Uptake of SCFA into the epithelial cells is very effective because of co-transport of fluid 
which reduces the osmotic force [19]. The maximal epithelial uptake rate is not known and it 
is not known if this varies in persons with hypolactasia with and without symptoms after 
lactose consumption.  

Another major way by which SCFA are removed is via the uptake and metabolism by 
bacteria. SCFA serve as a carbon and energy source for the anaerobic bacteria and this may 
increase the “bacterial mass”. In the presence of sulphate, lactate may be metabolized by 
sulphate-reducing bacteria, producing toxic sulphide as byproduct [20]. On the other hand 
lactate together with acetate can be converted by different groups of bacteria into butyrate; 
for instance by bacteria such as Eubacterium hallii and Anaerostipes cacca [21]. Butyrate is 
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thought to be beneficial for colonic health. Also Bacteroides several subspecies are capable 
of metabolizing lactate, but produce propionate. The metabolism of intermediates like 
lactate and acetate are an important step in the breakdown of sugars by gut bacteria [22]. 
For gut health it is important that from lactate a balanced mixture of SCFA are formed 
and for this correct conditions should be present. The hypothesis that for the prevention 
of diabetes type 1 butyrate production is preferred over propionate production is stated 
by [23]. They stated  this because butyrate production enforces the barrier function of the 
gut. Therefore, conditions that stimulates these metabolic associations should be enforced. 
This implies that a mixture of pro- and prebiotics as occurs in yogurt might be an efficient 
approach, since it favors acetate and lactate formation, and in this way stimulate butyrate 
formation. If lactate removal via for instance butyrate production, does not occur this may 
impact functioning of the epithelium. It then can be speculated that an impaired epithelial 
function will hamper the uptake of lactate, and causes an increased osmotic pressure in 
the gut.  

Several other studies have reported the beneficial effect of a probiotic intervention on 
symptoms of lactose intolerance but without describing a precise mechanism. In some of 
these studies the observation that the specific strains under study survive the small 
intestinal passage is used as an argument that the effect occurs at the colonic level. 

The combination of Lactobacillus casei Shirota and Bifidobacterium breve Yakult has been 
shown to survive gastrointestinal transit and to improve symptoms of lactose intolerance. 
This effect persists after the intervention is ceased [24]. Other probiotic strains have shown 
beneficial effects on lactose digestion and symptoms in lactase deficient persons [12,25,26]. 
Further investigation with different strains of bifidobacteria or lactobacilli on symptoms of 
lactose intolerance showed contradictory results. [27] observed that 7 day 
supplementation with Lactobacillus acidophilus did not change hydrogen production or 
symptoms. [28] however found a decrease in hydrogen production after 7 days of milk 
intake supplemented with Lactobacillus acidophilus, but not all individuals had relief of 
their symptoms. Bifidobacterium breve for 5 days did not improve lactose intolerance 
symptoms, but reduction in breath hydrogen was measured [29]. Overall these 
contradictions have not led to a general acceptance of probiotics as a efficient treatment 
for lactose intolerance [30-32]. 
 

The observation of adaptation seen in lactose intolerant persons consuming regularly small 
amounts of dairy products might be in accordance with the concept of adaptation of the 
colonic metabolism by increased lactate metabolizing populations in the gut. This allows 
efficient metabolism of increased amounts of lactose [33]. The observation that lactulose 
fermentation is impaired during ingestion of ampicillin (2g / day) gives rise to the idea that 
antibiotics can disrupt the microbiota in the colon. There is no evidence in the literature that 
antibiotics have a negative effect on the fermentation of lactose, however it would not be 
surprising if such a phenomenon was found [34]. 
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6. Conclusion 

There is evidence that probiotics can alleviate symptoms of lactose intolerance. This can 
occur by increased hydrolysis of lactose in the dairy  product and in the small intestine. It 
can also be achieved by manipulation of the colonic metabolism. However, the precise 
mechanism how colonic metabolism influences lactose intolerance symptoms is not yet 
known. The reported studies are not consistent in their experimental set-up, results and 
conclusions. 

The diagnosis of lactose maldigestion and the relation to complaints is highly complex. For 
an effective treatment of lactose intolerance and a correct interpretation of the effects of an  
intervention, knowledge of the underlying mechanisms of lactose intolerance is essential. 
Development of new strategies concerning the treatment with probiotics should therefore 
include an analysis of the relevant intermediate endpoints. In this way applications of 
probiotics for treatment of lactose intolerance could lead to a promising strategy. 
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1. Introduction 

Functional foods are defined as foods that, in addition to their basic nutrients, contain 
biologically active components, in adequate amounts, that can have a positive impact on the 
health of the consumer [1, 2, 3, 4]. Such foods should improve the general and physical 
conditions of the human organism and/or decrease the risk of occurrence of disease [5]. 
Functional foods have also been referred to as medicinal foods, nutritional foods, 
nutraceuticals, prescriptive foods, therapeutic foods, super-foods, designer foods, 
foodceuticals and medifoods [4]. These foods generally contain health-promoting 
components beyond traditional nutrients [1]. Various criteria for defining functional foods 
have been mooted by [6] and a number of published reports have indicated the benefits of 
functional foods to the consumer [7, 8].  

One way of creating a functional food is by inclusion of ingredients such as probiotics and 
prebiotics to levels that enable the consumer to derive optimal health benefits [2]. Probiotics 
are defined as live microorganisms which upon ingestion in adequate numbers impart 
health benefits to the host animal beyond inherent basic nutrition [4, 9,10]. Most of the 
probiotic species belong to the genera Lactobacillus and Bifidobacterium [11, 12,13]. Benefits of 
probiotic intake include prevention and treatment of infantile diarrhoea, travelers’ 
diarrhoea, antibiotic induced diarrhoea, colon cancer, constipation, hypercholesterolaemia, 
lactose intolerance, vaginitis and intestinal infections [14, 15, 16]. Prebiotics, on the other 
hand, are non-digestible food ingredients that affect the host by selectively targeting the 
growth and/or activity of one or a limited number of beneficial bacteria in the colon, and 
thus have the potential to improve health [2, 7, 17, 18, 19]. Potential benefits of prebiotic 
intake include reduction of cholesterol absorption, control of constipation, bioavailability of 
minerals and reduction in blood glucose levels when used to replace sucrose in diabetic 
diets [8, 15, 20, 21]. The main aim of this chapter is therefore to discuss the possibility of 
converting cereal-based fermented foods into functional foods similar to the existing 
commercial dairy products. The fermentation of cereal based foods and the beneficial 
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attributes of such foods will be discussed. The latter attributes include the use of such foods 
as delivery vehicles for probiotic bacteria to the consumer. 

2. Fermentation of cereal based foods  

Generally, fermentation is a food preservation method intended to extend shelf-life, improve 
palatability, digestibility and the nutritive value of food [22, 23, 24]. Lactic acid fermentation 
comprises of the chemical changes in foods accelerated by enzymes of lactic acid bacteria 
resulting in a variety of fermented foods [11, 25]. Lactic acid fermentation processes are the 
oldest and most important economical forms of production and preservation of food for 
human consumption ([11, 23, 26, 27]. It is, therefore, not surprising that fermented foods and 
beverages make a big contribution to people’s diets in Africa [28]. It is reported that fermented 
foods globally contribute 20 to 40% of the food supply and usually, a third of the food 
consumed by man is fermented [29]. This renders fermented foods and beverages a significant 
component of people’s diets globally. It is estimated that the largest spectrum of lactic acid 
fermented foods occurs in Africa [23, 30]. However, in Africa, fermented foods and beverages 
are often prepared by employing spontaneous fermentation processes at household level or by 
small-scale industries using maize, sorghum and millet as the main cereals [11, 31, 32]. In 
sections 3 and 4 of this chapter, a description will be given of acid-fermented cereal-based 
foods and beverages and the major bacteria involved in the fermentation of such foods. In 
section 5 of this chapter, probiotic cereal beverages will be dealt with. 

2.1. Some beneficial attributes of African fermented cereal-based foods 

Lactobacillus species are the predominant organisms involved in the fermentation of cereal-
based foods and beverages in Africa (see section 4.1). These organisms are reported to have 
bacteriostatic, bactericidal, viricidal, anti-leukaemic and antitumor effects in the consumer 
[25, 28, 33]. Beneficial starter cultures are not usually used in the fermentation of traditional 
cereal-based foods and beverages. However, it is reported that fermented foods have a 
probiotic potential [34] due to the probiotic Lactobacillus species that may be contained in 
them, some of which are of human intestinal origin [11].  

The quality of some traditional African fermented products (see section 3.2) can be 
enhanced using beneficial cultures. ‘Dogik’ for example is ‘ogi’ enhanced with a lactic acid 
starter culture reputed to have antimicrobial activities against diarrhoeagenic bacteria [11]. 
Lactobacillus paracasei ssp. paracasei, a probiotic Lactobacillus species [11] was present together 
with other LAB in uji [35]. Strains of Lb. acidophilus, which are probiotic, were also isolated 
from an African sorghum-based product in which accelerated natural lactic fermentation 
was observed [36].  

Improved production of milk by nursing mothers has been attributed to consumption of 
fermented uji, one of the traditional fermented beverages in Africa. Kanun-Zaki, a fermented 
non-alcoholic cereal-based beverage widely consumed in Northern Nigeria is also popularly 
believed to enhance lactation in nursing mothers [37]. Restoration of the normal blood level 
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and resultant compensation for blood lost during traditional tribal circumcision operations 
in parts of Africa is attributed to drinking large quantities of fermented uji [38].  

It is reported that several B vitamins including niacin (B3), panthothenic acid (B5), folic acid 
(B9), and also vitamins B1, B2, B6 and B12 are released by LAB in fermented foods. These 
vitamins are co-factors in some metabolic reactions, for instance, folates prevent neural tube 
defects in babies and provide protection against cardiovascular disease and some cancers [39].  

2.1.1. Shelf-life extension and improved nutritional and sensory properties 

Generally, shelf-life, texture, taste, aroma and nutritional value of food products can be 
improved by fermentation [11, 23, 25, 40, 41]. The metabolic activities of microbial 
fermenters are responsible for the improvement in taste, aroma, appearance and texture 
[23, 30]. During fermentation, there is production of lactic, acetic and other acids and this 
enhances the flavour and lowers the pH of the final product. The acids also prolong food 
shelf-life by lowering the pH to below 4 and this restricts the growth and survival of 
spoilage organisms and some pathogenic organisms such as Shigella, Salmonella and E. 
coli [11, 25, 28, 33, 42]. Fermented foods, unlike non-fermented foods, have a longer shelf-
life, making fermentation a key factor in the preservation of such foods [23, 43]. Because 
fermentation improves keeping quality and nutritional value, it is a predominant food 
processing and preservation process [44, 45]. During fermentation, enzymes such as 
lipases, proteases, amylases and phytases are produced and these in turn hydrolyse 
lipids, proteins, polysaccharides and phytates respectively [46]. The released nutrients 
contribute to the enhancement of sensory quality and nutritional value of the product 
[46, 47].  

2.1.2. Inhibition of pathogenic microorganisms in fermented foods.  

Spontaneous fermentation may involve species of Lactobacillus, Lactococcus, Pediococcus as 
well as certain yeasts and moulds [48]. Lactic acid bacteria involved in fermentation are able 
to produce hydrogen peroxide, but lack the true catalase to break down the hydrogen 
peroxide. The hydrogen peroxide can, therefore, accumulate and be inhibitory to some 
harmful bacteria and to the LAB themselves [11]. 

The organic acids released (e.g. lactic, acetic, propionic and butyric acids), as by-products 
during lactic acid fermentation, lower the pH to levels of 3 to 4 with a titratable acidity of 
about 0.6% (as lactic acid) [23, 40, 48]. The undissociated forms of the acetic and lactic acids 
at low pH exhibit inhibitory activities against a wide range of pathogens [23 48]. This 
improves food safety by restricting the growth and survival, in fermented cereal beverages, 
of spoilage organisms and some pathogenic organisms such as Shigella, Salmonella and E. coli 
[11, 25, 28, 33, 43, 47]. Fermented maize gruel and high-tannin sorghum gruel at pH 3.8 
inhibited E. coli, Campylobacter jejuni, Shigella flexneri, Salmonella typhimurium and 
Staphylococcus aureus [30]. When starter cultures were used to ferment sour maize bread, it 
was found out that Lb. plantarum lowered the pH to 3.05 [40]. The fermented maize dough 
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well as certain yeasts and moulds [48]. Lactic acid bacteria involved in fermentation are able 
to produce hydrogen peroxide, but lack the true catalase to break down the hydrogen 
peroxide. The hydrogen peroxide can, therefore, accumulate and be inhibitory to some 
harmful bacteria and to the LAB themselves [11]. 

The organic acids released (e.g. lactic, acetic, propionic and butyric acids), as by-products 
during lactic acid fermentation, lower the pH to levels of 3 to 4 with a titratable acidity of 
about 0.6% (as lactic acid) [23, 40, 48]. The undissociated forms of the acetic and lactic acids 
at low pH exhibit inhibitory activities against a wide range of pathogens [23 48]. This 
improves food safety by restricting the growth and survival, in fermented cereal beverages, 
of spoilage organisms and some pathogenic organisms such as Shigella, Salmonella and E. coli 
[11, 25, 28, 33, 43, 47]. Fermented maize gruel and high-tannin sorghum gruel at pH 3.8 
inhibited E. coli, Campylobacter jejuni, Shigella flexneri, Salmonella typhimurium and 
Staphylococcus aureus [30]. When starter cultures were used to ferment sour maize bread, it 
was found out that Lb. plantarum lowered the pH to 3.05 [40]. The fermented maize dough 
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also showed growth inhibitory activity against Salmonella typhi, S. aureus, E. coli, and the 
aflatoxigenic Aspergillus flavus [40].  

Although Koko sour water (KSW) fed to Ghanaian children did not seem to halt diarrhoea, 
improved well-being was claimed after 14 days of consumption of this product [44]. 
Conflicting results about the efficacy of fermented beverages against pathogens and 
diarrhoea is attributed to the unpredictable nature of spontaneous fermentation. 
Spontaneous fermentation results in a variety of species and strains with varying degrees of 
antibacterial activity and ability to adhere to intestinal membranes [44]. Other studies have 
however, reported positive outcomes of consuming fermented cereal beverages. It was 
reported that a fermented cereal gruel in Tanzania reduced diarrhoea by 40% in consuming 
children compared to those children that did not consume it over a period of 9 months [44, 
48]. This was attributed to better beverage microbial safety as well as protection against 
intestinal enteropathogenic colonization [48]. In a review by [25] information gathered 
revealed that fermented cereal-based products which contained Lactobacillus spp. and lactic 
acid had viricidal, anti-leukemic, antitumor and antibacterial activities. . 

Lactobacillus isolates including Lb. fermentum, and Lb. plantarum, from maize-based ogi (West 
Africa) and Lb. fermentum, Lb. paracasei and Lb. rhamnosus from maize-based boza (Eastern 
Europe) were active against potential pathogens such as Escherichia coli, Klebsiella 
pneumoniae, Pseudomonas aeruginosa, Enterococcus faecalis and Bacillus cereus due to the low pH 
in these products and the production of bacteriocins by the Lactobacillus spp [49]. 

2.1.3. Production of bacteriocins by lactic acid bacteria 

Bacteriocinogenic lactic acid bacteria (LAB) isolated from fermented foods produce 
proteinaceous, antimicrobial substances (Table 1) called bacteriocins [23, 31, 50, 51]. It was 
reported that bacteriocinogenic LAB prevent the growth of pathogens such as Listeria 
monocytogenes, Bacillus cereus, Staphylococcus aureus and Clostridium dificile [23].  

Bacteriocins have the ability to form pores in the membrane of target bacteria, in this way 
exerting bactericidal and bacteriostatic effects against the growth of pathogens in the intestinal 
tract [52]. Bacteriocins also reduce or prevent post-production microbial contamination of feed 
and food fermentation products in the food chain [51]. It was observed that bacteriocins from 
Lb. plantarum and Lb. casei isolated from fermented maize products, kenkey and ogi respectively 
inhibited and acted against a number of food borne pathogens [51]. However, bacteriocins 
have a narrow antimicrobial spectrum and of all bacteriocins, nisin produced by Lactococcus 
lactis is the only one generally used as a preservative by food manufacturers [46, 50]. A range 
of characterized bacteriocins that have potential benefits, have been reported to be produced 
by the Lactobacillus spp. and these are referred to in Table 1. While some LAB may show 
bacteriocin-linked inhibition of food spoilage and pathogenic bacteria in vitro in laboratory 
media, inhibitory activity in the food matrices may not be equally effective. This may be due to 
poorer diffusion of the bacteriocin into the cells of pathogenic bacteria in the food matrix or be 
the result of bacteriocin inactivation by nutrient components in the food [53].  
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Bacteriocin Bacterial Species Active against 
Bulgarican Lb. delbrueckii subsp. bulgaricus Broad, including G (-).  
N.N Lb. fermentum Broad G (+) incl Listeria spp 
Acodophillin Lb. acidophilus DDS 1 Disease-causing M/Os 
Lactocidin Lb. acidophilus Disease-causing M/Os 
Acidolin Lb. acidophilus Disease-causing M/Os 
Lactobacillin Lb. acidophilus Disease-causing M/Os 
Lactacin B Lb. acidophilus LAB   
Nisin Lactococcus lactis Broad G(+) incl Listeria spp 
Lactabacillin Lb. brevis LAB   
Brevicin Lb. brevis LAB   
Caseicin 80 Lb. casei Lb. brevis   
Plantaricin A Lb. plantarum LAB   

Reuterin Lb. reuteri Broad G (+), G (-) and fungi 
Source: [22, 27, 52, 119], G+, Gram positive bacteria; G-, Gram negative bacteria; MOs, microorganisms 

Table 1. Some of the bacteriocins produced by lactic acid bacteria (LAB) 

2.1.4. The effect of fermentation on toxic, antinutritional and indigestible compounds in 
cereal foods 

During fermentation, microbial activity may lead to the elimination of toxic compounds 
from food products [28, 31]. For example it was reported that fermentation with Lb. 
plantarum starter cultures significantly reduced the cyanogenic glucoside content of cassava 
[23]. High cyanide content in a diet can cause acute poisoning, tropical ataxic neuropathy 
and konzo (a paralytic disease). It may also exacerbate iodine deficiency resulting in goitre 
and cretinism [54]. During ‘gari’ and ‘lafun’ production from cassava, the cyanogenic 
glucoside, linamarin, is hydrolysed by the linamarinase enzyme to glucose and 
cyanohydrin. The latter product is then broken down to acetone and hydrocyanic acid by 
hydroxynitrile lyase at pH 5-6 and the free cyanide is released faster by gentle heating [25, 
55]. If the cyanogenic glucoside linamarin were to be hydrolysed in the gastro-intestinal 
tract (GIT), the released cyanide anion would be absorbed and halt the functioning of 
cytochrome oxidase enzymes in the body [23, 29]. 

Legumes and cereals contain indigestible oligosaccharides such as stachyose, verbascose, 
and raffinose which cause flatulence, diarrhoea and digestion problems [23]. The α-D-
galactosidic bonds in the above-mentioned sugars are relatively heat-resistant, but they can 
be degraded by the galactosidase enzymes of some LAB including strains of Lb. fermentum, 
Lb. plantarum, Lb. salivarius, Lb. brevis, Lb. buchneri and Lb. cellobiosus [23]. During 
fermentation, the microorganisms disintegrate these flatulence-causing and indigestible 
oligosaccharides into utilisable di- and mono-saccharides [25, 29, 53]. 

Phytic acid, tannins and phenolic acids are polyphenols that are considered to be 
antinutritional factors (ANFs) and are found in cereals and legumes and the foods 
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also showed growth inhibitory activity against Salmonella typhi, S. aureus, E. coli, and the 
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children compared to those children that did not consume it over a period of 9 months [44, 
48]. This was attributed to better beverage microbial safety as well as protection against 
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revealed that fermented cereal-based products which contained Lactobacillus spp. and lactic 
acid had viricidal, anti-leukemic, antitumor and antibacterial activities. . 
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Africa) and Lb. fermentum, Lb. paracasei and Lb. rhamnosus from maize-based boza (Eastern 
Europe) were active against potential pathogens such as Escherichia coli, Klebsiella 
pneumoniae, Pseudomonas aeruginosa, Enterococcus faecalis and Bacillus cereus due to the low pH 
in these products and the production of bacteriocins by the Lactobacillus spp [49]. 

2.1.3. Production of bacteriocins by lactic acid bacteria 

Bacteriocinogenic lactic acid bacteria (LAB) isolated from fermented foods produce 
proteinaceous, antimicrobial substances (Table 1) called bacteriocins [23, 31, 50, 51]. It was 
reported that bacteriocinogenic LAB prevent the growth of pathogens such as Listeria 
monocytogenes, Bacillus cereus, Staphylococcus aureus and Clostridium dificile [23].  

Bacteriocins have the ability to form pores in the membrane of target bacteria, in this way 
exerting bactericidal and bacteriostatic effects against the growth of pathogens in the intestinal 
tract [52]. Bacteriocins also reduce or prevent post-production microbial contamination of feed 
and food fermentation products in the food chain [51]. It was observed that bacteriocins from 
Lb. plantarum and Lb. casei isolated from fermented maize products, kenkey and ogi respectively 
inhibited and acted against a number of food borne pathogens [51]. However, bacteriocins 
have a narrow antimicrobial spectrum and of all bacteriocins, nisin produced by Lactococcus 
lactis is the only one generally used as a preservative by food manufacturers [46, 50]. A range 
of characterized bacteriocins that have potential benefits, have been reported to be produced 
by the Lactobacillus spp. and these are referred to in Table 1. While some LAB may show 
bacteriocin-linked inhibition of food spoilage and pathogenic bacteria in vitro in laboratory 
media, inhibitory activity in the food matrices may not be equally effective. This may be due to 
poorer diffusion of the bacteriocin into the cells of pathogenic bacteria in the food matrix or be 
the result of bacteriocin inactivation by nutrient components in the food [53].  
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Bacteriocin Bacterial Species Active against 
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cereal foods 

During fermentation, microbial activity may lead to the elimination of toxic compounds 
from food products [28, 31]. For example it was reported that fermentation with Lb. 
plantarum starter cultures significantly reduced the cyanogenic glucoside content of cassava 
[23]. High cyanide content in a diet can cause acute poisoning, tropical ataxic neuropathy 
and konzo (a paralytic disease). It may also exacerbate iodine deficiency resulting in goitre 
and cretinism [54]. During ‘gari’ and ‘lafun’ production from cassava, the cyanogenic 
glucoside, linamarin, is hydrolysed by the linamarinase enzyme to glucose and 
cyanohydrin. The latter product is then broken down to acetone and hydrocyanic acid by 
hydroxynitrile lyase at pH 5-6 and the free cyanide is released faster by gentle heating [25, 
55]. If the cyanogenic glucoside linamarin were to be hydrolysed in the gastro-intestinal 
tract (GIT), the released cyanide anion would be absorbed and halt the functioning of 
cytochrome oxidase enzymes in the body [23, 29]. 

Legumes and cereals contain indigestible oligosaccharides such as stachyose, verbascose, 
and raffinose which cause flatulence, diarrhoea and digestion problems [23]. The α-D-
galactosidic bonds in the above-mentioned sugars are relatively heat-resistant, but they can 
be degraded by the galactosidase enzymes of some LAB including strains of Lb. fermentum, 
Lb. plantarum, Lb. salivarius, Lb. brevis, Lb. buchneri and Lb. cellobiosus [23]. During 
fermentation, the microorganisms disintegrate these flatulence-causing and indigestible 
oligosaccharides into utilisable di- and mono-saccharides [25, 29, 53]. 

Phytic acid, tannins and phenolic acids are polyphenols that are considered to be 
antinutritional factors (ANFs) and are found in cereals and legumes and the foods 
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prepared therefrom [56]. The ANFs contribute to malnutrition and reduced growth rate 
due to the promotion of poor protein digestibility and by limiting mineral bioavailability 
[23, 46, 56, 57]. Phytic acid in cereals and legumes, for example, (Table 2) affects the 
nutritional quality due to chelation of phosphorus and other minerals such as Ca, Mg, 
Fe, Zn, and Mo [41, 56, 58, 59]. The resultant low mineral bioavailability can result in 
mineral deficiency [47, 59]. Deficiency in a mineral such as iron can result in anaemia, a 
decrease in immunity against disease and impaired mental development. Poor calcium 
bioavailability on the other hand prevents optimal bone development and can cause 
osteoporosis in adults. Insufficient zinc brings about recurring diarrhoea and retarded 
growth [59].  
 

Product  Range (%) 
Sorghum 0.57-0.96 
Maize 0.44-1.2 
Millet 0.85-1.1 
Cowpeas 0.89-1.5 

Adapted from reference [30] 

Table 2. Approximate phytate content of sorghum, maize, millet and cowpeas  

Other negative effects of the presence of phytate in the diet, include the reduction of the 
activity of digestive enzymes such as trypsin, alpha-amylase and beta-galactosidase in the 
GIT. This is due to the formation of complexes of phytate with the enzymes and other 
nutrients that negatively affect digestive processes [57, 58]. Similarly tannins and 
polyphenols are enzyme inhibitors of plant origin that form complexes with proteins, 
resulting in deactivation of digestive enzymes, reduction in protein solubility and 
digestibility and reduction of absorbable ions [57, 60, 61]. The enzymes inhibited by tannins 
and/or polyphenols include pepsin, trypsin, chymotrypsin, lipases, glucosidase and amylase 
[57, 62]. Inhibition of the amylase enzymes results in low starch breakdown and hence, less 
sugar release in the GIT [117]. In fermented products this amylase inhibition by tannins 
impairs microbial proliferation [83]. This in turn decelerates pH decrease and acidity 
production in the medium [83].  

Fermentation, by certain LAB and yeasts, removes or reduces the levels of antinutritional 
factors such as phytic acid, tannins and polyphenols present in some cereals meant for 
weaning purposes [23, 31, 41, 47, 53, 56, 59, 63]. During fermentation, optimal pH conditions 
prevail for enzymatic degradation of the antinutritional factors. This results in better 
bioavailability of minerals such as iron, zinc and calcium [11, 23]. Strains of Lb. plantarum 
degraded phytic acid in the cereals after incubation at 37 °C for 120 hours [23]. This 
degradation can be ascribed to the hydrolysis of the phosphate group by phytases from the 
raw cereal substrate and produced by the fermenting microorganisms [46, 47, 57]. 
Fermentation alone reduced the phytate content by 39%. The combined effect of 
fermentation plus the addition of exogenous phytase, resulted in a reduction of 88% of the 
phytates in tannin sorghum gruel [47].  
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Fermentation reduced phenolic compounds and tannins in finger millet by 20% and 52% 
respectively [60]. Fermentation coupled with methods such as decortication, soaking and 
germination reduced the tannins in sorghum, other cereals and in beverages made from 
these cereals [57, 60, 61, 62, 83]. Fermentation of porridges from whole and decorticated 
tannin sorghum led to significant reduction of total phenols [61]. 

The use of Rhizopus oligosporus to ferment cooked soybean in tempe production reduced 
residual trypsin inhibitor activity (TIA) by 91% in addition to the 86.4% reduction attributed 
to steaming [57]. The reduction of the TIA was ascribed to hydrolysis of the trypsin inhibitor 
by the fungi fermenting the tempe [57]. In another study [63], Lb. brevis, Lb. fermentum, 
Streptococcus thermophilus and Pediococcus pentosaceus were observed to have improved the 
nutritional quality of fermented sorghum products. Table 3 shows that some strains of LAB 
significantly degraded trypsin inhibitors. This illustrates the possibility that using carefully 
selected probiotic bacteria to ferment cereal foods may reduce the antinutritional factors in 
such products. 

Fermentation can also decrease the activity of the proteinase and amylase inhibitors in 
cereals resulting in an increase in the availability of starch and essential amino acids such as 
lysine, leucine, isoleucine and methionine [23, 46, 53]. The protein quality and nutritive 
value of fermented products such as kenkey; iru; and ugba [25] and ogi [64] was improved 
during fermentation due to either microbial protein synthesis or loss of non-protein 
material. In support of the above, [39] reported that fermenting with Lb. plantarum OG 261-5 
significantly improved the levels of tryptophan, lysine and tyrosine even though other 
amino acids such as isoleucine, leucine, valine and phenylalanine decreased.  
 

LAB isolate Reduction of TI (mg) Percent reduction 
Lb. plantarum 91 2.41 48.0 
Lb. fermentum 103 1.22 24.4 
Pediococcus sp. 90 0.89 17.8 
Pediococcus sp. 19 1.08 21.6 
Leuconostoc sp. 106 2.68 53.6 
Lactobacillus sp. 41 0.65 13.0 
Lactobacillus sp. 17 1.86 37.2 
Lactobacillus sp. 62 1.34 26.8 

Adapted from references [23, 30]; *Aflata is a gelatinized maize paste intermediate in kenkey production. 

Table 3. Degradation of trypsin inhibitor (TI) by lactic acid bacteria isolated from *aflata in Ghana 

Fermentation in many instances results in an increased vitamin content of the final product 
[23]. Lactobacilli involved in fermentation may require vitamins for growth, but several of 
them are capable of bio-synthesizing B-vitamins in excess. It is reported that several B 
vitamins including niacin (B3), panthothenic acid (B5), folic acid (B9), and also vitamins B1, 
B2, B6 and B12 are released by LAB in fermented foods [39]. Cereal-based products such as 
ogi; mageu; and kenkey have thus been reported to have an improved B-vitamin content [25, 
29]. Fermentation therefore improves the nutritive value of cereal foods.  
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degraded phytic acid in the cereals after incubation at 37 °C for 120 hours [23]. This 
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The use of Rhizopus oligosporus to ferment cooked soybean in tempe production reduced 
residual trypsin inhibitor activity (TIA) by 91% in addition to the 86.4% reduction attributed 
to steaming [57]. The reduction of the TIA was ascribed to hydrolysis of the trypsin inhibitor 
by the fungi fermenting the tempe [57]. In another study [63], Lb. brevis, Lb. fermentum, 
Streptococcus thermophilus and Pediococcus pentosaceus were observed to have improved the 
nutritional quality of fermented sorghum products. Table 3 shows that some strains of LAB 
significantly degraded trypsin inhibitors. This illustrates the possibility that using carefully 
selected probiotic bacteria to ferment cereal foods may reduce the antinutritional factors in 
such products. 
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cereals resulting in an increase in the availability of starch and essential amino acids such as 
lysine, leucine, isoleucine and methionine [23, 46, 53]. The protein quality and nutritive 
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material. In support of the above, [39] reported that fermenting with Lb. plantarum OG 261-5 
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2.1.5. Reduction, binding or detoxification of mycotoxins in fermented foods 

Maize (Zea mays), sorghum (Sorghum vulgare), pearl millet (Pennisetum glaucum) and finger 
millet (Eleusine coracana) constitute the most important cereals for the preparation of 
fermented foods in the developing world [41, 65, 66, 67]. These cereal grains are however, 
exposed to pre- and post-harvest mycotoxin contamination which end up in the fermented 
foods [23, 54. 67]. Among the cereals, maize is the most prone to mycotoxin contamination 
[66].  

Mycotoxins are secondary metabolites released into cereal grains and legume seeds by 
species of the genera Aspergillus, Fusarium and Penicillium [54, 66]. Aflatoxins and 
fumonisins are the mycotoxins, in cereals, of major health and economic concern in the 
developing world [23, 24, 48, 54, 66, 68, 69]. Table 4 shows the deaths linked to 
mycotoxins in foods. Aflatoxin B1 (AFB1) is toxic, carcinogenic, mutagenic and 
teratogenic [45, 69]. Fumonisins have been linked to oesophageal cancer in South Africa 
and liver cancer in China [66, 68]. Kwashiorkor in children is aggravated by long term 
exposure to aflatoxin [66]. The development and propagation of cereal-based probiotic 
and/or synbiotic (prebiotics and probiotics combined) beverages may consequently, to 
some extent, be hampered by mycotoxin-contamination of the cereals used in making 
such beverages. 

Bacterial and fungal (biological) decontamination is one of the mycotoxin-reducing 
strategies that have been and are being investigated [24]. Flavobacterium aurantiacum 
(Nocardia corynebacterioides), Corynebacterium rubrum, Saccharomyces cerevisiae, Candida 
lipolitica, Candida krusei, Aspergillus niger, Mucor spp., Rhizopus spp., Nurospora spp., 
Amillariella tabescens, and Trichoderma viride are bacterial and fungal species reported to have 
the capability to degrade mycotoxins enzymatically ([23, 24, 45, 69]. Extracellular extracts of 
Rhodococcus erythropolis reduced Aflatoxin B1 (AFB1) by 66.8% after 72 hours of incubation 
[69]. Fermentation by R. oryzae and R. oligosporus was reported to reduce aflatoxins to 
aflatoxicol A which, under conditions created by organic acids, gets permanently converted 
to aflatoxicol B [54]. It was claimed that aflatoxin B1 is 18 times more toxic than aflatoxicol B 
and it is also possible that the former, during lactic acid fermentation to pH < 4.0, gets 
transformed into a less toxic isomer, aflatoxin B2 [54].  

A heat-treated Saccharomyces yeast species was said to absorb more than 90 % (w/w) of 
ochratoxin A in grape juice while live cells could only bind 35 % (w/w) [24, 45]. Other 
workers have indicated that binding of Aflatoxin B1 was better at low pH and when cells 
were subjected to acid or heat treatment [24]. The implication is that food beverage 
preparation, which involves cooking after fermentation, together with the highly acidic 
conditions of the fermented food beverage, may physically alter the microbial cell structure 
thereby increasing the binding sites for AFB1 [45]. This provides a way of reducing 
aflatoxins in African fermented foods and beverages. However, some of the microorganisms 
indicated in the above paragraphs may not necessarily be GRAS (generally recognised as 
safe) in the human GIT.  
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Country Year Food source 
Mycotoxin 

content 

Percentage of 
samples 

contaminated
Mycotoxin Deaths 

Case 
patients 

India 1974 maize NA NA Aflatoxin B1 106 397 
Kenya 1981 maize NA NA Aflatoxin B1 NA 20 
Kenya 2004 maize ~4400ppb NA Aflatoxin B1 215 317 
Nigeria 2005 maize NA NA Aflatoxin B1 100 NA 
Kenya 2005 maize NA NA Aflatoxin B1 30 8 
Kenya 2006 maize NA NA Aflatoxin B1 9 NA 
Kenya NA 3 maize brands 0.4-2.0 μg/Kg NA Aflatoxins NA NA 
South Africa NA Peanut butter < 300 ppb NA Aflatoxin B1 NA NA 

Togo, Benin NA 
Household 

maize 
NA 30% Aflatoxin B1 NA NA 

Nigeria NA Maize samples NA 33% Aflatoxin B1 NA NA 

Benin NA 
Agro-zone 

sample 
> 5 μg/Kg 9.9 - 32.2% Aflatoxins NA NA 

Ghana NA Maize silos 20-335 μg/Kg NA Aflatoxins NA NA 
Togo, Benin NA Maize samples > 100 ppb 50% Aflatoxins NA NA 

Source: reference [66] 

Table 4. Deaths and ill health linked to mycotoxin contamination of samples in African countries 

Aflatoxin B1 could not be detected in fermented maize porridge (amahewu) that had been 
made from maize meal samples containing 0.55 and 0.84 μg/g aflatoxin B1. In the same 
study, the levels of fumonisin B1, in contaminated maize meal samples containing 12.1, 24.6, 
4.1, 20.6, 47.2 μg/g of this mycotoxin, were drastically reduced in fermented maize porridge 
to levels of 1.4, 1.4, 0, 6.9, 6.3 μg/g respectively [46]. This exemplifies the detoxification 
potential for cereal beverages by lactic acid fermentation. The mechanism of mycotoxin 
removal from fermented food matrices is not clear.  

Without forgetting the above paragraph relating to the effect of probiotic fermentation on 
mycotoxin levels, some reports on fermentation-linked reduction of aflatoxins in cereal food 
matrices are controversial. There are reports indicating no significant aflatoxin reduction 
during fermentation [54]. It was observed that fermentation only enabled a reduction of 18% 
and 13% of aflatoxin and fumonisin respectively in ogi [68]. It was reported that under acidic 
conditions, aflatoxins persist due to aflatoxin precursors and on the other hand, aflatoxin 
only undergoes reformation but not reduction under acidic conditions created by organic 
acid metabolites of LAB [68]. There are also fears that fumonisin binds with starch to form 
an undetectable complex and besides this, they may react with reducing sugar (D-glucose) 
to form sugar adducts or are hydrolysed to aminopolyols AP1 and AP2 [68].  

The foregoing findings indicate that mycotoxin-reduction in fermented cereal food matrices 
has not yet been properly elucidated. It is therefore necessary to screen probiotic microbial 
isolates to find those strains that have a definite potential to degrade aflatoxins during 
fermentation in food matrices. Such mycotoxin-degrading species need to be fully 
compatible with the human GIT ecosystem. Some workers recommended the use of 
probiotic microorganisms with high aflatoxin B1 binding capability in fermented foods [24]. 
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2.1.5. Reduction, binding or detoxification of mycotoxins in fermented foods 

Maize (Zea mays), sorghum (Sorghum vulgare), pearl millet (Pennisetum glaucum) and finger 
millet (Eleusine coracana) constitute the most important cereals for the preparation of 
fermented foods in the developing world [41, 65, 66, 67]. These cereal grains are however, 
exposed to pre- and post-harvest mycotoxin contamination which end up in the fermented 
foods [23, 54. 67]. Among the cereals, maize is the most prone to mycotoxin contamination 
[66].  

Mycotoxins are secondary metabolites released into cereal grains and legume seeds by 
species of the genera Aspergillus, Fusarium and Penicillium [54, 66]. Aflatoxins and 
fumonisins are the mycotoxins, in cereals, of major health and economic concern in the 
developing world [23, 24, 48, 54, 66, 68, 69]. Table 4 shows the deaths linked to 
mycotoxins in foods. Aflatoxin B1 (AFB1) is toxic, carcinogenic, mutagenic and 
teratogenic [45, 69]. Fumonisins have been linked to oesophageal cancer in South Africa 
and liver cancer in China [66, 68]. Kwashiorkor in children is aggravated by long term 
exposure to aflatoxin [66]. The development and propagation of cereal-based probiotic 
and/or synbiotic (prebiotics and probiotics combined) beverages may consequently, to 
some extent, be hampered by mycotoxin-contamination of the cereals used in making 
such beverages. 

Bacterial and fungal (biological) decontamination is one of the mycotoxin-reducing 
strategies that have been and are being investigated [24]. Flavobacterium aurantiacum 
(Nocardia corynebacterioides), Corynebacterium rubrum, Saccharomyces cerevisiae, Candida 
lipolitica, Candida krusei, Aspergillus niger, Mucor spp., Rhizopus spp., Nurospora spp., 
Amillariella tabescens, and Trichoderma viride are bacterial and fungal species reported to have 
the capability to degrade mycotoxins enzymatically ([23, 24, 45, 69]. Extracellular extracts of 
Rhodococcus erythropolis reduced Aflatoxin B1 (AFB1) by 66.8% after 72 hours of incubation 
[69]. Fermentation by R. oryzae and R. oligosporus was reported to reduce aflatoxins to 
aflatoxicol A which, under conditions created by organic acids, gets permanently converted 
to aflatoxicol B [54]. It was claimed that aflatoxin B1 is 18 times more toxic than aflatoxicol B 
and it is also possible that the former, during lactic acid fermentation to pH < 4.0, gets 
transformed into a less toxic isomer, aflatoxin B2 [54].  

A heat-treated Saccharomyces yeast species was said to absorb more than 90 % (w/w) of 
ochratoxin A in grape juice while live cells could only bind 35 % (w/w) [24, 45]. Other 
workers have indicated that binding of Aflatoxin B1 was better at low pH and when cells 
were subjected to acid or heat treatment [24]. The implication is that food beverage 
preparation, which involves cooking after fermentation, together with the highly acidic 
conditions of the fermented food beverage, may physically alter the microbial cell structure 
thereby increasing the binding sites for AFB1 [45]. This provides a way of reducing 
aflatoxins in African fermented foods and beverages. However, some of the microorganisms 
indicated in the above paragraphs may not necessarily be GRAS (generally recognised as 
safe) in the human GIT.  
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Country Year Food source 
Mycotoxin 

content 

Percentage of 
samples 

contaminated
Mycotoxin Deaths 

Case 
patients 

India 1974 maize NA NA Aflatoxin B1 106 397 
Kenya 1981 maize NA NA Aflatoxin B1 NA 20 
Kenya 2004 maize ~4400ppb NA Aflatoxin B1 215 317 
Nigeria 2005 maize NA NA Aflatoxin B1 100 NA 
Kenya 2005 maize NA NA Aflatoxin B1 30 8 
Kenya 2006 maize NA NA Aflatoxin B1 9 NA 
Kenya NA 3 maize brands 0.4-2.0 μg/Kg NA Aflatoxins NA NA 
South Africa NA Peanut butter < 300 ppb NA Aflatoxin B1 NA NA 

Togo, Benin NA 
Household 

maize 
NA 30% Aflatoxin B1 NA NA 

Nigeria NA Maize samples NA 33% Aflatoxin B1 NA NA 

Benin NA 
Agro-zone 

sample 
> 5 μg/Kg 9.9 - 32.2% Aflatoxins NA NA 

Ghana NA Maize silos 20-335 μg/Kg NA Aflatoxins NA NA 
Togo, Benin NA Maize samples > 100 ppb 50% Aflatoxins NA NA 

Source: reference [66] 

Table 4. Deaths and ill health linked to mycotoxin contamination of samples in African countries 

Aflatoxin B1 could not be detected in fermented maize porridge (amahewu) that had been 
made from maize meal samples containing 0.55 and 0.84 μg/g aflatoxin B1. In the same 
study, the levels of fumonisin B1, in contaminated maize meal samples containing 12.1, 24.6, 
4.1, 20.6, 47.2 μg/g of this mycotoxin, were drastically reduced in fermented maize porridge 
to levels of 1.4, 1.4, 0, 6.9, 6.3 μg/g respectively [46]. This exemplifies the detoxification 
potential for cereal beverages by lactic acid fermentation. The mechanism of mycotoxin 
removal from fermented food matrices is not clear.  

Without forgetting the above paragraph relating to the effect of probiotic fermentation on 
mycotoxin levels, some reports on fermentation-linked reduction of aflatoxins in cereal food 
matrices are controversial. There are reports indicating no significant aflatoxin reduction 
during fermentation [54]. It was observed that fermentation only enabled a reduction of 18% 
and 13% of aflatoxin and fumonisin respectively in ogi [68]. It was reported that under acidic 
conditions, aflatoxins persist due to aflatoxin precursors and on the other hand, aflatoxin 
only undergoes reformation but not reduction under acidic conditions created by organic 
acid metabolites of LAB [68]. There are also fears that fumonisin binds with starch to form 
an undetectable complex and besides this, they may react with reducing sugar (D-glucose) 
to form sugar adducts or are hydrolysed to aminopolyols AP1 and AP2 [68].  

The foregoing findings indicate that mycotoxin-reduction in fermented cereal food matrices 
has not yet been properly elucidated. It is therefore necessary to screen probiotic microbial 
isolates to find those strains that have a definite potential to degrade aflatoxins during 
fermentation in food matrices. Such mycotoxin-degrading species need to be fully 
compatible with the human GIT ecosystem. Some workers recommended the use of 
probiotic microorganisms with high aflatoxin B1 binding capability in fermented foods [24]. 
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However, binding is not degradation and the binding probiotic cells are consumed along 
with the food matrix. The fate of bound toxins in fermented food matrices needs to be 
investigated. Probiotics and/or LAB suitably screened for their biological mycotoxin 
degradation, among other technological and health benefits could be better applied in 
human food fermentation, even though, prevention of mycotoxin contamination is the better 
option. Besides fermentation and contamination-preventive measures, it was noted that 
processing operations including sorting, winnowing, washing, crushing and dehulling [68] 
significantly reduced mycotoxin levels in several cereal foods.  

3. Cereal-based beverages with a probiotic potential  

3.1. Selected non-African cereal foods 

Most of the commercial products containing probotics and prebiotics available today are 
dairy-based [70]. Several workers have, however, endeavoured to develop non-dairy, cereal-
based probiotic and/or synbiotic products [4, 57, 70-76]. The following non-African 
fermented cereal beverages have a probiotic potential or in other words, the potential to be 
transformed into functional beverages.  

3.1.1. Boza 

Boza is consumed in countries of the Balkan region including Bulgaria, Romania, Albania 
and Turkey [4, 77]. Reports indicated that boza in Turkey contained 0.03-0.39% (w/v) alcohol 
but the country’s national regulations allow beverages with an alcohol content of not more 
than 5.0 g/L to be considered non-alcoholic [78]. 

Boza is a highly viscous traditional fermented product, made from millet, maize, wheat, rye, 
or rice and other cereals mixed with sugar [79, 78, 80]. In the preparation of boza, the milled 
cereals are mixed in water and then cooked in an open or steam-jacketed boiler. The gruel is 
cooled and strained to remove the bran and hull. Sugar is added and then fermented at 30 
°C for 24 hours by back-slopping or use of sourdough and/or by adding yoghurt starter 
cultures [78]. Fermented boza is then cooled to refrigeration temperatures and distributed 
into 1L plastic bottles to be consumed within 3-5 days [78]. Boza is popularly accepted in the 
countries referred to above due to its pleasant taste, flavour and nutritional value [4].  

Spontaneous fermentation involves LAB and yeasts [80]. Lactic acid bacterial species isolated 
from boza included Leuconostoc paramesenteroides, L. mesenteroides subsp. mesenteroides, L. 
mesenteroides subsp. dextranicum, L. oenus, L. raffinolactis Lb. coryniformis, L. confusus, L. 
sanfrancisco, Lb. fermentum Lb. plantarum, Lb. acidophilus, Lb. coprophilus and Lb. brevis [4, 79, 80]. 
The yeast isolates included Saccharomyces cerevisiae, Candida tropicalis, Candida glabrata, 
Geotrichum penicillatum and G. candidum [4, 80]. The microflora in boza [4, 80] can vary 
depending on the region and/or country as well as the combination of cereals used and other 
factors. Only three species were however recommended for inclusion in a mixed starter culture 
for boza production namely: S. cerevisiae, L. mesenteroides subsp. mesenteroides and L. confusus [80].  
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3.1.2. Kvass 

Kvass is a non-alcoholic fermented cereal-based beverage made from rye and barley malt, rye 
flour, stale rye bread, and sucrose and is most often consumed in Eastern Europe [81]. Kvass is 
manufactured using two techniques. One technique involves the use of stale dough bread in 
which the sugars for the yeast fermentation are obtained from the bread-making process, 
while the second technique involves the use of malt enzymes to hydrolyse the gelatinized 
starch [81]. Before fermentation is initiated by the addition of baker’s yeast or back-slopping, 
sucrose is added to the kvass wort [81]. The fermentation process is terminated by cooling the 
kvass to 4 °C and the product contains proteins, amino acids, vitamins and organic acids either 
from the raw materials or from the activity of the fermenting microorganisms [81].  

The kvass alcohol content is less than 1% while the carbohydrate components 
predominantly include maltose, maltotriose, glucose and fructose [81]. Maltose and 
maltotriose components are categorized as isomalto-oligosaccharides that are not 
completely broken down by digestive enzymes in the GIT [81]. Isomalto-oligosaccharides 
can hence serve as bifidogenic (prebiotic) factors for the proliferation of probiotic 
bifidobacteria in the intestines [81].  

The predominant microorganisms in kvass fermentation were found to be Lb. casei,  
L. mesenteroides and S. cerevisiae. Kvass is not heat-treated after fermentation and as a result 
high counts of viable cells can be found in the beverage [81]. The isolation of Lb. casei from 
kvass (in which it was highly viable), is indicative of the potential of cereal-based beverages 
such as this to be used as alternatives to milk products in the delivery of probiotics and 
other functional ingredients to the consumer in the developing world [81].  

3.1.3. Pozol 

Pozol is a traditional fermented maize dough consumed in South-eastern Mexico [4]. Pozol is 
made mainly by Indian and Mestizo populations of Mexico [82]. During pozol preparation, 
maize grains are cooked in lime water to obtain nixtamal (nixtamalization is a process in 
which maize (corn), or other grains are treated by soaking and cooking in limewater). This 
results, inter alia, in the grain being more easily ground and the nutritional value being 
improved). The nixtamalized product is then cleaned by washing in water to separate the 
husks. The grains are ground, moulded into balls, then wrapped in banana leaves and 
spontaneously fermented at room temperature for about 7 days [82]. The pH of pozol is usually 
in the range of 3.7-4.7 after 48 hours of fermentation [82]. Pozol balls at different stages of 
fermentation can be mixed with water to make a gruel of desired viscosity and then consumed 
as a beverage by adults, children and infants [82]. Although African fermented maize gruels 
are not nixtamalized, pozol is similar to African traditional products such as mageu/mahewu, ogi, 
kenkey and koko that will be discussed in the next section of this chapter.  

Escherichia coli was isolated from pozol after 48 hours of fermentation [82]. This was linked to 
the high pH in the initial stages of fermentation and the possibility of the presence of high 
pH-localities in the dough after 48 hours even though the measured pH was 3.4-4.7 [82]. It is 
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However, binding is not degradation and the binding probiotic cells are consumed along 
with the food matrix. The fate of bound toxins in fermented food matrices needs to be 
investigated. Probiotics and/or LAB suitably screened for their biological mycotoxin 
degradation, among other technological and health benefits could be better applied in 
human food fermentation, even though, prevention of mycotoxin contamination is the better 
option. Besides fermentation and contamination-preventive measures, it was noted that 
processing operations including sorting, winnowing, washing, crushing and dehulling [68] 
significantly reduced mycotoxin levels in several cereal foods.  

3. Cereal-based beverages with a probiotic potential  

3.1. Selected non-African cereal foods 

Most of the commercial products containing probotics and prebiotics available today are 
dairy-based [70]. Several workers have, however, endeavoured to develop non-dairy, cereal-
based probiotic and/or synbiotic products [4, 57, 70-76]. The following non-African 
fermented cereal beverages have a probiotic potential or in other words, the potential to be 
transformed into functional beverages.  

3.1.1. Boza 

Boza is consumed in countries of the Balkan region including Bulgaria, Romania, Albania 
and Turkey [4, 77]. Reports indicated that boza in Turkey contained 0.03-0.39% (w/v) alcohol 
but the country’s national regulations allow beverages with an alcohol content of not more 
than 5.0 g/L to be considered non-alcoholic [78]. 

Boza is a highly viscous traditional fermented product, made from millet, maize, wheat, rye, 
or rice and other cereals mixed with sugar [79, 78, 80]. In the preparation of boza, the milled 
cereals are mixed in water and then cooked in an open or steam-jacketed boiler. The gruel is 
cooled and strained to remove the bran and hull. Sugar is added and then fermented at 30 
°C for 24 hours by back-slopping or use of sourdough and/or by adding yoghurt starter 
cultures [78]. Fermented boza is then cooled to refrigeration temperatures and distributed 
into 1L plastic bottles to be consumed within 3-5 days [78]. Boza is popularly accepted in the 
countries referred to above due to its pleasant taste, flavour and nutritional value [4].  

Spontaneous fermentation involves LAB and yeasts [80]. Lactic acid bacterial species isolated 
from boza included Leuconostoc paramesenteroides, L. mesenteroides subsp. mesenteroides, L. 
mesenteroides subsp. dextranicum, L. oenus, L. raffinolactis Lb. coryniformis, L. confusus, L. 
sanfrancisco, Lb. fermentum Lb. plantarum, Lb. acidophilus, Lb. coprophilus and Lb. brevis [4, 79, 80]. 
The yeast isolates included Saccharomyces cerevisiae, Candida tropicalis, Candida glabrata, 
Geotrichum penicillatum and G. candidum [4, 80]. The microflora in boza [4, 80] can vary 
depending on the region and/or country as well as the combination of cereals used and other 
factors. Only three species were however recommended for inclusion in a mixed starter culture 
for boza production namely: S. cerevisiae, L. mesenteroides subsp. mesenteroides and L. confusus [80].  
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3.1.2. Kvass 

Kvass is a non-alcoholic fermented cereal-based beverage made from rye and barley malt, rye 
flour, stale rye bread, and sucrose and is most often consumed in Eastern Europe [81]. Kvass is 
manufactured using two techniques. One technique involves the use of stale dough bread in 
which the sugars for the yeast fermentation are obtained from the bread-making process, 
while the second technique involves the use of malt enzymes to hydrolyse the gelatinized 
starch [81]. Before fermentation is initiated by the addition of baker’s yeast or back-slopping, 
sucrose is added to the kvass wort [81]. The fermentation process is terminated by cooling the 
kvass to 4 °C and the product contains proteins, amino acids, vitamins and organic acids either 
from the raw materials or from the activity of the fermenting microorganisms [81].  

The kvass alcohol content is less than 1% while the carbohydrate components 
predominantly include maltose, maltotriose, glucose and fructose [81]. Maltose and 
maltotriose components are categorized as isomalto-oligosaccharides that are not 
completely broken down by digestive enzymes in the GIT [81]. Isomalto-oligosaccharides 
can hence serve as bifidogenic (prebiotic) factors for the proliferation of probiotic 
bifidobacteria in the intestines [81].  

The predominant microorganisms in kvass fermentation were found to be Lb. casei,  
L. mesenteroides and S. cerevisiae. Kvass is not heat-treated after fermentation and as a result 
high counts of viable cells can be found in the beverage [81]. The isolation of Lb. casei from 
kvass (in which it was highly viable), is indicative of the potential of cereal-based beverages 
such as this to be used as alternatives to milk products in the delivery of probiotics and 
other functional ingredients to the consumer in the developing world [81].  

3.1.3. Pozol 

Pozol is a traditional fermented maize dough consumed in South-eastern Mexico [4]. Pozol is 
made mainly by Indian and Mestizo populations of Mexico [82]. During pozol preparation, 
maize grains are cooked in lime water to obtain nixtamal (nixtamalization is a process in 
which maize (corn), or other grains are treated by soaking and cooking in limewater). This 
results, inter alia, in the grain being more easily ground and the nutritional value being 
improved). The nixtamalized product is then cleaned by washing in water to separate the 
husks. The grains are ground, moulded into balls, then wrapped in banana leaves and 
spontaneously fermented at room temperature for about 7 days [82]. The pH of pozol is usually 
in the range of 3.7-4.7 after 48 hours of fermentation [82]. Pozol balls at different stages of 
fermentation can be mixed with water to make a gruel of desired viscosity and then consumed 
as a beverage by adults, children and infants [82]. Although African fermented maize gruels 
are not nixtamalized, pozol is similar to African traditional products such as mageu/mahewu, ogi, 
kenkey and koko that will be discussed in the next section of this chapter.  

Escherichia coli was isolated from pozol after 48 hours of fermentation [82]. This was linked to 
the high pH in the initial stages of fermentation and the possibility of the presence of high 
pH-localities in the dough after 48 hours even though the measured pH was 3.4-4.7 [82]. It is 
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also possible that acid fermented doughs can harbor some pathogenic bacterial strains 
resistant to high acidity and/or strains adapted to low pH [82].  

3.2. African traditional fermented foods 

In Table 5 a number of African traditional lactic acid-fermented cereal-based foods and 
beverages and the major lactobacilli involved in fermentation are listed. Cereals including 
maize, sorghum and millet have been used individually or in combination in the 
preparation of a variety of fermented beverages in Africa [83].  

3.2.1. Ben-saalga 

Ben-saalga is a pearl millet (P. glaucum)-based fermented beverage mainly consumed in 
Burkina Faso [41, 43, 84]. It is popularly consumed by the young, elderly, the sick and the 
general populace [41, 84]. The traditional way of producing ben saalga involves washing the 
pearl millet, soaking, wet-milling, kneading and sieving moistened flour, and fermenting the 
settled, but diluted slurry prior to cooking. This then becomes the ben-saalga beverage [41, 43, 
84]. The pH decreases from 6 to to a pH of 3.6 – 4.0 during a 24-hour fermentation period [84, 
85]. In terms of the LAB responsible for the fermentation, spontaneously fermented ben saalga 
is dominated by Lb. fermentum, Lb. plantarum and Pediococcus pentosaceus [41]. Ethanol, lactic 
acid and acetic acid were the main products of fermentation in ben saalga [84].  

Ben saalga has a solids content of 8-10 g/ 100 mL and like other cereal beverages discussed in 
this chapter, it has a poor energy density and nutrient content [41]. However, the 
preparation of ben-saalga results in a reduction of millet’s antinutritional factors, such as 
phytic acid, by about 50% [41]. Thirty three of the 99 bacterial isolates from ben-saalga 
showed antimicrobial activity against at least one of the indicator pathogens used in the 
study [43]. Seven of the isolates, identified as Lb. plantarum, were bacteriocinogenic against 
indicator pathogens which included Escherichia coli U-9, Listeria monocytogenes CECT 4032, L. 
innocua, Salmonella typhimurium, S. aureus CECT 192 and B. cereus LWL1 [43]. These findings 
indicate the probiotic and/or the prophylactic and the therapeutic potential of intake of this 
fermented cereal beverage. These characteristics may even be improved by using selected 
starter cultures that can benefit the health of the consumer and enhance the preservation 
and safety of the food. 

3.2.2. Dégué 

Dégué is a millet-based fermented food consumed in Burkina Faso [86]. Preparation of dégué 
involves dehulling and grinding of the millet grains, modeling into balls with water and 
steam cooking to produce gelatinized balls. The balls are then stored to allow a further 24-
hour spontaneous fermentation [86]. The pH of dégué is usually in the range of 4.57-4.72 and 
the following microorganisms have been found in the product: Lb. fermentum, Lb. brevis, Lb. 
gasseri, Lb. casei, E. coli and Enterococcus sp. [86].  
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Fermented 
food product 
name 

Raw materials 
Lactobacilli 
involved 

Nature of use 
Country 
or region 

References 

Ogi, Ogi-baba Maize, millet Lb. plantarum Paste as staple, Nigeria, [11, 26, 99] 
 or sorghum  breakfast or W. Africa  
   weaning food   
      
Uji Maize, Lb. plantarum Porridge Uganda, [11] 
 millet or   Kenya,  
 sorghum   Tanzania  
Koko Maize Lb. plantarum, Ghana [11] 
  Lb. brevis    
Kenkey Maize Lb. fermentum Mush steamed, Ghana [11] 
  Lb. reuteri eaten with   
   vegetables   
Kwunu-Zaki Millet, LAB* Paste used as Northern [37] 
 sorghum  breakfast cereal Nigeria  
 or maize     
Mahewu Maize, Lb.delbrueckii, Gritty gruels, S. Africa [28, 99] 
 sorghum, Lb. bulgaricus Solid staple   
 millet Strep. lactis    
Mawe Maize LAB* Basis of S. Africa, [11] 
   preparation of Togo  
   many dishes   

Mangisi Millet Unknown 
Sweet-sour 
non- 

Zimbabwe [11] 

   alcoholic drink   
Munkoyo Sorghum,millet Unknown Liquid drink Zambia, [11] 
 or maize plus   Africa  
 munkoyo     
 roots     
Mutwiwa Maize LAB* Porridge Zimbabwe [11] 
      
Tobwa Maize LAB* Non-alcoholic Zimbabwe [11] 
   drink   
Togwa Sorghum,  Acid fermented Tanzania [34] 
 millet,  gruel for   

 maize  
refreshment 
and 

  

   weaning   

Liha Maize Unknown 
Sweet-sour 
non- 

Ghana, [118] 

   alcoholic drink Togo,  
    Benin,  
    Nigeria  

Table 5. African acid-fermented non-alcoholic cereal-based foods and beverages and the lactic acid 
bacteria involved in the fermentation (LAB*, lactic acid bacteria) 
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also possible that acid fermented doughs can harbor some pathogenic bacterial strains 
resistant to high acidity and/or strains adapted to low pH [82].  

3.2. African traditional fermented foods 

In Table 5 a number of African traditional lactic acid-fermented cereal-based foods and 
beverages and the major lactobacilli involved in fermentation are listed. Cereals including 
maize, sorghum and millet have been used individually or in combination in the 
preparation of a variety of fermented beverages in Africa [83].  

3.2.1. Ben-saalga 

Ben-saalga is a pearl millet (P. glaucum)-based fermented beverage mainly consumed in 
Burkina Faso [41, 43, 84]. It is popularly consumed by the young, elderly, the sick and the 
general populace [41, 84]. The traditional way of producing ben saalga involves washing the 
pearl millet, soaking, wet-milling, kneading and sieving moistened flour, and fermenting the 
settled, but diluted slurry prior to cooking. This then becomes the ben-saalga beverage [41, 43, 
84]. The pH decreases from 6 to to a pH of 3.6 – 4.0 during a 24-hour fermentation period [84, 
85]. In terms of the LAB responsible for the fermentation, spontaneously fermented ben saalga 
is dominated by Lb. fermentum, Lb. plantarum and Pediococcus pentosaceus [41]. Ethanol, lactic 
acid and acetic acid were the main products of fermentation in ben saalga [84].  

Ben saalga has a solids content of 8-10 g/ 100 mL and like other cereal beverages discussed in 
this chapter, it has a poor energy density and nutrient content [41]. However, the 
preparation of ben-saalga results in a reduction of millet’s antinutritional factors, such as 
phytic acid, by about 50% [41]. Thirty three of the 99 bacterial isolates from ben-saalga 
showed antimicrobial activity against at least one of the indicator pathogens used in the 
study [43]. Seven of the isolates, identified as Lb. plantarum, were bacteriocinogenic against 
indicator pathogens which included Escherichia coli U-9, Listeria monocytogenes CECT 4032, L. 
innocua, Salmonella typhimurium, S. aureus CECT 192 and B. cereus LWL1 [43]. These findings 
indicate the probiotic and/or the prophylactic and the therapeutic potential of intake of this 
fermented cereal beverage. These characteristics may even be improved by using selected 
starter cultures that can benefit the health of the consumer and enhance the preservation 
and safety of the food. 

3.2.2. Dégué 

Dégué is a millet-based fermented food consumed in Burkina Faso [86]. Preparation of dégué 
involves dehulling and grinding of the millet grains, modeling into balls with water and 
steam cooking to produce gelatinized balls. The balls are then stored to allow a further 24-
hour spontaneous fermentation [86]. The pH of dégué is usually in the range of 4.57-4.72 and 
the following microorganisms have been found in the product: Lb. fermentum, Lb. brevis, Lb. 
gasseri, Lb. casei, E. coli and Enterococcus sp. [86].  
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Fermented 
food product 
name 

Raw materials 
Lactobacilli 
involved 

Nature of use 
Country 
or region 

References 

Ogi, Ogi-baba Maize, millet Lb. plantarum Paste as staple, Nigeria, [11, 26, 99] 
 or sorghum  breakfast or W. Africa  
   weaning food   
      
Uji Maize, Lb. plantarum Porridge Uganda, [11] 
 millet or   Kenya,  
 sorghum   Tanzania  
Koko Maize Lb. plantarum, Ghana [11] 
  Lb. brevis    
Kenkey Maize Lb. fermentum Mush steamed, Ghana [11] 
  Lb. reuteri eaten with   
   vegetables   
Kwunu-Zaki Millet, LAB* Paste used as Northern [37] 
 sorghum  breakfast cereal Nigeria  
 or maize     
Mahewu Maize, Lb.delbrueckii, Gritty gruels, S. Africa [28, 99] 
 sorghum, Lb. bulgaricus Solid staple   
 millet Strep. lactis    
Mawe Maize LAB* Basis of S. Africa, [11] 
   preparation of Togo  
   many dishes   

Mangisi Millet Unknown 
Sweet-sour 
non- 

Zimbabwe [11] 

   alcoholic drink   
Munkoyo Sorghum,millet Unknown Liquid drink Zambia, [11] 
 or maize plus   Africa  
 munkoyo     
 roots     
Mutwiwa Maize LAB* Porridge Zimbabwe [11] 
      
Tobwa Maize LAB* Non-alcoholic Zimbabwe [11] 
   drink   
Togwa Sorghum,  Acid fermented Tanzania [34] 
 millet,  gruel for   

 maize  
refreshment 
and 

  

   weaning   

Liha Maize Unknown 
Sweet-sour 
non- 

Ghana, [118] 

   alcoholic drink Togo,  
    Benin,  
    Nigeria  

Table 5. African acid-fermented non-alcoholic cereal-based foods and beverages and the lactic acid 
bacteria involved in the fermentation (LAB*, lactic acid bacteria) 
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3.2.3. Kanun-Zaki 

Kanun-zaki is a non-alcoholic fermented cereal-based beverage consumed in Northern 
Nigeria [11, 37]. Kanun-zaki can be prepared from pearl millet, sorghum or maize ([37]:49). 
This product is popularly served as a breakfast dish [25]. In the preparation of Kanun-zaki, 
the kernels are washed and dried in the sun, then coarsely ground in a mortar and pestle. 
The flour is then is mixed with hot water to form a paste which is spontaneously fermented 
for 1-3 days resulting in a sour beverage [25]. It was reported that this beverage is 
nutritionally, medically and economically important in the regions where it is widely 
consumed [39]. 

3.2.4. Kenkey 

Kenkey is a fermented maize dough product eaten by the people of Ghana, primarily the 
Gas, Fantis and Ewes [38, 41]. The preparation of the two main types of kenkey (Ga-kenkey 
and Fanti-kenkey) was described in reference [41].The Fanti people’s name for kenkey is dokon 
interpreted to mean ‘mouth-watering’ because of its pleasant odour and flavour [38]. Similar 
products to kenkey made from sour maize dough include akasa, koko, banku, abele, akple, and 
kpekpe though these are not as popular as kenkey [38]. Kenkey fermentation is spontaneous 
and is dominated by lactic acid bacteria, particularly Lb. fermentum and Lb. reuteri, and 
yeasts that include C. krusei (Issatchenkia orientalis) as the dominant yeast species, while S. 
cerevisiae also contributes to the flavour [11, 41]. Apart from improvement in the protein 
content from 1.3 to 3.3 g per 16 g nitrogen in ready-to-eat kenkey, the kenkey flavour is 
attributed to the formation of flavour compounds, during fermentation, such as 2,3-
butanediol, butanoic acid, lactic acid, 3-methylbutanoic acid, octanoic acid, 2-phenylethanol, 
and propanoic acid [41].  

3.2.5. Koko 

Koko is a millet-based spontaneously fermented beverage mainly consumed in Northern 
Ghana [44]. The predominant microbial species during fermentation are Lb. fermentum and 
Weissella confusa [44]. It was reported that isolates from koko showed good antimicrobial 
activity, tolerance to 0.3% oxgall bile and acid resistance at pH 2.5, which are characteristics 
of good probiotic strains [44]. 

3.2.6. Mageu (mahewu) 

Mageu is a non-alcoholic largely maize-based beverage popular among the indigenous 
people of Southern Africa, but is also consumed in some Arabian Gulf countries [4, 74, 83]. It 
is consumed at schools and mines and on farms. It is a refreshing drink and a traditional 
weaning beverage for infants. Mageu is prepared by using 8% to 10% (w/v) maize flour as 
the major solid substrate in aqueous suspension. Wheat flour or maize bran is added to 
initiate the lactic acid fermentation [32]. Some ethnic groups also use sorghum and millet 
flours instead of maize flour and mageu is known by different names (Table 6) among the 
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ethnic groups in Southern Africa. Acceptable mageu contains 0.4 – 0.5% lactic acid 
corresponding to an average pH of 3.5 [87, 88, 89]. 

Several studies have been conducted on mageu. One of these included an investigation of the 
survival of bacterial enteric pathogens in fermented mageu, from which it was concluded 
that fermented mageu had bacteriostatic and bactericidal properties [33]. Another study 
targeted the growth and survival of Bacillus cereus in fermented mageu in which growth 
inhibition of the organism was observed [32]. Studies on the development of a starter 
culture for mageu [88, 90, 91] led to the production of mahewu on a commercial scale [92].  
 

Ethnic group Local name of product Reference 
Zulu Amahewu [91] 
Swazi Emahewu [89] 
Xhosa Emarewu [91] 
Venda Mabundu [70] 
Pedi Mapotho [70] 
Sotho Machleu [89] 

Table 6. Local names for sour maize porridge (mageu) in Southern Africa 

3.2.7. Mawe 

This is fermented maize dough consumed in the form of a variety of dishes in Togo, Benin 
and Nigeria [68]. Making the mawe (maize dough) involves washing, wet extraction of the 
endosperm and kneading to a dough which is then spontaneously fermented for about 3 
days [41]. In Bennin, mawe dough is used for the preparation of cooked beverages (koko), stiff 
gels (akassa, agid and, eko) and steam cooked bread (ablo) [41]. The predominant LAB in the 
fermented mawe dough included Lb. fermentum, Lb. cellobiosus, Lb. brevis, Lb. curvatus, Lb. 
buchneri and Weissella confusa. Other microorganisms in the dough included pediococci and 
yeasts such as Candida krusei, C. kefyr, C. glabrata and Saccharomyces cerevisiae [41]. It was 
reported that in a study of mawe production using starter cultures, C. krusei, stimulated the 
growth of Lb. fermentum and Lb. brevis [41]. Fermentation of this product offers a number of 
benefits that include flavour enhancement, nutrient bioavailability (including that of some 
proteins, minerals and B vitamins) as well as protection against some pathogens due to 
reduction of the pH to 3.5-4.0 [41]. Maize products are however, deficient in some amino 
acids such as lysine, tryptophan and methionine, which are found more abundantly in 
legumes such as cowpeas and sybeans. Co-fermentation with legumes can therefore be 
expected to improve the quality of the protein and protein levels significantly.  

3.2.8. Munkoyo 

Munkoyo is a traditional fermented maize-based beverage popularly consumed in Zambia 
and the Democratic Republic of Congo’s Katanga province in the south [93, 94]. In Zambia, 
tree species of Eminia, Vigna and Rhynchosa, generally referred to as munkoyo, are extracted 
and the extract, high in α- and β-amylases, is used for the liquefaction of maize porridge gel 
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Kanun-zaki is a non-alcoholic fermented cereal-based beverage consumed in Northern 
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the kernels are washed and dried in the sun, then coarsely ground in a mortar and pestle. 
The flour is then is mixed with hot water to form a paste which is spontaneously fermented 
for 1-3 days resulting in a sour beverage [25]. It was reported that this beverage is 
nutritionally, medically and economically important in the regions where it is widely 
consumed [39]. 
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Kenkey is a fermented maize dough product eaten by the people of Ghana, primarily the 
Gas, Fantis and Ewes [38, 41]. The preparation of the two main types of kenkey (Ga-kenkey 
and Fanti-kenkey) was described in reference [41].The Fanti people’s name for kenkey is dokon 
interpreted to mean ‘mouth-watering’ because of its pleasant odour and flavour [38]. Similar 
products to kenkey made from sour maize dough include akasa, koko, banku, abele, akple, and 
kpekpe though these are not as popular as kenkey [38]. Kenkey fermentation is spontaneous 
and is dominated by lactic acid bacteria, particularly Lb. fermentum and Lb. reuteri, and 
yeasts that include C. krusei (Issatchenkia orientalis) as the dominant yeast species, while S. 
cerevisiae also contributes to the flavour [11, 41]. Apart from improvement in the protein 
content from 1.3 to 3.3 g per 16 g nitrogen in ready-to-eat kenkey, the kenkey flavour is 
attributed to the formation of flavour compounds, during fermentation, such as 2,3-
butanediol, butanoic acid, lactic acid, 3-methylbutanoic acid, octanoic acid, 2-phenylethanol, 
and propanoic acid [41].  
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Koko is a millet-based spontaneously fermented beverage mainly consumed in Northern 
Ghana [44]. The predominant microbial species during fermentation are Lb. fermentum and 
Weissella confusa [44]. It was reported that isolates from koko showed good antimicrobial 
activity, tolerance to 0.3% oxgall bile and acid resistance at pH 2.5, which are characteristics 
of good probiotic strains [44]. 

3.2.6. Mageu (mahewu) 

Mageu is a non-alcoholic largely maize-based beverage popular among the indigenous 
people of Southern Africa, but is also consumed in some Arabian Gulf countries [4, 74, 83]. It 
is consumed at schools and mines and on farms. It is a refreshing drink and a traditional 
weaning beverage for infants. Mageu is prepared by using 8% to 10% (w/v) maize flour as 
the major solid substrate in aqueous suspension. Wheat flour or maize bran is added to 
initiate the lactic acid fermentation [32]. Some ethnic groups also use sorghum and millet 
flours instead of maize flour and mageu is known by different names (Table 6) among the 
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ethnic groups in Southern Africa. Acceptable mageu contains 0.4 – 0.5% lactic acid 
corresponding to an average pH of 3.5 [87, 88, 89]. 

Several studies have been conducted on mageu. One of these included an investigation of the 
survival of bacterial enteric pathogens in fermented mageu, from which it was concluded 
that fermented mageu had bacteriostatic and bactericidal properties [33]. Another study 
targeted the growth and survival of Bacillus cereus in fermented mageu in which growth 
inhibition of the organism was observed [32]. Studies on the development of a starter 
culture for mageu [88, 90, 91] led to the production of mahewu on a commercial scale [92].  
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Zulu Amahewu [91] 
Swazi Emahewu [89] 
Xhosa Emarewu [91] 
Venda Mabundu [70] 
Pedi Mapotho [70] 
Sotho Machleu [89] 

Table 6. Local names for sour maize porridge (mageu) in Southern Africa 

3.2.7. Mawe 

This is fermented maize dough consumed in the form of a variety of dishes in Togo, Benin 
and Nigeria [68]. Making the mawe (maize dough) involves washing, wet extraction of the 
endosperm and kneading to a dough which is then spontaneously fermented for about 3 
days [41]. In Bennin, mawe dough is used for the preparation of cooked beverages (koko), stiff 
gels (akassa, agid and, eko) and steam cooked bread (ablo) [41]. The predominant LAB in the 
fermented mawe dough included Lb. fermentum, Lb. cellobiosus, Lb. brevis, Lb. curvatus, Lb. 
buchneri and Weissella confusa. Other microorganisms in the dough included pediococci and 
yeasts such as Candida krusei, C. kefyr, C. glabrata and Saccharomyces cerevisiae [41]. It was 
reported that in a study of mawe production using starter cultures, C. krusei, stimulated the 
growth of Lb. fermentum and Lb. brevis [41]. Fermentation of this product offers a number of 
benefits that include flavour enhancement, nutrient bioavailability (including that of some 
proteins, minerals and B vitamins) as well as protection against some pathogens due to 
reduction of the pH to 3.5-4.0 [41]. Maize products are however, deficient in some amino 
acids such as lysine, tryptophan and methionine, which are found more abundantly in 
legumes such as cowpeas and sybeans. Co-fermentation with legumes can therefore be 
expected to improve the quality of the protein and protein levels significantly.  

3.2.8. Munkoyo 

Munkoyo is a traditional fermented maize-based beverage popularly consumed in Zambia 
and the Democratic Republic of Congo’s Katanga province in the south [93, 94]. In Zambia, 
tree species of Eminia, Vigna and Rhynchosa, generally referred to as munkoyo, are extracted 
and the extract, high in α- and β-amylases, is used for the liquefaction of maize porridge gel 
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[93, 94]. The thinned porridge is then spontaneously Fermented, mainly by LAB, for 24-48 
hours at room temperature. The sweet-sour Munkoyo flavoured drink has a mean pH of 3.5 
due to organic acids produced during fermentation, but alcohol (14-26 g/kg) is also 
detectable. The beverage is consumed by people of all ages [93].  

Introduction of Rhynchosia heterophylla root extract, Lb. confusus LZ1 and Sacchromyces 
cerevisiae YZ20 to the fermentation mix, resulted in a munkoyo beverage of pH 3.3, 60 mmol/l 
lactic acid and an ethanol content of 320-410 mmol/l [93]. The workers observed that a ratio 
of not more than 1:1000 (yeast: LAB starter culture) fermented for not more than 24 hours 
resulted in an acceptable munkoyo beverage [93]. Munkoyo was found to have antibacterial 
activities. Total coliforms in the munkoyo mash initially were 10 cfu/mL but were absent 
when tested after 15 hours of fermentation due to acidification of the product [94]. The 
microorganisms in munkoyo were not recognised probiotics and it was therefore 
recommended that the incorporation of probiotic starter cultures producing D (+) lactate be 
investigated to improve the nutritional, sensory and health benefits of munkoyo [94]. 

3.2.9. Obushera (bushera) 

Obushera fermented spontaneously from malted sorghum or millet flour is consumed by 
young people and adults in Western Uganda [95]. Obushera is prepared using sorghum or 
millet flour. The flour is mixed with water and cooked into a thin porridge and then mixed 
with a portion of previously fermented porridge. The added fermented portion acts as a 
‘starter culture’ for fermentation to commence and the result is the ‘obushera’ beverage 
consumed by people of any age [48]. Obushera, produced on a small commercial scale, can 
be used as a thirst quencher, social drink, energy drink and weaning food [95]. The 
household bushera, with a pH in the range 3.7-4.5, had LAB counts varying from 7.1 to 9.4 
log10 cfu/mL and coliform counts that were in the range of <1 to 5.2 log10 cfu/mL [96]. The 
LAB species from household bushera included Lb. plantarum, Lb. paracasei subsp. paracasei, Lb. 
fermentum, Lb. brevis, Lb. delbrueckii subsp. delbrueckii and Streptococcus thermophilus. The 
isolates from laboratory fermented bushera belonged to the genera Lactococcus, Leuconostoc, 
Lactobacillus, Weissella and Enterococcus [96]. This is indicative of the probiotic potential of 
obushera. 

3.2.10. Ogi 

Ogi is another traditional African acid-fermented cereal gruel prepared from maize, 
although sorghum and millet flours are also used [11, 25]. During fermentation, Lb. 
plantarum is the predominant microorganism although bacteria such as Corynebacterium spp 
hydrolyse the corn-starch following which yeast genera such as Saccharomyces and Candida 
contribute to the flavour [11, 27]. Ogi is traditionally produced by washing the grains, 
steeping for 12 to 72 hours, wet-milling, wet-sieving and sedimenting the filtrate for 1-3 
days to obtain sour ogi [64, 97]. The pH of ogi is 3.0 – 4.0 after fermentation depending on the 
time of fermentation and the presence of LAB [64, 68]. Ogi has a sour flavour and a 
characteristic aroma [25, 38, 98]. In Nigeria the name of ‘ogi’ depends on the locality and the 
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type of cereal. Ogi is the generic name in the Western states of Nigeria where it is usually 
processed from white maize. Ogi from sorghum is known as ‘ogi-baba’ [99] while ‘ogi-gero’ 
is prepared from millet. In Northern Nigeria, ogi is known as ‘akamu’ or ‘eko gbona’, while 
in the Republics of Togo, Benin and Ghana, ogi from maize is known as ‘koko’ [38, 98]. Ogi is 
the major traditional weaning food commonly served to babies in West Africa. It is also 
eaten as a breakfast meal and it is a food of choice for the sick [25, 31, 64].  

It was observed that use of Lb. brevis alone to ferment sterile maize slurry for ogi production 
rapidly reduced the pH to 3.0 in 48 hours compared to the sterile slurry fermented by S. 
cerevisiae [64]. In this study, it was illustrated that it is possible to use starter cultures, such as 
Lb. brevis, to produce ogi without compromising its acceptability [64]. The use of starter 
cultures results in rapid drop in the pH of the food matrix [40]. Rapid pH decline may imply 
significant increase in the Lactobacillus population and increased concentration of organic 
acids can be indicative of the anti-pathogenic and/or prophylactic and therapeutic potential 
of ogi or other fermented cereal beverages. 

3.2.11. Poto poto 

This is a traditional fermented maize dough used in homes by the people of the Congo for 
weaning and for other purposes [86, 100]. Poto poto is prepared by soaking maize kernels for 
about 55 hours followed by milling and sedimentation of the paste in water [86]. The paste 
is fermented for about 11 hours and then cooked to produce maize gruel [86, 100]]. The 
fermented paste can be made into poto poto balls for selling to make poto poto gruel through 
addition of water and sugar [86, 100]. The pH of poto poto samples was found to be in the 
range 3.48-3.66 [86].  

When DNA bands from TTGE gels of poto poto extracts were sequenced, the following 
microorganisms were observed to be present in the fermented product namely: Lb. 
plantarum (predominant), Lb. gasseri, Enterococcus sp., E. coli, Lb. acidophilus, Lb. delbrueckii, 
Lb. reuteri and Lb. casei [86]. It was established that Lb. plantarum and Lb. fermentum 
isolated from poto poto produced bacteriocins that were variably inhibitive against strains 
of E. coli, Salmonella typhi, Enterobacter aerogenes, Bacillus cereus, Staphylococcus aureus, 
Listeria monocytogenes and Enterococcus faecalis [100]. The E. coli, B. cereus and other food 
pathogens reported to be in poto poto can consequently be inactivated by the bacteriocin-
producing LAB from the same food source and make it safer for human consumption [86, 
100].  

3.2.12. Thobwa 

This is a non-alcoholic thin porridge drink prepared from sorghum in Malawi and is 
popularly consumed by people of all demographics in the country. It is important to note 
however, that there is an alcoholic version of the thobwa in Malawi [67]. Thobwa may be 
similar to togwa reportedly made from maize or cassava flour and finger millet malt and 
consumed in Southern Tanzania [4].  
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type of cereal. Ogi is the generic name in the Western states of Nigeria where it is usually 
processed from white maize. Ogi from sorghum is known as ‘ogi-baba’ [99] while ‘ogi-gero’ 
is prepared from millet. In Northern Nigeria, ogi is known as ‘akamu’ or ‘eko gbona’, while 
in the Republics of Togo, Benin and Ghana, ogi from maize is known as ‘koko’ [38, 98]. Ogi is 
the major traditional weaning food commonly served to babies in West Africa. It is also 
eaten as a breakfast meal and it is a food of choice for the sick [25, 31, 64].  

It was observed that use of Lb. brevis alone to ferment sterile maize slurry for ogi production 
rapidly reduced the pH to 3.0 in 48 hours compared to the sterile slurry fermented by S. 
cerevisiae [64]. In this study, it was illustrated that it is possible to use starter cultures, such as 
Lb. brevis, to produce ogi without compromising its acceptability [64]. The use of starter 
cultures results in rapid drop in the pH of the food matrix [40]. Rapid pH decline may imply 
significant increase in the Lactobacillus population and increased concentration of organic 
acids can be indicative of the anti-pathogenic and/or prophylactic and therapeutic potential 
of ogi or other fermented cereal beverages. 

3.2.11. Poto poto 

This is a traditional fermented maize dough used in homes by the people of the Congo for 
weaning and for other purposes [86, 100]. Poto poto is prepared by soaking maize kernels for 
about 55 hours followed by milling and sedimentation of the paste in water [86]. The paste 
is fermented for about 11 hours and then cooked to produce maize gruel [86, 100]]. The 
fermented paste can be made into poto poto balls for selling to make poto poto gruel through 
addition of water and sugar [86, 100]. The pH of poto poto samples was found to be in the 
range 3.48-3.66 [86].  

When DNA bands from TTGE gels of poto poto extracts were sequenced, the following 
microorganisms were observed to be present in the fermented product namely: Lb. 
plantarum (predominant), Lb. gasseri, Enterococcus sp., E. coli, Lb. acidophilus, Lb. delbrueckii, 
Lb. reuteri and Lb. casei [86]. It was established that Lb. plantarum and Lb. fermentum 
isolated from poto poto produced bacteriocins that were variably inhibitive against strains 
of E. coli, Salmonella typhi, Enterobacter aerogenes, Bacillus cereus, Staphylococcus aureus, 
Listeria monocytogenes and Enterococcus faecalis [100]. The E. coli, B. cereus and other food 
pathogens reported to be in poto poto can consequently be inactivated by the bacteriocin-
producing LAB from the same food source and make it safer for human consumption [86, 
100].  

3.2.12. Thobwa 

This is a non-alcoholic thin porridge drink prepared from sorghum in Malawi and is 
popularly consumed by people of all demographics in the country. It is important to note 
however, that there is an alcoholic version of the thobwa in Malawi [67]. Thobwa may be 
similar to togwa reportedly made from maize or cassava flour and finger millet malt and 
consumed in Southern Tanzania [4].  
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3.2.13. Ting  

Ting is a fermented traditional sorghum food of Botswana and South Africa [101, 102]. Ting 
is prepared by combining sorghum flour (40-45%, w/v) with warm water and the slurry 
formed is kept in a warm place (~30-37 °C) for spontaneous fermentation to take place over 
a period of 2-3 days [102]. Bogobe and motogo (stiff and soft porridge respectively) are the 
two types of porridge that can be prepared and/or cooked from ting previously soured to 
pH 3.5-4.0 mainly by LAB and yeasts [102]. Motogo (soft) is usually consumed for breakfast 
and administered to weaning infants while bogobe (stiff) is consumed at lunchtime and 
supper by adults [101, 102]. In recent studies, the dominant microbiota during ting 
fermentation consisted of Lb. reuteri, Lb. fermentum, Lb. harbinensis, Lb. plantarum, Lb. 
parabuchneri, Lb. casei and Lb. coryniformis, Lb. rhamnosus, Lb. curvatus and Weissella cibaria 
[101, 102]. The presence of these microorganisms and the low pH (3.5-4.0) inhibits 
proliferation of a number of pathogens, in this manner maintaining the safety of the food. 
Fermentation of sorghum for ting production improves nutrient levels and reduces 
antinutritional factors thus increasing the bioavailability of macro-and micronutrients as 
well as enhancing the sensory attributes [101]. 

3.2.14. Uji 

Uji is a non-alcoholic beverage consumed widely in East Africa (Uganda, Kenya and 
Tanzania). It is usually prepared from maize [41, 103] although sorghum and/or millet could 
be mixed with the maize flour [35, 41]. There are two types of uji, fermented and 
unfermented. The unfermented uji is prepared by boiling water and adding the flour while 
stirring to obtain the desired drinkable viscosity [41]. Fermented Uji can be obtained by 
fermenting before or after cooking the porridge [38, 41].  

Finely ground cereal is slurried with water at a concentration of about 30% w/v. The slurry 
is spontaneously fermented for two to five days at room temperature (25 C). During 
fermentation of uji, Lb. plantarum has been found to be the dominant Lactobacillus species 
[35] while Lb. fermentum, Lb. cellobiosus and Lb. buchneri, Pediococcus acidilactici and P. 
pentosaceus are also reported to be part of the fermenting microorganisms in uji [41]. The pH 
of uji decreases to 3.5 to 4.0 whereas total acidity (as lactic acid) reaches 0.3 to 0.6% in 32 to 
40 hours [38]. After fermentation, uji is diluted to about 8 to 10% solids and brought to boil. 
It is further diluted to 4-5% solids and then sweetened by the addition of 6% sucrose and 
consumed while still warm [38]. Like other maize beverages, uji is of low energy density and 
is deficient in essential amino acids. Fortification with legumes can improve the protein 
quality and content while the involvement of α-amylase-rich malt flour and/or fermenting 
with starch-hydrolyzing starter cultures can increase the rate of fermentation [41]. 
Fermented and non-fermented uji is mainly consumed by rural and urban housewives. 
Non-fermented cooked uji is also consumed in boarding schools, hospitals and hostels. As is 
the case with mageu in South Africa [89], uji is also known by different names in different 
localities in Kenya (see Table 7).  
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Ethnic group Local name of product  
Embu Ucuru  
Kamba Uccu  
Luo Nyuka  
Luhya Obusera  
Swahili Ujia  

Source: reference [38], a the common name of sour porridge in East Africa 

Table 7. Local names for sour porridge in Kenya 

4. Microorganisms involved in cereal-based food fermentations 

4.1. Lactic acid bacteria (LAB) involved in African food fermentations 

Microorganisms of major importance in lactic acid fermentations belong to the genera 
Lactobacillus, Lactococcus, Leuconostoc and Pediococcus [30, 31]. Others include Streptococcus, 
Aerococcus, Carnobacterium, Enterococcus, Tetragenococcus, Weisella and Vagococcus [42]. These 
genera are lactic acid bacteria (LAB) that are widely used in the production of fermented 
food [39, 52]. The LAB are described as Gram positive, catalase-negative non-sporing rods 
and cocci, which are usually non-motile [31]. The LAB starter cultures are significant in the 
production of desired preservative organic acids in the food product during food 
fermentation [52]. Starter cultures are, however, not usually employed in food fermentations 
in Africa. Table 8 below shows the lactic acid bacterial species that are dominant in the 
spontaneous fermentations of several African traditional foods. 
 

Product name Dominant bacteria Reference 
Fufu Lb. plantarum [26] 
Gari Lb. plantarum [27] 
Mageu Lactococcus lactis [99] 
Mawe Lb. fermentum, 

Pediococcus pentosaceus, 
Lactococcus lactis 

[31] 
  
  
Ogi Lb. plantarum [26] 
Ogi-baba Lb. plantarum, 

Lactococcus lactis 
[99] 

  
Togwa Lb. plantarum [34] 
Uji Lb. plantarum [35] 

Table 8. Lactic acid bacteria (LAB) dominant in the spontaneous lactic acid fermentation of African 
traditional foods 

Strains of Lb. plantarum, Lb. fermentum, Lb. brevis, Pediococcus pentosaceus and P. acidilactici are 
reported to be among the most predominant species in most African cereal-based fermented 
beverages [23, 39]. The strains of some of these species have several reported probiotic 
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3.2.13. Ting  
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3.2.14. Uji 
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fermentation of uji, Lb. plantarum has been found to be the dominant Lactobacillus species 
[35] while Lb. fermentum, Lb. cellobiosus and Lb. buchneri, Pediococcus acidilactici and P. 
pentosaceus are also reported to be part of the fermenting microorganisms in uji [41]. The pH 
of uji decreases to 3.5 to 4.0 whereas total acidity (as lactic acid) reaches 0.3 to 0.6% in 32 to 
40 hours [38]. After fermentation, uji is diluted to about 8 to 10% solids and brought to boil. 
It is further diluted to 4-5% solids and then sweetened by the addition of 6% sucrose and 
consumed while still warm [38]. Like other maize beverages, uji is of low energy density and 
is deficient in essential amino acids. Fortification with legumes can improve the protein 
quality and content while the involvement of α-amylase-rich malt flour and/or fermenting 
with starch-hydrolyzing starter cultures can increase the rate of fermentation [41]. 
Fermented and non-fermented uji is mainly consumed by rural and urban housewives. 
Non-fermented cooked uji is also consumed in boarding schools, hospitals and hostels. As is 
the case with mageu in South Africa [89], uji is also known by different names in different 
localities in Kenya (see Table 7).  
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food [39, 52]. The LAB are described as Gram positive, catalase-negative non-sporing rods 
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production of desired preservative organic acids in the food product during food 
fermentation [52]. Starter cultures are, however, not usually employed in food fermentations 
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Strains of Lb. plantarum, Lb. fermentum, Lb. brevis, Pediococcus pentosaceus and P. acidilactici are 
reported to be among the most predominant species in most African cereal-based fermented 
beverages [23, 39]. The strains of some of these species have several reported probiotic 
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properties and/or characteristics. Species such as Lb. plantarum and Lb. fermentum are 
characterized by being less fastidious, relatively acid resistant, bile tolerant and can thrive 
on the substances provided in the cereal matrices [39]. It was reported that Lb. plantarum 
showed rapid acidification and produced inhibitory compounds that were active against 
Penicillium and Aspergillus strains [40]. 

Although most of the lactobacilli are generally poor starch fermenters [104], Lb. plantarum 
and Lb. fermentum are reported to be the most dominant bacterial species in acid-fermented 
cereal-based foods. This can be attributed to the degree of acid tolerance and superiority of 
these species in the utilization of starchy substrates [34, 39]. Lactobacillus plantarum isolates 
from starchy foods such as ‘togwa’ [34], ‘ogi’ [104] and cassava [34, 104] have been shown to 
have good starch-fermenting abilities. The fact that several cereal-based beverages are high 
in starch, has resulted in several α-amylase-containing lactic acid bacteria, termed 
amylolytic LAB, becoming sought-after in Africa and elsewhere globally. It has been 
reported that several strains of Lb. plantarum, Lb. fermentum, and Lb. manihotivorans with 
amylolytic capabilities have been isolated from maize-, cassava-, sorghum- and millet-based 
fermentations [39, 42]. Such strains can ferment starch from a variety of different sources.  

4.2. Other microorganisms and combinations of microbial species involved in 
cereal based food fermentations 

Besides LAB, Saccharomyces cerevisiae is notable as a predominant yeast species involved in 
food fermentation in Africa [45]. However, it is important to note that there are several 
factors determining the predominant microbial species and these include the type of cereal, 
the geographical location or region, conditions in the fermentation medium, moisture 
content and the season of the year. Yeast species isolated from an ogi maize fermention mix 
included Geotrichum fermentans, G. candidum, Rhodotorula graminis, Saccharomyces cerevisiae, 
Candida krusei, and C. tropicalis [97]. Further investigations revealed that Candida krusei was 
better than S. cerevisiae, but both species improved the growth of Lb. plantarum in maize 
slurry when each of the yeast species were in combination with the lactobacilli [97]. This 
was attributed to the capability of the two yeast strains to produce amylolytic enzymes 
which enabled starch breakdown into simpler sugars for the lactobacilli to metabolise into 
organic acids [97]. For the same reason, during the mixed culture fermentation of mawe, 
Candida krusei improved the growth of Lb. fermentum and Lb. brevis [23, 41]. During yeast and 
Lactobacillus mixed culture fermentation, the yeasts were also able to provide vitamins and 
other nutrients for the metabolic activities of the lactobacilli [40].  

Certain yeasts were important in producing enzymes such as lipase, esterase and phytase 
[97]. The lipolytic activity resulted in fatty acids which are precursors of flavour while 
esterase activity determined aroma and flavour. On the other hand, phytase, produced by 
these organisms, lowers phytic acid which can form complexes with minerals that in turn 
can negatively affect protein digestibility [97]. A mixture of Lb. fermentum and Saccharomyces 
cerevisiae as starters in the fermentation of kenkey and koko achieved more rapid pH 
reduction in 24 hours than spontaneously fermented preparations in 48 hours [39]. 
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4.3. Safety concerns around the use of bacterial strains that could be used as 
probiotics  

The cereal fermented foods and the predominant LAB are generally regarded as safe (GRAS, 
[23]. Some of the LAB in the fermented food beverages are of human origin and have been 
used for centuries knowingly or unknowingly [30]. The dominant microorganisms involved 
in the fermentation of cereal-based beverages have no reported health risk to human life 
[23]. It was however, noted that some strains of Enterococcus faecium, E. faecalis, and Lb. 
rhamnosus were in isolated, highly questionable, cases linked to endocarditis [30]. Escherichia 
coli Nissle, Saccharomyces boulardii, Streptococcus thermophilus, Enterococcus francium, 
Propionibacterium, Pediococcus and Leuconostoc have also been categorized as probiotic species 
or genera [10].  

Most of the bacteria used as probiotics, such as Lactobacillus and Bifidobacterium, are of human 
or animal origin and are generally recognized as safe [105]. Apart from Lactobacillus and 
Bifidobacterium, other genera such as Enterococcus have safety concerns as some of the species 
are pathogenic [10]. It was reported that even though some enterococci are of technological 
importance in cheese making, some clinical isolates are regarded as opportunistic pathogens 
[105]. On that basis LAB, but not enterococci, are generally regarded as safe (GRAS, [105] and 
can be used in the preparation of cereal-based probiotic beverages.  

4.4. Concerns relating to the isomeric type of lactic acid produced by lactic acid 
bacteria 

The organic acids contribute to preservation and food safety, however, it is important to 
note the concerns relating to L (+) and D (-) lactic acid isomers. The LAB predominantly 
found in spontaneously fermented African cereal beverages produce lactic acid as one of the 
major organic acids. Lactic acid contributes to preservation, taste and safety of the 
fermented foods and beverages [46]. However, lactic acid can occur in two isomers namely 
L (+) and D (-) isomers and it is only the former isomer that can be degraded in the human 
system due to the presence of L-lactate dehydrogenase in the gastro-intestinal canal [27, 42, 
94]. The genera Streptococcus, Enterococcus, Lactococcus and Carnobacterium mainly produce 
the L(+) isomer while Leuconostoc spp. and all subspecies of Lb. delbrueckii produce the D (-) 
isomer [23]. The Weissella species, Lb. sakei and heterofermentative lactobacilli produce a 
racemate (DL) of isomers [23]. Reports indicate that industrial production of mahewu, a 
fermented maize beverage, using Lb. delbrueckii, creates a challenge of D (-) lactate 
production [94]. The D (-) lactate producing Lb. delbrueckii (ID12441) was also the major 
fermenting organism isolated from munkoyo (see section 3.2.8) [94]. This is a concern since 
the organisms involved in spontaneous fermentation and the major lactic acid isomer 
produced in cereal beverages for weaning infants and children may not be known. 
Lactobacilli and pediococci produce lactic acid isomers that are species specific [23, 30]. In 
beverages used for weaning purposes, it needs to be established whether LAB strains 
produce the D (-) or the L (+) lactic acid isomer [53]. An acid-base imbalance can be induced 
in children consuming excessive amounts of beverages containing D (-) lactic acid and 
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food fermentation in Africa [45]. However, it is important to note that there are several 
factors determining the predominant microbial species and these include the type of cereal, 
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content and the season of the year. Yeast species isolated from an ogi maize fermention mix 
included Geotrichum fermentans, G. candidum, Rhodotorula graminis, Saccharomyces cerevisiae, 
Candida krusei, and C. tropicalis [97]. Further investigations revealed that Candida krusei was 
better than S. cerevisiae, but both species improved the growth of Lb. plantarum in maize 
slurry when each of the yeast species were in combination with the lactobacilli [97]. This 
was attributed to the capability of the two yeast strains to produce amylolytic enzymes 
which enabled starch breakdown into simpler sugars for the lactobacilli to metabolise into 
organic acids [97]. For the same reason, during the mixed culture fermentation of mawe, 
Candida krusei improved the growth of Lb. fermentum and Lb. brevis [23, 41]. During yeast and 
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[97]. The lipolytic activity resulted in fatty acids which are precursors of flavour while 
esterase activity determined aroma and flavour. On the other hand, phytase, produced by 
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4.3. Safety concerns around the use of bacterial strains that could be used as 
probiotics  

The cereal fermented foods and the predominant LAB are generally regarded as safe (GRAS, 
[23]. Some of the LAB in the fermented food beverages are of human origin and have been 
used for centuries knowingly or unknowingly [30]. The dominant microorganisms involved 
in the fermentation of cereal-based beverages have no reported health risk to human life 
[23]. It was however, noted that some strains of Enterococcus faecium, E. faecalis, and Lb. 
rhamnosus were in isolated, highly questionable, cases linked to endocarditis [30]. Escherichia 
coli Nissle, Saccharomyces boulardii, Streptococcus thermophilus, Enterococcus francium, 
Propionibacterium, Pediococcus and Leuconostoc have also been categorized as probiotic species 
or genera [10].  

Most of the bacteria used as probiotics, such as Lactobacillus and Bifidobacterium, are of human 
or animal origin and are generally recognized as safe [105]. Apart from Lactobacillus and 
Bifidobacterium, other genera such as Enterococcus have safety concerns as some of the species 
are pathogenic [10]. It was reported that even though some enterococci are of technological 
importance in cheese making, some clinical isolates are regarded as opportunistic pathogens 
[105]. On that basis LAB, but not enterococci, are generally regarded as safe (GRAS, [105] and 
can be used in the preparation of cereal-based probiotic beverages.  

4.4. Concerns relating to the isomeric type of lactic acid produced by lactic acid 
bacteria 

The organic acids contribute to preservation and food safety, however, it is important to 
note the concerns relating to L (+) and D (-) lactic acid isomers. The LAB predominantly 
found in spontaneously fermented African cereal beverages produce lactic acid as one of the 
major organic acids. Lactic acid contributes to preservation, taste and safety of the 
fermented foods and beverages [46]. However, lactic acid can occur in two isomers namely 
L (+) and D (-) isomers and it is only the former isomer that can be degraded in the human 
system due to the presence of L-lactate dehydrogenase in the gastro-intestinal canal [27, 42, 
94]. The genera Streptococcus, Enterococcus, Lactococcus and Carnobacterium mainly produce 
the L(+) isomer while Leuconostoc spp. and all subspecies of Lb. delbrueckii produce the D (-) 
isomer [23]. The Weissella species, Lb. sakei and heterofermentative lactobacilli produce a 
racemate (DL) of isomers [23]. Reports indicate that industrial production of mahewu, a 
fermented maize beverage, using Lb. delbrueckii, creates a challenge of D (-) lactate 
production [94]. The D (-) lactate producing Lb. delbrueckii (ID12441) was also the major 
fermenting organism isolated from munkoyo (see section 3.2.8) [94]. This is a concern since 
the organisms involved in spontaneous fermentation and the major lactic acid isomer 
produced in cereal beverages for weaning infants and children may not be known. 
Lactobacilli and pediococci produce lactic acid isomers that are species specific [23, 30]. In 
beverages used for weaning purposes, it needs to be established whether LAB strains 
produce the D (-) or the L (+) lactic acid isomer [53]. An acid-base imbalance can be induced 
in children consuming excessive amounts of beverages containing D (-) lactic acid and 
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therefore L (+) lactic acid is the most recommended isomer for man [94]. It is therefore 
necessary to screen any probiotic cultures used in foods due to the disadvantages (possible 
acidosis) of offering children foods containing D (-) lactic acid [53].  

5. Probiotic cereal-based beverages  

5.1. Introduction 

It is estimated that over 60 million people use sorghum and millet as part of their staple food 
in Africa in the fermented or unfermented form [63]. This is in addition to maize which is a 
staple cereal for the majority of the people in Africa and elsewhere in the world. This 
extensive consumption of cereals is partially the basis for the mounting research into the 
development of non-dairy cereal-based probiotic beverages. Consumers are becoming more 
aware of the need to eat food for health reasons. This implies that apart from good taste and 
nutrients provided, food needs to impart additional health benefits to the consumer. Such 
benefits can be realized by processing the food in such a way that its functionality is 
improved, for example by incorporating ingredients such as prebiotics and probiotics.  

Probiotic bacteria have several reported potential health benefits [70]. Besides probiotics, 
prebiotic oligosaccharides also impart reported health benefits to the consumer [70]. 
However, in terms of foods that are used to deliver probiotic bacteria to the consumer, milk 
and milk products are almost exclusively used for this purpose [4, 10]. Such dairy products 
however have limitations that include cost (especially in the developing world), allergens, 
cultural food taboos against milk consumption, requirement of cold-chain facilities, the need 
to use beverages that form part of the people’s daily diets as well as the need to maintain 
viability of the probiotic bacterial population in excess of the physiologically required 
therapeutic minimum of 106 -107 cfu/mL viable cells in the product when consumed [106].  

Probiotic microorganisms need to be consumed regularly and adequately (106 cfu/mL per 
serving) to maintain the intestinal population and to ensure that health benefits will be 
derived by the consumer [105]. The increasing need to eat food for health reasons, the 
demand for vegetarian probiotic foods, the growing lactose intolerance in the world 
population, and the arguable concern about the cholesterol content of fermented dairy 
products, are other factors that increase the need for the development of non-dairy 
cereal-based foods [4, 10, 105]. The following paragraphs illustrate the investigations that 
have been directed towards cereal- and/or legume-based probiotic beverage 
development.  

5.2. Oats-based probiotic beverages  

5.2.1. Proviva  

Proviva is known to be the first commercial oats-based probiotic food beverage [4]. Proviva is 
produced by Skane Dairy and it has been a commercial product in Sweden since 1994. 
Proviva has malted barley added as liquefying agent and the active probiotic component is 
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Lactobacillus plantarum 299v. The final product which is a mixture of fruit juice and 5% oat 
meal has a probiotic bacterial population count in the region of 5 x 1010 cfu/L [4, 76]. 

5.2.2. Yosa  

Yosa is a probiotic oat snack food marketed in Finland and other Scandinavian countries. 
Yosa, which has a flavour and texture comparable to that of dairy yoghurt, is made by 
cooking the oat bran pudding in water and fermenting with lactic acid bacteria and 
bifidobacteria. The probiotic species are reported to be Lb. acidophilus LA5 and Bf. lactis Bb12 
[11, 76]. Apart from probiotic bacteria, yosa also contains oat fibre, a source of β-glucan that 
has the potential to lower blood cholesterol and so reduce the chances of heart disease [11, 
49].  

5.2.3. Other experimental probiotic oats products 

Several workers have endeavoured to develop non-dairy cereal-based probiotic food 
products. An oats-based synbiotic functional drink made by fermenting an oats substrate 
with Lactobacillus plantarum B28 was developed [4]. At the end of 21 days of refrigerated 
storage the bacterial cell counts were still at a level of 7.5 x 1010 cfu/ml. The drink was 
referred to as synbiotic due to the presence of β-glucan, a functional component in cereals 
and usually highest in oats and barley in addition to the probiotic organism [4, 105]. Oats 
therefore appears to be a suitable substrate for the growth of probiotic bacteria [71].  

It is important, however, to take the probiotic species into consideration when developing 
cereal based probiotic beverages. The probiotic bacterial population levels were studied in 
an envisaged synbiotic oats beverage consisting of 5% oats, 2% inulin, 0.5% whey protein 
concentrate and 4% sugar [107]. After a storage period of 10 weeks at 4 °C the population 
levels for two probiotic species (Lb. plantarum B-28 and Lb. paracasei ssp. casei B-29) were 1.77 
x 106 – 1.29 x 107 cfu/mL and 7.39 x 107 – 4.49 x 108 cfu/mL respectively. However when Lb. 
acidophilus ATCC 521 was inoculated into the same oats beverage, the initial population 
level of 6.77 x 107 cfu/mL declined to 1.55 x 105 cfu/mL by the 4th week of storage at 4 °C. 
This decline gradually continued during a subsequent storage period [107]. This tendency 
was confirmed by other workers [71] who also found that, Lb. acidophilus showed slower 
rates of pH reduction and lower viable counts in oats due to its higher requirement for 
nutrients in comparison with Lb. plantarum and Lb. reuteri. To be referred to as a probiotic 
beverage at the time of consumption such beverages should have a population level of at 
least 106 cfu/mL viable cells [107]. These findings illustrated that the survival of probiotics in 
cereal beverages is species and strain specific and this should be kept in mind in developing 
such products.  

5.3. Probiotic beverages incorporating malted cereals and hidrolysates 

The potential of four bifidobacterial species of human origin to ferment a barley malt 
hidrolysate similar to that obtained in the brewery was investigated [76]. These species 
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therefore L (+) lactic acid is the most recommended isomer for man [94]. It is therefore 
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Probiotic bacteria have several reported potential health benefits [70]. Besides probiotics, 
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However, in terms of foods that are used to deliver probiotic bacteria to the consumer, milk 
and milk products are almost exclusively used for this purpose [4, 10]. Such dairy products 
however have limitations that include cost (especially in the developing world), allergens, 
cultural food taboos against milk consumption, requirement of cold-chain facilities, the need 
to use beverages that form part of the people’s daily diets as well as the need to maintain 
viability of the probiotic bacterial population in excess of the physiologically required 
therapeutic minimum of 106 -107 cfu/mL viable cells in the product when consumed [106].  

Probiotic microorganisms need to be consumed regularly and adequately (106 cfu/mL per 
serving) to maintain the intestinal population and to ensure that health benefits will be 
derived by the consumer [105]. The increasing need to eat food for health reasons, the 
demand for vegetarian probiotic foods, the growing lactose intolerance in the world 
population, and the arguable concern about the cholesterol content of fermented dairy 
products, are other factors that increase the need for the development of non-dairy 
cereal-based foods [4, 10, 105]. The following paragraphs illustrate the investigations that 
have been directed towards cereal- and/or legume-based probiotic beverage 
development.  

5.2. Oats-based probiotic beverages  
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Proviva is known to be the first commercial oats-based probiotic food beverage [4]. Proviva is 
produced by Skane Dairy and it has been a commercial product in Sweden since 1994. 
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Lactobacillus plantarum 299v. The final product which is a mixture of fruit juice and 5% oat 
meal has a probiotic bacterial population count in the region of 5 x 1010 cfu/L [4, 76]. 

5.2.2. Yosa  

Yosa is a probiotic oat snack food marketed in Finland and other Scandinavian countries. 
Yosa, which has a flavour and texture comparable to that of dairy yoghurt, is made by 
cooking the oat bran pudding in water and fermenting with lactic acid bacteria and 
bifidobacteria. The probiotic species are reported to be Lb. acidophilus LA5 and Bf. lactis Bb12 
[11, 76]. Apart from probiotic bacteria, yosa also contains oat fibre, a source of β-glucan that 
has the potential to lower blood cholesterol and so reduce the chances of heart disease [11, 
49].  

5.2.3. Other experimental probiotic oats products 

Several workers have endeavoured to develop non-dairy cereal-based probiotic food 
products. An oats-based synbiotic functional drink made by fermenting an oats substrate 
with Lactobacillus plantarum B28 was developed [4]. At the end of 21 days of refrigerated 
storage the bacterial cell counts were still at a level of 7.5 x 1010 cfu/ml. The drink was 
referred to as synbiotic due to the presence of β-glucan, a functional component in cereals 
and usually highest in oats and barley in addition to the probiotic organism [4, 105]. Oats 
therefore appears to be a suitable substrate for the growth of probiotic bacteria [71].  

It is important, however, to take the probiotic species into consideration when developing 
cereal based probiotic beverages. The probiotic bacterial population levels were studied in 
an envisaged synbiotic oats beverage consisting of 5% oats, 2% inulin, 0.5% whey protein 
concentrate and 4% sugar [107]. After a storage period of 10 weeks at 4 °C the population 
levels for two probiotic species (Lb. plantarum B-28 and Lb. paracasei ssp. casei B-29) were 1.77 
x 106 – 1.29 x 107 cfu/mL and 7.39 x 107 – 4.49 x 108 cfu/mL respectively. However when Lb. 
acidophilus ATCC 521 was inoculated into the same oats beverage, the initial population 
level of 6.77 x 107 cfu/mL declined to 1.55 x 105 cfu/mL by the 4th week of storage at 4 °C. 
This decline gradually continued during a subsequent storage period [107]. This tendency 
was confirmed by other workers [71] who also found that, Lb. acidophilus showed slower 
rates of pH reduction and lower viable counts in oats due to its higher requirement for 
nutrients in comparison with Lb. plantarum and Lb. reuteri. To be referred to as a probiotic 
beverage at the time of consumption such beverages should have a population level of at 
least 106 cfu/mL viable cells [107]. These findings illustrated that the survival of probiotics in 
cereal beverages is species and strain specific and this should be kept in mind in developing 
such products.  

5.3. Probiotic beverages incorporating malted cereals and hidrolysates 

The potential of four bifidobacterial species of human origin to ferment a barley malt 
hidrolysate similar to that obtained in the brewery was investigated [76]. These species 
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included Bf. adolescentis NCIMB 702204, Bf. infantis NCIMB 702205, Bf. breve NCIMB 702257 
and Bf. longum NCIMB 702259. The workers found that the addition of yeast extract to the 
malt hidrolysate as a growth promoter was necessary for the population levels to increase 
by 1.5 - 2.0 log10 cycles to 8.73 – 9.00 log10 cfu/ml after 24 hours of fermentation at 37 °C. 
Their work illustrated the potential of using bifidobacteria to develop a probiotic malt-based 
beverage by way of looking at the population levels attained in the study [76]. The study did 
not include product characterisation to establish its sensory attributes neither was the 
acceptance of the product tested among the target consumers. In addition to this, shelf-life 
studies in terms of viable bacterial cells were not conducted. On the other hand the barley-
malt hidrolysate used as the substrate may not be commercially feasible for use in the 
developing world and if it were, its protein deficiencies would have malnutrition 
implications for the African consumer [76].  

In another study relating to barley malt, the potential of using Lactobacillus reuteri 
(probiotic) and yeast to develop a cereal-based probiotic drink by fermenting a 5% (w/v) 
malt suspension was investigated [75]. The workers observed that using a mixed culture 
of Lb. reuteri and yeast resulted in a better decrease in pH, increased lactic acid production 
and increased ethanol production compared to that observed with pure cultures.The 
protective effect of extracts of malt, barley and wheat on the bile tolerance of Lactobacillus 
reuteri, Lb. acidophilus and Lb. plantarum has also been investigated [108]. It was illustrated 
that the cereal extracts, particularly from malt, exerted a protective effect, against bile 
salts, on the studied lactobacilli. The protection was attributed to the presence, in cereal 
malt extracts, of non-reducing sucrose and soluble oligosaccharides (non-digestible 
carbohydrates) that have been reported to improve bile tolerance. The study indicated the 
potential of malt, barley and wheat extracts to offer protection against bile to the 
probiotics when ingested together. 

The factors that influence the growth of selected potential probiotic lactobacilli (e.g. Lb. 
fermentum, Lb. reuteri, Lb. acidophilus and Lb. plantarum) in selected cereal substrates as a way 
of assessing the potential of producing a probiotic cereal-based beverage was investigated 
[72]. In their study, a malt medium enabled the tested lactobacilli to attain higher counts 
(8.10 – 10.11 log10 cfu /mL) than in non–malted barley and wheat media (7.20 – 9.43 log10 cfu 
/mL). The differences in counts were attributed to a higher level of sugars (15 g/L total 
fermentable sugars) and an increased free amino nitrogen concentration (80 mg/L) in malt 
medium than in the non-malted barley or wheat media (3 – 4 g/L total fermentable sugars 
and free amino nitrogen concentration of 15.3 – 26.6 mg/L). The sugars were present in the 
form of maltose, sucrose and also in the form of their monomeric components (glucose and 
fructose). Growth limitation was a result of either a low pH or a substrate deficiency. In malt 
medium, where sugars were abundant, the microbial growth was limited by low pH (3.40 – 
3.77) while in barley and wheat media, growth was limited by insufficient fermentable 
sugars and free amino nitrogen. This was based on the observation that growth was halted 
at a higher pH (3.73 – 4.88) in barley and wheat media than in malt medium [72]. Barley is 
not abundant in the developing world and therefore a barley-malt probiotic beverage 
production would not be feasible [72] in this part the world. 
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5.4. Maize (corn)-based probiotic beverages  

5.4.1. Synbiotic mahewu (mageu) 

Mageu is commercially produced in South Africa which provides it with the potential to 
deliver probiotic bacteria to the consumers for whom it is part of their daily diets. The 
commercial mageu is prepared using Lactobacillus delbrueckii and the product is pasteurized 
after fermentation and it is therefore not a probiotic product. The possible enhancement of 
the functional quality of mageu was investigated [70]. To this end, six pure probiotic 
Lactobacillus starter cultures and prebiotic oligosaccharides in developing six fermented 
synbiotic maize-based mageu-like beverages were tested. The strains included Lb. casei 
BGP93, Lb. casei (Shirota strain), Lb. rhamnosus LRB, Lb. paracasei BGPI, Lb. plantarum BG112, 
Lb. acidophilus PRO and Lb. delbrueckii subsp. lactis C09 (used to prepare the control). The 
suitable prebiotic ingredient and the factors affecting the growth of these organisms in the 
maize gruel, as well as the sustained viability of these organisms in the product during 
extended refrigerated storage were investigated [70].  

The viability of the probiotic strains, in terms of population level, in the fermented synbiotic 
maize-based beverages at the end of a 90-day storage period at 5 °C exceeded 7.5 log10 cfu/mL 
[70]. This was well above the recommended therapeutic minimum of 6 log10 cfu/mL at the time 
of consumption [109, 110]. Intake of a portion of 200 – 300 ml of the experimental synbiotic 
mageu products would potentially enable the consumer to derive 7 to 10.5 g d-1 of prebiotic 
Raftiline® GR (inulin) and 2 × 1010 – 3 × 1011 viable probiotic bacterial cells d-1. A trained sensory 
panel found that the synbiotic maize-based beverages fermented by Lb. acidophilus PRO and Lb. 
rhamnosus LRB were the most similar to the control (Lb. delbrueckii). This was confirmed by a 
larger consumer acceptance panel [111]. This illustrated that mageu can be converted to an 
acceptable synbiotic beverage and that it was able to sustain a population of viable probiotic 
cells, exceeding the therapeutic minimum level, during an extended storage period. 

5.4.2. Mahewu (mageu) with bifidobacteria 

The survival of probiotic Bifidobacterium lactis DSM 10140 as harvested and inoculated free 
cells or as microencapsulated cells in mahewu (mageu) was studied [74]. The workers 
observed that the counts of free cells of B. lactis reduced significantly during the 21day 
storage at 4 °C and 22 °C both in the presence or absence of oxygen. Poor viability of Bf. 
lactis in mahewu was attributed to exposure to the low pH (3.5) of mahewu and the 
inadequate buffering capacity as a result of a low protein content (5.2 g/L) in a medium 
containing 78.4 g/L of carbohydrates [74]. The workers then recommended the use of 
microencapsulation coupled with storage at 4 °C as being optimal for the delivery of Bf. 
lactis to the consumer [74]. However, microencapsulation is not without its technological 
challenges and added cost. Bifidobacterium lactis has also been said to be closely related to Bf. 
animalis which is a probiotic of animal origin [112]. It is therefore important that the 
potential of using bifidobacteria of human origin as starters in combination with lactobacilli 
are investigated in providing a probiotic enhanced mageu product.  
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acceptance of the product tested among the target consumers. In addition to this, shelf-life 
studies in terms of viable bacterial cells were not conducted. On the other hand the barley-
malt hidrolysate used as the substrate may not be commercially feasible for use in the 
developing world and if it were, its protein deficiencies would have malnutrition 
implications for the African consumer [76].  

In another study relating to barley malt, the potential of using Lactobacillus reuteri 
(probiotic) and yeast to develop a cereal-based probiotic drink by fermenting a 5% (w/v) 
malt suspension was investigated [75]. The workers observed that using a mixed culture 
of Lb. reuteri and yeast resulted in a better decrease in pH, increased lactic acid production 
and increased ethanol production compared to that observed with pure cultures.The 
protective effect of extracts of malt, barley and wheat on the bile tolerance of Lactobacillus 
reuteri, Lb. acidophilus and Lb. plantarum has also been investigated [108]. It was illustrated 
that the cereal extracts, particularly from malt, exerted a protective effect, against bile 
salts, on the studied lactobacilli. The protection was attributed to the presence, in cereal 
malt extracts, of non-reducing sucrose and soluble oligosaccharides (non-digestible 
carbohydrates) that have been reported to improve bile tolerance. The study indicated the 
potential of malt, barley and wheat extracts to offer protection against bile to the 
probiotics when ingested together. 

The factors that influence the growth of selected potential probiotic lactobacilli (e.g. Lb. 
fermentum, Lb. reuteri, Lb. acidophilus and Lb. plantarum) in selected cereal substrates as a way 
of assessing the potential of producing a probiotic cereal-based beverage was investigated 
[72]. In their study, a malt medium enabled the tested lactobacilli to attain higher counts 
(8.10 – 10.11 log10 cfu /mL) than in non–malted barley and wheat media (7.20 – 9.43 log10 cfu 
/mL). The differences in counts were attributed to a higher level of sugars (15 g/L total 
fermentable sugars) and an increased free amino nitrogen concentration (80 mg/L) in malt 
medium than in the non-malted barley or wheat media (3 – 4 g/L total fermentable sugars 
and free amino nitrogen concentration of 15.3 – 26.6 mg/L). The sugars were present in the 
form of maltose, sucrose and also in the form of their monomeric components (glucose and 
fructose). Growth limitation was a result of either a low pH or a substrate deficiency. In malt 
medium, where sugars were abundant, the microbial growth was limited by low pH (3.40 – 
3.77) while in barley and wheat media, growth was limited by insufficient fermentable 
sugars and free amino nitrogen. This was based on the observation that growth was halted 
at a higher pH (3.73 – 4.88) in barley and wheat media than in malt medium [72]. Barley is 
not abundant in the developing world and therefore a barley-malt probiotic beverage 
production would not be feasible [72] in this part the world. 
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5.4. Maize (corn)-based probiotic beverages  

5.4.1. Synbiotic mahewu (mageu) 

Mageu is commercially produced in South Africa which provides it with the potential to 
deliver probiotic bacteria to the consumers for whom it is part of their daily diets. The 
commercial mageu is prepared using Lactobacillus delbrueckii and the product is pasteurized 
after fermentation and it is therefore not a probiotic product. The possible enhancement of 
the functional quality of mageu was investigated [70]. To this end, six pure probiotic 
Lactobacillus starter cultures and prebiotic oligosaccharides in developing six fermented 
synbiotic maize-based mageu-like beverages were tested. The strains included Lb. casei 
BGP93, Lb. casei (Shirota strain), Lb. rhamnosus LRB, Lb. paracasei BGPI, Lb. plantarum BG112, 
Lb. acidophilus PRO and Lb. delbrueckii subsp. lactis C09 (used to prepare the control). The 
suitable prebiotic ingredient and the factors affecting the growth of these organisms in the 
maize gruel, as well as the sustained viability of these organisms in the product during 
extended refrigerated storage were investigated [70].  

The viability of the probiotic strains, in terms of population level, in the fermented synbiotic 
maize-based beverages at the end of a 90-day storage period at 5 °C exceeded 7.5 log10 cfu/mL 
[70]. This was well above the recommended therapeutic minimum of 6 log10 cfu/mL at the time 
of consumption [109, 110]. Intake of a portion of 200 – 300 ml of the experimental synbiotic 
mageu products would potentially enable the consumer to derive 7 to 10.5 g d-1 of prebiotic 
Raftiline® GR (inulin) and 2 × 1010 – 3 × 1011 viable probiotic bacterial cells d-1. A trained sensory 
panel found that the synbiotic maize-based beverages fermented by Lb. acidophilus PRO and Lb. 
rhamnosus LRB were the most similar to the control (Lb. delbrueckii). This was confirmed by a 
larger consumer acceptance panel [111]. This illustrated that mageu can be converted to an 
acceptable synbiotic beverage and that it was able to sustain a population of viable probiotic 
cells, exceeding the therapeutic minimum level, during an extended storage period. 

5.4.2. Mahewu (mageu) with bifidobacteria 

The survival of probiotic Bifidobacterium lactis DSM 10140 as harvested and inoculated free 
cells or as microencapsulated cells in mahewu (mageu) was studied [74]. The workers 
observed that the counts of free cells of B. lactis reduced significantly during the 21day 
storage at 4 °C and 22 °C both in the presence or absence of oxygen. Poor viability of Bf. 
lactis in mahewu was attributed to exposure to the low pH (3.5) of mahewu and the 
inadequate buffering capacity as a result of a low protein content (5.2 g/L) in a medium 
containing 78.4 g/L of carbohydrates [74]. The workers then recommended the use of 
microencapsulation coupled with storage at 4 °C as being optimal for the delivery of Bf. 
lactis to the consumer [74]. However, microencapsulation is not without its technological 
challenges and added cost. Bifidobacterium lactis has also been said to be closely related to Bf. 
animalis which is a probiotic of animal origin [112]. It is therefore important that the 
potential of using bifidobacteria of human origin as starters in combination with lactobacilli 
are investigated in providing a probiotic enhanced mageu product.  
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5.4.3. Fermented maize weaning porridge 

In a fermented “maize porridge” (18.5% w/w maize meal) mixed with malted barley (1.5% 
w/w), the growth and metabolism of four strains of probiotic lactobacilli (Lb. reuteri SD 2112, 
Lb. rhamnosus GG, Lb. acidophilus LA5 and Lb. acidophilus 1748) were studied in terms of cell 
counts, pH and metabolites [73]. Bacterial cell counts attained maximum levels of 7.2-8.2 
log10 cfu within 12 hours of fermentation at 37 °C [73]. The lowest pH range attained after 24 
hour fermentation period at 37 °C was 3.1-3.7 [73]. The products were of low viscosity that 
could be attributed to the use of the barley malt expected to be the source of amylase for the 
enzymatic hydrolysis of maize starch. Whereas the malt may have increased the level of 
fermentable sugars, it also led to a product of low viscosity (too watery) that may not have 
consumer appeal in the developing world either as porridge or a beverage. This product 
was not subjected to sensory evaluation, consumer preference evaluation or shelf-life 
testing. ‘Maize weaning porridge’ as it was referred to by the workers would not be 
nutritionally suitable for this purpose due to the inherent protein deficiency of maize that 
was the principal ingredient. It should also be noted that barley malt may not be readily 
available in the developing world. 

5.5. Probiotic soy-based probiotic beverages  

Soybeans and rice fermentation media are also reported to be suitable substrates for the 
growth of certain probiotic lactobacilli and bifidobacteria [49]. Soybean usage is however 
hampered by the presence of raffinose and stachyose, which can cause flatulence [105]. 
The non-inactivated lipoxygenase enzyme in the soybean is the causative agent of the 
beany off-flavour (as perceived in Western societies) in soy-containing products [105]. 
These limiting factors can, however, be significantly reduced by fermenting with 
technologically suitable LAB. Soy yoghurt and/or “sogurt” developed using soymilk, is 
characterized by a hard and coarse texture in addition to a beany “off-flavour”. Coupled 
with inadequate acid development, this has resulted in a lower sensory appeal of these 
products [105]. Reports indicate that inclusion of fructose, calcium, cheese whey proteins, 
gelatin and lactose as well as probiotic bacteria improved the textural and sensory 
properties of sogurt [105].  

Soymilk is suitable for the growth of lactobacilli and bifidobacteria and a probiotic soymilk 
and soybean yoghurt with added prebiotic oligofructose and inulin was developed [4]. This 
was found to be the case with several lactobacilli that included Lb. casei, Lb. fermentum, Lb. 
reuteri, and Lb. acidophilus [49]. Probiotic bacteria were also introduced into a non-fermented 
vegetarian frozen soy dessert. This product was composed of a soymilk beverage, sugar, oil, 
stabilizer and salt. The probiotic organisms introduced included Lactobacillus acidophilus, Lb. 
rhamnosus, Lb. paracasei ssp. paracasei, Saccharomyces boulardi and Bifidobacterium lactis. 
Bacterial population levels after 6 months’ storage exceeded 107 cfu/g for all species except 
for S. boulardi [49]. The population level of the yeast species was below the therapeutic 
minimum of 106 cfu/g and this was attributed to the absence of ‘cell shielding’.  
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In summary it can be stated that generally speaking, cereals are good growth-substrates of 
probiotic bacteria [108]. This is illustrated by the Yosa oats-based product, which to date is 
the only cereal-based commercial product known to contain both LAB and bifidobacteria. 
Since cereal-nutrient components vary, growth rates of probiotic organisms may also vary. 
Further research is therefore imperative to investigate the growth factors that may enhance 
the growth and survival of lactobacilli and bifidobacteria in cereal-based gruels. The 
indigestible variable fractions of the cereals can be utilised as prebiotics by probiotics in the 
GIT of the host upon ingestion of the fermented cereal-based beverage and these should also 
be defined and tested.  

5.6. Therapeutic minimum levels of bacterial species in probiotic beverages 

The therapeutic minimum population level for bacterial species in probiotic beverages is 
recommended to be 106 cfu ml-1. This is the lowest probiotic bacterial count in a probiotic 
product that may adequately impart prophylactic and therapeutic benefits to the host. In 
order to realize therapeutic effects of probiotic bacteria in a product, the bacterial counts 
should exceed 106 cfu ml-1 [113]. Such a dose should be consumed regularly to ensure 
permanent colonisation in the small intestines. These high bacterial cell counts of probiotic 
bacteria are proposed to allow for the possible reduction in numbers during passage 
through the stomach and the intestines [114]. The need to have live probiotic cultures in 
products claimed to be probiotic has resulted in the formation of regulatory bodies and food 
legislation in some countries.  

The Swiss Food Regulation and the International Standard of FIL/IDF require probiotic 
products to contain at least 106 cfu ml -1 [115]. The Fermented Milks and Lactic Acid Bacteria 
Beverages Association of Japan specifies a minimum of 107cfu ml -1 to be present in fresh 
probiotic dairy products [114, 115]. Japan has the FOSHU (Foods for Specified Health Use) 
programme for approving functional foods for marketing. A product with a “FOSHU” tag is 
defined as a food, which is expected to have certain functional benefits and has been 
licensed to bear a label to that effect [1]. The USA’s National Yoghurt Association (NYA) 
specifies a population level of 108 cfu/g of lactic acid bacteria, at the time of manufacture, 
before placing a “Live and Active Culture” logo on the containers of the product [14]. 
However, in the USA, no indication is given as to what the viable count should be at the end 
of shelf-life. In the South African context, the South African Food and Health Draft 
Regulation (regulation 63) stipulates that selected probiotic microbes must be present at 
levels of at least 106 cfu ml-1 of product in order to exert a beneficial effect [110].  

6. Conclusions and recommendations  

Cereals and fermented cereal beverages can be advocated for use as delivery vehicles of 
health-benefiting functional ingredients such as probiotics and prebiotics. However, it is 
important to note some of the challenges associated with cereal grains and how they may 
be circumvented in improving probiotic cereal food delivery to masses in Africa and the 



 
Probiotics 186 
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with inadequate acid development, this has resulted in a lower sensory appeal of these 
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properties of sogurt [105].  
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was found to be the case with several lactobacilli that included Lb. casei, Lb. fermentum, Lb. 
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for S. boulardi [49]. The population level of the yeast species was below the therapeutic 
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In summary it can be stated that generally speaking, cereals are good growth-substrates of 
probiotic bacteria [108]. This is illustrated by the Yosa oats-based product, which to date is 
the only cereal-based commercial product known to contain both LAB and bifidobacteria. 
Since cereal-nutrient components vary, growth rates of probiotic organisms may also vary. 
Further research is therefore imperative to investigate the growth factors that may enhance 
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indigestible variable fractions of the cereals can be utilised as prebiotics by probiotics in the 
GIT of the host upon ingestion of the fermented cereal-based beverage and these should also 
be defined and tested.  
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recommended to be 106 cfu ml-1. This is the lowest probiotic bacterial count in a probiotic 
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should exceed 106 cfu ml-1 [113]. Such a dose should be consumed regularly to ensure 
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bacteria are proposed to allow for the possible reduction in numbers during passage 
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products to contain at least 106 cfu ml -1 [115]. The Fermented Milks and Lactic Acid Bacteria 
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defined as a food, which is expected to have certain functional benefits and has been 
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before placing a “Live and Active Culture” logo on the containers of the product [14]. 
However, in the USA, no indication is given as to what the viable count should be at the end 
of shelf-life. In the South African context, the South African Food and Health Draft 
Regulation (regulation 63) stipulates that selected probiotic microbes must be present at 
levels of at least 106 cfu ml-1 of product in order to exert a beneficial effect [110].  

6. Conclusions and recommendations  

Cereals and fermented cereal beverages can be advocated for use as delivery vehicles of 
health-benefiting functional ingredients such as probiotics and prebiotics. However, it is 
important to note some of the challenges associated with cereal grains and how they may 
be circumvented in improving probiotic cereal food delivery to masses in Africa and the 
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developing world. It was noted that there is no known distribution channel for starter 
cultures to small scale or household scale processers of cereal-based fermented beverages 
in Africa and the developing world [30]. The other bottleneck is the fact that probiotic 
strains that have been technologically used successfully in dairy products may not 
exhibit similar acceptable growth and viability in cereal beverages. This accentuates the 
need for doing further screening [105]. The developed plant-cereal-based synbiotic 
beverages may also not have the necessary acceptable sensory attributes [3, 105, 116]. In 
a recent study, the use of a strain of Lb. paracasei BGP1 in a maize based fermented 
synbiotic experimental product resulted in off-flavours detected by a trained sensory 
panel [70, 111].  

The use of probiotic strains in a combination of cereals and legumes in fermented 
products needs to be based on a number of considerations including technological and 
functional properties; sensory properties, growth rate; capability to deal with 
antinutritional factors; reduction of toxic substances in cassava; reduction of mycotoxins 
in cereals; reduction of flatulence causing compounds in legumes; pathogen inhibitory 
capabilities; co-existence and growth in mixed cultures [30]. These determinations 
however are hampered by the lack of facilities, expertise and the cost-benefit ratio that, in 
most cases, is not favourable to small scale and household scale cereal beverage producers 
in the developing world [30]. 
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1. Introduction 

In recent years, scientific investigators have moved from primary role of food as the source 
of energy and nutrients to action of biologically active food components on human health. 
On the other hand, consumer interest about the active role of food in well-being and life 
prolongation has been increased. In this way, a novel term -functional food- was introduced 
which refers to preventional and/or curing effects of food beyond its nutritional value. There 
is a wide rage of functional foods that were developed recently and many of them are being 
produced in all over the world including probiotic, prebiotic and symbiotic foods as well as 
foods enriched with antioxidants, isoflavones, phytosterols, anthocyanins and fat-reduced, 
sugar-reduced or salt-reduced foods. Among these foods, probiotic functional food has 
exerted positive effects on the overall health. We can divide it in both probiotic dairy foods 
and probiotic non-dairy foods. The market of probiotic dairy foods is increasing annually. 
An increased demand for dairy probiotic products comes from health promotion effects of 
probiotic bacteria which are originally initiated from milk products, bioactive compounds of 
fermented dairy products and prevention of lactose intolerance. Therefore, development of 
these products is a key research priority for food design and a challenge for both industry 
and science sectors.  

Literatures about probiotic application in pediatrics have some characteristics including 
numerous, randomized, controlled clinical trials or meta-analyses but the substantial 
heterogeneity of these works greatly complicates the interpretation of the results and thus 
makes it difficult to draw univocal and general conclusions. Despite these complications, it 
is possible to draw some conclusions about the clinical effectiveness of probiotics by 
examining the most significant literature on each pathology. In particular, there is strong 
evidence indicating that probiotics have preventive and therapeutic effect on pathologies 
such as acute diarrhea, antibiotic-associated diarrhea, NEC, and allergic pathology. It was 
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reported that administration of L.GG to 50 infants, for a period of 6 weeks, did not improve 
abdominal pain but did reduce the incidence of abdominal tension compared to the placebo 
(Bausserman and Michail, 2005) But in other works it was clearly demonstrated that L. 
acidophilus did improve the symptoms in about half of the patients with IBS, that the blend 
of VLS#3 probiotics decreased abdominal swelling, while the combined use of L. plantarum 
and B. breve reduced pain intensity (Halpern, et al., 1996; Kim, et al., 2003; Saggioro, 2004). 
L. acidophilus and B. infantis for 4 weeks were administered alone or in combination with 
antibiotics ciprofloxacin for the first week to three different groups with IBS: diarrhea, 
constipation, and alternating diarrhea and constipation. Both therapeutic approaches have 
improved the quality of life and reduced symptoms in all three groups (Faber, 2000). In 
conclusion, although the use of some types of probiotics on IBS appears promising, 
additional studies are needed. Food supplementation with pre- and probiotics may reduce 
the prevalence for the infant in high-risk families developing an atopic eczema during the 
first 2 years of life. Those pregnant women should be advised to take probiotics (L. GG) in 
late pregnancy and the first 6 months postnatally during nursing. If breast-feeding is not 
possible, pro- or prebiotics can be supplemented to the infant. There are no known adverse 
reactions and it might prevent atopic eczema, especially in neonates after cesarean delivery. 
Therapeutic use of probiotics to improve atopic eczema is only supportive in infants 18 
months and with IgE sensitization.  

Recent experimental studies have shown that certain gut bacteria, in particular species of 
Lactobacillus and Bifidobacterium, may exert beneficial effects in the oral cavity by 
inhibiting Streptococci and Candida sp. Probiotic lactic acid bacteria can produce different 
antimicrobial components such as organic acids, hydrogen peroxide, carbon peroxide, 
diacetyl, low molecular weight antimicrobial substances, bacteriocins, and adhesion 
inhibitors, which also affect oral microflora. However, data is still sparse on the probiotic 
action in the oral cavity. More information is needed on the colonization of probiotics in the 
mouth and their possible effect on and within oral biofilms. There is every reason to believe 
that the putative probiotic mechanisms of action are the same in the mouth as they are in 
other parts of the gastrointestinal tract. Because of the increasing global problem with 
antimicrobial drug resistance, the concept of probiotic therapy is interesting and pertinent, 
and merits further research in the fields of oral medicine and dentistry (Meurman, 2005). 

The number of microbial cells in the human gut is 10 times more than the number of cells in 
the adult body (Mountzouris and Gibson, 2003). So, the change of microbial balance in 
human intestine can impress the host health. The ratio between the beneficial microbes 
(probiotics) and harmful microbes would have an important effect on host health. One way 
to keeping up the probiotic cells in the gut, is to entering probiotics into the intestine 
through the regular consumption of food containing these bacteria. Among the functional 
foods, the dairy probiotic products, especially ice cream and cheese are good vehicle to 
transfer probiotics to the human intestinal tract (Homayouni, 2008a; Homayouni et al., 
2012). Dairy products have an important role in human health and form the main part of the 
food pyramid. The therapeutical and health care characteristic of fermented dairy products 
has been used over long years. Another way to keeping up the probiotic cells in the gut is to 
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entering prebiotics into the intestine through the regular consumption of foods containing 
these components. It is clear that versus probiotics the amounts of prebiotics do not changes 
during the passage from upper intestinal tract (Homayouni, 2008a).  

The main role of food is providing enough nutrients to meet metabolic requirements in 
human body, while giving the consumer a satisfaction feeling and well-being (Homayouni, 
2008a). Beyond meeting nutrition needs, food may have different physiological functions 
and may play detrimental or beneficial roles in some diseases (Koletzko et al., 1998). 
Functional foods were developed in order to promote a well-being state, improving health, 
and reducing the diseases risk. "Functional food" means; special foods which have 
preventional and/or curing effects beyond its nutritional (Homayouni, 2008a). There is a 
wide rage of functional foods that were developed recently and many of them are being 
produced in all over the world including probiotic, prebiotic and symbiotic foods as well as 
foods enriched with antioxidants, isoflavons, phytosterols, anthosyanins and fat-reduced, 
sugar-reduced or salt-reduced foods. Among these foods, probiotic functional foods are the 
first choice to exert positive effects on the human health. Probiotic functional foods were 
divided into dairy probiotic foods and non-dairy probiotic foods. Some of dairy probiotic 
foods including probiotic ice cream, frozen fermented dairy deserts, probiotic cheese, bio-
yoghurt, drinking yoghurt, kefir, Freeze-dried yoghurt and spray dried milk powder have 
been employed as possible delivery vehicles for probiotic bacteria (Haynes and Playne, 
2002; Homayouni et al., 2008b; Homayouni et al., 2012; Ejtahed et al., 2011; Ejtahed et al., 
2012; Mirzaei et al., 2012 Kailasapathy and Rybka, 1997; Ravula and Shah, 1998; Stanton et 
al., 2001). Probiotics are distinct as live micro-organisms which, when administered in 
sufficient amounts present a health benefit on the host (Food and Agriculture Organization 
of United Nations; World Health Organization - FAO/WHO, 2002; Homayouni, 2009). In 
recent years probiotic bacteria have increasingly been incorporated into dairy foods as 
dietary adjuncts. Lactobacillus and Bifidobacterium are the most common probiotic bacterial 
cells that were used in the production of fermented and non-fermented dairy products. 

Consumption of probiotic bacteria via dairy food products is an ideal way to re-establish the 
intestinal micro-floral balance. It must conform to certain requirements for a dairy food 
product to be considered as a valuable alternative for delivery of probiotic bacteria in one 
hand and for variety of probiotic cultures to use as a dietary adjunct and to exert a positive 
influence in the other hand. The culture must be native of the human gastrointestinal tract, 
having the ability to ferment prebiotics, survives passage through the stomach and small 
bowel in adequate numbers, be capable of colonizing in site of action, and have beneficial 
effects on human health. In order to survive, the strain must be resistant to acidic conditions 
(gastric pH 1-4), alkaline conditions (bile salts present in the small bowel), enzymes present 
in the intestine (lysozyme) and toxic metabolites produced during digestion (Homayouni et 
al., 2008d). For example in traditional yoghurt production, Lactobacillus bulgaricus and 
Streptococcus thermophilus were used as starter culture. These bacteria do not belong to the 
indigenous intestinal flora, are not bile-acid resistant and do not survive passage through 
the gut. So, the traditional yoghurt culture is not to be considering as probiotic. In the case of 
dairy food product to be considered as a valuable alternative for delivery of probiotics, it 
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reported that administration of L.GG to 50 infants, for a period of 6 weeks, did not improve 
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late pregnancy and the first 6 months postnatally during nursing. If breast-feeding is not 
possible, pro- or prebiotics can be supplemented to the infant. There are no known adverse 
reactions and it might prevent atopic eczema, especially in neonates after cesarean delivery. 
Therapeutic use of probiotics to improve atopic eczema is only supportive in infants 18 
months and with IgE sensitization.  

Recent experimental studies have shown that certain gut bacteria, in particular species of 
Lactobacillus and Bifidobacterium, may exert beneficial effects in the oral cavity by 
inhibiting Streptococci and Candida sp. Probiotic lactic acid bacteria can produce different 
antimicrobial components such as organic acids, hydrogen peroxide, carbon peroxide, 
diacetyl, low molecular weight antimicrobial substances, bacteriocins, and adhesion 
inhibitors, which also affect oral microflora. However, data is still sparse on the probiotic 
action in the oral cavity. More information is needed on the colonization of probiotics in the 
mouth and their possible effect on and within oral biofilms. There is every reason to believe 
that the putative probiotic mechanisms of action are the same in the mouth as they are in 
other parts of the gastrointestinal tract. Because of the increasing global problem with 
antimicrobial drug resistance, the concept of probiotic therapy is interesting and pertinent, 
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to keeping up the probiotic cells in the gut, is to entering probiotics into the intestine 
through the regular consumption of food containing these bacteria. Among the functional 
foods, the dairy probiotic products, especially ice cream and cheese are good vehicle to 
transfer probiotics to the human intestinal tract (Homayouni, 2008a; Homayouni et al., 
2012). Dairy products have an important role in human health and form the main part of the 
food pyramid. The therapeutical and health care characteristic of fermented dairy products 
has been used over long years. Another way to keeping up the probiotic cells in the gut is to 
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these components. It is clear that versus probiotics the amounts of prebiotics do not changes 
during the passage from upper intestinal tract (Homayouni, 2008a).  

The main role of food is providing enough nutrients to meet metabolic requirements in 
human body, while giving the consumer a satisfaction feeling and well-being (Homayouni, 
2008a). Beyond meeting nutrition needs, food may have different physiological functions 
and may play detrimental or beneficial roles in some diseases (Koletzko et al., 1998). 
Functional foods were developed in order to promote a well-being state, improving health, 
and reducing the diseases risk. "Functional food" means; special foods which have 
preventional and/or curing effects beyond its nutritional (Homayouni, 2008a). There is a 
wide rage of functional foods that were developed recently and many of them are being 
produced in all over the world including probiotic, prebiotic and symbiotic foods as well as 
foods enriched with antioxidants, isoflavons, phytosterols, anthosyanins and fat-reduced, 
sugar-reduced or salt-reduced foods. Among these foods, probiotic functional foods are the 
first choice to exert positive effects on the human health. Probiotic functional foods were 
divided into dairy probiotic foods and non-dairy probiotic foods. Some of dairy probiotic 
foods including probiotic ice cream, frozen fermented dairy deserts, probiotic cheese, bio-
yoghurt, drinking yoghurt, kefir, Freeze-dried yoghurt and spray dried milk powder have 
been employed as possible delivery vehicles for probiotic bacteria (Haynes and Playne, 
2002; Homayouni et al., 2008b; Homayouni et al., 2012; Ejtahed et al., 2011; Ejtahed et al., 
2012; Mirzaei et al., 2012 Kailasapathy and Rybka, 1997; Ravula and Shah, 1998; Stanton et 
al., 2001). Probiotics are distinct as live micro-organisms which, when administered in 
sufficient amounts present a health benefit on the host (Food and Agriculture Organization 
of United Nations; World Health Organization - FAO/WHO, 2002; Homayouni, 2009). In 
recent years probiotic bacteria have increasingly been incorporated into dairy foods as 
dietary adjuncts. Lactobacillus and Bifidobacterium are the most common probiotic bacterial 
cells that were used in the production of fermented and non-fermented dairy products. 

Consumption of probiotic bacteria via dairy food products is an ideal way to re-establish the 
intestinal micro-floral balance. It must conform to certain requirements for a dairy food 
product to be considered as a valuable alternative for delivery of probiotic bacteria in one 
hand and for variety of probiotic cultures to use as a dietary adjunct and to exert a positive 
influence in the other hand. The culture must be native of the human gastrointestinal tract, 
having the ability to ferment prebiotics, survives passage through the stomach and small 
bowel in adequate numbers, be capable of colonizing in site of action, and have beneficial 
effects on human health. In order to survive, the strain must be resistant to acidic conditions 
(gastric pH 1-4), alkaline conditions (bile salts present in the small bowel), enzymes present 
in the intestine (lysozyme) and toxic metabolites produced during digestion (Homayouni et 
al., 2008d). For example in traditional yoghurt production, Lactobacillus bulgaricus and 
Streptococcus thermophilus were used as starter culture. These bacteria do not belong to the 
indigenous intestinal flora, are not bile-acid resistant and do not survive passage through 
the gut. So, the traditional yoghurt culture is not to be considering as probiotic. In the case of 
dairy food product to be considered as a valuable alternative for delivery of probiotics, it 
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must to match definite necessities such as neutral pH, high enough total solids level, 
absence of oxygen and near to ambient temperatures (Homayouni et al., 2008b; Homayouni 
et al., 2008d; Homayouni et al., 2012). A number of dairy food bio-products have been 
employed and developed as delivery vehicles of probiotic bacteria. Around 80 bifido 
containing products are estimated to be on the world markets. Most of these products are 
from dairy origin including fresh milk, fermented milk, dairy beverages, ice cream, dairy 
desserts, cheese, cottage cheese and powdered milk (Tamime et al., 1995). Since the more 
interest in probiotics, different types of functional products were proposed as carrier foods 
for probiotic micro-organisms by which consumers can take in large amounts of probiotic 
bacteria for the therapeutic effects. Therefore, development of these products is a key 
research priority for food design and a challenge for both industry and science sectors. This 
chapter presents an overview of functional foods development with emphasizing probiotic 
dairy foods. 

 
Figure 1. Classification of functional foods 
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2. Dairy probiotic foods 

As mentioned before, dairy functional foods beyond its basic nutritional value has 
physiological benefits. Milk has an outstanding position in the development of functional 
foods because it has Omega-3, phytosterols, isoflavins, conjugated linoleic acid, minerals, 
and vitamins. Dairy products such as ice cream, cheese, yogurt, Acidophilus-Bifidus-milk, 
Ayran, Kefir, Kumis, Doogh containing probiotics and dairy beverages (both fermented and 
non-fermented) have long been considered as important vehicles for the delivery of 
probiotics. In fermentation process, acids such as lactic acid, acetic acid and citric acid are 
naturally produced. These acids are commonly used as organic acids to enhance 
organoleptic qualities as well as safety of food products. Lactic acid bacteria are found to be 
more tolerant to acidity and organic acids than most of the pathogens and spoilage micro-
organisms.  

2.1. Probiotic ice cream 

Probiotic ice cream can be produced by incorporation of probiotic bacteria in both of 
fermented and unfermented mix (Homayouni et al., 2008b; Homayouni et al., 2012). Ice 
cream is ideal vehicle for delivery of these micro-organisms in the human diet (Akin et al., 
2007; Kailasapathy and Sultana, 2003; Ravula and Shah, 1998; Homayouni et al., 2008d; 
Homayouni et al., 2012). Lactobacillus and Bifidobacterium are the most common species of 
lactic acid bacteria used as probiotics for fermented dairy products. Among the frozen dairy 
products with live probiotics, probiotic ice cream is also gaining popularity for its neutral 
pH. The pH of non-fermented ice cream is near to seven which is providing to survive 
probiotic bacteria (Akin et al., 2007; Christiansen et al., 1996; Homayouni et al., 2008b; 
Homayouni et al., 2008c; Homayouni et al., 2012). The high total solids level in ice cream 
including the fat and milk solids provides protection for the probiotic bacteria (Homayouni 
et al., 2012). Because the efficiency of added probiotic bacteria depends on dose level, type of 
dairy foods, presence of air and low temperature (Homayouni et al., 2008b), their viability 
must be maintained throughout the product's shelf-life and they must survive the gut 
environment (Kailasapathy and Chin, 2000). The therapeutic value of live probiotic bacteria 
is more than unviable cells; therefore, International Dairy Federation (IDF) recommends that 
a minimum of 107 probiotic bacterial cells should be alive at consumption time per 
gram/mililiter of product. Studies indicate, however, the bacteria may not survive in high 
enough numbers when incorporated into frozen dairy products unless a suitable method is 
used against freeze injury and oxygen toxicity (Dave and Shah, 1998; Kailasapathy and 
Sultana, 2003; Ravula and Shah, 1998; Homayouni et al., 2008d). The methods of increasing 
probiotic survival depend on type of food products. Selection of resistant probiotic strains to 
tolerate production, storage and gastrointestinal tract conditions, is one of the important 
methods (Homayouni et al., 2008d). Another way is to adjust the conditions of production 
and storage for more survival rates. The physical protection of probiotics by 
microencapsulation is a new method for increasing the survival of probiotics (Homayouni et 
al., 2007; Homayouni et al., 2008b). Encapsulation helps to isolate the bacterial cells from the 
adverse environment of the product and gastrointestinal tract, thus potentially reducing cell 
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naturally produced. These acids are commonly used as organic acids to enhance 
organoleptic qualities as well as safety of food products. Lactic acid bacteria are found to be 
more tolerant to acidity and organic acids than most of the pathogens and spoilage micro-
organisms.  

2.1. Probiotic ice cream 
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fermented and unfermented mix (Homayouni et al., 2008b; Homayouni et al., 2012). Ice 
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including the fat and milk solids provides protection for the probiotic bacteria (Homayouni 
et al., 2012). Because the efficiency of added probiotic bacteria depends on dose level, type of 
dairy foods, presence of air and low temperature (Homayouni et al., 2008b), their viability 
must be maintained throughout the product's shelf-life and they must survive the gut 
environment (Kailasapathy and Chin, 2000). The therapeutic value of live probiotic bacteria 
is more than unviable cells; therefore, International Dairy Federation (IDF) recommends that 
a minimum of 107 probiotic bacterial cells should be alive at consumption time per 
gram/mililiter of product. Studies indicate, however, the bacteria may not survive in high 
enough numbers when incorporated into frozen dairy products unless a suitable method is 
used against freeze injury and oxygen toxicity (Dave and Shah, 1998; Kailasapathy and 
Sultana, 2003; Ravula and Shah, 1998; Homayouni et al., 2008d). The methods of increasing 
probiotic survival depend on type of food products. Selection of resistant probiotic strains to 
tolerate production, storage and gastrointestinal tract conditions, is one of the important 
methods (Homayouni et al., 2008d). Another way is to adjust the conditions of production 
and storage for more survival rates. The physical protection of probiotics by 
microencapsulation is a new method for increasing the survival of probiotics (Homayouni et 
al., 2007; Homayouni et al., 2008b). Encapsulation helps to isolate the bacterial cells from the 
adverse environment of the product and gastrointestinal tract, thus potentially reducing cell 
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loss. Encapsulation thus may enhance the shelf-life of probiotic cultures in frozen dairy 
products (Kebary et al., 1998; Shah and Ravula, 2000; Homayouni et al., 2008b). Selecting of 
suitable probiotic strains depends to ability survive simulated conditions of ice cream (high 
sucrose concentrations, high oxygen, refrigeration and freezing temperatures), acidic (to 
simulate gastric) and alkaline conditions (to simulate intestinal). Microencapsulation of 
probiotics can further protect these bacteria from the mentioned conditions (Homayouni et 
al., 2008d). 

Homayouni et al. (2008d) studied the survival of probiotics in simulated ice cream and 
gastrointestinal conditions in order to select appropriate probiotic strains for use in probiotic 
ice cream. The growth and survival rate of Lactobacillus acidophilus, Lactobacillus casei, 
Bifidobacterium lactis and Bifidobacterium longum in varying amount of sucrose concentrations 
(10, 15, 20 and 25%), oxygen scavengering components (0.05% L-cysteine and 0.05% L-
ascorbate) and low temperatures (4°C and 20°C) during different periods of time (30, 60 and 
90 days) in MRS-broth medium was studied. All of above stress factors have been able to 
influence the growth and survival of four probiotic strains. Results have demonstrated that 
it is possible to select the appropriate probiotic strains for use in probiotic ice cream. 
Lactobacillus casei (Lc01) and Bifidobacterium lactis (Bb12) had the highest resistance to 
simulated acidic, alkaline and ice cream conditions in comparison with other probiotic 
strains, making them suitable probiotic strains for use in probiotic ice cream (Homayouni et 
al., 2008b; Homayouni et al., 2008d). 

2.2. Probiotic cheese 

Survival in processing conditions, presence of oxygen, degree of acidity, ability to grow well 
in milk-based products and to rapidly acidify milk, thus reducing the fermentation time 
and, consequently, contamination risk during preparation of inoculums are important 
factors for probiotic bacteria such as Lactobacillus spp. and Bifidobacterium spp in order to 
apply these bacteria in probiotic dairy products. Probiotic bacterial cells have to fulfill the 
basic technological necessities when used in commercial probiotic dairy products. Since 
probiotic bacteria have to be presented in sufficient numbers in product at consumption 
time, their survival have to be maintained up to shelf-life date. In addition, no adverse 
effects on taste and aroma of the product should be exerted by the probiotic organisms. 
Various types of cheese have a good potential to maintain the probiotic survival. So, it is a 
good vehicle to transfer probiotics to the human intestinal tract. There are two ways for 
development of probiotic cheese: in the first step, the manufacture processes of cheese 
products may have to be modified and adapted to the requirements of probiotics and in 
second step, appropriate probiotic strains may be applied or new cheese products may have 
to be developed. Dairy products containing living bacteria have to be cooled during storage. 
Cooling is necessary to guarantee high survival rates of probiotics and to bring sufficient 
stability of the product (Roy et al., 1997). In addition, oxygen content and water activity of 
the probiotic cheese have to be considered in prepackaged cheese (Dave and Shah, 1997a). 
Interaction of the live probiotic microorganisms with the components of the cheese have to 
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be inhibited by cooling of product. The degree of interaction depends on the kind and 
amount of carbohydrates available, degree of hydrolysis of milk proteins and thus 
availability of essential amino acids, and composition and degree of hydrolysis of milk 
lipids, determining the availability of short chain fatty acids (Fox et al., 1996). However, the 
proteolytic and lipolytic properties of the probiotic bacterial cells may have important 
effects on taste and flavor of the probiotic cheese (Kunji et al., 1996). The strength of 
interactions between probiotics and starter organisms in probiotic cheese depends on when 
the probiotics are added to the product. If they are added after fermentation, interactions 
may be kept to a minimum, since addition is possible immediately before or even after 
cooling below 8°C and metabolic activities of starters and probiotics are considerably 
reduced at refrigerated temperatures. 

Antagonism between bacteria is often based on the production of metabolites that inhibit 
or inactivate more or less specifically other related starter organisms or even unrelated 
bacteria. While antagonism caused by bacteriocins, peptides, or proteins exhibiting 
antibiotic properties has been described as a limiting factor for combinations of starters 
and probiotics (Joseph et al., 1998), antagonism caused by hydrogen peroxide, benzoic 
acid, biogenic amines, and lactic acid may have considerable effects on probiotics in 
probiotic cheese. The physiological state of the probiotics may be of considerable 
importance for survival during ripening and/or storage if probiotics are added to the 
probiotic cheese after fermentation (Desmazeaud, 1996; Lankaputhra et al., 1996; 
Leuschner et al., 1998; Weber, 1996).  

In probiotic cheese, probiotic cells must be able to grow and/or multiply in the human 
intestine and therefore should be able to survive during the passage through the 
gastrointestinal tract (GIT), which involves exposure to hydrochloric acid in stomach and 
bile in small intestine (Stanton et al., 2003). In fact, cheese provides a valuable vehicle for 
probiotic delivery, due to creation of a buffer against the high acidic environment in the 
gastrointestinal tract, and thus creates a more favorable environment for probiotic survival 
throughout the gastric transit, ought to higher pH. Moreover, the dense matrix and 
relatively high total solids as well as fat content of cheese may offer additional protection to 
probiotic bacteria in stomach (Bergamini et al., 2005; Ross et al., 2002). The presence of the 
prebiotics inulin and oligofructose can promote growth rates of bifidobacteria and lactobacilli, 
besides increased lactate and short chain fatty acids production in petit-suisse cheese 
(Cardarelli et al., 2007). 

2.3. Probiotic yoghurt 

Yoghurt has been historically recognized to be ‘a healthy food’ with therapeutically effects. 
There has been a considerable increase in the popularity of yoghurt especially probiotic 
yoghurt in recent years. The conventional yoghurt starter bacteria, L. bulgaricus and 
Streptococcus thermophilus, do not have ability to survive passage through intestinal tract and 
consequently so, they are not considered as probiotics. But the addition of L. acidophilus and 
B. bifidum into yoghurt can add extra nutritional and physiological values. 
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loss. Encapsulation thus may enhance the shelf-life of probiotic cultures in frozen dairy 
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probiotics can further protect these bacteria from the mentioned conditions (Homayouni et 
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(10, 15, 20 and 25%), oxygen scavengering components (0.05% L-cysteine and 0.05% L-
ascorbate) and low temperatures (4°C and 20°C) during different periods of time (30, 60 and 
90 days) in MRS-broth medium was studied. All of above stress factors have been able to 
influence the growth and survival of four probiotic strains. Results have demonstrated that 
it is possible to select the appropriate probiotic strains for use in probiotic ice cream. 
Lactobacillus casei (Lc01) and Bifidobacterium lactis (Bb12) had the highest resistance to 
simulated acidic, alkaline and ice cream conditions in comparison with other probiotic 
strains, making them suitable probiotic strains for use in probiotic ice cream (Homayouni et 
al., 2008b; Homayouni et al., 2008d). 

2.2. Probiotic cheese 

Survival in processing conditions, presence of oxygen, degree of acidity, ability to grow well 
in milk-based products and to rapidly acidify milk, thus reducing the fermentation time 
and, consequently, contamination risk during preparation of inoculums are important 
factors for probiotic bacteria such as Lactobacillus spp. and Bifidobacterium spp in order to 
apply these bacteria in probiotic dairy products. Probiotic bacterial cells have to fulfill the 
basic technological necessities when used in commercial probiotic dairy products. Since 
probiotic bacteria have to be presented in sufficient numbers in product at consumption 
time, their survival have to be maintained up to shelf-life date. In addition, no adverse 
effects on taste and aroma of the product should be exerted by the probiotic organisms. 
Various types of cheese have a good potential to maintain the probiotic survival. So, it is a 
good vehicle to transfer probiotics to the human intestinal tract. There are two ways for 
development of probiotic cheese: in the first step, the manufacture processes of cheese 
products may have to be modified and adapted to the requirements of probiotics and in 
second step, appropriate probiotic strains may be applied or new cheese products may have 
to be developed. Dairy products containing living bacteria have to be cooled during storage. 
Cooling is necessary to guarantee high survival rates of probiotics and to bring sufficient 
stability of the product (Roy et al., 1997). In addition, oxygen content and water activity of 
the probiotic cheese have to be considered in prepackaged cheese (Dave and Shah, 1997a). 
Interaction of the live probiotic microorganisms with the components of the cheese have to 
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be inhibited by cooling of product. The degree of interaction depends on the kind and 
amount of carbohydrates available, degree of hydrolysis of milk proteins and thus 
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lipids, determining the availability of short chain fatty acids (Fox et al., 1996). However, the 
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probiotic cheese after fermentation (Desmazeaud, 1996; Lankaputhra et al., 1996; 
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In probiotic cheese, probiotic cells must be able to grow and/or multiply in the human 
intestine and therefore should be able to survive during the passage through the 
gastrointestinal tract (GIT), which involves exposure to hydrochloric acid in stomach and 
bile in small intestine (Stanton et al., 2003). In fact, cheese provides a valuable vehicle for 
probiotic delivery, due to creation of a buffer against the high acidic environment in the 
gastrointestinal tract, and thus creates a more favorable environment for probiotic survival 
throughout the gastric transit, ought to higher pH. Moreover, the dense matrix and 
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probiotic bacteria in stomach (Bergamini et al., 2005; Ross et al., 2002). The presence of the 
prebiotics inulin and oligofructose can promote growth rates of bifidobacteria and lactobacilli, 
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2.3. Probiotic yoghurt 

Yoghurt has been historically recognized to be ‘a healthy food’ with therapeutically effects. 
There has been a considerable increase in the popularity of yoghurt especially probiotic 
yoghurt in recent years. The conventional yoghurt starter bacteria, L. bulgaricus and 
Streptococcus thermophilus, do not have ability to survive passage through intestinal tract and 
consequently so, they are not considered as probiotics. But the addition of L. acidophilus and 
B. bifidum into yoghurt can add extra nutritional and physiological values. 
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Similar processing to traditional yoghurt is applied for production of bio-yoghurt with 
incorporation of live probiotic starter cultures. Heat treated homogenized milk with an 
increased protein content (3.6–3.8%) is inoculated with the conventional starter culture at 
45°C or 37°C and incubated for 3.5 and 9 h, respectively. The probiotic culture can be added 
prior to fermentation simultaneously with the conventional yoghurt cultures or after 
fermentation to cooled (4°C) product before packaging. Bio-yoghurt, containing L. 
acidophilus and B. bifidum is a potential vehicle for delivery of these probiotic cells to 
consumers. L. acidophilus and B. bifidum have to retain viability and activity in yoghurt as a 
probiotic at consumption time. Viability of probiotic bacteria in yoghurt products at 
refrigeration temperature is reported to be unsatisfactory over a long shelf life (Dave and 
Shah, 1997a). The survival of probiotic bacteria in fermented dairy products depends on the 
chemical composition of the fermentation medium (e.g. carbohydrate source), final acidity, 
milk solids content, availability of nutrients, growth promoters and inhibitors, strains used, 
interaction between species present, culture conditions, concentration of sugars (osmotic 
pressure), dissolved oxygen (especially for Bifidobacterium spp.), level of inoculation, 
incubation temperature, fermentation time and storage temperature. The lack of acid 
tolerance of some probiotic species and strains in fermented products based on milk is an 
important factor. During fermentation, pH levels decreases when the lactic acid content 
increases. ‘Over-acidification’ or ‘post acidification’ is due to decrease in pH after 
fermentation and during storage at refrigerated temperature. Excessive acidification is 
mainly due to the uncontrollable growth of strains of L. bulgaricus at low pH values and 
refrigerated temperatures. The ‘overacidification’ can be prevented to a limited extent by 
applying ‘good manufacturing practice’ and by using cultures with reduced ‘over-
acidification’ behavior. 

Viability of both Lactobacillus and Bifidobacterium species reduces at low pH levels during 
refrigerated storage. So, strain selection and survival monitoring are necessary to produce 
high quality bio-yoghurt. Probiotic yoghurt contains metabolic products secreted by starter 
microorganisms, which influence the viability of L. acidophilus and B. bifidum. The inhibition 
of bifidobacteria in probiotic yoghurt is due to antagonism effects among starter bacteria 
rather than hydrogen peroxide or organic acids (Dave and Shah, 1997a). The ideal procedure 
for probiotic yoghurt manufacturing is growing the Bifidobacterium spp. separately, followed 
by washing out of free metabolites and the transfer of the cells to the probiotic yoghurt. 
Oxygen toxicity is a critical problem for Bifidobacterium spp. because they are strictly 
anaerobic. Low initial oxygen content in milk may obtain the low redox potential required 
in the early phase of incubation to guarantee Bifidobacteria growth. Oxygen easily dissolves 
in milk during yoghurt production and also permeates through packages during storage. It 
has been suggested to inoculate S. thermophilus and Bifidobacterium simultaneously during 
fermentation to avoid the oxygen toxicity problem. S. thermophilus has a high oxygen 
utilization ability, which results in reduction of dissolved oxygen in probiotic yoghurt and 
an enhancement in viability of bifidobacteria. Higher survival rates of lactic acid bacteria were 
obtained at lower storage temperatures (Foschino et al., 1996). Low storage temperature 
restricts the growth of L. bulgaricus and consequently also over-acidification. Bifidobacteria 
are substantially less tolerant to low storage temperature when compared to L. acidophilus. 
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2.4. Probiotic milk 

Lactobacillus acidophilus does not rapidly grow in milk because it is an acid-loving bacterium. 
Therefore, it is essential to maintain the inoculum active by daily transfers of mother culture 
in acidophilus milk production. The probiotic milk is to market in liquid form. During 
fermentation, milk pH often goes beyond the narrow range of optimal pH of Lactobacillus 
acidophilus (5.5-6.0). This eventually leads to decrease these bacterial counts. In traditional 
acidophilus milk production, the milk is heated at 95°C for 1 h or at 125°C for 15 min 
(Vedamuthu, 2006). Such a high heat treatment stimulates the growth of Lactobacillus 
acidophilus by providing denatured proteins and released peptides. High-heat-treated milk is 
cooled to 37°C and kept at this temperature for a period of 3-4 h to allow any spores present 
to germinate. Then, milk is re-sterilized to destroy almost all vegetative cells. Unless skim 
milk is used, the heat-treated milk is homogenized and cooled down to inoculation 
temperature (37°C). Lactobacillus acidophilus is added as active bulk culture. The level of 
inoculation is usually 2-5% and the inoculated milk is left to ferment until pH 5.5-6.0 or 
~1.0% lactic acid is obtained, with no alcohol (Surono and Hosono, 2002). The fermentation 
takes about 18-24 h under inactive conditions. After the fermentation, the number of viable 
Lactobacillus acidophilus colonies is about 2-3×109 cfu mL-1, but this number decreases up to 
consumption time. In extended incubation period reduction in counts of Lactobacillus 
acidophilus may occur. To overcome this problem, replacement of 25% of Lactobacillus 
acidophilus culture by a mixture of Streptococcus thermophilus and Lactobacillus delbrueckii 
subsp. Bulgaricus can be used. Following fermentation, the warm product is rapidly cooled 
to <7°C before agitation and pumped to a filler where it is filled into bottles or cartons 
(Kosikowski and Mistry, 1997; Vedamuthu, 2006). Protein quality and total amino acid 
content are similar in both fermented and non-fermented milk. Acidophilus milk has higher 
free amino acids than milk. As the milk lactose is hydrolyzed by β-galactosidase of 
Lactobacillus acidophilus, acidophilus milk is more suitable for individuals suffering from 
lactose intolerance. It is also possible to enrich acidophilus milk with calcium, iron and 
vitamins. Undesirable sour milk flavor caused acidophilus milk is gained limited popularity 
by consumers. So, sweet acidophilus milk has been developed. When Lactobacillus 
acidophilus is incorporated into pasteurized milk at about 5°C and bottled aseptically, these 
bacteria are able to keep their viability up to 14 days without reducing the pH of milk due to 
it does not grow at low temperatures (<10°C). Freeze-dried cultures may keep their viability 
up to 58% after 23 days at 4°C in sweet acidophilus milk. Lactobacillus acidophilus remained 
viable in sweet acidophilus milk over 28 days at 7°C. Addition of 200 g of frozen culture 
concentrate to 2000 L of pasteurized milk is satisfactory to reach the target level of 
Lactobacillus acidophilus in the probiotic milk (Vedamuthu, 2006).  

Technology of bifidus milk and acidophilus-bifidus milk manufacturing is similar to 
acidophilus milk. Milk is standardized to desire protein and fat levels in both products. 
Then, for manufacture of bifidus milk, milk is heat-treated at 80-120°C for 5-30 min and 
rapidly cooled to 37°C. Heat-treated milk is inoculated with frozen culture of Bifidobacterium 
bifidum and Bifidobacterium longum at a level of 10% and left to ferment until pH 4.5. After 
fermentation, the product is cooled to <10°C and packaged. Final product has a slightly 
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lactose intolerance. It is also possible to enrich acidophilus milk with calcium, iron and 
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acidic flavor and the ratio of lactic acid to acetic acid is 2:3. Milk used for acidophilus-bifidus 
milk production is usually enriched with protein prior to fat standardization and 
homogenization. The standardized milk is heat-treated at 75°C for 15 s or 85°C for 30 min. 
After cooling the milk to 37°C, frozen cultures of Lactobacillus acidophilus and Bifidobacterium 
bifidum are inoculated and fermentation is allowed until pH 4.5–4.6 is reached (~16 h). 
Following fermentation, the fermented milk is cooled to <10°C. The shelf life of the product 
is about 20 days. Acidophilus-bifidus milk has a characteristic aroma and slightly acidic 
flavor. High viscosity of product cause to producing it in set form. It is also possible to 
produce probiotic milks by simply adding mix culture of Lactobacillus acidophilus and 
Bifidobacterium bifidum to cold pasteurized milk.  

3. Development of functional dairy foods 

Innovation is today’s business demand and development of a new functional food is an 
expensive process and is very important for both food companies and consumers. 
Regulations should encourage food companies to follow functional food development. 
Development of dairy probiotic products requires detailed knowledge of both products and 
customers. It needs to manage customer knowledge effectively (Walzem, 2004; Jousse, 2008). 
Fundamental risks can affect the development of new functional food products and may 
leads to fail the development process. Development of new functional food products is very 
challenging and it has to complete the consumer’s expectations for palatable and healthy 
products (Fogliano and Vitaglione, 2005; Granato et al., 2010; Shah, 2007). So, the 
development and commerce of functional food products is rather complex, expensive, and 
uncertain. Key points regarding for a successful functional food product development are 
consumer demands, technological conditions, and legislative regulatory background. 
However, consumer’s knowledge of the health effects of specific ingredients can affect the 
acceptance of specific functional food. Therefore, functional ingredients that are in 
consumers mind for a long period of time, such as minerals, fiber, and vitamins, achieve 
considerably higher rates of consumer acceptance than new products, such as foods 
enriched with probiotics, prebiotics, flavonoids, carotenoids, and conjugated linilenic acid 
(CLA). Several ways to make a functional food product is to eliminating an allergenic 
protein, lactose, phenylanine and etc from the natural food product; by fortification with a 
micronutrient; by adding antioxidants, probiotics or prebiotics); by replacing a component, 
or by increasing bioavailability or stability of a component known to produce a functional 
effect or to reduce the disease-risk potential of the food (Roberfroid, 2000; Siro, et al., 2008; 
Granato, et al., 2010). Field of functional probiotic foods requires the cooperation of food 
technologists, nutritionists, medical doctors, and food chemists in order to obtain innovative 
products. In this way, these foods may be able to adjust physiological parameters related to 
health status or disease prevention in human. So, the design and development of functional 
probiotic foods is a scientific work (Hasler, 1998; Walzem, 2004; Fogliano and Vitaglione, 
2005) which is an expensive and multistage process that takes into account many factors, 
such as sensory acceptance, physical and microbial stability, price, and chemical and other 
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intrinsic functional properties to be successful in the marketplace. Moreover, consumer 
attitude toward the functional probiotic product also needs to be understood and taken into 
consideration. 

4. Consumer attitude toward functional dairy foods 

The development of functional probiotic foods is increasing, as their market increases day 
by day, although the consumer's information about these foods is increasing without 
relation to gender, age, and educational or economic levels of the consumers. The 
therapeutical effect of a functional probiotic food may depend on the consumer’s 
characteristics and the type of carrier and enrichment considered. For instance, yoghurt is 
most preferred by its enrichment with calcium and fiber. Ingredients such as vitamins and 
minerals applied in fortification of functional foods are widely recognized and accepted by 
consumers, but new functional ingredients such as probiotics and prebiotics are not 
common to them. So, there is a need for increasing the consumer knowledge with respect to 
these new special ingredients (Hillian, 2000; Luckow and Delahunty, 2004; Ares and 
Gambaro, 2007; Vianna et al., 2008). 

The sensory properties of prebiotic functional foods in comparison with conventional 
products can lead to different acceptance level. Oligofructose provides some suitable 
sensory properties such as rounder mouth feel, reduced aftertaste, and slight sweetness to 
the products. These properties are responsible for high score values for taste, creaminess, 
and overall acceptability of functional food products. The first important marker in choosing 
a functional food is flavor, and health consideration is in the second order. If the ingredients 
added give unpleasant flavors to the product, consumers are not interested in consume such 
functional probiotic food even if this results in health advantages. This means that flavor is 
correlated to intrinsic sensory properties of the product such as overall acceptability. In 
general, as functional products consumption increases, the acceptance of such products may 
increase, even if the sensory profiles are different from conventional products. When 
functional ingredients such as probiotics are added to dairy foods, consumers must be 
aware of probiotics health benefits in order to recognize the functional probiotic foods as 
being more beneficial than the conventional ones. Functional probiotic food industry should 
communicate with consumer in a clear way and this is one of the most important aspects for 
success (Tepper and Trail, 1998; Matilla-Sandholm et al., 1999; Roberfroid, 2000; Tuorila and 
Cardello, 2002; Nicolay, 2003; Vieira, 2003; Homayouni, 2008a).  

5. Conclusion 

The future success of functional probiotic dairy foods in marketplace depends on consumer 
acceptance of such products. The consumers must be convinced by its health claims through 
clear, honest, and definite messages to agree to pay the cost associated with functional 
probiotic dairy foods. Development of probiotic dairy products is a key research priority for 
food design and a challenge for both industry and science sectors. Among the functional 
foods, the dairy probiotic products, especially ice cream and cheese are good vehicle to 
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transfer probiotics to the human intestinal tract. Additional way to keeping up the probiotic 
cells in the gut is to entering prebiotics into the intestine through the regular consumption of 
food containing these components. It is clear that versus probiotics the amounts of prebiotics 
do not changes during the passage from upper intestinal tract. 
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do not changes during the passage from upper intestinal tract. 
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Probiotic delivery has been consistently associated with foods (especially dairy). However, 
nowadays there is an increasing trend toward using probiotics in different food systems 
despite its original sources and even as nutraceuticals, such as in capsules. According to 
Ranadheera et al. (2010) this changing trend in delivering probiotics may lead to a reduction 
in functional efficacy due to the exclusion of the potential synergistic effect of the food. 
Selection of the adequate food system to deliver probiotics is a vital factor that should be 
considered when developing functional products. 

Foods are carriers for the delivery of probiotic microorganisms to the human body. The 
growth and survival of probiotics during gastric transit is affected by the characteristics of 
the food carriers, like chemical composition and redox potential. Same probiotic strains 
could vary in functional and technological properties in the presence of different food 
ingredients or in different food environments (Ranadheera et al., 2010). Thus, variation 
between different strains' behavior in different conditions would be expected.  

Dairy products have been considered as a good carrier for probiotics since fermented foods 
and dairy products have particularly a positive image. A major advantage is that consumers 
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the probiotic properties. Consumers are familiarized with the fact that a fermented dairy 
product contains living microorganisms, and they are also able to protect probiotics through 
the gastrointestinal transit. This protection comes as a result from the buffering capacity that 
increases survival chances. The refrigerated storage recommended for these products helps 
to stabilize probiotic bacteria (Ross et al., 2002; Stanton et al., 2003). 
 

Ingredient Source Claim areas examples  

Minerals 
Calcium 
Casein peptides 

Optimum body growth 
and development, 
dental health, osteoporosis 

Fatty acids Conjugated linoleic acid 
Heart disease, cancer 
prevention, 
weight control 

Prebiotics/carbohydrates 
Galactooligosaccharides 
Lactulose 
Lactose 

Digestion, pathogen 
prevention, gut 
flora balance, immunity, 
lactose 
intolerance 

Probiotics 
Lactic acid bacteria 
Bifidobacteria 

Digestion, immunity, 
vitamin 
production, heart disease, 
antitumor 
activity, remission of 
inflammatory 
bowel disease, prevention 
of allergy, 
alleviation of diarrhea 

Proteins/Peptides 

Caseins, whey proteins, 
immunoglobulins, 
lactoferrin, 
glycoproteins, specific 
peptides 

Immunomodulation, body 
growth, 
antibacterial activity, 
dental health, 
hypertension regulation 
(angiotensin 
inhibitors) 

Table 1. Selection of ingredients and claims associated with functional dairy foods (adapted from 
Shortt et al., 2003).  

Besides, according to Shortt et al. (2003) significant opportunities exist for dairy products 
whose functionalities have widespread appeal. This means that a product encapsulating the 
needs of every member of a family is extremely likely to be a success. The broad potential 
interest in functional dairy products is an important market advantage. Functional dairy 
products that affect conditions such as osteoporosis, heart disease and cancer are attractive  
specifically to adults, while products with claims on tooth health, bone health and immunity 
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appeal to adults and children in a similar way. The possible range of sensory characteristics 
with dairy ingredients also allows the production of diverse textures and aromas, adding 
another benefit.  

Current knowledge on probiotics support a number of potential health benefits. They help 
to maintain good balance and composition of intestinal flora increasing the ability to resist 
pathogens invasion and maintain the host’s well being. Reduction of blood pressure, 
cholesterol and/or triglycerides levels, reduction of lactose intolerance problems, immune 
system enhancement, anti carcinogenic activity and improve nutrients utilization are well 
described in literature. The use of probiotics for preventing and treating illnesses related to 
gastrointestinal, respiratory and urogenital tracts have been studied. They have been widely 
used in therapeutic applications as constipation, diarrhea control, bowel syndrome, control 
of inflammatory processes, prevention of eczema, osteoporosis and food allergy (Aureli et 
al., 2011; Ranadheera et al., 2010; Rastall et al., 2000; Vasiljevic and Shah, 2008).  

The most common probiotic strains used in dairy foods belong to Lactobacillus (L. 
acidophillus, L. johnsonii, L. gasseri, L. crispatus, L. casei/paracasei, L. rhamnosus, L. reuteri, 
L.plantarum) and Bifidobacterium (Bifidobacterium lactis, B. bifidum, B. infantis, B. breve, B. 
animalis, B. adolescentis) genera (Saxelin, 2008). 

In Europe EFSA is responsible for the evaluation procedure that accepts or rejects 
applications for health and nutrition claims on food and beverages (EU Regulation 
1924/2006). In recent years this European authority has rejected probiotic health claims 
adducing that there is no sufficient scientific evidence for the declared beneficial effects. This 
situation obliged food companies from probiotic industry to perform new clinical studies 
trying to generate solid scientific evidence for specific probiotic strains and health benefits 
for submission to the EFSA approval. Consumers still identify probiotic dairy products as 
healthy despite of this situation.  

According to Shortt et al. (2003), the dairy industry is in an excellent position to develop and 
exploit the functional food market. These products are significant players in the functional 
food market; for example, they were estimated to account for approximately 60% of 
functional food sales in Europe by 2000. In 2008, consumers market for probiotic foods was 
over 1.4 billion Euros in Western Europe, and their annual sales growth was forecast at 7-8% 
for a 5 year period (Saxelin, 2008). Developing new technologies and new functional dairy 
products is nowadays relevant.   

This chapter focuses on the development of innovative probiotic dairy products considering 
limiting factors for the survival of probiotics, techniques for the addition and protection of 
these microorganisms, the quality modifications of final products, the application of sensory 
analysis and finally how to determine probiotic populations in dairy products. 

2. Limiting factors for the survival of probiotics 

The food industry has an important market created by the incorporation of probiotic 
microorganisms into products. However, the addition of this kind of cultures in a food 



 
Probiotics 214 

the probiotic properties. Consumers are familiarized with the fact that a fermented dairy 
product contains living microorganisms, and they are also able to protect probiotics through 
the gastrointestinal transit. This protection comes as a result from the buffering capacity that 
increases survival chances. The refrigerated storage recommended for these products helps 
to stabilize probiotic bacteria (Ross et al., 2002; Stanton et al., 2003). 
 

Ingredient Source Claim areas examples  

Minerals 
Calcium 
Casein peptides 

Optimum body growth 
and development, 
dental health, osteoporosis 

Fatty acids Conjugated linoleic acid 
Heart disease, cancer 
prevention, 
weight control 

Prebiotics/carbohydrates 
Galactooligosaccharides 
Lactulose 
Lactose 

Digestion, pathogen 
prevention, gut 
flora balance, immunity, 
lactose 
intolerance 

Probiotics 
Lactic acid bacteria 
Bifidobacteria 

Digestion, immunity, 
vitamin 
production, heart disease, 
antitumor 
activity, remission of 
inflammatory 
bowel disease, prevention 
of allergy, 
alleviation of diarrhea 

Proteins/Peptides 

Caseins, whey proteins, 
immunoglobulins, 
lactoferrin, 
glycoproteins, specific 
peptides 

Immunomodulation, body 
growth, 
antibacterial activity, 
dental health, 
hypertension regulation 
(angiotensin 
inhibitors) 

Table 1. Selection of ingredients and claims associated with functional dairy foods (adapted from 
Shortt et al., 2003).  

Besides, according to Shortt et al. (2003) significant opportunities exist for dairy products 
whose functionalities have widespread appeal. This means that a product encapsulating the 
needs of every member of a family is extremely likely to be a success. The broad potential 
interest in functional dairy products is an important market advantage. Functional dairy 
products that affect conditions such as osteoporosis, heart disease and cancer are attractive  
specifically to adults, while products with claims on tooth health, bone health and immunity 

 
Innovative Dairy Products Development Using Probiotics: Challenges and Limitations 215 

appeal to adults and children in a similar way. The possible range of sensory characteristics 
with dairy ingredients also allows the production of diverse textures and aromas, adding 
another benefit.  

Current knowledge on probiotics support a number of potential health benefits. They help 
to maintain good balance and composition of intestinal flora increasing the ability to resist 
pathogens invasion and maintain the host’s well being. Reduction of blood pressure, 
cholesterol and/or triglycerides levels, reduction of lactose intolerance problems, immune 
system enhancement, anti carcinogenic activity and improve nutrients utilization are well 
described in literature. The use of probiotics for preventing and treating illnesses related to 
gastrointestinal, respiratory and urogenital tracts have been studied. They have been widely 
used in therapeutic applications as constipation, diarrhea control, bowel syndrome, control 
of inflammatory processes, prevention of eczema, osteoporosis and food allergy (Aureli et 
al., 2011; Ranadheera et al., 2010; Rastall et al., 2000; Vasiljevic and Shah, 2008).  

The most common probiotic strains used in dairy foods belong to Lactobacillus (L. 
acidophillus, L. johnsonii, L. gasseri, L. crispatus, L. casei/paracasei, L. rhamnosus, L. reuteri, 
L.plantarum) and Bifidobacterium (Bifidobacterium lactis, B. bifidum, B. infantis, B. breve, B. 
animalis, B. adolescentis) genera (Saxelin, 2008). 

In Europe EFSA is responsible for the evaluation procedure that accepts or rejects 
applications for health and nutrition claims on food and beverages (EU Regulation 
1924/2006). In recent years this European authority has rejected probiotic health claims 
adducing that there is no sufficient scientific evidence for the declared beneficial effects. This 
situation obliged food companies from probiotic industry to perform new clinical studies 
trying to generate solid scientific evidence for specific probiotic strains and health benefits 
for submission to the EFSA approval. Consumers still identify probiotic dairy products as 
healthy despite of this situation.  

According to Shortt et al. (2003), the dairy industry is in an excellent position to develop and 
exploit the functional food market. These products are significant players in the functional 
food market; for example, they were estimated to account for approximately 60% of 
functional food sales in Europe by 2000. In 2008, consumers market for probiotic foods was 
over 1.4 billion Euros in Western Europe, and their annual sales growth was forecast at 7-8% 
for a 5 year period (Saxelin, 2008). Developing new technologies and new functional dairy 
products is nowadays relevant.   

This chapter focuses on the development of innovative probiotic dairy products considering 
limiting factors for the survival of probiotics, techniques for the addition and protection of 
these microorganisms, the quality modifications of final products, the application of sensory 
analysis and finally how to determine probiotic populations in dairy products. 

2. Limiting factors for the survival of probiotics 

The food industry has an important market created by the incorporation of probiotic 
microorganisms into products. However, the addition of this kind of cultures in a food 



 
Probiotics 216 

product could be difficult because of the bacteria conditions required in order to survive or 
to grow in food. Some authors have suggested that more research regarding the challenges 
that represent incorporating a probiotic culture is necessary because most of the information 
available is focused on health benefits of the probiotics (Champagne et al., 2005). Evaluation 
of technological traits such as growth and survival in milk-based media and during product 
manufacture and shelf life can be important considerations for the selection of strains for 
food applications (Stanton et al., 2003).  

Successful marketing of probiotic products require a minimal amount of viable probiotic 
cells guaranteed throughout shelf life. To obtain the beneficial effects associated with this 
type of food, the bacteria must remain viable and in a proper concentration when the host 
consumes the product. This fact could determine the shelf life of the developed product, 
because the survival of the probiotics depends on many factors in the food (Talwaker and 
Kailasapathy, 2004).  

Champagne et al. (2005) list seven factors that culture distributors and food manufacturers 
need to consider in order to add probiotics successfully into products. These factors 
include: type and form of the culture, the amount of bacteria required to obtain a beneficial 
effect, toxicity, production process effect on viability, the determination of probiotic cells 
used in the product, stability during storage and possible changes in sensory properties of 
the food. 

To use a probiotic strain compatible with food production processes technologies is ideal. 
This means that the elaboration, distribution and commercialization of the product should 
not have any effect in the viability of bacteria. For example, in the specific case of dairy 
products, the probiotic should have the capacity to grow in milk (or dairy) but also have a 
low metabolic activity at low temperatures, in order to guarantee the proper amount of 
bacteria in the product with no significant changes in quality during shelf life. However, 
probiotic bacteria generally do not grow well in milk and are adversely affected by storage 
conditions in some dairy products (Champagne, 2008). 

The compatibility and adaptability between the selected strain(s) and the food used as 
carrier is fundamental, and may represent a significant technological challenge since many 
probiotic microorganisms are sensitive to the concentration of oxygen, carbon dioxide and 
salt, high and freezing temperatures and acidic environments (Corrales et al., 2007; Cruz et 
al., 2009a; Fortin et al., 2011; Talwaker and Kailasapathy, 2004).  

Since many dairy products are fermented, it is common to found levels of acidity that may 
affect the probiotics viability. Numerous studies have reported large losses in viability 
during storage of fermented milk, yogurt and alike (dairy products known as acid). It is 
believed that the pH is actually a critical stress factor in the probiotics viability through 
storage, although there are variations between species and strains for the survival in acidic 
environments (Roy, 2005). Donkor et al. (2006) evaluated the effect of the acidity of yogurt 
on the viability of some Lactobacilli and Bifidobacteria strains. They concluded that Lactobacilli 
strains showed a good cellular stability maintaining constant concentration throughout the 
storage period regardless of final pH. On the other hand, the cell counts of Bifidobacteria 
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decreased by one log cycle at the end of the storage period, due to the high production of 
organic acids.  

Boza et al. (2010) studied the effect of adding Lactobacillus paracasei subsp. paracasei to a semi 
hard cheese. Figure 1 presents the pH variation found in cheese during ripening at 
controlled conditions of 12°C and 85% RH. An important initial decrease is observed (day 0 
to 13), pH values tend then to stabilize during cheese ageing process.   

 
Figure 1. Values of pH for semi hard cheese with Lactobacillus paracasei subsp. paracasei aged for 
different periods at 12°C and 85% RH [18]. Different letters in the columns indicate significant 
differences (P<0,05). 

Corriols (2004) studied the survival of Bifidobacterium lactis in a light sour cream (12% fat, w/w) 
during 40 days at 5ºC. In this study, product behavior considering pH of a regular sour cream 
inoculated with a starter culture mix of Lactococcus lactis subsp. cremoris, Lactococcus lactis 
subsp. lactis, Leuconostoc mesenteroides subsp. cremoris, Lactococcus lactis subsp. diacetylactis and a 
probiotic sour cream (starter culture + Bifidobacterium lactis) was performed. Table 2 presents 
pH values for probiotic light sour cream during storage time at 4ºC. Evaluating pH at day 8, 15 
and 22 showed that there was no significant difference (P>0.05) in these values.  
 

Storage time (days) pH
0 4.51 a 
8 4.37 b 

15 4.36 b 
22 4.39 b 

Table 2. Variation of pH for 12% fat (w/w) sour cream with B. lactis during refrigerated storage at 4ºC. 
Average of 5 measurements of three independent experiments. Values followed by the same letter 
within a column are not significant at P<0.05. 
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Since there was a slight product post-acidification (see table 2) B. lactis survival was possible 
as acidity could be a cause of probiotics viability loss in fermented products. No significant 
difference (P>0.05) was found in probiotic and regular sour cream pH values. Finally, this 
study showed that it was possible to preserve a probiotic population around 7 x 106 CFU/g 
after 40 days of storage indicating that this cheese could be considered a functional product 
along its shelf life. Author reported an increase of 12% on final cost of probiotic light sour 
cream when compared to regular product. 

It is also important to note the relationship between probiotics and other fermenting 
microorganisms, as there may be synergistic or antagonistic effects between them (Heller, 
1998). During the manufacture of cheese or yogurt, addition of the starters and probiotic 
cultures usually result in a slower growth of the probiotic strains. This is possibly because 
the starter cultures produce substances that inhibit not only pathogens and spoilage 
microorganisms but also probiotics, and because of the rapid growth of starter cultures, the 
nutrients availability for probiotics decreases (Roy, 2005). Champagne et al. (2005) 
mentioned that very few strategies have been proposed to reduce the starters’ negative 
effects on the probiotic cultures, and that the most common is reducing starter dose (entirely 
or partially). However, precautions must be taken when lowering the dose of the starter 
microorganisms, because probiotics can also show a negative effect on these cultures and 
this would slow their activity. 

Environments with a rich concentration of oxygen due to transportation systems and 
stirring or whipping procedures are also commonly found in dairy processing, especially in 
ice creams and some types of yogurts and fermented milks. The exposure of cultures to 
dissolved oxygen causes the accumulation of toxic metabolites such as superoxide, hydroxyl 
radicals and hydrogen peroxide, which eventually lead to cell death of the probiotic 
microorganisms that partially or completely lack of an electrons transport system. 
Regarding this oxygen toxic effect on probiotics, there are variations between species. For 
example, Bifidobacterium spp., strictly anaerobic in nature, is generally considered more 
vulnerable than strains of Lactobacillus acidophilus (Talwaker and Kailasapathy, 2004). 

Another important issue concerning the addition of probiotic strains into food is temperature. 
Heating temperatures below 45°C are usually compatible with the cultures, although this 
depends on the time and the specific strain. Processes that include heating steps above 45°C 
result in destruction of at least a portion of the probiotic population (Roy, 2005). 

On the other hand, low temperatures are generally used to delay the chemical reactions and 
growth of microorganisms found in foods, therefore a lower temperature implies greater 
bacterial inhibition growth. A temperature low enough will inhibit the growth of all 
microorganisms including probiotics. Because of their nature, dairy products, fermented or 
not, require low storage temperature for preservation, and this fact determines the survival 
and development of probiotics in these products. It is believed that freezing also leads to a 
considerable reduction in the number of viable microorganisms in food, although this 
reduction would depend on the freezing rate and the specific strain tolerance to low 
temperature. 
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Corrales et al. (2007) evaluated the effect of the dynamic freezing operation on the viability 
of two different probiotic strains, Lactobacillus acidophilus and Bifidobacterium lactis, during ice 
cream production. It was found that the reduction rate of both strains during this operation 
was not significant (P>0.05), but throughout the whole process of elaboration of the ice 
cream (dynamic freezing and then hardening at -30°C) there was a significant reduction on 
both populations. 

Other unit operations like pressing and draining could also affect the bacterial counts in the 
products. The effect of pressing and draining in a cheese probiotic cells is obviously a loss of 
these cells in the whey, so the final concentration in the pressed cheese is difficult to control 
(Heller, 1998). Segura (2005) evaluated the effect of the pressing operation in a Turrialba 
cheese (typical Costarican fresh cheese, >60% water, w/w) added whith Bifidobacterium lactis. 
Probiotic population was determined before and after the pressing operation, and 
significant differences were found (P<0.05). A loss of approximately two logarithms on 
probiotic population was reported after the pressing operation.  

Despite the above results, it is believed that cheese could be a very good vehicle for 
delivering probiotic strains into the organism, since cheese has a stable structure and usually 
a high fat content (case of aged cheeses), factors that can help bacteria to survive during 
product storage and transit on the gastro-intestinal tract.  

When comparing with yogurt, the problem for cheese (especially semi-hard and hard 
cheese) acting as carrier for probiotics results from the high fat and salt content and the 
relatively low recommended daily intake. Also the concentration of probiotics in cheese 
should be about four to five times higher than in yogurt. However, this does not apply to 
fresh cheese, which can easily be adjusted to low fat and salt contents, and for which 
recommended daily intake is rather high (Cruz et al., 2009a). 

Figure 2 shows the growth of a strain of L. paracasei subsp. paracasei in a semi hard cheese 
during a ripening period of 45 days at 12°C and 85% RH (Boza et al., 2010). Probiotic 
population increased during the ripening period reaching interesting levels according with 
the high levels population goal.  

Figure 3 shows the stationary behavior of the same bacteria viability in the ripened cheese 
kept under refrigeration for 49 days. It should be noted that strains of Lactobacillus paracasei 
have been isolated from naturally ripened cheeses and recognized as non starter lactic acid 
bacteria (Lynch et al., 1999), indicating that the matrix of the cheese is a good substrate for 
the growth of this bacterium. 

The trend in cheeses, as in yogurt and fermented milks, is that probiotic bacteria 
populations remain stable or loose viability during ripening and storage (Klc et al., 2009; 
Ong et al., 2006; Songisepp et al., 2004; Vinderola et al., 2000; Yilmaztekin et al., 2004). There 
are also studies that have shown the growth of some probiotics in cheese during ripening 
periods or storage under refrigerated conditions (Boza et al., 2010; Buriti et al., 2005; 
Gardiner et al., 2002; Gardiner et al., 1998; Segura, 2005). However, growth and survival of 
probiotic microorganisms in ripened cheeses are believed to depend on many factors (like 
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result in destruction of at least a portion of the probiotic population (Roy, 2005). 

On the other hand, low temperatures are generally used to delay the chemical reactions and 
growth of microorganisms found in foods, therefore a lower temperature implies greater 
bacterial inhibition growth. A temperature low enough will inhibit the growth of all 
microorganisms including probiotics. Because of their nature, dairy products, fermented or 
not, require low storage temperature for preservation, and this fact determines the survival 
and development of probiotics in these products. It is believed that freezing also leads to a 
considerable reduction in the number of viable microorganisms in food, although this 
reduction would depend on the freezing rate and the specific strain tolerance to low 
temperature. 

 
Innovative Dairy Products Development Using Probiotics: Challenges and Limitations 219 

Corrales et al. (2007) evaluated the effect of the dynamic freezing operation on the viability 
of two different probiotic strains, Lactobacillus acidophilus and Bifidobacterium lactis, during ice 
cream production. It was found that the reduction rate of both strains during this operation 
was not significant (P>0.05), but throughout the whole process of elaboration of the ice 
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these cells in the whey, so the final concentration in the pressed cheese is difficult to control 
(Heller, 1998). Segura (2005) evaluated the effect of the pressing operation in a Turrialba 
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a high fat content (case of aged cheeses), factors that can help bacteria to survive during 
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When comparing with yogurt, the problem for cheese (especially semi-hard and hard 
cheese) acting as carrier for probiotics results from the high fat and salt content and the 
relatively low recommended daily intake. Also the concentration of probiotics in cheese 
should be about four to five times higher than in yogurt. However, this does not apply to 
fresh cheese, which can easily be adjusted to low fat and salt contents, and for which 
recommended daily intake is rather high (Cruz et al., 2009a). 

Figure 2 shows the growth of a strain of L. paracasei subsp. paracasei in a semi hard cheese 
during a ripening period of 45 days at 12°C and 85% RH (Boza et al., 2010). Probiotic 
population increased during the ripening period reaching interesting levels according with 
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are also studies that have shown the growth of some probiotics in cheese during ripening 
periods or storage under refrigerated conditions (Boza et al., 2010; Buriti et al., 2005; 
Gardiner et al., 2002; Gardiner et al., 1998; Segura, 2005). However, growth and survival of 
probiotic microorganisms in ripened cheeses are believed to depend on many factors (like 
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ripening temperature and the probiotic strain interactions with other microorganisms found 
in cheese) hence hard to generalize. 

 
Figure 2. Logarithm of the number of colony forming units of Lactobacillus paracasei subsp. paracasei per 
gram of semi  hard cheese for different time periods at 12°C and 85% RH. Different letters in the 
columns indicate significant differences (P<0,05). 

 
Figure 3. Logarithm of the number of colony forming units of Lactobacillus paracasei subsp. paracasei per 
gram of semi hard cheese vacuum packed and stored for 49 days at 5°C (Boza et al., 2010). 
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Indulgence products like ice-creams are potential probiotic vehicles as well, with the 
advantage of being appreciated by people belonging to all age groups and social levels 
(Cruz et al., 2009b). However, in these products, due to low storage temperatures and high 
concentration of dissolved oxygen, it is difficult for probiotic microorganisms to increase 
their number. The study conducted by Corrales et al. (2007) determined the behavior of two 
different probiotic strains, L. acidophilus and B. lactis, in ice cream throughout 85 days of 
storage at -30° C. Figure 4 (a and b) shows the behavior of probiotic strains. 

The author found that freeze storage conditions affected significantly (P<0.05) the viability 
of the two microorganisms, and reported losses of 0.76 and 1.10 logarithmic units for L. 
acidophilus and B. lactis respectively. Functional shelf life (plate counts > 106 CFU/g) was 
found to be 90 days. An increase of 28% in variable costs was calculated for the product. 

Salem et al. (2005) manufactured ice cream with different strains of Lactobacilli and 
Bifidobacteria. The probiotic ice cream was evaluated for cultures survival during 12 weeks of 
frozen storage at -26°C. Initial freezing of ice cream mix followed by hardening caused a 
reduction of less than one log cycle in viable counts of probiotics. The viable counts 
decreased during frozen storage by 2.23, 1.68, 1.54, 1.23 and 1.77 log for Lactobacillus 
acidophilus, Bifidobacterium bifidum, Lactobacillus reuteri, Lactobacillus gasseri and Lactobacillus 
rhamnosus, respectively. Although there was a decrease in the number of viable cells, the 
investigators considered the ice cream as a probiotic food during 12 weeks of storage, since 
the viable population remained above the recommended minimum limit of 1 x 106 CFU /g. 

Feraz and colleagues (2012) investigated the survival of L. acidophilus in ice cream with 
different overrun levels during a 60 day storage period. All the ice creams presented a 
minimum count of 1 x 106 CFU/g at the end of 60 days of frozen storage. 

 
Figure 4. Behavior of Lactobacillus acidophilus (a) and Bifidobacterium lactis (b) during ice cream storage  
at -30°C (Corrales et al., 2007).  

3. Techniques for the addition and protection of probiotics in dairy products  

Controlled growth of probiotic bacteria in a dairy product during ripening or fermentation 
periods are desirable and interesting from a productive and economic point of view. This 
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3. Techniques for the addition and protection of probiotics in dairy products  

Controlled growth of probiotic bacteria in a dairy product during ripening or fermentation 
periods are desirable and interesting from a productive and economic point of view. This 
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ideal situation may allow food producers to use a lower initial dose of inoculum, or may 
help to replace the microorganisms that could have been eliminated or destroyed during a 
specific step of the production process like thermal treatment, dynamic freezing or draining. 

It has been already explained that probiotics generally do not grow well in milk, and in fact, 
as mentioned before, the populations of many probiotic bacteria are not even stable during 
storage of dairy products. However, it is possible to find variations among strains of the 
same species, and the current trend is the development of new dairy products by using new 
ingredients that favor the growth of these microorganisms, such as yeasts, tomato juice, rice 
and soy milk (Champagne et al., 2005; Liu and Tsao, 2009). 

Champagne (2008) suggests some ways to address stability problems, and these include: 
strain selection, ingredients selection (flavours, enzymes, fruits or vegetables, prebiotics) 
and packaging. All these techniques can be used to innovate and develop new products. 
Other techniques may include the microencapsulation with lipid materials, alginate and 
prebiotics (Akhiar, 2010; Siuta-Cruce and Goulet, 2001), the addition of antioxidants such as 
ascorbate and L-Cysteine, and the elimination from the environment of strains producing 
hydrogen peroxide (Champagne et al. 2005).  

It was mentioned (Cruz et al., 2009a) that one strategy for enhancing bacterial tolerance 
toward stresses such as temperature, pH or bile salts is prior exposure to sub-lethal levels of 
the given stress. Cruz et al. (2009a) proposed as alternative to avoid destruction by heat the 
addition of the probiotic after pasteurization, microencapsulation, pre-adaptation of cells to 
stress and changing technologies by a slight decrease in temperature.  

In order to use probiotic bacteria with proven health benefits in the manufacture of dairy 
products, sometimes the process has to be modified and adapted for the strains, due to their 
high sensitivity. According to Cruz et al. (2009a) there are two options for the addition of 
probiotic bacteria during cheese processing which can directly affect the survival rate of 
these microorganisms: probiotic bacteria can be added before the fermentation (together 
with the starter culture), or after it.  

Daigle et al. (1999) produced Cheddar cheese from microfiltered milk standardized with cream 
and fermented with Bifidobacterium infantis. In this case, bifidobacteria showed good survival 
(> 3 x 106 CFU/g) on cheese packaged under vacuum and kept at 4°C for 84 days. Cheddar 
cheese was also successfully produced with a spray dried adjunct of powder milk containing a 
strain of Lactobacillus paracasei. Data obtained demonstrated that probiotic spray-dried powder 
is a good option of probiotic addition to dairy products (Daigle et al, 1999). 

Other research group (Songisepp et al., 2004) added Lactobacillus fermentum ME-3, which 
has been shown to possess antimicrobial and antioxidative properties, to a "Pikantne" 
cheese which is a semi-soft Estonian cheese with an open texture. They tested two 
different methods: adding the probiotic combination with the starter culture and adding 
the probiotic on the drained curd. The cheese produced using the first method showed 
better sensory characteristics and therefore was chosen to carry out stability tests of 
probiotic during ripening and storage. The results showed that the strain used was well 
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suited to the process (levels of 5 x 107 CFU/g on ripened cheese) and maintained its 
probiotic effects.  

Lactobacillus casei cells were immobilized on fruit pieces (apple and pear) and used them in 
the production of Feta cheese (Kourkoutas et al., 2005). Cheese was also produced with free 
cells of L. casei. At the end of the ripening period the authors concluded that the 
immobilized cells remained viable in the fruit, and in higher counts than in the cheese. 
Therefore, it is believed that these pieces of fruit were an effective support for the 
incorporation of probiotics in this type of product. 

Ong and other researchers (2006) added combinations of Lactobacillus acidophilus, L. casei and 
Bifidobacterium longum; and L. acidophilus, L. paracasei and B. Lactis to Cheddar cheese. In this 
case cheese was produce following a standard procedure, in which milk, after being 
standardized was tempered to 31°C before inoculation with cheese starter culture and 
probiotic bacteria. All probiotic adjuncts survived manufacturing process and maintained 
their viability until the end of the ripening process. 

Segura (2005) elaborated a probiotic fresh cheese (>60% water), adding Bifidobacterium lactis 
either to the milk before fermentation or to the curd (mixed with salt). It was found that a 
large number of bacteria were lost in subsequent operations such as pressing, but this 
phenomenon was lower when the probiotic culture was added to the curd (see Table 3). 

Boza et al. (2010) modified the traditional process of semi hard cheese to avoid larger losses 
of probiotic in the whey. They added a strain of Lactobacillus paracasei mixed with salt after a 
preliminary pressing of the curd, wherein a major portion of whey was removed, obtaining 
a cheese with a viable probiotic cell number greater than 1 x 106 CFU/g. 
 

Logarithm of the population of B. lactis 

Inoculation technique 
Before pressing the 

curd 
After pressing the 

curd 

Variation in the 
logarithm of the 

probiotic 
population 

Addition after 
pasteurization 

8.51 a1 2.95 b1 5.56 

Addition to the curd 9.81 a2 6.09 b2 3.72 
a, b… Different letters between columns indicate significant differences (P<0,05).  
1, 2… Different numbers between rows indicate significant differences (P<0,05). 

Table 3. Bifidobacterium lactis population logarithmic variation before and after the pressing 
stage of a fresh cheese using two inoculation techniques.  

Evaluation of the effect of inoculation time of the probiotics on viable counts of five bacteria 
in curds and whey during Cheddar cheese manufacture was performed (Fortin et al., 2011). 
These authors found that inoculation of probiotics in milk before renneting resulted in 
almost half the cell losses in whey compared with the addition just before the 
cheddarization step, and they also discovered that addition of probiotics in milk improved 
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ideal situation may allow food producers to use a lower initial dose of inoculum, or may 
help to replace the microorganisms that could have been eliminated or destroyed during a 
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storage of dairy products. However, it is possible to find variations among strains of the 
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probiotic bacteria during cheese processing which can directly affect the survival rate of 
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(> 3 x 106 CFU/g) on cheese packaged under vacuum and kept at 4°C for 84 days. Cheddar 
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suited to the process (levels of 5 x 107 CFU/g on ripened cheese) and maintained its 
probiotic effects.  

Lactobacillus casei cells were immobilized on fruit pieces (apple and pear) and used them in 
the production of Feta cheese (Kourkoutas et al., 2005). Cheese was also produced with free 
cells of L. casei. At the end of the ripening period the authors concluded that the 
immobilized cells remained viable in the fruit, and in higher counts than in the cheese. 
Therefore, it is believed that these pieces of fruit were an effective support for the 
incorporation of probiotics in this type of product. 

Ong and other researchers (2006) added combinations of Lactobacillus acidophilus, L. casei and 
Bifidobacterium longum; and L. acidophilus, L. paracasei and B. Lactis to Cheddar cheese. In this 
case cheese was produce following a standard procedure, in which milk, after being 
standardized was tempered to 31°C before inoculation with cheese starter culture and 
probiotic bacteria. All probiotic adjuncts survived manufacturing process and maintained 
their viability until the end of the ripening process. 

Segura (2005) elaborated a probiotic fresh cheese (>60% water), adding Bifidobacterium lactis 
either to the milk before fermentation or to the curd (mixed with salt). It was found that a 
large number of bacteria were lost in subsequent operations such as pressing, but this 
phenomenon was lower when the probiotic culture was added to the curd (see Table 3). 

Boza et al. (2010) modified the traditional process of semi hard cheese to avoid larger losses 
of probiotic in the whey. They added a strain of Lactobacillus paracasei mixed with salt after a 
preliminary pressing of the curd, wherein a major portion of whey was removed, obtaining 
a cheese with a viable probiotic cell number greater than 1 x 106 CFU/g. 
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their subsequent stability by about 1 log over the 20 days storage period as compared with 
cells added at cheddarization. Specifically, significantly higher populations of Bifidobacteria 
in curds were detected when the probiotic culture was added to milk. They found that 
although the quantity of whey generated during cheddarization is much lower than that 
obtained after the first cutting, the population of probiotics in the whey was ten times higher 
than after the first cutting when probiotics were added to milk. The authors proposed that 
cells were not as well entrapped in the curd mass at cheddarization than at renneting. 

Arguedas (2010) added L. paracasei subesp.paracasei in a Philadelphia type cheese (24% fat, 
w/w) and evaluated their survival behavior during 40 days at 5ºC. This author found that it 
was possible to reach a population around 7 x 106 CFU/g after 40 days of storage, and this 
cheese could be considered a functional product along the shelf life. Considering that during 
the Philadelphia type cheese production there is a pasteurization step followed by 
homogenization and fermentation, probiotic culture was added during the stirring step just 
before packaging. Figure 5 presents the modified production process. The author reported 
an increase of 11% on the final cost of the probiotic cream cheese when compared with the 
regular product. 

When producing ice cream with probiotics, cultures may be added in two ways, considering 
that they are of the DVS (Direct Vat Set) type for direct addition to the product during its 
manufacture: either adding them directly to the pasteurized mix or using the milk as a 
substrate for fermentation, producing frozen yoghurt ice cream (Cruz et al., 2009b). 

Corrales et al. (2007) developed a process of ice cream adding Bifidobacterium lactis and 
Lactobacillus acidophilus. Figure 6 presents the followed steps for the product preparation. 
The frozen bacteria was dispersed in 1 L of pasteurized milk (2% fat content), and then 
added the milk to the ice cream mix with constant stirring. 

In a similar way, free and encapsulated cells of L.casei and B.lactis were added to ice cream 
to evaluate the effect of microencapsulation and resistant starch on the probiotic survival 
(Homayouni et al., 2008). In general, the results indicated that encapsulation can 
significantly increase the survival rate of probiotic bacteria on ice cream over an extended 
shelf-life. 

Functional ice creams have been produced by mixing fortified milk fermented with 
probiotic strains with an ice cream mix, followed by freezing (Salem et al., 2005). Probiotic 
ice cream has been also produced by the addition of probiotic yogurt to the mix prior the 
dynamic freezing-step (Soukoulis et al., 2010).  

More recently, the effect of different overrun levels on probiotics survival on ice cream has 
been studied by Ferraz et al. (2012), incorporating Lactobacillus acidophilus into a vanilla 
flavored product. L. acidophilus was added to the mix with constant stirring just before 
freezing. Ice creams were processed with overruns of 45%, 60%, and 90%. Although all 
presented a minimum count of 1 x 106 CFU/g at the end of 60 days of frozen storage, higher 
overrun levels negatively influenced cell viability, being reported a decrease of 2 log units 
for the 90% overrun treatment. The authors suggest that lower overrun levels should be 
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adopted during the manufacture of ice cream with probiotics in order to maintain its 
functional status through the shelf life.  
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Figure 6. Production flow chart for ice cream with probiotics. 

4. Quality modifications of products and sensory analysis  
The products chosen for probiotic incorporation must be carefully studied, since the 
addition and/or multiplication of probiotic microorganisms could produce undesirable 
characteristics in the products (Dias and Mix, 2008; Komatsu et al., 2008). For many 
products the addition of probiotics may represent changes that significantly impact its 
physico-chemical properties, due to the metabolic activity of these living microorganisms 
and/or changes made on standard food processing procedures. Hence, careful selection of 
strains is necessary to minimize quality losses caused by alterations to flavor and texture 
of foods.  
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According to Champagne et al. (2005) many studies have shown that for some products the 
addition of probiotics do not lead to significant differences in the sensory properties, 
although changes in chemical composition and texture may occur these do not necessary 
have a relevant effect on flavor for some foods (depending on the extent of probiotic 
growth). This seems to be the case for fermented cheeses.  

Natural cheeses are known for their complex microbial ecosystem which is in a constant 
state of flux as the cheese ages (Dias and mix, 2008). In general, a probiotic cheese should 
have the same acceptance as a conventional cheese: the incorporation of probiotic bacteria 
should not imply a loss of quality of the product. In this context, the level of proteolysis and 
lipolysis must be the same or even greater than cheese which does not have this functional 
status (Cruz et al., 2009a).  

Buriti et al. (2005) evaluated the effect of Lactobacillus acidophilus on the instrumental texture 
profile and related properties of Minas fresh cheese (>65% water, w/w) during storage at  
5°C up to 21 days. Parameters measured included hardness, elasticity, cohesiveness, 
chewiness and gumminess. Four cheese-making trials (T) were prepared, two supplemented 
with a mesophilic type O culture (T1, T2) and two with lactic acid (T3, T4). L. acidophilus was 
added in T2 and T3. Probiotic cheeses T3 were firmer by the end of storage, due to higher 
values of pH and hardness, and according to the authors also had better results in the 
sensory evaluation (preference-ranking test). Differences detected were attributed to the 
starter, rather than to L. acidophilus. In this study percentage of syneresis and the proteolytic 
index were also determined after the different storage times, finding no relevant differences. 

For this same type of cheese, it was proved that the use of a probiotic culture (containing L. 
acidophilus, B. animalis and S. thermophilus) complementary to lactic acid, aiming to substitute 
tradicionally employed culture for Minas cheese production, is advantageous (Buriti et al., 
2007). Cheeses with added probiotic culture showed to be less brittle and with more 
favorable sensory characteristics than those made with the traditional lactic acid culture. 
Researchers conducted an instrumental texture profile analysis of cheeses and a preference-
ranking test. 

In other study the influence of probiotic bacteria on proteolytic patterns and production of 
organic acid during ripening period of 6 months on Cheddar cheese at 4°C was evaluated 
(Ong et al., 2006). No significant differences (P>0.05) were observed in composition (fat, 
protein, moisture, salt content), but acetic acid concentration was higher in probiotic 
cheeses. The assessment of proteolysis during ripening showed no significant differences in 
the level of water-soluble nitrogen (primary proteolysis), but the concentration of free amino 
acids were significantly higher in probiotic cheeses (secondary proteolysis).  

More recently, the survival and influence on sensory characteristics of probiotic strains of 
Lactobacillus fermentum and Lactobacillus plantarum, all derived from human faces, were 
investigated in Turkish Beyaz cheese production. Quantification of volatile aroma 
components by gas chromatography was performed as well as sensory evaluation. The 
results showed that tested probiotic culture mix was successfully used in cheese production 
without adversely affecting cheese quality during ripening. The chemical composition and 
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sensory quality of probiotic cheeses were also comparable with traditional cheeses (Klc et 
al., 2009). 

Arguedas (2010) analyzed the effect of adding L. paracasei subesp.paracasei in a Philadelphia 
type cheese (24% fat, w/w) on product texture during the shelf life. Table 4 shows the results 
obtained on hardness, cohesivity, adhesivity and gumminess (instrumental analysis) at day 
2 and 44 for samples of regular and probiotic cheese at refrigerated storage (5ºC). 

There was no significant difference (P> 0.05) in any parameter between regular and 
probiotic cream cheese although there was a variation as a function of time on hardness, 
cohesivity and gumminess for the samples analyzed. In general, these three parameters 
decreased along storage probably due to syneresis. Since there was no interaction between 
the time effect and the type of product effect, the decrease on these parameters is not related 
with the probiotic presence. 
 

Treatment Hardness
(N) Cohesivity Adhesivity

(erg) 
Gumminess 

(N) 

With probiotics 
2 days 7,9970 0,3194 -141475,0 2,5964 

44 days 5,6058 0,2115 -120637,5 1,1735 

Without probiotics 
2 days 6,5627 0,2584 -139880,0 1,6967 

44 days 6,0673 0,2285 -115408,3 1,3882 

Table 4. Philadelphia type cheese texture average values obtained during refrigerated storage at days 2 
and 44 (Arguedas, 2010). 

There was no significant difference (P> 0.05) in any parameter between regular and 
probiotic cream cheese although there was a variation as a function of time on hardness, 
cohesivity and gumminess for the samples analyzed. In general, these three parameters 
decreased along storage probably due to syneresis. Since there was no interaction between 
the time effect and the type of product effect, decreased on these parameters is not related 
with the probiotic presence. 

Consumers rated taste liking degree for cheese during refrigerated storage (5ºC) at days 2, 
16, 30 and 44. Figure 7 shows the average results for probiotic Philadelphia cheese type 
during this period of time. No significant differences (P>0.05) were found along shelf life 
considering taste liking degree for Philadelphia cheese type with Lactobacillus paracasei 
subsp. paracase. Average liking degree was 6.5.  

Ice cream and ice milk appear to be good products for the delivery of probiotic bacteria. 
When the cream blend is prepared by adding a fermented milk, the resulting flavor of the 
product can be affected (Champagne et al., 2005; Cruz et al., 2009b). However, when small 
quantities of concentrated cultures are introduced, the sensory properties are not affected. 
Strain or species do seem to be important, since ice creams manufactured with L. reuteri 
cultures have shown to be “more sour” than those made from corresponding cultures of L. 
acidophilus, L. rhamnosus, or B. bifidum (Champagne et al., 2005). Also, products like non-
fermented probiotic ice-cream will not normally present problems resulting from the 
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microbial metabolism, since they are stored at very low temperatures, minimizing the 
probiotic microorganisms’ biochemical reactions (Cruz et al., 2009b).  

 
Figure 7. Consumers average taste liking degree of Philadelphia cheese type with Lactobacillus paracasei 
subsp. paracasei during storage (Arguedas, 2010). Different letters in the columns indicate significant 
differences (P<0,05). 

Corrales et al. (2007) conducted a sensory evaluation of the ice cream flavor, using the duo-
trio differentiation technique with 30 semi-trained panelists. It was found that 17 of the 30 
semi-trained panelists were able to detect the sample that was equal to the pattern, 
indicating that no significant difference (P > 0.05) was found in the ice creams flavor with 
and without probiotics. This result supports the conclusion that the consumer did not detect 
changes in the flavor of ice cream, contributing to the product acceptance.  

According to Soukoulis et al. (2010), probiotic ice cream is a functional frozen dairy dessert 
with particular sensory characteristics combining the flavor and taste of fermented milks with 
the texture of ice cream. In their study, the effects of compositional parameters (hydrocolloids 
type and amount, yogurt and milk fat content) on texture and flavor of a probiotic ice cream 
were evaluated. In such a product, the use of hydrocolloids like xanthan gum and low 
acidified formulations are recommended to improved creamy sensation, high textural quality 
and enhanced flavor. They found that based on hedonic and descriptive evaluation, 
consumers’ acceptability of probiotic ice cream is mainly affected by ten sensory drivers 
including “sweet”, “sour”, “astringent”, “vanilla flavor”, “gummy”, “coarse”, “watery”, 
“creamy”, and “foamy”. 

The effect of several probiotic strains on the sensory acceptance of ice cream was evaluated 
by Salem et al. (2005). Probiotic ice cream was manufactured by mixing fortified milk 
fermented with probiotic strains with an ice cream mix. They found that all the ice cream 
samples received a high score in the sensory evaluation. Ice cream containing Lactobacillus 
reuteri was judged to be sourer and reached a higher score for “probiotic” flavor.  
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Two types of synbiotic ice cream containing 1% (w/w) resistant starch with free and 
encapsulated Lactobacillus casei and Bifidobacterium lactis were manufactured by Homayouni 
et al. (2008). The synbiotic ice cream samples were sensory assessed by 32 panelists. 
According to the authors, total evaluations in term of color, texture and taste of all samples 
were positive and did not have any marked off-flavor during the storage period. None of 
the ice creams were judged to be crumbly, weak, fluffy or sandy.   

Finally, Ferraz et al. (2012) supplemented a vanilla ice cream with Lactobacillus acidophilus at 
different overrun levels (45%, 60%, and 90%). They did not report an influence for any 
overrun level (P>0.05) on acceptability regarding appearance, aroma, and taste of the ice 
creams. 

Performing sensory evaluation is certainly an important step in probiotic dairy products 
development before the launch of the product into the market. As new products with 
probiotics may change some characteristics studying the behavior of trained panelists and 
consumers toward the developed product is a key factor and might represent a powerful 
tool to recover information that could support a product launch.  

Another central issue in new probiotic products is to guarantee enough microorganism 
population in order to allow consumers to experience the beneficial effects described before. 
Probiotic quantification with an appropriate technique is a must in the product process 
development. 

5. Probiotic quantification techniques  
Proper selection of an analytical method for the probiotic microorganism’s enumeration in 
food is critical since confirmation of whether the product has the minimum required 
amount of bacteria to provide the health benefits associated will depend on the result 
obtained. 

The choice of culture medium and methodology for selective enumeration of commercial 
probiotic strains in combination with starters depends strongly on the product matrix, the 
target group and the taxonomic diversity of the bacterial background flora in the product 
(Van de Casteele et al., 2006). There is a wide variety of analysis methods that consider all 
these aspects and are extensively documented by various authors. 

Several media have been suggested for the enumeration of probiotic bacteria alone or in 
combination in commercial cultures or products (Vinderola and Reinheimer, 2000). MRS 
agar is the media most commonly used and is normally supplemented with different sugars 
as maltose or glucose and with antibiotics solutions such as dicloxacillin, clindamycin, 
vancomycin, nalidixic acid, among many others. It is also common to add inhibitory agents 
as LiCl, NaCl, acids, bile salts and sorbitol. Supplements selection is made depending on the 
microorganism of interest and strains that wanted to be inhibited, for this purpose 
combination of both is very common. RCA agar with different antibiotics and salts is 
likewise used. 
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For Bifidobacterium sp. count, an incubation of plates under anaerobic conditions is required 
while Lactobacillus sp. strains can be recover both aerobically and anaerobically. Therefore 
one criterion for selecting the correct method is not only the strain of interest oxygen 
requirement but also accompanying flora characteristics. Similarly, temperature and 
incubation time varies between methods. Most of probiotic cultures are recovered at 37°C 
but increasing incubation temperature at 43°C is often use to inhibit mesophilic flora. 
Incubation times typically range from three to six days.  

An important aspect to consider is that probiotic microorganisms viable cells amount should 
be kept at the minimum accepted level in order to be considered as a functional food during 
its entire shelf life. Therefore, in new product development probiotic bacteria count should 
be performed in fresh product and throughout shelf life. In many cases, shelf life of such 
products is determined as a function of time in which availability of minimum required 
concentration of probiotics can be guarantee.  

In the scientific literature, populations of 106 - 107 CFU/g in the final product are established 
as therapeutic quantities of probiotic cultures in processed foods (Talwaker et al., 2004), 
reaching 108 - 109 CFU, provided by a daily consumption of 100 g or 100 ml of food, hence 
benefiting human health (Jayamanne and Adams, 2006). For example, in Brazil, the present 
legislation states that the minimum viable quantity of probiotic cultura should be between 
108 and 109 CFU per daily portion of product and that the probiotic population should be 
stated on the product label (Brazilian Agency of Sanitary Surveillance, 2012). 

6. Conclusion  
The use of products like yogurt, fermented milks, different cheeses and ice cream as 
probiotic food carrier opened a valuable alternative for dairy industry. To meet consumers 
demand for probiotic foods in different countries, different types of products are needed. 
Research has demonstrated that is possible to incorporate successfully probiotics reaching 
the recommended amounts in order for consumers to experience the described health 
benefits. It is also possible to reach a reasonable shelf life according to the expected product 
characteristics.  

From a technological point of view adding probiotics into dairy products could represent a 
difficult task depending on the type of product or microorganisms. Knowledge of all unit 
operations involved in processing and adaptations in traditional dairy process are helpful. 
Preliminary test to follow product and bacteria behavior provide useful information and 
sometimes it is necessary to change process parameters or inoculation step.  

Proper techniques for population determination must be used to follow probiotic behavior 
during production and storage time and correctly predict shelf life. Performing physico-
chemical analysis is decisive since characterization of product gives important information 
of probiotic effects and finally appropriate sensory techniques help to determine if attributes 
may have an influence on consumer acceptance. Since final product quality modifications 
could occur it is important to perform sensorial test with trained, semi-trained judges or 
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Two types of synbiotic ice cream containing 1% (w/w) resistant starch with free and 
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these aspects and are extensively documented by various authors. 

Several media have been suggested for the enumeration of probiotic bacteria alone or in 
combination in commercial cultures or products (Vinderola and Reinheimer, 2000). MRS 
agar is the media most commonly used and is normally supplemented with different sugars 
as maltose or glucose and with antibiotics solutions such as dicloxacillin, clindamycin, 
vancomycin, nalidixic acid, among many others. It is also common to add inhibitory agents 
as LiCl, NaCl, acids, bile salts and sorbitol. Supplements selection is made depending on the 
microorganism of interest and strains that wanted to be inhibited, for this purpose 
combination of both is very common. RCA agar with different antibiotics and salts is 
likewise used. 
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For Bifidobacterium sp. count, an incubation of plates under anaerobic conditions is required 
while Lactobacillus sp. strains can be recover both aerobically and anaerobically. Therefore 
one criterion for selecting the correct method is not only the strain of interest oxygen 
requirement but also accompanying flora characteristics. Similarly, temperature and 
incubation time varies between methods. Most of probiotic cultures are recovered at 37°C 
but increasing incubation temperature at 43°C is often use to inhibit mesophilic flora. 
Incubation times typically range from three to six days.  

An important aspect to consider is that probiotic microorganisms viable cells amount should 
be kept at the minimum accepted level in order to be considered as a functional food during 
its entire shelf life. Therefore, in new product development probiotic bacteria count should 
be performed in fresh product and throughout shelf life. In many cases, shelf life of such 
products is determined as a function of time in which availability of minimum required 
concentration of probiotics can be guarantee.  

In the scientific literature, populations of 106 - 107 CFU/g in the final product are established 
as therapeutic quantities of probiotic cultures in processed foods (Talwaker et al., 2004), 
reaching 108 - 109 CFU, provided by a daily consumption of 100 g or 100 ml of food, hence 
benefiting human health (Jayamanne and Adams, 2006). For example, in Brazil, the present 
legislation states that the minimum viable quantity of probiotic cultura should be between 
108 and 109 CFU per daily portion of product and that the probiotic population should be 
stated on the product label (Brazilian Agency of Sanitary Surveillance, 2012). 

6. Conclusion  
The use of products like yogurt, fermented milks, different cheeses and ice cream as 
probiotic food carrier opened a valuable alternative for dairy industry. To meet consumers 
demand for probiotic foods in different countries, different types of products are needed. 
Research has demonstrated that is possible to incorporate successfully probiotics reaching 
the recommended amounts in order for consumers to experience the described health 
benefits. It is also possible to reach a reasonable shelf life according to the expected product 
characteristics.  

From a technological point of view adding probiotics into dairy products could represent a 
difficult task depending on the type of product or microorganisms. Knowledge of all unit 
operations involved in processing and adaptations in traditional dairy process are helpful. 
Preliminary test to follow product and bacteria behavior provide useful information and 
sometimes it is necessary to change process parameters or inoculation step.  

Proper techniques for population determination must be used to follow probiotic behavior 
during production and storage time and correctly predict shelf life. Performing physico-
chemical analysis is decisive since characterization of product gives important information 
of probiotic effects and finally appropriate sensory techniques help to determine if attributes 
may have an influence on consumer acceptance. Since final product quality modifications 
could occur it is important to perform sensorial test with trained, semi-trained judges or 
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directly with consumers at this stage. Results obtained in a product developing process are 
indeed specific for the product, microorganism or mixture of microorganisms and 
technology involved. It is not possible to generalize them to other products, strains or 
elaboration techniques.  

Developing successful functional dairy food requires to be supported by scientific research. 
Product development in this field should consider knowing the consumer expectations, the 
technological process, the appropriate analyzing techniques and marketing. Nutrition 
advantages of dairy products need to be emphasized and information should be focused on 
consumers but also need to consider health care professionals.  

Industry needs relevant regulation of physiological claims and health claims and nowadays 
some companies are performing clinical studies with particular strains to prove specific 
benefits but it is clear that production of functional dairy foods following the rules of 
medicine production is hardly of interest.  

Considering the healthy population there may be potential to develop targeted products for 
different age groups. In the reduction of risk and treatments of various diseases, probiotics 
have resulting in promising benefits. However, it is important to understand the 
mechanisms behind the effects on our well-being. Information regarding the interaction 
between bacteria and dairy is focused on growth and survival of probiotics during 
production, storage and gastric transit therefore more research is needed to determine the 
effect of food substrate on metabolic activities of probiotics associated with their beneficial 
properties.  
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benefits but it is clear that production of functional dairy foods following the rules of 
medicine production is hardly of interest.  
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different age groups. In the reduction of risk and treatments of various diseases, probiotics 
have resulting in promising benefits. However, it is important to understand the 
mechanisms behind the effects on our well-being. Information regarding the interaction 
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production, storage and gastric transit therefore more research is needed to determine the 
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1. Introduction 

The most important function of alimentation is represented by the assurance of human 
metabolic needs as well as wellbeing and satisfaction induced by sensorial characteristics of 
food. In the same time, by modulating some target functions of the body, the food 
components might have benefic psychological and physiological effects, beside the 
nutritional ones, already accepted.  

In fact, food must contribute to health improving/protection and sustain systems of defence 
against different aggressions. We are situated at a new frontier of nutrition, in which the 
foods are evaluated by their biological potential and by their ability to reduce the risk of 
developing certain diseases. We can talk today about the fact that food for health represent 
an expanding field: probiotic functional food.  

In essence, probiotic functional food are products that, by their biological active compounds 
and consumed in current diets, contribute to optimal human physical and psihycal health. 

The appearance and development of functional probiotic food are the response of 
production field to the results of cellular and molecular biology field research, which 
demonstrates the implication of food components in proper functioning cellules and 
subcelular structures. The importance of these studies is essential in contemporaneous 
context in which the environment assaults by many ways the human body, fully stressing 
it’s protection, adaption and equilibrium maintenance systems. By their specific action, the 
food components might contribute to the maintain the normal parameters of cellular 
edificium and of the human body equilibrium.  

Nowadays we are assisting to an intensification of research in food – alimentation – health 
relationship field. The ideea that food might increase/defend health due to active biological 
components from it’s composition conquers more and more acceptability in the scientific 
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community and there are many publication in this field. Unlike the last years, the customers 
from many countries become more and more interested in health beneficial determined by 
alimentation, including probiotic functional food. In Romania, even before the adherence to 
UE, there were registered studies concerning manufacturing of probiotic functional foods, 
especially in dairy industry and explaining the induced benefits for health. 

In this trend of food science are included some of the studies developed over the years by 
researchers from Galati Food Science and Engineering Faculty. 

2. Probiotics: What are they? 

2.1. Definitions 

The name probiotic comes from the Greek „pro bios“ which means „for life“. The history of 
probiotics began with the history of man; cheese and fermented milk were well known to 
the Greeks and Romans, who recommended their consumption, especially for children and 
convalescents. Probiotics are defined as the living microorganisms administered in a 
sufficient number to survive in the intestinal ecosystem. They must have a positive effect on 
the host [1].  

The term „probiotic“ was first used by [2] in 1965 to describe the „substances secreted by 
one microorganism that stimulate the growth of another“. A powerful evolution of this 
definition was coined by [3] in 1974, who proposed that probiotics are „organisms and 
substances which contribute to intestinal microbial balance“ [4]. In more modern definitions, 
the concept of an action on the gut microflora, and even that of live microorganisms 
disappeared [5] in 1998 defined probiotics as the „food which contains live bacteria 
beneficial to health“, whereas [6] in 2001 defined them as „microbial cell preparations or 
components of microbial cells that have a beneficial effect on the health and well-being“. 

Some modern definitions include more precisely a preventive or therapeutic action of 
probiotics. [7] in 1997 for example, defined probiotics as „microorganisms which, when 
ingested, may have a positive effect in the prevention and treatment of a specific pathologic 
condition“. Finally, since probiotics have been found to be effective in the treatment of some 
gastrointestinal diseases [6], they can be considered to be therapeutic agents. It is clear that a 
number of definitions of the term „probiotic“ have been used over the years but the one 
derived by the Food and Agriculture Organization of the United Nations/World Health 
Organization [8] and endorsed by the International Scientific Association for Probiotics and 
Prebiotics [9] best exemplifies the breadth and scope of probiotics as they are known 
today:“live microorganisms which, when administered in adequate amounts, confer a 
health benefit on the host“. 

This definition retains historical elements of the use of living organisms for health purposes 
but does not restrict the application of the term only to oral probiotics with intestinal 
outcomes [10]. Despite these numerous theoretical definitions, however, the practical 
question arises whether a given microorganism can be considered to be a probiotic or not.  
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Some strict criteria have been proposed. [11] in 1992, for example, proposed the following 
parameters to select a probiotic: total safety for the host, resistance to gastric acidity and 
pancreatic secretions, adhesion to epithelial cells, antimicrobial activity, inhibition of 
adhesion of pathogenic bacteria, evaluation of resistance to antibiotics, tolerance to food 
additives and stability in the food matrix.  

The probiotics in use today have not been selected on the basis of all these criteria, but the 
most commonly used probiotics are the strains of lactic acid bacteria such as Lactobacillus, 
Bifidobacterium and Streptococcus (S. thermophilus); the first two are known to resist gastric 
acid, bile salts and pancreatic enzymes, to adhere to colonic mucosa and readily colonize the 
intestinal tract [4, 12]. 

2.2. Properties of lactic acid bacteria 

The lactic acid bacteria are generally defined as a cluster of lactic acid-producing, low 
%G+C, non-spore-forming, Gram-positive rods and cocci that share many biochemical, 
physiological, and genetic properties. They are distinguished from other Gram positive 
bacteria that also produce lactic acid (e.g., Bacillus, Listeria, and Bifidobacterium) by virtue of 
numerous phenotypic and genotypic differences. According to current taxonomy, the lactic 
acid bacteria group consists of twelve genera (table 1). All are in the phylum Firmicutes, 
Order, Lactobacillales. Based on 16S rRNA sequencing and other molecular techniques, the 
lactic acid bacteria can be grouped into a broad phylogenetic cluster, positioned not far from 
other low G +C Gram positive bacteria. 

Five sub-clusters are evident from this tree, including: (1) a Streptococcus-Lactococcus branch 
(Family Streptococcaceae), (2) a Lactobacillus branch (Family Lactobacillaceae), (3) a separate 
Lactobacillus-Pediococcus branch (Family Lactobacillaceae); (4) an Oenococcus-Leuconostoc-Weisella 
branch (Family Leuconostocaceae), and (5) a Carnobacterium-Aerococcus-Enterococcus-
Tetragenococcus-Vagococcus branch (Families Carnobacteriaceae, Aerococcaceae, and Enterococcaceae). 

Seven of the twelve genera of lactic acid bacteria, Lactobacillus, Lactococcus, Leuconostoc, 
Oenococcus, Pediococcus, Streptococcus, and Tetragenococcus, are used directly in food 
fermentations. Although Enterococcus sp. Are often found in fermented foods (e.g., cheese, 
sausage, fermented vegetables), except for a few occasions, they are not added directly. In 
fact, their presence is often undesirable, in part, because they are sometimes used as 
indicators of fecal contamination and also because some strains may harbor mobile 
antibioticresistance genes. 

Importantly, some strains of Enterococcus are capable of causing infections in humans. 
Likewise, Carnobacterium are also undesirable, mainly because they are considered as 
spoilage organisms in fermented meat products. Finally, species of Aerococcus, Vagococcus, 
and Weisella are not widely found in foods, and their overall significance in food is unclear. 

2.3. Probiotics as functional foods 

In the last decades consumer demands in the field of food production has changed 
considerably. Consumers more and more believe that foods contribute directly to their 
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health [13, 14]. Today foods are not intended to only satisfy hunger and to provide 
necessary nutrients for humans but also to prevent nutrition-related diseases and improve 
physical and mental well-being of the consumers [15, 16]. 
 

Genus Cell morphology 
Fermentation 

route 

Growth at Growth in NaCl at Growth at pH Lactic 
acid 

isomer 10ºC 45ºC 6.5% 18% 4.4 9.6 

Lactobacillus rods homo/hetero4 ±5 ± ± - ± - D, L, DL6 
Lactococcus cocci homo + - - - ± - L 
Leuconostoc cocci hetero + - ± - ± - D 
Oenococcus cocci hetero + + ± - ± - D 
Pediococcus cocci (tetrads) homo ± ± ± - + - D, L, DL 
Streptococcus cocci homo - + - - - - L 
Tetragenococcus cocci (tetrads) homo + - + + - + L 
Aerococcus cocci (tetrads) homo + - + - - + L 
Carnobacterium rods hetero + - - - - - L 
Enterococcus cocci homo + + + - + + L 
Vagococcus cocci homo + - - - ± - L 
Weisella coccoid hetero + - ± - ± - D, L, DL 

1Adapted from [17] 
2Adapted from [18] 
3Refers to the general properties of the genus; some exceptions may exist 
4Species of Lactobacillus may be homofermentative, heterofermentative, or both 
5This phenotype is variable, depending on the species 
6Some species produce D-, L-, or a mixture of D- and L-lactic acid. 

Table 1. Genera of lactic acid bacteria and their properties 1, 2, 3 

In this regard, functional foods play an outstanding role. The increasing demand on such 
foods can be explained by the increasing cost of healthcare, the steady increase in life 
expectancy, and the desire of older people for improved quality of their later years [19, 15, 20]. 

The term ‘‘functional food’’ itself was first used in Japan, in the 1980s, for food products 
fortified with special constituents that possess advantageous physiological effects [21, 22]. 
Functional foods may improve the general conditions of the body (e.g. pre- and probiotics), 
decrease the risk of some diseases (e.g. cholesterol-lowering products), and could even be 
used for curing some illnesses. 

The European Commission’s Concerted Action on Functional Food Science in Europe 
(FuFoSE), coordinated by International Life Science Institute (ILSI) Europe defined 
functional food as follows: ‘‘a food product can only be considered functional if together 
with the basic nutritional impact it has beneficial effects on one or more functions of the 
human organism thus either improving the general and physical conditions or/and 
decreasing the risk of the evolution of diseases. The amount of intake and form of the 
functional food should be as it is normally expected for dietary purposes. Therefore, it could 
not be in the form of pill or capsule just as normal food form’’ [23]. 
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European legislation however, does not consider functional foods as specific food 
categories, but rather a concept [22, 24]. Therefore, the rules to be applied are numerous and 
depend on the nature of the foodstuff. Functional foods have been developed in virtually all 
food categories. From a product point of view, the functional property can be included in 
numerous different ways as it can be seen in table 2.  
 

Type of 
functional food 

Definition Example 

Fortified 
product 

A food fortified with additional nutrients Fruit juices fortified 
with vitamin C 

Enriched 
products 

A food with added new nutrients or 
components not normally found in a 
particular food 

Margarine with plant 
sterol ester, 
probiotics, prebiotics 

Altered 
products 

A food from which a deleterious component 
has been removed, reduced or replaced with 
another substance with beneficial effects 

Fibers as fat releasers 
in meat or ice cream 
products 

Enhanced 
commodities 

A food in which one of the components has 
been naturally enhanced through special 
growing conditions, new feed composition, 
genetic manipulation, or otherwise 

Eggs with increased 
omega-3 content 
achieved by altered 
chicken feed 

Table 2. Prominent types of functional food [20, 25, 26]  

It should be emphasized however, that this is just one of the possible classifications. 
According to alternative classification, some functional products are (1) ‘‘add good to your 
life’’, e.g. improve the regular stomach and colon functions (pre- and probiotics) or 
‘‘improve children’s life’’ by supporting their learning capability and behaviour. It is 
difficult, however to find good biomarkers for cognitive, behavioural and psychological, 
functions. Other group (2) of functional food is designed for reducing an existing health risk 
problem such as high cholesterol or high blood pressure. A third group (3) consists of those 
products, which ‘‘makes your life easier’’ (e.g. lactose-free, gluten-free products) [27]. 

These products have been mainly launched in the dairy-, confectionery-, soft-drinks-, 
bakery- and baby-food market [16, 20, 26]. 

3. Health benefits of probiotics 

Since Metchnikoff’s era, a number of health benefits have been contributed to products 
containing probiotic organisms. While some of these benefits have been well documented 
and established, others have shown a promising potential in animal models, with human 
studies required to substantiate these claims. More importantly, health benefits imparted by 
probiotic bacteria are very strain specific; therefore, there is no universal strain that would 
provide all proposed benefits, not even strains of the same species. Moreover, not all the 
strains of the same species are effective against defined health conditions. Some of these 
strain specific health effects are presented in figure 1. 
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Figure 1. Probiotic beneficial effects on human health [28, 29]  

4. Probiotic dairy products 
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beyond energy and nutrients—functional foods—have experienced rapid market growth in 
recent years. This growth is fueled by technological innovations, development of new 
products, and the increasing number of health-conscious consumers interested in products 
that improve life quality. Since the global market of functional foods is increasing annually, 
food product development is a key research priority and a challenge for both the industry 
and science sectors. Probiotics show considerable promise for the expansion of the dairy 
industry, especially in such specific sectors as yogurts, cheeses, beverages, ice creams, and 
other desserts. This book chapter presents an overview of functional foods and strategies for 
their development, with particular attention to probiotic dairy products.  

4.1. Types of probiotic dairy product 

The most common probiotic dairy products worldwide are various types of yogurt, other 
fermented dairy product, various lactic acid bacteria drinks and mixture of probiotic 
(fermented) milks and fruit juice. Probiotic cheese, both fresh and ripened, have also been 
launched recently. In table 3 are listed some dairy functional food products that have been 
developed recently in Faculty of Food Science and Engineering.  

4.1.1. Fermented milks and beverages 

Fermented milks and beverages make up an important contribution to the human diet in 
many countries because fermentation is an inexpensive technology, which preserves the 
food, improves its nutritional value and enhances its sensory properties. 
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Type of dairy 
functional food 

products 

Description/Name 

Fermented dairy 
products 

Drink yogurts with La-5 and carrot juice/ BIOCOV 
Yogurt with La-5 and biomass of Spirulina platensis/YLaSP 
Yogurt with BB 12 and biomass of Spirulina platensis/YBbSP 
Yogurt with ABY 3/ABT 5 and medicinal plant extracts/ 
AFINOLACT 
Yogurt with ABY 3/ABT 5 and medicinal plant extracts/ 
CATINOLACT 
Yogurt with ABY 3/ABT 5 and medicinal plant extracts/ 
ROSALACT 

Cheeses Dessert based on fresh cheese and some fruit pulp 
Appetizer – type fresh cheese 
Probiotic Telemea cheese 

Table 3. Some examples of dairy probiotic products developed 

[30, 31] in 2011, proposed the realization of a probiotic dairy drink with added carrot juice. 
This probiotic product was obtained using goat milk (fat = 3.63%, proteins = 3.05%, lactose = 
4.55%, dry matter = 12.05% and density = 1.030 g·mL-1) which has been pasteurized at a 
temperature of 72ºC, for 20 minutes, a probiotic culture type Nutrish containing Lactobacillus 
acidophilus La-5 and carrot juice (dry matter = 9.35%, pH = 6.23, titratable acidity = 0.14 malic 
acid/100g, ash = 0.7%). After pasteurization, milk was quickly cooled to inoculation 
temperature at 37°C. The incubation of obtained fermented dairy drink was made at 37°C 
for 5 hours. 

The addition of carrot juice (at a percentage of 10%) had a positive effect on physical – 
chemical and microbiological parameters of fermented dairy drink. Combining goat milk 
with carrot juice can get some food with potential therapeutic role. 

As a result of the lactose fermentation, the titratable acidity increased fast during the 
incubation period. At the end of the storage period (after 5 days), the highest value of 
titratable acidity was 61 ºT. The pH of the obtained new product decreased during 
incubation period, and will stabilize during storage period, pH = 5.1 after 5 days of storage. 
The evolution of the number of microorganisms was analyzed for each sample during 
incubation and storage period. It was observed that the fermented dairy drink with added 
carrot juice product had been preserving its functional properties during storage (over 108 
cfu·mL-1 probiotic bacteria). 

The products were analyzed in terms of fluid flow thus establishing their rheological 
behavior. The literature shows that the rheological properties of fermented dairy products 
depend on the development of lactic bacteria as a consequence of metabolic changes leading 
physicochemical substrate in milk. 
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In figure 2 is presented the variation of shearing stress (τ, Pa) according to the shearing rate 
( , s-1). There was determined that samples have a rheological behavior similar with the one 
of the non-Newtonian fluids, time independent, therefore a pseudoplastic behavior. Specific 
for a fluid with this type of behavior is the flow resistance decrease as a result of the fluid 
shearing rate increase. 

For all samples, it was noted that for low values of shear rate, tangential shear stress 
variation depending on shear rate was increasing (regression coefficient R2 values varies 
from 0.962 and 0.995). 

 
Figure 2. The shearing stress variation according to the shearing rate 

To obtain yoghurt with Spirulina platensis biomass was used pasteurized cow milk (non fat 
dry matter = 9.08%, fat = 1.5%, proteins = 3.52%, lactose = 4.32%, mineral salts = 0.72%). 
Pasteurization of milk is achieved by maintaining standardized milk at 95 °C for 5 minutes. 
After pasteurization, milk was cooled to inoculation temperature at 42°C. 

The inoculation of milk for obtaining these fermented dairy products is with a probiotic 
culture containing Lactobacillus acidophilus La-5 respectively Bifidobacterium lactis BB 12, at 
this time was added and biomass of Spirulina platensis (0.5 – 1% according to [32]). 

After inoculation follows the distribution and packaging and incubation was made at 42°C for 
6 hours in the thermostats set at the optimal temperature for the development of these 
bacteria. Meanwhile yoghurt gel gets a specific consistency. Cooling and storage of obtained 
yoghurts is performed at 6 °C for 15 days. In this storage period, coagulum is more compact, 
the flavor and taste become more pleasant. As a result of the lactose fermentation, the titratable 
acidity increased. This is slightly higher for the samples with La 5 from those with BB12. 

All products with Spirulina platensis biomass have titratable acidity higher than control 
sample (1.1 times higher for samples with BB 12 and 1.2 times higher for samples with La 5). 
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The evolution of pH is correlated with lactose fermentation intensity and increased with 
titratable acidity, but in the same time it is influenced by the buffer substances that are 
found in Spirulina platensis biomass or formed during the manufacture of yoghurt. The pH 
of fermented dairy products fall between the values 4.11 and 4.53, values considered normal 
for such products. 

The addition of Spirulina platensis biomass (figure 3) has positively influenced the number of 
viable probiotic microorganisms. 

 
Figure 3. Viable counts variation during storage period 

At the end of the storage period (after 15th days) the number of probiotic lactic bacteria for 
both, control samples and samples with Spirulina platensis biomass is still high, which shows 
that the product with Spirulina platensis biomass has been preserving its functional 
properties during storage period. 

4.1.2. Cheeses 

Perhaps no other fermented food starts with such a simple raw material and ends up with 
products having such an incredible diversity of color, flavor, texture, and appearance as 
does cheese. It is even more remarkable that milk, pale in color and bland in flavor, can be 
transformed into literally hundreds of different types of flavorful, colorful cheeses by 
manipulating just a few critical steps. 

Just what happened to cause the milk to become transformed into a product with such a 
decidedly different appearance, texture, and flavor? To answer that question, it is first 
necessary to compare the composition of the starting material, milk, to that of the product, 
the finished cheese (figure 4). 

In an attempt to diversify the range of probiotic dairy products, there has been made a series 
of research on the introduction of probiotic bacteria in cheese. According to [33], cheese is an  
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Figure 4. Partition of milk into cheese and whey (adapted from [18]). 

interesting way of supplying probiotic bacteria due to the chemical composition of the raw 
milk that encourages their growth, metabolism and viability and also due to their relatively 
low acidity compared to other food products. The most of research has been focused on 
fresh cheese, but there are published some results on probiotic brined or ripened cheese, too.  

Fresh cheese, mixt coagulated, is the most suitable cheese to carry probiotic bacteria, due to 
the high composition of nutrients, low acidity and low salt content. In 2009, [34] used 
probiotic fresh cheese and peach pulp in order to obtain a dessert, according to figure 5. 
Probiotic bacteria, Lactobacillus acidophilus La 5, was introduced in the fresh cheese as an 
agent of milk maturation, during coagulation stage. The product was rich in nutritive 
components (proteins: 10.9...11.3%; fat: 9.1...10.4% and minerals: 2...2.3%) and has a 
pseudoplastic rheological behaviour. This influenced the sensorial properties of the product, 
which achieved a creamy texture including in its structure the minced peach pulp and fat 
globules from the cream.  

The research of the above mentioned authors continued, in the attempt to obtain a similar 
product using goat milk [35]. The amount of nutrients increased, comparing to the previous 
product (proteins: 12.4...12.5%; fat: 10.1...12.2% and minerals: 2.1...2.4%) but the rheological 
behaviour was not affected. Although there was expected a reserved attitude of the 
consumer because of the unpleasant flavour of goat milk, this was not observed. 

In 2010 a new probiotic product based on fresh cheese was obtained, by mixing fresh cheese 
with caraway, cream and salt. The probiotic bacteria (Bifidobacterium lactis BB 12) were 
introduced in cheese at milk maturation stage. In figure 6 it can be observed that the 
caraway favourised the development of probiotic bacteria. 
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Figure 5. Technological flowchart for manufacturing the new product – Dessert based on fresh cheese 
and peach pulp  

 
Figure 6. Evolution of bacteria during storage period 

[36] and [37] studied the viability of probiotic bacteria Bifidobacterium lactis, Lactobacillus 
acidophilus and Strepococcus thermophilus in Telemea cheese during ripening and storage 
time. Telemea is a cheese variety originated in Romania, from where its manufacture spread 
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[36] and [37] studied the viability of probiotic bacteria Bifidobacterium lactis, Lactobacillus 
acidophilus and Strepococcus thermophilus in Telemea cheese during ripening and storage 
time. Telemea is a cheese variety originated in Romania, from where its manufacture spread 
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to other Balkan countries and Turkey [38]. The specific of this variety of cheese is ripening in 
brine. Evolution of probiotic bacteria during different stages of manufacturing process is 
presented in table 4. Conclusion of the study is that Telemea cheese can be considered a 
probiotic product, even if the high salt concentration disadvantages probiotic bacteria 
growth, as long as the number of viable cells remains above 107 cfu·g-1.  

 
Stage Bifidobacterium 

lactis 
Lactobacillus 
acidophilus 

Lactobacillus 
bulgaricus 

Streptococcus 
thermophilus 

Inoculated milk 2.71 2.50 2.90 8 

Milk, 10 minutes 
after renneting 

2.68 3.21 4 12 

Coagulum, before 
pressing 

2.60 7.49 9.40 24.9 

Pressed coagulum 2.40 7.29 9.50 24.3 

Salted coagulum 2.20 7.20 9.60 22.1 

Cheese ripened 
for 5 days 

1.84 6.90 8.90 15 

Cheese ripened 
for 10 days 

1.75 6.36 8.40 14.2 

Cheese ripened 
for 15 days 

1.65 4.67 7.30 13.4 

Cheese ripened 
for 20 days 

1.57 4.21 6.70 12.6 

Cheese ripened 
for 25 days 

1.48 3.48 5.30 11.3 

Cheese ripened 
for 30 days 

1.41 2.90 4.20 9.1 

Cheese ripened 
for 35 days 

0.99 2.31 3.90 7.2 

Cheese ripened 
for 40 days 

0.60 2.21 3.50 6 

Table 4. Evolution of probiotic bacteria during manufacturing of Telemea cheese (107 cfu·g-1) 

There are registered many other studies about probiotic cheese and methods of manufacturing 
probiotic cheese. Most of them introduce probiotic bacteria in the milk maturation stage, but 
there are reports about introducing them after pressing [39] or immobilized on fruit pieces 
[40]. 
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5. Improvement of benefical effect of probiotic dairy products through 
the use of bioactive compounds from plants 

By sensorial analysis of several combinations milk-medicinal plants, as well as by physical 
and chemical analysis, there were selected the following medicinal plants: bilberry, sea-
buckthorn, rosehip, liquorice, plants rich in active principles considered important for their 
pharmacological profile.  

The research presented in this subchapter was realised on 14 variants of probiotic products 
(encoded according to table 5), manufactured from cow milk and medicinal plant extracts 
(bilberry, seabuckthorn, rosehip and liquorice), fermented by two types of probiotic 
cultures: ABY 3 (Bifidobacterium lactis, Lactobacillus acidophilus, Lactobacillus delbrueckii subsp. 
bulgaricus and Streptococcus thermophilus) and ABT 5 (Bifidobacterium lactis, Lactobacillus 
acidophilus and Streptococcus thermophilus). 
 

Crt. 
No. 

Product Code Culture Description 

1.  Control M – 3 

ABY 3 

Milk + 0.02% DVS culture 
2.  

Afinolact 
A – 3 Milk + 0.02% DVS culture + 6% bilberry extract 

3.  LD+A – 3 
Milk + 0.02% DVS culture + 6% bilberry extract 
+ 6% liquorice extract 

4.  
Cătinolact

C – 3 
Milk + 0.02% DVS culture + 6% seabuckthorn 
extract 

5.  LD+C – 3 
Milk + 0.02% DVS culture + 6% seabuckthorn 
extract + 6% liquorice extract 

6.  
Rosalact 

Mă– 3 Milk + 0.02% DVS culture + 6% rosehip extract 

7.  LD+Mă – 3
Milk + 0.02% DVS culture + 6% rosehip extract + 
6% liquorice extract 

8.  Control M – 5 

ABT 5 

Milk + 0.02% DVS culture 
9.  

Afinolact 
A – 5 Milk + 0.02% DVS culture + 6% bilberry extract 

10.  LD+A – 5 
Milk + 0.02% DVS culture + 6% bilberry extract 
+ 6% liquorice extract 

11.  
Cătinolact

C – 5 
Milk + 0.02% DVS culture + 6% seabuckthorn 
extract 

12.  LD+C – 5 
Milk + 0.02% DVS culture + 6% seabuckthorn 
extract + 6% liquorice extract 

13.  
Rosalact 

Mă – 5 Milk + 0.02% DVS culture + 6% rosehip extract 

14.  LD+Mă – 5
Milk + 0.02% DVS culture + 6% rosehip extract + 
6% liquorice extract 

Table 5. Experimental variants 
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The addition of aqueous medicinal plants extract positively influenced the number of viable 
probiotic microorganisms. At the end of storage period the number of probiotic lactic 
bacteria is high for both control samples and samples with medicinal plants, meaning that 
the products maintain their functional character [31, 41-46]. 

For the obtain products there was demonstrated the cytoprotective character, by studing the 
total antioxidant capacity, the total content of polyphenols, the superoxiddismutasic (SOD) 
activity, the minerals content, the ascorbic acid and anthocyaninis.  

The results of the study reveal that probiotic dairy products with added medicinal plants 
contain a high level of total polyphenols and a high total antioxidant capacity. All these 
products are an excellent source of minerals with high biodisponibility in human diet. The 
addition of medicinal plants extract improved the SOD activity. 

5.1. Identification of bioactive compounds from plants 

Medicinal plants are extremely valuable biological currants. The valorification of this 
potential represents a never-ending source of raw materials for pharmaceutics and food 
industry. World Health Organisation has recently announced that 75-80% of world’s 
population is treated with natural remedies. 

The plants do not cure all the diseases but they might be extremely helpful in rational treating 
of some diseases and are not to dangerous. The plants have favourable effect to human body 
and unfavourable effect to some pathogen agents due to certain substances from their 
composition. In every plant species there must be known that substance or substances which 
assure them the therapeutic effect (the active principles). 

In order to test the chemical composition of studied plants (bilberry, sea-buckthorn, rosehip 
and liquorice) there were determined by chemical analysis: ascorbic acid (for seabuckthorn 
and rosehip), glycyrrhizic acid (for liquorice) and anthocyaninis (for bilberry). The 
concentrations of the active principles in medicinal plants samples are reported in table 6. 
 

Medicinal plants
 
Active principles 

Bilberry 
(Vaccinium 
myrtillus L.) 

Sea-buckthorn
(Hippophaë 

rhamnoides L.)

Liquorice 
(Glycyrrhiza 

glabra L.) 

Rosehip 
(Rosa  

canina L.) 
Anthocyanins expressed 
as cyanidin-3-glucoside 
chloride 

0.38 ± 0.06* 
(0.32÷0.47) 

- - - 

Ascorbic acid - 0.8 ± 0.09* 
(0.66÷0.89) 

- 1.24 ± 0.06* 
(1.18÷1.32) 

Glycyrrhizic acid - - 5.03 ± 0.32* 
(4.6÷5.32) 

- 

The values were expressed in mean ± standard errors of regression and values in parenthesis indicate minimum and 
maximum level recorded. 

Table 6. Active principles in medicinal plants 
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Regarding the active principles content there was demonstrated that all the analysed 
medicinal plants respect the values presented in European Pharmacopee, V edition: minimum 
0.3% cyanidin–3–glucozide chloride in bilberry, the analysed probes having a maximum 
content of 0.47%. The ascorbic acid in seabuckthorn must be minimum in 0.5% and in rosehip 
minimum 1%. The analysed samples registered values of 0.66÷0.98% for seabuckthorn and 
1,18% for rosehip. The glycyrrhizic acid, the main active principle in liquorice, must be 
minimum 4% (according to European Pharmacopee) and the determined values varied 
between 4.6 and 5.38% [31, 41-46]. 

5.2. The action of bioactive compounds from plants on probiotic bacteria 
metabolism 

To have a probiotic effect, the strains of probiotic bacteria must be present in the product 
enough number. It is generally considered that the daily dose of probiotic strains must be 
between 1·108 and 1·109 cells. A portion of 100 g, the probiotic product should contain 
between 106 and 107 cfu·mL-1 product. The addition of aqueous medicinal plant extracts has 
positively influenced the number of viable probiotic microorganisms due to the presence of 
fermentable sugars and some growth factors (mineral salts, non-protein nitrogen). At the 
end of incubation period (after 5 hours), for the samples with medicinal plant extracts the 
lowest number of microorganisms has established for the samples: Mă–3 (7.8·108 cfu·mL-1 
probiotic bacteria) or A–5 and C–5 (1.8·109 cfu·mL-1 probiotic bacteria) instead the higher 
number of probiotic bacteria was registered for LD+Mă–3 (4.5·109 cfu·mL-1 probiotic 
bacteria) and LD+Mă–5 (5.4·109 cfu·mL-1 probiotic bacteria). 

After 8th days of storage period (table 7) the higher number of viable microorganisms was 
found in the sample with ABT 5 culture (LD+A–5: 2.6·108 cfu·mL-1 probiotic bacteria), and 
lowest number of probiotic bacteria cells was recorded for sample with ABY 3 culture (C–3: 
0.9·108 cfu·mL-1 probiotic bacteria). The storage in refrigerated conditions causes a reduction 
of the number of probiotic bacteria up to 4.37 times in the products obtained with ABY 3 
culture and 3.62 times for those with ABT 5. 
 

Microbiological characteristics 
Sample code  cfu·mL-1 product  Sample code  cfu·mL-1 product 

M – 3  3·107  M – 5  8·107 
A – 3  1·108  A – 5  1.4·108 

LD+A – 3  1.8·108  LD+A – 5  2.6·108 
C – 3  9·107  C – 5  1.1·108 

LD+C – 3  1.9·108  LD+C – 5  1.8·108 
Mă – 3  1.2·108  Mă – 5  1.3·108 

LD+Mă – 3  2.2·108  LD+Mă – 5  2.1·108 

Table 7. Microbiological characteristics of fermented dairy products wit ABY 3 or ABT 5 after 8th days 
of storage  
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At the end of storage period, the number of probiotic lactic acid bacteria for both control 
samples and for samples with medicinal plant extracts is still high (1·107÷1·108 cfu·mL-1 
probiotic bacteria), which shows that the products has been preserving its functional 
properties during storage period. Both cultures can be used in the production of probiotic 
products [31, 41-46].  

Besides the cytoprotective effect conferred by the presence of probiotic bacteria, research has 
shown that products with added medicinal plants have a increased cytoprotective nature 
and because the content of biologically active compounds. Experimental results showed that 
the probiotic fermented dairy product with added medicinal plant extracts have a high 
content of total polyphenols with beneficial effects on human health, which help to prevent 
various diseases, such as cardiovascular disease, diabetes [47, 48] and consequently a higher 
total antioxidant capacity.  

The higher amount of total polyphenols (table 8) was determined for samples: LD+Mă–3 
(280.78 μg·mL-1) or LD+Mă–5 (285.56 μg·mL-1). 
 

Total polyphenols expressed as catechin, μg·mL-1 
Sample code ABY 3  Sample code  ABT 5 

M – 3 62.086  M – 5  82.086 
A – 3 99.91  A – 5  106 

LD+A – 3 152.95  LD+A – 5  158.6 
C – 3 72.086  C – 5  87.73 

LD+C – 3 135.56  LD+C – 5  147.3 
Mă – 3 262.95  Mă – 5  239.47 

LD+Mă – 3 280.78  LD+Mă – 5  285.56 

Table 8. The total polyphenols content for samples with ABY 3 or ABT 5 culture  

Compared with control samples (not containing medicinal plant extracts) total antioxidant 
capacity (Table 9) increased by 3.25-9.94 times in products made with ABY 3 culture and 2.1-
8.3 times the ABT 5 products. 
 

TEAC, mM·L-1 
Sample code ABY 3 Sample code ABT 5 

M – 3 0.16 M – 5 0.2 
A – 3 0.57 A – 5 0.43 

LD+A – 3 0.70 LD+A – 5 0.73 
C – 3 0.52 C – 5 0.48 

LD+C – 3 0.81 LD+C – 5 0.62 
Mă – 3 1.19 Mă – 5 1.27 

LD+Mă – 3 1.59 LD+Mă – 5 1.66 

Table 9. Total antioxidant capacity for sample with ABY 3 or ABT 5 culture  
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For products manufactured with ABY 3 culture and those with ABT 5 was observed that the 
total antioxidant capacity and total polyphenols content is higher for mixtures with liquorice 
extract, from the rest of the samples tested, except for samples Mă–3 şi Mă–5. 

In addition to being an excellent source of protein, probiotic dairy products based on milk 
and medicinal plant extracts are a good source of minerals, calcium, potassium, phosphorus, 
magnesium, zinc. The minerals in these products are from raw milk, and medicinal plant 
extracts. Because the extracts of bilberry, sea-buckthorn, rosehip and liquorice have different 
mineral content, the products made have a different content in some microelements. 

Distribution of broad in probiotic dairy products based on milk and medicinal plant extracts 
depends on the content of plant extracts and reactions/associations that occur during the 
technological process. The results of measurements are presented in Tables 10 and 11. 
 

Crt. 
No. 

Sample name
Microelements content, mg/100g product 

Ca Mg Na K Mn Fe Zn Cu Pb Cd 
1. M – 3 130 6 36 130 - 0.1 0.4 ND ND ND 
2. A – 3 135 7 39 115 0.1 0.15 0.45 ND ND ND 
3. C – 3 135 7.5 37.5 125 0.1 0.2 0.5 ND ND ND 
4. Mă – 3 137.5 9 41 135 0.1 0.27 0.5 ND ND ND 
5. LD+A – 3 140 7.8 47.5 135 0.1 0.21 0.5 ND ND ND 
6. LD+C – 3 141 7.8 40 140 0.1 0.25 0.5 ND ND ND 
7. LD+Mă - 3 139.5 9.3 46 150 0.1 0.3 0.5 ND ND ND 

Table 10. Mineral concentration of fermented dairy products with ABY 3 culture  

Crt. 
No. 

Sample name
Microelements content, mg/100g product 

Ca Mg Na K Mn Fe Zn Cu Pb Cd 
1. M – 5 130 6 36 130 - 0.1 0.4 ND ND ND 
2. A – 5 135 7 34.5 110 0.1 0.14 0.45 ND ND ND 
3. C – 5 140 7.8 32.5 115 0.1 0.21 0.5 ND ND ND 
4. Mă – 5 140 8 35 120 0.1 0.25 0.5 ND ND ND 
5. LD+A – 5 150 7.5 39.5 140 0.1 0.17 0.5 ND ND ND 
6. LD+C – 5 145 8 38 135 0.1 0.23 0.5 ND ND ND 
7. LD+Mă–5 147 9 41 140 0.1 0.3 0.5 ND ND ND 

Table 11. Mineral concentration of fermented dairy products with ABY 5 culture  

Minerals in fermented dairy products based on milk and medicinal plant extract fulfill in 
human body the following functions: 

 Are composed of hard tissue: Ca and Mg contribute in a major portion at the formation 
of the skeleton and teeth. Ca is also one of the most sensitive elements that regulate 
cellular functions. Is the regulator of enzymes involved in carbohydrate, lipid and 
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At the end of storage period, the number of probiotic lactic acid bacteria for both control 
samples and for samples with medicinal plant extracts is still high (1·107÷1·108 cfu·mL-1 
probiotic bacteria), which shows that the products has been preserving its functional 
properties during storage period. Both cultures can be used in the production of probiotic 
products [31, 41-46].  

Besides the cytoprotective effect conferred by the presence of probiotic bacteria, research has 
shown that products with added medicinal plants have a increased cytoprotective nature 
and because the content of biologically active compounds. Experimental results showed that 
the probiotic fermented dairy product with added medicinal plant extracts have a high 
content of total polyphenols with beneficial effects on human health, which help to prevent 
various diseases, such as cardiovascular disease, diabetes [47, 48] and consequently a higher 
total antioxidant capacity.  

The higher amount of total polyphenols (table 8) was determined for samples: LD+Mă–3 
(280.78 μg·mL-1) or LD+Mă–5 (285.56 μg·mL-1). 
 

Total polyphenols expressed as catechin, μg·mL-1 
Sample code ABY 3  Sample code  ABT 5 

M – 3 62.086  M – 5  82.086 
A – 3 99.91  A – 5  106 

LD+A – 3 152.95  LD+A – 5  158.6 
C – 3 72.086  C – 5  87.73 

LD+C – 3 135.56  LD+C – 5  147.3 
Mă – 3 262.95  Mă – 5  239.47 

LD+Mă – 3 280.78  LD+Mă – 5  285.56 

Table 8. The total polyphenols content for samples with ABY 3 or ABT 5 culture  

Compared with control samples (not containing medicinal plant extracts) total antioxidant 
capacity (Table 9) increased by 3.25-9.94 times in products made with ABY 3 culture and 2.1-
8.3 times the ABT 5 products. 
 

TEAC, mM·L-1 
Sample code ABY 3 Sample code ABT 5 

M – 3 0.16 M – 5 0.2 
A – 3 0.57 A – 5 0.43 

LD+A – 3 0.70 LD+A – 5 0.73 
C – 3 0.52 C – 5 0.48 

LD+C – 3 0.81 LD+C – 5 0.62 
Mă – 3 1.19 Mă – 5 1.27 

LD+Mă – 3 1.59 LD+Mă – 5 1.66 

Table 9. Total antioxidant capacity for sample with ABY 3 or ABT 5 culture  

 
Milk and Dairy Products: Vectors to Create Probiotic Products 253 

For products manufactured with ABY 3 culture and those with ABT 5 was observed that the 
total antioxidant capacity and total polyphenols content is higher for mixtures with liquorice 
extract, from the rest of the samples tested, except for samples Mă–3 şi Mă–5. 

In addition to being an excellent source of protein, probiotic dairy products based on milk 
and medicinal plant extracts are a good source of minerals, calcium, potassium, phosphorus, 
magnesium, zinc. The minerals in these products are from raw milk, and medicinal plant 
extracts. Because the extracts of bilberry, sea-buckthorn, rosehip and liquorice have different 
mineral content, the products made have a different content in some microelements. 

Distribution of broad in probiotic dairy products based on milk and medicinal plant extracts 
depends on the content of plant extracts and reactions/associations that occur during the 
technological process. The results of measurements are presented in Tables 10 and 11. 
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Microelements content, mg/100g product 

Ca Mg Na K Mn Fe Zn Cu Pb Cd 
1. M – 3 130 6 36 130 - 0.1 0.4 ND ND ND 
2. A – 3 135 7 39 115 0.1 0.15 0.45 ND ND ND 
3. C – 3 135 7.5 37.5 125 0.1 0.2 0.5 ND ND ND 
4. Mă – 3 137.5 9 41 135 0.1 0.27 0.5 ND ND ND 
5. LD+A – 3 140 7.8 47.5 135 0.1 0.21 0.5 ND ND ND 
6. LD+C – 3 141 7.8 40 140 0.1 0.25 0.5 ND ND ND 
7. LD+Mă - 3 139.5 9.3 46 150 0.1 0.3 0.5 ND ND ND 
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2. A – 5 135 7 34.5 110 0.1 0.14 0.45 ND ND ND 
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Table 11. Mineral concentration of fermented dairy products with ABY 5 culture  

Minerals in fermented dairy products based on milk and medicinal plant extract fulfill in 
human body the following functions: 

 Are composed of hard tissue: Ca and Mg contribute in a major portion at the formation 
of the skeleton and teeth. Ca is also one of the most sensitive elements that regulate 
cellular functions. Is the regulator of enzymes involved in carbohydrate, lipid and 



 
Probiotics 254 

protein metabolism, is also involved in important physiological processes such as 
muscle contraction, blood coagulation, apoptosis and necrosis; 

 Are components of soft tissue: Fe and K in the form of organic compounds contribute to 
muscles, organs and blood. Fe are component of hemoglobin involved in oxygen 
transport, the of myoglobin, the body's oxygen tank. Fe is considered a major potential 
prooxidant metals from the human body; 

 Are regulators of biological functions: as solubilized salts in body fluids contribute to 
sensitivity of nervous stimulus, maintain muscle elasticity, adjustment of pH digestive 
fluids and other secretions, maintaining of osmotic pressure. 

Fermented dairy product based on milk and medicinal plant extracts had a higher 
superoxiddismutase activity. The relationship between the iron and SOD activity is 
presented in figures 7 and 8. 

 
Figure 7. The relationship between SOD activity and iron content of products obtained with ABY 3 culture  

For all samples of fermented dairy products with medicinal plant extracts is an increase in 
SOD activity compared with the control sample. Measured activity is total SOD-like activity 
(which contributes enzyme as such and superoxiddismutase-like activity of polyphenols 
and iron or zinc). SOD activity ranged from 11.142 to 12.857 IU·mL-1 product; it was 
maximum for the sample LD+Mă–3. Samples obtained with ABY 3 culture had a higher 
SOD activity than samples with ABT 5. 

5.3. Probiotic dairy products with added plant extracts  

To obtain the probiotic dairy products with medicinal plant extracts was used standardized 
cow milk to 1.5% fat. The technological process for production of fermented dairy products  
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Figure 8. The relationship between SOD activity and iron content of products obtained with ABY 5 culture 

Sample
 
Characteristics 

Bilberries 
extract 

Sea-
buckthorn 

extract 

Rosehip 
extract 

Liquorice 
extract 

Dry matter, g/100g 4.84 4.84 5.29 4 
Ash insoluble in hydrochloric acid, g/100g 0.74 0.83 0.67 0.81 
Total carbohydrate, g/100g 4.69 0.2 7.19 7.29 
Total proteins, g/100g 0.21 0.41 0.62 2.15 
Calcium, mg/100g product 13.2 4.4 34.5 30 
Magnesium, mg/100g product 15.4 4.4 13.8 60 
Sodium, mg/100g product 6.6 4.4 8.05 9 
Potassium, mg/100g product 132 110 300 230 
Manganese, mg/100g product 2.2 2.2 1.38 0.4 
Iron, mg/100g product 1.1 2.2 0.46 0.6 
Zinc, mg/100g product 0.66 0.44 0.69 0.6 
Copper, mg/100g product 0.22 0.22 0.23 0.6 
Lead, mg/100g product ND ND ND ND 
Cadmium, mg/100g product ND ND ND ND 
Caffeic Acid, g/100g 1.47 1.69 1.63 0.54 
Cyanidin-3-glucoside chloride, g/100g 0.55 - - - 
Ascorbic acid, g/100g - 0.26 0.18 - 
Glycyrrhizic acid, g/100g - - - 1.96 

Table 12. Characteristics of concentrated medicinal plant extracts 
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with medicinal plant extracts is presented in figure 8. The pasteurization of milk is achieved 
by maintaining standardized milk at 95 °C for 5 minutes. After pasteurization, milk is 
cooled to a temperature of 42 °C. Milk inoculation for these probiotic dairy products was 
made with two Probio-Tec probiotic cultures type: ABY 3 respectively ABT 5, at this time 
were added and aqueous extracts of medicinal plants (bilberries, sea-buckthorn, rosehip and 
liquorice) that have a number of characteristics presented in table 12. 

After inoculation follows the distribution and packaging and incubation was made at 42°C 
for 6 hours in the thermostats set at the optimal temperature for the development of these 
bacteria. Meanwhile yoghurt gel gets a specific consistency. Cooling and storage of obtained 
yoghurts is performed at 6 °C for 8 days. In this storage period, coagulum is more compact, 
the flavor and taste become more pleasant. 

 
Figure 9. Technological flowchart for manufacturing the new product – Probiotic yoghurt with added 
medicinal plant extracts 

The characteristics of fermented dairy products studied, in terms of chemical properties are: 

 Total dry matter have values between 12.05% and 12.5% (lowest for products that 
contain liquorice extract), exceeding the minimum specified in Romanian standard for 
fermented dairy products (12%); 

 The fat content of the samples vary between 0.6% and 1.3% lowest in products with 
liquorice compared with other, because smaller proportions of milk of these products; 
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 Lactic fermentation is faster for the samples with added plant extracts because of 
monosaccharides content (glucose, fructose, arabinose, xylose) and oligosaccharides 
(sucrose, raffinose, maltose, xiloglucan) from medicinal plants, which are fermented 
faster than lactose; 

 Titratable acidity at the end of incubation period is between 67ºT and 78ºT, with higher 
values for products liquorice extracts. After 8th days of storage period, the titratable 
acidity is between 84ºT and 97ºT; 

 The pH of products after incubation period varies between 5.035 and 5.287. After 8th 
days of storage it reaches values of 4.225-4.553, lowest value was obtained for the 
products with ABT 5 culture; 

 ABT 5 probiotic culture which contains Bifidobacterium lactis, Lactobacillus acidophilus and 
Strepococcus thermophilus is more active than ABY 3 consists of Bifidobacterium lactis, 
Lactobacillus acidophilus, Lactobacillus delbrueckii subsp. bulgaricus and Strepococcus 
thermophilus; 

 The established technological flowchart leads to obtaining some appropriate products 
in terms of physical-chemical characterization. 

6. Conclusions 

The researchers team of the Faculty of Food Science and Engineering, with many researchers 
in the scientific world, were concerned to investigate the possibility of obtaining probiotic 
products based on milk. Use milk as a vehicle for creating probiotic product was a constant 
concern of the staff of the Faculty of Food Science and Engineering in recent years. Probiotic 
character and functional role of probiotic products was obtained by adding fruit and 
vegetable juices, medicinal plant extracts, Spirulina platensis biomass, etc. We plan to 
continue research in this direction by investigating other products that may stimulate 
growth of probiotic bacteria. 
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Figure 9. Technological flowchart for manufacturing the new product – Probiotic yoghurt with added 
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1. Introduction 

Proper orientation of the gastrointestinal tract biocenosis and consumption of probiotic 
products is becoming more and more important in the industrialized world as problems 
such as civilization diseases and population aging are spreading.  

The word “probiotic” is derived from the Greek "pro bios" and means "for life". As defined 
by FAO /WHO, probiotics are specific strains of microorganisms, which when served to 
human in proper amount, have a beneficial effect on our body (improve health or reduce 
risk of getting sick) [1, 2]. Probiotic bacteria most commonly belong to Lactobacillus and 
Bifidobacterium species. 

However, not all bacteria have equally strong effect on human health improvement. Activity 
of probiotic bacteria is a specific feature of the strain. 

The effect of improving human health depends not only on strain (its probiotic activity) but 
also on media (a matrix on which bacteria are carried). The media should provide probiotic 
bacteria with a high viability and activity during transit through intestinal tract and at their 
final destination. 

Probiotic bacteria support both, specific and nonspecific human and animal defense 
mechanisms. 

Probiotics improve digestion of lactose in subjects suffering from disorders in its absorption 
and relieve symptoms of the gastrointestinal tract disorders. Additionally they may 
contribute to lowering of cholesterol as well as reduce adherence, and thereby prevent 
translocation of pathogenic microorganisms into the intestinal lumen. There are many 
different evidence that prove ability of probiotic bacteria to prevent or slow down the 

© 2012 Żyżelewicz et al., licensee InTech. This is a paper distributed under the terms of the Creative Commons
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1. Introduction 

Proper orientation of the gastrointestinal tract biocenosis and consumption of probiotic 
products is becoming more and more important in the industrialized world as problems 
such as civilization diseases and population aging are spreading.  

The word “probiotic” is derived from the Greek "pro bios" and means "for life". As defined 
by FAO /WHO, probiotics are specific strains of microorganisms, which when served to 
human in proper amount, have a beneficial effect on our body (improve health or reduce 
risk of getting sick) [1, 2]. Probiotic bacteria most commonly belong to Lactobacillus and 
Bifidobacterium species. 

However, not all bacteria have equally strong effect on human health improvement. Activity 
of probiotic bacteria is a specific feature of the strain. 

The effect of improving human health depends not only on strain (its probiotic activity) but 
also on media (a matrix on which bacteria are carried). The media should provide probiotic 
bacteria with a high viability and activity during transit through intestinal tract and at their 
final destination. 

Probiotic bacteria support both, specific and nonspecific human and animal defense 
mechanisms. 

Probiotics improve digestion of lactose in subjects suffering from disorders in its absorption 
and relieve symptoms of the gastrointestinal tract disorders. Additionally they may 
contribute to lowering of cholesterol as well as reduce adherence, and thereby prevent 
translocation of pathogenic microorganisms into the intestinal lumen. There are many 
different evidence that prove ability of probiotic bacteria to prevent or slow down the 
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processes leading to colorectal cancer. Lactic acid bacteria are also able to use (or bond) 
carcinogenic compounds derived from diet or produced by pathogenic bacteria in the 
intestines, such as nitrosamines, azo dyes, mycotoxins or amino acids pyrolisates. However, 
the strongest clinical evidence demonstrating the beneficial effect of probiotics on human 
health is immunity increase (immunomodulation) [4-9]. 

Probiotics may be consumed in the form of pharmaceutical preparations, food supplements 
or food additives. 

LAB probiotic bacteria may play a role of a supplement in: vegetable, fruit and fruit and 
vegetable juices, breakfast cereals, different kinds of chips, mousses and creams, ice creams 
and fruit jellies. They may also serve as supplement when properly selected probiotic strain 
is added to fermented meats, vegetable silages and not soured dairy products, cottage and 
ripened cheeses as well as many other products. Probiotic bacteria are also used as an 
additive in nutrition products for children. Most commonly, however, they are used in 
process of manufacturing fermented dairy products such as yogurts or probiotic kefirs.  

Fixation of lactic acid bacteria with the use of innovative processes, thanks to the elimination 
of characteristic sour taste allows to extend its possible application to a whole new group of 
products. LAB viability in this type of products is often caused by low water content and 
water activity, as well as leaving LAB in the state of anabiosis without performing 
fermentation. This criteria is met by a certain number of semi-finished and final products in 
confectionery industry. Under polish research projects no. 3 P06T 054 24 and no. R12 018 01 
attempts were made to include LAB into the composition of such products as: chocolate and 
chocolate products, raisins coated with chocolate (dragees), confectionery cores from fatty 
masses, biscuits coated with chocolate couverture, interleaved wafers and bread spreads. In 
these products the number of bacteria as CFU . g-1 and LAB survival rate during several 
months of storage (depending on the type of testing material) was determined. This chapter 
describes the technology of manufacturing products such as interleaved wafers and 
chocolate covered raisins, biscuits and cores from peanut fatty masses, supplemented with 
lyophilized live bacterial cultures of lactic acid bacteria from Lactobacillus group [10-16]. The 
lyophilized preparation of LAB contained 3 strains:  

- Lactobacillus casei strain no ŁOCK 0900 B/00019,  
- Lactobacillus casei strain no ŁOCK 0908 B/00020, 
- Lactobacillus paracasei strain no ŁOCK 0919 B/00021. 

All these strains were derived from the Collection of Pure Industrial Microbial Cultures at 
the Lodz University of Technology ŁOCK 105. These strains were deposited in the Institute 
of Immunology and Experimental Therapy of the Polish Academy of Sciences in Wroclaw. 

The strains were selected on the basis of results of in vitro studies. They were resistant to the 
acidity of gastric juice, resistant to the bile, adhered to epithelial cells and displayed an 
antimicrobial activity. The studies were carried out according to FAO/WHO 
recommendations [1, 2]. On the basis of the sequence of the gene encoding 16S rRNA, the 
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examined bacterial strains were classified as Lactobacillus casei and Lactobacillus paracasei (97 ÷ 
99% similarity). Both these species rank among the typical microflora of human intestines 
and can be safely used for production of fermented milk products and preparations of 
probiotics. The examined strains were tolerant to pH 3.5. Almost all cells survived 3 h 
incubation at pH 3.5 and at neutral pH (6.5) while 80 ÷ 100% cells survived at pH 2.5 (it 
depended on a strain) while in the presence of 4% bile salts only 60% cells survived. All the 
examined LAB strains exerted an inhibitory effect on pathogenic bacteria, both gram-
negative and gram-positive. The in vivo studies employing 2-month old, immunocompetent 
mice Balb/c revealed no translocation of these bacteria to the blood and other internal 
organs. Minor amounts of these bacteria in mesenteric lymph nodes could be an evidence of 
activation of immune system. The safety of application of these strains was also proved 
through in vivo studies employing children suffering from the atopic skin inflammation [17]. 

2. Methods 

Obtained probiotic confectionery products, namely: interleaved wafers, raisins coated in 
chocolate, as well as confectionery cores such as biscuits and peanut fatty masses were 
analyzed with the use of following methods: 

- Casson viscosity and Casson yield value of couverture according to Casson method, 
with the use of digital rheoviscosimeter HADV – III+ from Brookfield Engineering 
Laboratories Inc. (USA), with co-axially arranged rotor SC4–27 (11.75 mm diameter), 
stator and an attachment for small volume samples (cylinder with diameter – 25.13 mm) 
[15, 18-20], 

- percentage of couverture content established by a difference in weight of confectionery 
cores (biscuits, cores from peanut fatty masses, wafers, raisins) with coating and before 
coating, 

- dry mass content by drying a sample with sand at a temperature 102 – 105°C, 
- water activity with the use of a measuring instrument HYGROPALM AW 1 from 

Rotronic (Switzerland) with a digital probe AW-DIO at a temperature T=23 ± 1°C, 
- total acidity by potentiometric titration to a pH value of 8.2 with the use of pH-meter 

from SCHOTT CG 843 with combined electrode – BlueLine 11 from SCHOTT GERÄTE 
GmbH (Germany), 

- texture analysis at a temperature of 20°C, with the use of digital texture analyzer TA.XT 
Plus from Stable Micro Systems (UK) with driver and software, probes used: A/CKB – 
chocolate coated raisins, HDP/90 (heavy duty platform) – biscuits and peanut fatty 
masses coated with couverture, HDP/SR – wafer filling (consistency masses – 
spreadability), HDP/VB – wafer cores (hardness – crunchiness), 

- changes in fat by DSC method with the use of DSC 111 apparatus from Setaram 
(France), according to the following procedure: 
 cooling a sample (with an initial room temperature) to a temperature of 10°C with 

cooling speed of 1°C∙min-1 to obtain a complete crystallization of fat, 
 leveling initial conditions by keeping a sample at a temperature of 10°C for 2 min, 
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processes leading to colorectal cancer. Lactic acid bacteria are also able to use (or bond) 
carcinogenic compounds derived from diet or produced by pathogenic bacteria in the 
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the strongest clinical evidence demonstrating the beneficial effect of probiotics on human 
health is immunity increase (immunomodulation) [4-9]. 
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vegetable juices, breakfast cereals, different kinds of chips, mousses and creams, ice creams 
and fruit jellies. They may also serve as supplement when properly selected probiotic strain 
is added to fermented meats, vegetable silages and not soured dairy products, cottage and 
ripened cheeses as well as many other products. Probiotic bacteria are also used as an 
additive in nutrition products for children. Most commonly, however, they are used in 
process of manufacturing fermented dairy products such as yogurts or probiotic kefirs.  

Fixation of lactic acid bacteria with the use of innovative processes, thanks to the elimination 
of characteristic sour taste allows to extend its possible application to a whole new group of 
products. LAB viability in this type of products is often caused by low water content and 
water activity, as well as leaving LAB in the state of anabiosis without performing 
fermentation. This criteria is met by a certain number of semi-finished and final products in 
confectionery industry. Under polish research projects no. 3 P06T 054 24 and no. R12 018 01 
attempts were made to include LAB into the composition of such products as: chocolate and 
chocolate products, raisins coated with chocolate (dragees), confectionery cores from fatty 
masses, biscuits coated with chocolate couverture, interleaved wafers and bread spreads. In 
these products the number of bacteria as CFU . g-1 and LAB survival rate during several 
months of storage (depending on the type of testing material) was determined. This chapter 
describes the technology of manufacturing products such as interleaved wafers and 
chocolate covered raisins, biscuits and cores from peanut fatty masses, supplemented with 
lyophilized live bacterial cultures of lactic acid bacteria from Lactobacillus group [10-16]. The 
lyophilized preparation of LAB contained 3 strains:  

- Lactobacillus casei strain no ŁOCK 0900 B/00019,  
- Lactobacillus casei strain no ŁOCK 0908 B/00020, 
- Lactobacillus paracasei strain no ŁOCK 0919 B/00021. 

All these strains were derived from the Collection of Pure Industrial Microbial Cultures at 
the Lodz University of Technology ŁOCK 105. These strains were deposited in the Institute 
of Immunology and Experimental Therapy of the Polish Academy of Sciences in Wroclaw. 

The strains were selected on the basis of results of in vitro studies. They were resistant to the 
acidity of gastric juice, resistant to the bile, adhered to epithelial cells and displayed an 
antimicrobial activity. The studies were carried out according to FAO/WHO 
recommendations [1, 2]. On the basis of the sequence of the gene encoding 16S rRNA, the 
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examined bacterial strains were classified as Lactobacillus casei and Lactobacillus paracasei (97 ÷ 
99% similarity). Both these species rank among the typical microflora of human intestines 
and can be safely used for production of fermented milk products and preparations of 
probiotics. The examined strains were tolerant to pH 3.5. Almost all cells survived 3 h 
incubation at pH 3.5 and at neutral pH (6.5) while 80 ÷ 100% cells survived at pH 2.5 (it 
depended on a strain) while in the presence of 4% bile salts only 60% cells survived. All the 
examined LAB strains exerted an inhibitory effect on pathogenic bacteria, both gram-
negative and gram-positive. The in vivo studies employing 2-month old, immunocompetent 
mice Balb/c revealed no translocation of these bacteria to the blood and other internal 
organs. Minor amounts of these bacteria in mesenteric lymph nodes could be an evidence of 
activation of immune system. The safety of application of these strains was also proved 
through in vivo studies employing children suffering from the atopic skin inflammation [17]. 

2. Methods 

Obtained probiotic confectionery products, namely: interleaved wafers, raisins coated in 
chocolate, as well as confectionery cores such as biscuits and peanut fatty masses were 
analyzed with the use of following methods: 

- Casson viscosity and Casson yield value of couverture according to Casson method, 
with the use of digital rheoviscosimeter HADV – III+ from Brookfield Engineering 
Laboratories Inc. (USA), with co-axially arranged rotor SC4–27 (11.75 mm diameter), 
stator and an attachment for small volume samples (cylinder with diameter – 25.13 mm) 
[15, 18-20], 

- percentage of couverture content established by a difference in weight of confectionery 
cores (biscuits, cores from peanut fatty masses, wafers, raisins) with coating and before 
coating, 

- dry mass content by drying a sample with sand at a temperature 102 – 105°C, 
- water activity with the use of a measuring instrument HYGROPALM AW 1 from 

Rotronic (Switzerland) with a digital probe AW-DIO at a temperature T=23 ± 1°C, 
- total acidity by potentiometric titration to a pH value of 8.2 with the use of pH-meter 

from SCHOTT CG 843 with combined electrode – BlueLine 11 from SCHOTT GERÄTE 
GmbH (Germany), 

- texture analysis at a temperature of 20°C, with the use of digital texture analyzer TA.XT 
Plus from Stable Micro Systems (UK) with driver and software, probes used: A/CKB – 
chocolate coated raisins, HDP/90 (heavy duty platform) – biscuits and peanut fatty 
masses coated with couverture, HDP/SR – wafer filling (consistency masses – 
spreadability), HDP/VB – wafer cores (hardness – crunchiness), 

- changes in fat by DSC method with the use of DSC 111 apparatus from Setaram 
(France), according to the following procedure: 
 cooling a sample (with an initial room temperature) to a temperature of 10°C with 

cooling speed of 1°C∙min-1 to obtain a complete crystallization of fat, 
 leveling initial conditions by keeping a sample at a temperature of 10°C for 2 min, 
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 heating a sample to a temperature of 55°C with a heating speed of 3°C∙min-1, 
during which melting of fat in a sample occurred. Changes occurring during this 
stage were presented as melting curves. Maximum of peak created on developed 
curves describes as the melting point (Tm), meanwhile from a peak area melting 
enthalpy (ΔH) was calculated. Heating temperatures of samples were chosen from 
a range of melting temperatures of fat present in a product [21], 

- organoleptic analysis covered evaluation of color, exterior surface, interior of product, 
consistency, as well as taste and smell with a hedonic 5-point scale [22], 

- viability of lactic acid bacteria during storage of products at temperatures of 4, 18 and 
30°C. The amount of Lactobacillus bacteria was determined by Koch’s plate-cultivating 
method with the use of MRS growth medium. Products were suspended in a solution of 
physiological saline and peptone. With this manner first dilution was obtained. 
Prepared with this method samples were incubated in a water bath at a temperature of 
37°C for 30 min, afterward samples were homogenized for 1 min. Next step included 
preparing serial decimal dilutions from which an inoculation of 1 ml of samples onto a 
Petri dish was performed (each dilution in triplicate). Plates were incubated for 48 h at a 
temperature of 37°C in a CO2 WT3 Binder incubator (anaerobic conditions with an 
addition of 5% volume of CO2). 

Bacteria viability in studied confectionery products was calculated according to following 
formula:  

Viability % 100%
O

N
N

      

N – log CFU . g-1 after a certain period of storage 
N0 – log CFU . g-1 directly after product preparation, 
- statistical analysis, including a calculation of arithmetical average and standard 

deviation, was performed with a Microsoft Excel software. Results were obtained from 
at least three replicates.  

3. Products coated with chocolate couverture supplemented with live 
cultures of lactic acid bacteria 

3.1. Chocolate couverture as a media for lactic acid bacteria 

Chocolate couvertures contain usually 30-40% of fat. Primary components of chocolate 
couverture are: cocoa fat, sugar, powder milk (in milk and white couvertures), cocoa liquor 
and lecithin. It has a fluid consistency during tempering and a solid form in a final product. 
Couverture can include bigger, possible to sense particles of additives, such as fragmented 
nuts, which can be found in couverture in a final product, although they were put on a 
product during processing before or after coating with couverture. Shelf life of couverture is 
usually 3 to 12 months, depending on its type, but ultimately shelf life of a couverture 
coated product depends on the kind of used filling. The content of chocolate couverture in 
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products consist at least 15% of products mass. The process of obtaining chocolate 
couverture, as an exterior layer on products, include: conching of couverture components, 
tempering of couverture, coating with a tempered couverture. 

Conching takes place at a temperature of at least 40°C (in most of the times 60-70°C) and 
lasts for up to 48 h. In these conditions it is impossible to maintain high LAB viability, when 
they are introduced to a chocolate mass in form of a preparation. Tempering of milk 
chocolate couverture is performed at a temperature of 28°C, and dark chocolate couverture 
at 30°C [23]. Thus, temperatures used during tempering allow the possibility to introduce to 
the product probiotic additive in form of fixated LAB preparation. Additionally, low water 
activity of couverture – on a level of 0.3 – 0.5, allows quite high viability of LAB in products 
[15, 16]. In this studies LAB preparation fixated by freeze-drying on a powder milk as a 
carrier media. Obtained this way cultures of lactic acid bacteria, which in lyophilized 
preparation as well as in a final products, namely chocolate couvertures and chocolate 
products, were in a state of anabiosis, ready to return to normal life functions when found in 
proper environment, such as human digestive system. 

The aim of this part of the study regarding supplementing of chocolate couverture, used for 
coating confectionery products, with a lactic acid bacteria preparation was to establish the 
possibility of obtaining such confectionery products with functional properties in the whole 
time of shelf life. Furthermore, to establish a minimal level of supplementation to maintain 
functional properties, for products with significant differences in used confectionery core. 
Finally, to study the most important properties of used couverture itself, as well as the 
whole coated with couverture product, which could lower the quality of final product, 
despite it maintaining full functional properties throughout the whole shelf life. 

3.2. Obtaining chocolate couverture supplemented with live cultures of lactic 
acid bacteria used for coating of various confectionery cores 

Obtaining chocolate couvertures enriched with live cultures of lactic acid bacteria was 
performed by adding lyophilized LAB to a industrially obtained chocolate couverture. Dark 
chocolate couverture produced by Union Chocolate Sp. z o. o. (Żychlin, Poland) and a 
preparation of live cultures of lactic acid bacteria (LAB) with a concentration of live bacterial 
cells from Lactobacillus species on a level of 9×1010 CFU . g-1 from Institute of Fermentation 
Technology and Microbiology, Lodz University of Technology (Poland) were used. 
Couverture to LAB preparation ratio was 96:4 (w/w). 

In couverture supplemented with LAB, and in a control couverture, rheological properties 
were established (Table 1), which are extremely important from a technological standpoint, 
because an eventual increase in a couverture viscosity caused by LAB addition could 
significantly hinder latter stage of coating [15, 18-20]. 

Rheological properties analysis have shown an increase of viscosity caused by addition of 
LAB by about 5% (Table 1). From technological point of view this change is not big enough 
to cause any repercussions in a form of incomplete product coating. In this regard LAB 
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lasts for up to 48 h. In these conditions it is impossible to maintain high LAB viability, when 
they are introduced to a chocolate mass in form of a preparation. Tempering of milk 
chocolate couverture is performed at a temperature of 28°C, and dark chocolate couverture 
at 30°C [23]. Thus, temperatures used during tempering allow the possibility to introduce to 
the product probiotic additive in form of fixated LAB preparation. Additionally, low water 
activity of couverture – on a level of 0.3 – 0.5, allows quite high viability of LAB in products 
[15, 16]. In this studies LAB preparation fixated by freeze-drying on a powder milk as a 
carrier media. Obtained this way cultures of lactic acid bacteria, which in lyophilized 
preparation as well as in a final products, namely chocolate couvertures and chocolate 
products, were in a state of anabiosis, ready to return to normal life functions when found in 
proper environment, such as human digestive system. 

The aim of this part of the study regarding supplementing of chocolate couverture, used for 
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possibility of obtaining such confectionery products with functional properties in the whole 
time of shelf life. Furthermore, to establish a minimal level of supplementation to maintain 
functional properties, for products with significant differences in used confectionery core. 
Finally, to study the most important properties of used couverture itself, as well as the 
whole coated with couverture product, which could lower the quality of final product, 
despite it maintaining full functional properties throughout the whole shelf life. 
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were established (Table 1), which are extremely important from a technological standpoint, 
because an eventual increase in a couverture viscosity caused by LAB addition could 
significantly hinder latter stage of coating [15, 18-20]. 

Rheological properties analysis have shown an increase of viscosity caused by addition of 
LAB by about 5% (Table 1). From technological point of view this change is not big enough 
to cause any repercussions in a form of incomplete product coating. In this regard LAB 
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addition didn’t cause any significant changes in a couverture. Thus, couverture without any 
further modifications (e.g. content of fat or emulsifier) can be used to selected confectionery 
products. 

Type of couverture Casson viscosity (Pa · s) Casson yield value (Pa) 
Dark 1.33 ± 0.02 8.86 ± 0.28 
Dark +LAB 1.40 ± 0.01 8.47 ± 0.09 

Table 1. Casson viscosity and yield value of couvertures used for confectionery cores coating. 

3.3. Obtaining confectionery products coated with couverture supplemented 
with live cultures of lactic acid bacteria 

For couverture coating, as cores, industrially produced biscuits and cores from peanut fatty 
masses, obtained in a laboratory, were used. Both these products significantly differed, both, 
in chemical composition, as well as an area to volume ratio (thus the development of 
couverture surface). Both factors could significantly influence the viability of bacteria 
present in LAB preparations during products manufacture and storage. 

Obtaining confectionery cores used for couverture coating 

As cores for couverture coating (with various thickness of its layer) Petit Beurre biscuits 
were used (Z.P.C. Piast Sp. z o. o., Głogówek, Poland), they contain of: wheat flour, sugar, 
eggs, confectionery fat and a raising agent in the mass ratio of 100:30:20:10:1. The second 
type of confectionery cores were candies from peanut fatty mass obtained in a laboratory. 
Raw materials used for obtaining this product originated from: sugar from Promyk 
Cukrohurt Sp. z o. o. (Siedlce, Poland) – 17 g ∙ 100 g-1, confectionery fat Efekt 40 MT 
“middle-tans” from Z.P.T. Kruszwica S.A. (Kruszwica, Poland) – 27 g ∙ 100 g-1, powdered 
skim milk from S.M. Spomlek (Radzyń Podlaski, Poland) – 17 g ∙ 100 g-1, peanut mash from 
Plus (Łódź, Poland) – 20 g ∙ 100 g-1, wafer production discards from Dybalski-Cukiernie 
(Łódź, Poland) – 19 g ∙ 100 g-1. Due to nutritional policy fat used in a recipe had a decreased 
amount of trans fatty acids [24]. Fat completely devoid of trans fatty acids didn’t maintain 
proper rheological properties in the whole time of storage. 

Confectionery fat was grind to a paste in a mixer with single work-load of 3 kg with a hook 
stirrer. Friable components i.e. powdered sugar, peanut mash, powdered milk and ground 
wafer discards were all mixed with each other in amounts featured in a recipe. To a ground 
to a paste fat, prepared mixture of components was gradually added. The pulp was mixed 
to obtain homogeneous consistency. Prepared pulp was carried to a rectangular mold. The 
surface of the pulp was leveled. Molds with pulp were cooled to a temperature 8-10°C, and 
then cut to single pieces with a size of 25×20×45 mm. 

Obtaining confectionery cores for coating and the process of coating with a chocolate couverture 

Peanut fatty mass cut to a shape of candies was lead to obtain a temperature of 15-18°C (to 
obtain a solid consistency). Biscuits were coated without cooling them beforehand. Prepared 
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cores were placed on a grid of coating machine and coated with a previously tempered 
couverture. Planned percentage of couverture layer on cores, i.e. 30%, 35% and 40% for 
biscuits and 16%, 25% and 30% for peanut fatty mass, was obtained by regulating the speed 
of movement of coating machines grid (Promet, Łódź, Polska) on which a layer of 
couverture poured on cores was blown away to a proper thickness by a stream of air. 
Chocolate couverture was heated to a temperature of 45-50°C. After the bulk liquidated, it 
was tempered to a temperature of 28-30°C, and next it was slowly heated to 31-32°C and 
finally then measured amount of LAB was added. The amounts of couverture on cores ware 
picked experimentally, to obtain a proper level of CFU of LAB per 1 gram of a whole coated 
product during storage time, with a possibly thinnest layer of couvurture. For couverture 
coated biscuits the amount of lyophilized LAB amounted a least 0.5% in relation to a weight 
of a product. This amount corresponded to 107 CFU of LAB per 1 gram of fresh product. To 
couverture used for peanut fatty mass coating the amount of lyophilized LAB was increased 
to 0.55% per mass of product to provide probiotic properties during the whole storage time. 
It corresponded to 108 CFU of LAB per 1 gram of fresh product. 

Storage of coated biscuits and candy from peanut fatty mass 

Finished products were left at a temperature of 6-8°C to cool down and solidify. Next, 
products were wrapped in aluminum foil and stored at 4, 18 and 30°C for a period of time 
predicted as a suitable shelf life for given product, that is for 4 months in case of biscuits, 
and for 3 months for candy from peanut fatty masses. 

3.4. Results 

Water activity in couverture coated cores from biscuits and peanut fatty mass 

Changes in water activity were presented only for fresh products and after the full period of 
storage, because of very small variation of this parameter (Table 2 and 3).  

Storage 
temp. 

Content of couverture on biscuits (%)
30 35 40 30 35 40 

Biscuits coated with couverture 
supplemented with LAB 

Biscuits coated with couverture non-
supplemented with LAB 

Water activity
Fresh 

product 
0.229 ± 
0.010

0.336 ± 
0.026

0.275 ± 
0.007

0.233 ± 
0.012

0.338 ± 
0.060

0.235 ± 
0.070 

4oC 
0.282 ± 
0.007

0.266 ± 
0.002

0.307 ± 
0.004

0.314 ± 
0.005

0.292 ± 
0.005

0.307 ± 
0.012 

18oC 0.314 ± 
0.012

0.319 ± 
0.005

0.303 ± 
0.004

0.302 ± 
0.002

0.316 ± 
0.004

0.300 ± 
0.018 

30oC 0.303 ± 
0.008

0.308 ± 
0.001

0.300 ± 
0.006

0.294 ± 
0.006

0.308 ± 
0.002

0.312 ± 
0.012 

Table 2. Water activity in biscuits coated with various amount of couverture supplemented and non-
supplemented with LAB in fresh product and after storage for 4 months at temperatures 4, 18 or 30°C. 
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addition didn’t cause any significant changes in a couverture. Thus, couverture without any 
further modifications (e.g. content of fat or emulsifier) can be used to selected confectionery 
products. 

Type of couverture Casson viscosity (Pa · s) Casson yield value (Pa) 
Dark 1.33 ± 0.02 8.86 ± 0.28 
Dark +LAB 1.40 ± 0.01 8.47 ± 0.09 

Table 1. Casson viscosity and yield value of couvertures used for confectionery cores coating. 

3.3. Obtaining confectionery products coated with couverture supplemented 
with live cultures of lactic acid bacteria 

For couverture coating, as cores, industrially produced biscuits and cores from peanut fatty 
masses, obtained in a laboratory, were used. Both these products significantly differed, both, 
in chemical composition, as well as an area to volume ratio (thus the development of 
couverture surface). Both factors could significantly influence the viability of bacteria 
present in LAB preparations during products manufacture and storage. 

Obtaining confectionery cores used for couverture coating 

As cores for couverture coating (with various thickness of its layer) Petit Beurre biscuits 
were used (Z.P.C. Piast Sp. z o. o., Głogówek, Poland), they contain of: wheat flour, sugar, 
eggs, confectionery fat and a raising agent in the mass ratio of 100:30:20:10:1. The second 
type of confectionery cores were candies from peanut fatty mass obtained in a laboratory. 
Raw materials used for obtaining this product originated from: sugar from Promyk 
Cukrohurt Sp. z o. o. (Siedlce, Poland) – 17 g ∙ 100 g-1, confectionery fat Efekt 40 MT 
“middle-tans” from Z.P.T. Kruszwica S.A. (Kruszwica, Poland) – 27 g ∙ 100 g-1, powdered 
skim milk from S.M. Spomlek (Radzyń Podlaski, Poland) – 17 g ∙ 100 g-1, peanut mash from 
Plus (Łódź, Poland) – 20 g ∙ 100 g-1, wafer production discards from Dybalski-Cukiernie 
(Łódź, Poland) – 19 g ∙ 100 g-1. Due to nutritional policy fat used in a recipe had a decreased 
amount of trans fatty acids [24]. Fat completely devoid of trans fatty acids didn’t maintain 
proper rheological properties in the whole time of storage. 

Confectionery fat was grind to a paste in a mixer with single work-load of 3 kg with a hook 
stirrer. Friable components i.e. powdered sugar, peanut mash, powdered milk and ground 
wafer discards were all mixed with each other in amounts featured in a recipe. To a ground 
to a paste fat, prepared mixture of components was gradually added. The pulp was mixed 
to obtain homogeneous consistency. Prepared pulp was carried to a rectangular mold. The 
surface of the pulp was leveled. Molds with pulp were cooled to a temperature 8-10°C, and 
then cut to single pieces with a size of 25×20×45 mm. 

Obtaining confectionery cores for coating and the process of coating with a chocolate couverture 

Peanut fatty mass cut to a shape of candies was lead to obtain a temperature of 15-18°C (to 
obtain a solid consistency). Biscuits were coated without cooling them beforehand. Prepared 
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cores were placed on a grid of coating machine and coated with a previously tempered 
couverture. Planned percentage of couverture layer on cores, i.e. 30%, 35% and 40% for 
biscuits and 16%, 25% and 30% for peanut fatty mass, was obtained by regulating the speed 
of movement of coating machines grid (Promet, Łódź, Polska) on which a layer of 
couverture poured on cores was blown away to a proper thickness by a stream of air. 
Chocolate couverture was heated to a temperature of 45-50°C. After the bulk liquidated, it 
was tempered to a temperature of 28-30°C, and next it was slowly heated to 31-32°C and 
finally then measured amount of LAB was added. The amounts of couverture on cores ware 
picked experimentally, to obtain a proper level of CFU of LAB per 1 gram of a whole coated 
product during storage time, with a possibly thinnest layer of couvurture. For couverture 
coated biscuits the amount of lyophilized LAB amounted a least 0.5% in relation to a weight 
of a product. This amount corresponded to 107 CFU of LAB per 1 gram of fresh product. To 
couverture used for peanut fatty mass coating the amount of lyophilized LAB was increased 
to 0.55% per mass of product to provide probiotic properties during the whole storage time. 
It corresponded to 108 CFU of LAB per 1 gram of fresh product. 

Storage of coated biscuits and candy from peanut fatty mass 

Finished products were left at a temperature of 6-8°C to cool down and solidify. Next, 
products were wrapped in aluminum foil and stored at 4, 18 and 30°C for a period of time 
predicted as a suitable shelf life for given product, that is for 4 months in case of biscuits, 
and for 3 months for candy from peanut fatty masses. 

3.4. Results 

Water activity in couverture coated cores from biscuits and peanut fatty mass 

Changes in water activity were presented only for fresh products and after the full period of 
storage, because of very small variation of this parameter (Table 2 and 3).  

Storage 
temp. 

Content of couverture on biscuits (%)
30 35 40 30 35 40 

Biscuits coated with couverture 
supplemented with LAB 

Biscuits coated with couverture non-
supplemented with LAB 

Water activity
Fresh 

product 
0.229 ± 
0.010

0.336 ± 
0.026

0.275 ± 
0.007

0.233 ± 
0.012

0.338 ± 
0.060

0.235 ± 
0.070 

4oC 
0.282 ± 
0.007

0.266 ± 
0.002

0.307 ± 
0.004

0.314 ± 
0.005

0.292 ± 
0.005

0.307 ± 
0.012 

18oC 0.314 ± 
0.012

0.319 ± 
0.005

0.303 ± 
0.004

0.302 ± 
0.002

0.316 ± 
0.004

0.300 ± 
0.018 

30oC 0.303 ± 
0.008

0.308 ± 
0.001

0.300 ± 
0.006

0.294 ± 
0.006

0.308 ± 
0.002

0.312 ± 
0.012 

Table 2. Water activity in biscuits coated with various amount of couverture supplemented and non-
supplemented with LAB in fresh product and after storage for 4 months at temperatures 4, 18 or 30°C. 
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Storage 
temp. 

Content of couverture on candy (%)
16 25 30 16 25 30 

Candy coated with couverture 
supplemented with LAB 

Candy coated with couverture non-
supplemented with LAB 

Water activity 
Fresh 

product 
0.221 ± 
0.008 

0.365 ± 
0.026 

0.210 ± 
0.090 

0.221 ± 
0.003 

0.323 ± 
0.005 

0.281 ± 
0.002 

4oC 
0.346 ± 
0.002 

0.328 ± 
0.002 

0.339 ± 
0.013 

0.329 ± 
0001 

0.322 ± 
0.002 

0.315 ± 
0.006 

18oC 
0.342 ± 
0.001 

0.340 ± 
0.004 

0.309 ± 
0.005 

0.315 ± 
0.004 

0.342 ± 
0.003 

0.340 ± 
0.003 

30oC 
0.306 ± 
0.004 

0.309 ± 
0.003 

0.304 ± 
0.001 

0.287 ± 
0.002 

0.329 ± 
0.001 

0.338 ± 
0.002 

Table 3. Water activity in peanut fatty mass candy coated with various amount of couverture 
supplemented and non-supplemented with LAB in fresh product and after storage for 3 months at 
temperatures 4, 18 or 30°C. 

An increase in water activity was observed, with an exception of 35% of couverture on 
biscuits and 25% of couverture on candy (both couvertures supplemented with LAB). It can 
be explained by re-crystallization of saccharose during storage, which is linked to releasing 
of water and increasing its activity, although in both candies and biscuits, water activity of 
products coated with couverture of middle thickness was relatively high [25]. Water activity 
in coated biscuits and candy in the whole time of storage was in a range of 0.210 – 0.340 and 
0.229 – 0.338, respectively. The level of water activity allowed LAB to stay in a state of 
anabiosis, which provided stability and high viability of probiotic microorganisms [26]. 

Total acidity of couverture coated cores from biscuits and peanut fatty mass 

Total acidity of couverture coated cores from biscuits and peanut fatty mass is presented in 
Table 4 and 5. 

Storage 
temp. 

Content of couverture on biscuits (%)
30 35 40 30 35 40 

Biscuits coated with couverture 
supplemented with LAB 

Biscuits coated with couverture non-
supplemented with LAB 

Total acidity (ml 1 M NaOH · 100 g-1) 
Fresh 

product 
2.67 ± 0.04 2.74 ± 0.07 2.82 ± 0.04 2.64 ± 0.09 2.70 ± 0.02 3.06 ± 0.08 

4oC 3.02 ± 0.07 3.14 ± 0.12 3.18 ± 0.11 3.00 ± 0.08 3.10 ± 0.09 3.12 ± 0.20 
18oC 3.12 ± 0.07 3.20 ± 0.04 3.22 ± 0.09 3.08 ± 0.02 3.26 ± 0.14 3.28 ± 0.12 
30oC 3.19 ± 0.14 3.39 ± 0.06 3.43 ± 0.06 3.17 ± 0.09 3.32 ± 0.08 3.38 ± 0.11 

Table 4. Total acidity of biscuits coated with various amount of couverture supplemented and non-
supplemented with LAB in fresh product and after storage for 4 months at temperatures 4, 18 or 30°C. 

 
Probiotic Confectionery Products – Preparation and Properties 269 

Storage 
temperature 

Content of couverture on candy (%)
16 25 30 16 25 30 

Candy coated with couverture 
supplemented with LAB 

Candy coated with couverture non-
supplemented with LAB 

Total acidity (ml 1 M NaOH · 100 g-1) 
Fresh 

product 
2.20 ± 0.07 2.32 ± 0.09 2.38 ± 0.04 2.16 ± 0.02 2.30 ± 0.11 2.38 ± 0.08 

4oC 2.34 ± 0.03 2.35 ± 0.02 2.39 ± 0.07 2.29 ± 0.12 2.42 ± 0.03 2.52 ± 0.08 
18oC 2.46 ± 0.09 2.48 ± 0.05 2.54 ± 0.07 2.52 ± 0.04 2.56 ± 0.06 2.58 ± 0.03 
30oC 2.50 ± 0.03 2.56 ± 0.07 2.64 ± 0.06 2.43 ± 0.12 2.50 ± 0.12 2.64 ± 0.03 

Table 5. Total acidity of peanut fatty mass candy coated with various amount of couverture 
supplemented and non-supplemented with LAB in fresh product and after storage for 3 months at 
temperatures 4, 18 or 30°C. 

Both, coated biscuits and candy from peanut fatty mass directly after preparation showed an 
increase in total acidity along an increase in a amount of couverture on products. It indicates 
that a presence of couverture caused an increase in an amount of components with acidic 
properties. Couverture contains cocoa liquor, which is rich in volatile and non-volatile 
organic acids, thus acidity of couverture alone can amount to 8 ml 1 M NaOH.100 g-1. 
Meanwhile coated biscuits and candy had total acidity in range of 2.7 – 3.4 ml 1 M NaOH ∙ 
100 g-1 and 2.2 – 2.6 ml 1 M NaOH ∙ 100 g-1, respectively. Higher values of total acidity in 
coated biscuits result from bigger amounts of couverture, comparing to candy. No 
noticeable influence of LAB addition on total acidity of products was observed. 3 months of 
storage caused total acidity to increase, more the higher temperature of storage was used. 
Furthermore, bigger increase of this parameter was observed in biscuits, which could be 
caused by two factors. Firstly, by longer storage time, which was dictated by normative 
requirements, and secondly by bigger area of surface of biscuits in relation to their weight. 
Because of that they had greater contact with external agents causing degradation changes, 
such as releasing of free fatty acids. In studied storage period LAB addition didn’t cause any 
changes in total acidity, both in biscuits and candy. It can be considered to be a marker of 
keeping of probiotic microorganisms in a state of anabiosis, because their activity would 
cause a lactic acid production and it would influence the acidity of product, and 
consequently lead to its deterioration. 

Hardness of couverture coated cores from biscuits and peanut fatty mass 

In fresh biscuits an increase of hardness caused by the content of couverture was observed 
(Table 6). Biscuit itself was fresh, tender and rather brittle, but properly tempered 
couverture, with properly crystallized fat in its V polymorphic form, formed a hard surface, 
which decided about product hardness. Higher hardness values of biscuits coated with 
couverture supplemented with LAB, testify that it had good textural properties, which 
means that the addition of LAB didn’t hinder cocoa fat crystallization in couverture. During 
biscuits storage decreasing of hardness was noticed. However no definite correlation 
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Storage 
temp. 

Content of couverture on candy (%)
16 25 30 16 25 30 

Candy coated with couverture 
supplemented with LAB 

Candy coated with couverture non-
supplemented with LAB 

Water activity 
Fresh 

product 
0.221 ± 
0.008 

0.365 ± 
0.026 

0.210 ± 
0.090 

0.221 ± 
0.003 

0.323 ± 
0.005 

0.281 ± 
0.002 

4oC 
0.346 ± 
0.002 

0.328 ± 
0.002 

0.339 ± 
0.013 

0.329 ± 
0001 

0.322 ± 
0.002 

0.315 ± 
0.006 

18oC 
0.342 ± 
0.001 

0.340 ± 
0.004 

0.309 ± 
0.005 

0.315 ± 
0.004 

0.342 ± 
0.003 

0.340 ± 
0.003 

30oC 
0.306 ± 
0.004 

0.309 ± 
0.003 

0.304 ± 
0.001 

0.287 ± 
0.002 

0.329 ± 
0.001 

0.338 ± 
0.002 

Table 3. Water activity in peanut fatty mass candy coated with various amount of couverture 
supplemented and non-supplemented with LAB in fresh product and after storage for 3 months at 
temperatures 4, 18 or 30°C. 

An increase in water activity was observed, with an exception of 35% of couverture on 
biscuits and 25% of couverture on candy (both couvertures supplemented with LAB). It can 
be explained by re-crystallization of saccharose during storage, which is linked to releasing 
of water and increasing its activity, although in both candies and biscuits, water activity of 
products coated with couverture of middle thickness was relatively high [25]. Water activity 
in coated biscuits and candy in the whole time of storage was in a range of 0.210 – 0.340 and 
0.229 – 0.338, respectively. The level of water activity allowed LAB to stay in a state of 
anabiosis, which provided stability and high viability of probiotic microorganisms [26]. 

Total acidity of couverture coated cores from biscuits and peanut fatty mass 

Total acidity of couverture coated cores from biscuits and peanut fatty mass is presented in 
Table 4 and 5. 

Storage 
temp. 

Content of couverture on biscuits (%)
30 35 40 30 35 40 

Biscuits coated with couverture 
supplemented with LAB 

Biscuits coated with couverture non-
supplemented with LAB 

Total acidity (ml 1 M NaOH · 100 g-1) 
Fresh 

product 
2.67 ± 0.04 2.74 ± 0.07 2.82 ± 0.04 2.64 ± 0.09 2.70 ± 0.02 3.06 ± 0.08 

4oC 3.02 ± 0.07 3.14 ± 0.12 3.18 ± 0.11 3.00 ± 0.08 3.10 ± 0.09 3.12 ± 0.20 
18oC 3.12 ± 0.07 3.20 ± 0.04 3.22 ± 0.09 3.08 ± 0.02 3.26 ± 0.14 3.28 ± 0.12 
30oC 3.19 ± 0.14 3.39 ± 0.06 3.43 ± 0.06 3.17 ± 0.09 3.32 ± 0.08 3.38 ± 0.11 

Table 4. Total acidity of biscuits coated with various amount of couverture supplemented and non-
supplemented with LAB in fresh product and after storage for 4 months at temperatures 4, 18 or 30°C. 
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Storage 
temperature 

Content of couverture on candy (%)
16 25 30 16 25 30 

Candy coated with couverture 
supplemented with LAB 

Candy coated with couverture non-
supplemented with LAB 

Total acidity (ml 1 M NaOH · 100 g-1) 
Fresh 

product 
2.20 ± 0.07 2.32 ± 0.09 2.38 ± 0.04 2.16 ± 0.02 2.30 ± 0.11 2.38 ± 0.08 

4oC 2.34 ± 0.03 2.35 ± 0.02 2.39 ± 0.07 2.29 ± 0.12 2.42 ± 0.03 2.52 ± 0.08 
18oC 2.46 ± 0.09 2.48 ± 0.05 2.54 ± 0.07 2.52 ± 0.04 2.56 ± 0.06 2.58 ± 0.03 
30oC 2.50 ± 0.03 2.56 ± 0.07 2.64 ± 0.06 2.43 ± 0.12 2.50 ± 0.12 2.64 ± 0.03 

Table 5. Total acidity of peanut fatty mass candy coated with various amount of couverture 
supplemented and non-supplemented with LAB in fresh product and after storage for 3 months at 
temperatures 4, 18 or 30°C. 

Both, coated biscuits and candy from peanut fatty mass directly after preparation showed an 
increase in total acidity along an increase in a amount of couverture on products. It indicates 
that a presence of couverture caused an increase in an amount of components with acidic 
properties. Couverture contains cocoa liquor, which is rich in volatile and non-volatile 
organic acids, thus acidity of couverture alone can amount to 8 ml 1 M NaOH.100 g-1. 
Meanwhile coated biscuits and candy had total acidity in range of 2.7 – 3.4 ml 1 M NaOH ∙ 
100 g-1 and 2.2 – 2.6 ml 1 M NaOH ∙ 100 g-1, respectively. Higher values of total acidity in 
coated biscuits result from bigger amounts of couverture, comparing to candy. No 
noticeable influence of LAB addition on total acidity of products was observed. 3 months of 
storage caused total acidity to increase, more the higher temperature of storage was used. 
Furthermore, bigger increase of this parameter was observed in biscuits, which could be 
caused by two factors. Firstly, by longer storage time, which was dictated by normative 
requirements, and secondly by bigger area of surface of biscuits in relation to their weight. 
Because of that they had greater contact with external agents causing degradation changes, 
such as releasing of free fatty acids. In studied storage period LAB addition didn’t cause any 
changes in total acidity, both in biscuits and candy. It can be considered to be a marker of 
keeping of probiotic microorganisms in a state of anabiosis, because their activity would 
cause a lactic acid production and it would influence the acidity of product, and 
consequently lead to its deterioration. 

Hardness of couverture coated cores from biscuits and peanut fatty mass 

In fresh biscuits an increase of hardness caused by the content of couverture was observed 
(Table 6). Biscuit itself was fresh, tender and rather brittle, but properly tempered 
couverture, with properly crystallized fat in its V polymorphic form, formed a hard surface, 
which decided about product hardness. Higher hardness values of biscuits coated with 
couverture supplemented with LAB, testify that it had good textural properties, which 
means that the addition of LAB didn’t hinder cocoa fat crystallization in couverture. During 
biscuits storage decreasing of hardness was noticed. However no definite correlation 
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between hardness changes and LAB supplementation, storage temperature of couverture 
content was observed. It could be probably caused by the fact that changes in hardness are 
quite complex and a few factors affect it, including softening of cocoa fat in a couverture at 
temperatures above 15°C (especially at 30°C), an increase of water content in a couverture 
resulting from water diffusion from product, drying of biscuit core, re-crystallization of 
saccharose and retrogradation of starch in biscuits. More precise image of hardness changes 
in coated biscuits can be observed in a chart showing a cutting force (Figure 1). 

Storage 
temp. 

Content of couverture on biscuits (%)
30 35 40 30 35 40 

Biscuits coated with couverture 
supplemented with LAB 

Biscuits coated with couverture non-
supplemented with LAB 

Hardness (kg) 
Fresh 

product 
5.30 ± 0.09 7.18 ± 0.02 8.41 ± 0.08 5.37 ± 0.04 6.68 ± 0.07 6.96 ± 0.04 

4oC 5.66 ± 0.08 6.00 ± 0.09 6.57 ± 0.20 5.85 ± 0.07 5.66 ± 0.12 5.66 ± 0.11 
18oC 4.57 ± 0.02 4.45 ± 0.14 4.25 ± 0.12 4.59 ± 0.07 6.01 ± 0.04 6.55 ± 0.09 
30oC 5.21 ± 0.09 4.51 ± 0.08 6.98 ± 0.11 4.35 ± 0.14 4.65 ± 0.06 4.99 ± 0.06 

Table 6. Hardness of biscuits coated with various amount of couverture supplemented and non-
supplemented with LAB in fresh product and after storage for 4 months at temperatures 4, 18 or 30°C. 

During cutting of fresh biscuit the biggest action was observed after around ¾ of a second, 
that corresponds to a depth of about 1.5 mm. Thickness of couverture layer measured for 
this amount of couverture in a product amounted to 1 mm from each side. The biscuit was 
brittle, instantly breaking under the pressure of a cutting probe, and the couverture was less 
hard than the biscuit, and was gently cut by the blade. Cutting profile of a biscuit stored for 
4 months at a temperature of 4°C was quite similar to the fresh biscuit, only with lower 
hardness peak, which was caused by a smoother cut caused by leveling of moisture in a 
whole product and by declining parts of tensions created during baking. Biscuits stored for 
4 months at a temperature of 30°C showed a highest hardness after 1.5 s of the test, thus in 
deeper parts of the product. However, earlier in a cutting profile a local maximum with a 
lower values of hardness can be observed. This indicates that biscuit core dried to some 
degree, it crumbled not in a whole cut but in several layers. Overall hardness value was 
lower, however it was probably caused by a lower hardness of couverture. It can be 
observed that the beginning of diagram progresses with a slope at a lower angle comparing 
to fresh product, and the one stored at refrigeration conditions. After 4 months of storage at 
a temperature of 18°C similar tendency can be noticed, meaning a couverture is softer than 
on a fresh biscuit, a biscuit is dried and it crumbles unevenly. Above considerations lead to a 
conclusion that high biscuit hardness stored at a relatively high temperature is caused by its 
drying. From all samples stored for 4 month of biscuits coated with couverture 
supplemented with LAB in an amount of 40% showed statistically significantly higher 
hardness (about 30%) comparing to analogous samples in non-supplemented couverture, 
stored at temperatures of 18 and 30°C. Hardness of other samples coated in supplemented 
couverture, comparing to non-supplemented ones didn’t differ by more than 20%. 
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Figure 1. Exemplary profile of texture of fresh and stored for 4 months biscuits coated with couverture 
(35%) supplemented with LAB, maximal used force is the hardness of product; 1 – fresh product, 2 - 
stored at 4°C, 3 – stored at 18°C, 4 – stored at 30°C. 

Fresh peanut fatty mass candy showed statistically similar hardness regardless of 
couverture content on cores or supplementation with LAB (Table 7). Noticeable decrease in 
hardness of candy stored in a period of 3 months at temperatures of 18 and 30°C was 
observed. Especially at the highest temperature, which resulted from plasticizing both, of 
cocoa butter in couverture and confectionery fat in candy core. Statistically higher hardness 
after storage was observed in candy coated with supplemented couverture. It can indicate 
that LAB preparation gives couverture additional rigidity, as well as makes couverture less 
susceptible to melting. 

Storage 
temp. 

Content of couverture on biscuits (%)
16 25 30 16 25 30 

Candy coated with couverture 
supplemented with LAB 

Candy coated with couverture non-
supplemented with LAB 

Hardness (kg) 
Fresh 

product 
0.66 ± 0.02 0.62 ± 0.11 0.63 ± 0.08 0.66 ± 0.07 0.66 ± 0.09 0.66 ± 0.04 

4oC 0.53 ± 0.12 0.65 ± 0.03 0.69 ± 0.08 0.52 ± 0.03 0.56 ± 0.02 0.55 ± 0.07 
18oC 0.35 ± 0.04 0.35 ± 0.06 0.36 ± 0.03 0.28 ± 0.09 0.28 ± 0.05 0.35 ± 0.07 
30oC 0.12 ± 0.12 0.17 ± 0.12 0.14 ± 0.03 0.13 ± 0.03 0.14 ± 0.07 2.64 ± 0.03 

Table 7. Hardness of peanut fatty mass candy coated with various amount of couverture supplemented 
and non-supplemented with LAB in fresh product and after storage for 3 months at temperatures 4,  
18 or 30°C. 
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between hardness changes and LAB supplementation, storage temperature of couverture 
content was observed. It could be probably caused by the fact that changes in hardness are 
quite complex and a few factors affect it, including softening of cocoa fat in a couverture at 
temperatures above 15°C (especially at 30°C), an increase of water content in a couverture 
resulting from water diffusion from product, drying of biscuit core, re-crystallization of 
saccharose and retrogradation of starch in biscuits. More precise image of hardness changes 
in coated biscuits can be observed in a chart showing a cutting force (Figure 1). 

Storage 
temp. 

Content of couverture on biscuits (%)
30 35 40 30 35 40 

Biscuits coated with couverture 
supplemented with LAB 

Biscuits coated with couverture non-
supplemented with LAB 

Hardness (kg) 
Fresh 

product 
5.30 ± 0.09 7.18 ± 0.02 8.41 ± 0.08 5.37 ± 0.04 6.68 ± 0.07 6.96 ± 0.04 

4oC 5.66 ± 0.08 6.00 ± 0.09 6.57 ± 0.20 5.85 ± 0.07 5.66 ± 0.12 5.66 ± 0.11 
18oC 4.57 ± 0.02 4.45 ± 0.14 4.25 ± 0.12 4.59 ± 0.07 6.01 ± 0.04 6.55 ± 0.09 
30oC 5.21 ± 0.09 4.51 ± 0.08 6.98 ± 0.11 4.35 ± 0.14 4.65 ± 0.06 4.99 ± 0.06 

Table 6. Hardness of biscuits coated with various amount of couverture supplemented and non-
supplemented with LAB in fresh product and after storage for 4 months at temperatures 4, 18 or 30°C. 

During cutting of fresh biscuit the biggest action was observed after around ¾ of a second, 
that corresponds to a depth of about 1.5 mm. Thickness of couverture layer measured for 
this amount of couverture in a product amounted to 1 mm from each side. The biscuit was 
brittle, instantly breaking under the pressure of a cutting probe, and the couverture was less 
hard than the biscuit, and was gently cut by the blade. Cutting profile of a biscuit stored for 
4 months at a temperature of 4°C was quite similar to the fresh biscuit, only with lower 
hardness peak, which was caused by a smoother cut caused by leveling of moisture in a 
whole product and by declining parts of tensions created during baking. Biscuits stored for 
4 months at a temperature of 30°C showed a highest hardness after 1.5 s of the test, thus in 
deeper parts of the product. However, earlier in a cutting profile a local maximum with a 
lower values of hardness can be observed. This indicates that biscuit core dried to some 
degree, it crumbled not in a whole cut but in several layers. Overall hardness value was 
lower, however it was probably caused by a lower hardness of couverture. It can be 
observed that the beginning of diagram progresses with a slope at a lower angle comparing 
to fresh product, and the one stored at refrigeration conditions. After 4 months of storage at 
a temperature of 18°C similar tendency can be noticed, meaning a couverture is softer than 
on a fresh biscuit, a biscuit is dried and it crumbles unevenly. Above considerations lead to a 
conclusion that high biscuit hardness stored at a relatively high temperature is caused by its 
drying. From all samples stored for 4 month of biscuits coated with couverture 
supplemented with LAB in an amount of 40% showed statistically significantly higher 
hardness (about 30%) comparing to analogous samples in non-supplemented couverture, 
stored at temperatures of 18 and 30°C. Hardness of other samples coated in supplemented 
couverture, comparing to non-supplemented ones didn’t differ by more than 20%. 
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Figure 1. Exemplary profile of texture of fresh and stored for 4 months biscuits coated with couverture 
(35%) supplemented with LAB, maximal used force is the hardness of product; 1 – fresh product, 2 - 
stored at 4°C, 3 – stored at 18°C, 4 – stored at 30°C. 

Fresh peanut fatty mass candy showed statistically similar hardness regardless of 
couverture content on cores or supplementation with LAB (Table 7). Noticeable decrease in 
hardness of candy stored in a period of 3 months at temperatures of 18 and 30°C was 
observed. Especially at the highest temperature, which resulted from plasticizing both, of 
cocoa butter in couverture and confectionery fat in candy core. Statistically higher hardness 
after storage was observed in candy coated with supplemented couverture. It can indicate 
that LAB preparation gives couverture additional rigidity, as well as makes couverture less 
susceptible to melting. 

Storage 
temp. 

Content of couverture on biscuits (%)
16 25 30 16 25 30 

Candy coated with couverture 
supplemented with LAB 

Candy coated with couverture non-
supplemented with LAB 

Hardness (kg) 
Fresh 

product 
0.66 ± 0.02 0.62 ± 0.11 0.63 ± 0.08 0.66 ± 0.07 0.66 ± 0.09 0.66 ± 0.04 

4oC 0.53 ± 0.12 0.65 ± 0.03 0.69 ± 0.08 0.52 ± 0.03 0.56 ± 0.02 0.55 ± 0.07 
18oC 0.35 ± 0.04 0.35 ± 0.06 0.36 ± 0.03 0.28 ± 0.09 0.28 ± 0.05 0.35 ± 0.07 
30oC 0.12 ± 0.12 0.17 ± 0.12 0.14 ± 0.03 0.13 ± 0.03 0.14 ± 0.07 2.64 ± 0.03 

Table 7. Hardness of peanut fatty mass candy coated with various amount of couverture supplemented 
and non-supplemented with LAB in fresh product and after storage for 3 months at temperatures 4,  
18 or 30°C. 
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Cutting profile of coated candy shows that in fresh product the biggest hardness was 
present in a layer of couverture at a depth of almost 1 mm (Figure 2). Storage at a 
temperature of 4°C caused a lowering of hardness of couverture and an increase in deeper 
layers – at half-height, where its partial fracture took place [25]. In products stored at 18°C a 
lowering of hardness of both, couverture and core was observed. They showed local 
maximum of hardness on a similar level. Storage at a temperature of 30°C caused a 
significant softening of both, couverture and core. Cutting curve did not show any local 
hardness maximum. The blade evenly and gently delved into candy. 

 
Figure 2. Exemplary profile of texture of fresh and stored for 3 months peanut fatty mass candy coated 
with couverture (25%) supplemented with LAB, maximal used force is the hardness of product;  
1 – fresh product, 2 - stored at 4°C, 3 – stored at 18°C, 4 – stored at 30°C. 

Thermal profile of fat from chocolate couverture from biscuits and peanut fatty mass candy 

Melting enthalpy of cocoa butter from couverture, which coated biscuits increased with an 
increase of couverture content in a product (Table 8 and 9). 

Furthermore, an increase of melting temperature with an increase of couverture thickness 
was observed, regardless if it was supplemented of non-supplemented with LAB. 
Supplemented couverture showed bigger values of melting enthalpy comparing to non-
supplemented couverture. During 4 months of storage of coated biscuits melting enthalpy 
of couverture decreased both, in supplemented and non-supplemented product. This 
decrease was bigger when storage temperature increased, furthermore, bigger decrease 
was observed in couverture supplemented with LAB. In supplemented biscuits melting 
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temperature of cocoa butter remained at the same level during whole storage. In non-
supplemented couverture a decrease of melting temperature during storage was noticed. 
Summarizing these changes it can be observed, that in both, supplemented and non-
supplemented couverture fat remained in its stable V polymorphic form only when 
biscuits were stored at refrigeration temperature. At other temperatures it was partly in 
amorphous form with a lower melting temperature. Supplementing of couverture with 
LAB influenced positively maintaining of fats crystalline form. Exemplary thermogram 
can be seen in Figure 3. 

 

Storage temp. 

Content of couverture on biscuits (%)
30 35 40 

Enthalpy
ΔH (J ∙ g-

1) 

Temperature
Tm (°C) 

Enthalpy
ΔH (J ∙ g-

1) 

Temperature
Tm (°C) 

Enthalpy
ΔH (J ∙ g-

1) 

Temperature 
Tm (°C) 

Fresh product 
36.05 ± 

0.18 
30.68 ± 0.09 

37.71 ± 
0.28 

32.02 ± 0.12 
42.16 ± 

0.37 
33.08 ± 1.06 

4oC 
32.83 ± 

0.78 
32.35 ± 0.55 

34.03 ± 
0.46 

32.89 ± 0.25 
37.39 ± 

0.71 
34.04 ± 0.69 

18oC 
24.23 ± 

0.65 
32.02 ± 0.37 

24.92 ± 
0.41 

32.43 ± 0.55 
25.63 ± 

0.18 
33.82 ± 0.91 

18oC 
22.21 ± 

0.72 
31.78 ± 0.75 

23.36 ± 
0.61 

31.58 ± 0.38 
23.64 ± 

0.58 
32.50 ± 0.29 

Table 8. Enthalpy and maximal melting temperature of cocoa fat in dark couverture supplemented 
with LAB used for coating of biscuits during 4 months of storage at temperatures of 4, 18 and 30°C. 

 

Storage 
temp. 

Content of couverture on biscuits (%) 

30 35 40 
Enthalpy
ΔH (J ∙g-1)

Temperature
Tm (°C) 

Enthalpy
ΔH (J ∙g-1)

Temperature
Tm (°C) 

Enthalpy
ΔH (J ∙g-1)

Temperature 
T=(°C) 

Fresh 
product 

35.07 ± 
0.34 

32.92 ± 0.27 
36.55 ± 

0.15 
33.35 ± 0.24 

37.29 ± 
0.07 

33.35 ± 0.40 

4oC 
31.09 ± 

0.61 
31.34 ± 0.37 

31.66 ± 
0.62 

32.50 ± 0.78 
31.71 ± 

0.54 
33.76 ± 0.95 

18oC 
28.22 ± 

1.12 
26.53 ± 0.87 

28.26 ± 
0.67 

33.27 ± 0.58 
29.30 ± 

0.82 
33.85 ± 1.05 

18oC 
23.77 ± 

0.76 
25.28 ± 0.60 

26.64 ± 
1.10 

27.99 ± 0.85 
28.35 ± 

0.63 
31.99 ± 0.61 

Table 9. Enthalpy and maximal melting temperature of cocoa butter in dark couverture non-
supplemented with LAB used for coating of biscuits during 4 months of storage at temperatures of 4, 18 
and 30°C. 
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Cutting profile of coated candy shows that in fresh product the biggest hardness was 
present in a layer of couverture at a depth of almost 1 mm (Figure 2). Storage at a 
temperature of 4°C caused a lowering of hardness of couverture and an increase in deeper 
layers – at half-height, where its partial fracture took place [25]. In products stored at 18°C a 
lowering of hardness of both, couverture and core was observed. They showed local 
maximum of hardness on a similar level. Storage at a temperature of 30°C caused a 
significant softening of both, couverture and core. Cutting curve did not show any local 
hardness maximum. The blade evenly and gently delved into candy. 

 
Figure 2. Exemplary profile of texture of fresh and stored for 3 months peanut fatty mass candy coated 
with couverture (25%) supplemented with LAB, maximal used force is the hardness of product;  
1 – fresh product, 2 - stored at 4°C, 3 – stored at 18°C, 4 – stored at 30°C. 

Thermal profile of fat from chocolate couverture from biscuits and peanut fatty mass candy 

Melting enthalpy of cocoa butter from couverture, which coated biscuits increased with an 
increase of couverture content in a product (Table 8 and 9). 

Furthermore, an increase of melting temperature with an increase of couverture thickness 
was observed, regardless if it was supplemented of non-supplemented with LAB. 
Supplemented couverture showed bigger values of melting enthalpy comparing to non-
supplemented couverture. During 4 months of storage of coated biscuits melting enthalpy 
of couverture decreased both, in supplemented and non-supplemented product. This 
decrease was bigger when storage temperature increased, furthermore, bigger decrease 
was observed in couverture supplemented with LAB. In supplemented biscuits melting 
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temperature of cocoa butter remained at the same level during whole storage. In non-
supplemented couverture a decrease of melting temperature during storage was noticed. 
Summarizing these changes it can be observed, that in both, supplemented and non-
supplemented couverture fat remained in its stable V polymorphic form only when 
biscuits were stored at refrigeration temperature. At other temperatures it was partly in 
amorphous form with a lower melting temperature. Supplementing of couverture with 
LAB influenced positively maintaining of fats crystalline form. Exemplary thermogram 
can be seen in Figure 3. 

 

Storage temp. 

Content of couverture on biscuits (%)
30 35 40 

Enthalpy
ΔH (J ∙ g-

1) 

Temperature
Tm (°C) 

Enthalpy
ΔH (J ∙ g-

1) 

Temperature
Tm (°C) 

Enthalpy
ΔH (J ∙ g-

1) 

Temperature 
Tm (°C) 

Fresh product 
36.05 ± 

0.18 
30.68 ± 0.09 

37.71 ± 
0.28 

32.02 ± 0.12 
42.16 ± 

0.37 
33.08 ± 1.06 

4oC 
32.83 ± 

0.78 
32.35 ± 0.55 

34.03 ± 
0.46 

32.89 ± 0.25 
37.39 ± 

0.71 
34.04 ± 0.69 

18oC 
24.23 ± 

0.65 
32.02 ± 0.37 

24.92 ± 
0.41 

32.43 ± 0.55 
25.63 ± 

0.18 
33.82 ± 0.91 

18oC 
22.21 ± 

0.72 
31.78 ± 0.75 

23.36 ± 
0.61 

31.58 ± 0.38 
23.64 ± 

0.58 
32.50 ± 0.29 

Table 8. Enthalpy and maximal melting temperature of cocoa fat in dark couverture supplemented 
with LAB used for coating of biscuits during 4 months of storage at temperatures of 4, 18 and 30°C. 
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Content of couverture on biscuits (%) 

30 35 40 
Enthalpy
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Tm (°C) 

Enthalpy
ΔH (J ∙g-1)

Temperature
Tm (°C) 

Enthalpy
ΔH (J ∙g-1)

Temperature 
T=(°C) 

Fresh 
product 

35.07 ± 
0.34 

32.92 ± 0.27 
36.55 ± 

0.15 
33.35 ± 0.24 

37.29 ± 
0.07 

33.35 ± 0.40 

4oC 
31.09 ± 

0.61 
31.34 ± 0.37 

31.66 ± 
0.62 

32.50 ± 0.78 
31.71 ± 

0.54 
33.76 ± 0.95 

18oC 
28.22 ± 

1.12 
26.53 ± 0.87 

28.26 ± 
0.67 

33.27 ± 0.58 
29.30 ± 

0.82 
33.85 ± 1.05 

18oC 
23.77 ± 

0.76 
25.28 ± 0.60 

26.64 ± 
1.10 

27.99 ± 0.85 
28.35 ± 

0.63 
31.99 ± 0.61 

Table 9. Enthalpy and maximal melting temperature of cocoa butter in dark couverture non-
supplemented with LAB used for coating of biscuits during 4 months of storage at temperatures of 4, 18 
and 30°C. 
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Figure 3. Exemplary DSC thermogram of cocoa butter in the couverture (in the amount of 35%) 
supplemented with LAB used for biscuit coating in fresh biscuit and biscuits stored for 4 months at 
temperatures of 4, 18 and 30°C. 

In case of peanut fatty mass candy similar tendencies were observed. 

Organoleptic analysis of couverture coated cores from biscuits and peanut fatty mass 

The best rating of 5.00 obtained biscuits containing the least, namely 30% of couverture 
(Table 10). With increasing amounts of couverture on cores products obtained lower ratings. 
Similarly, the best rating 4.80 obtained cores from peanut fatty mass with the lowest amount 
of couverture, namely 16% (Table 11). Storage of products caused a decrease in organoleptic 
evaluation, especially those stored at 30°C, which were practically disqualified because of to 
soft consistency of couverture, and in case of candy also to soft consistency of cores. 
Organoleptic evaluation of products in supplemented and non-supplemented couverture 
was statistically on the same level. 

Storage 
temperature 

Content of couverture on biscuits (%)
30 35 40 30 35 40 

Biscuits coated with couverture 
supplemented with LAB 

Biscuits coated with couverture non-
supplemented with LAB 

Organoleptic rating (points 1- 5)
Fresh 

product 5.00 ± 0.11 4.85 ± 0.16 4.75 ± 0.14 5.00 ± 0.18 4.85 ± 0.17 4.75 ± 0.30 

4oC 4.90 ± 0.27 4.75 ± 0.10 4.75 ± 0.11 4.90 ± 0.14 4.85 ± 0.09 4.75 ± 0.24 
18oC 4.90 ± 0.24 4.75 ± 0.31 4.75 ± 0.24 4.85 ± 0.11 4.90 ± 0.14 4.90 ± 0.31 
30oC 4.00 ± 0.17 4.00 ± 0.17 3.50 ± 0.23 4.00 ± 0.30 3.90± 0.19 3.60 ± 0.08 

Table 10. Organoleptic analysis of biscuits coated with various amount of couverture supplemented and 
non-supplemented with LAB in fresh product and after storage for 4 months at temperatures 4, 18 or 30°C. 

Temperature/ °CTemperature/ °C18 23 Temperature/ °C28

33

38 43

Heat Flow/ 

-

-

-

-

-

-

-

-
Exo

fresh biscuit 

stored at 4oC

stored at 30oC 

stored at 18oC 
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Storage 
temperature 

Content of couverture on candy (%)
16 25 30 16 25 30 

Candy coated with couverture 
supplemented with LAB 

Candy coated with couverture non-
supplemented with LAB 

Organoleptic rating (points 1- 5) 
Fresh 

product 
4.80 ± 0.12 4.80 ± 0.17 4.95 ± 0.09 4.70 ± 0.19 4.75 ± 0.22 4.75 ± 0.11 

4oC 4.75 ± 0.12 4.75 ± 0.08 4.70 ± 0.28 4.75 ± 0.30 4.60 ± 0.17 4.75 ± 0.24 
18oC 4.55 ± 0.13 4.75 ± 0.14 4.75 ± 0.27 4.80 ± 0.19 4.70 ± 0.18 4.75 ± 0.14 
30oC 3.90 ± 0.19 3.70 ± 0.17 3.60 ± 0.22 3.60 ± 0.18 3.50 ± 0.18 3.50 ± 0.17 

Table 11. Organoleptic analysis of peanut fatty mass candy coated with various amount of couverture 
supplemented and non-supplemented with LAB in fresh product and after storage for 3 months at 
temperatures 4, 18 or 30°C. 

Viability of Lactobacillus bacteria in couverture coated biscuits 

Viability of bacteria from Lactobacillus species was established in biscuits coated with 
various amounts of couverture – 30%, 35% and 40%. Biscuits were stored at temperatures of 
4, 18 and 30°C for a period of 3 months. The content of Lactobacillus bacteria in all products 
directly after their production amounted from 6.80×107 CFU . g-1 (30% of couverture) to 
1.74×108 CFU . g-1 (35% of couverture). The amount of probiotic bacteria in biscuits stored for 
a period of 3 moths varied, depending on a storage temperature. After 4 months of storage 
at a temperature of 4°C of couverture coated biscuits, amount of probiotic bacteria in all 
studied products was 107 CFU . g-1. Viability of Lactobacillus bacteria in coated biscuits after 4 
month storage period at 4°C was at a level of 92.6% (30% of couverture) to 96.9% (35% of 
couverture) (Table 12). Storage at a temperature of 18°C caused a decrease of the amount of 
live probiotic bacteria in biscuits coated with couverture in amounts of 30% and 35% by two 
orders of magnitude, comparing to initial amounts. Only in biscuits coated with 40% of 
couverture bacteria amount maintained on the same level, and after 4 months amounted 
2.3×107 CFU . g-1. Viability of probiotic bacteria in a product stored at a temperature of 18°C 
after 4 months was lower than when stored at 4°C, and ranged from 75.7% (35% of 
couverture) to 92.6% (40% of couverture). The use of temperature of 30°C during storage 
caused a significant decrease in an amount of bacteria in a product, comparing to initial 
level of bacteria as well as to products stored at other temperatures. The content of probiotic 
bacteria, after 4 months of storage, lowered by 3 - 4 orders of magnitude – from108 CFU . g-1 
to 103-104 CFU . g-1. The highest viability of bacteria showed biscuits coated with 30% of 
couverture (64.9%), and the lowest biscuits coated with 40% of couverture (40.2%). On the 
basis of performed analyses it can be noticed that probiotic bacteria L. casei and L. paracasei 
show the best viability, in couverture coated biscuits stored for during 4 months, when kept 
at a temperature of 4°C. Confectionery products stored at this temperature also don’t change 
their consistency and organoleptic properties. In case of products stored at temperatures of 
18 and 30°C, obtained low amounts of live bacterial cells from Lactobacillus species, is not 
high enough to establish a product to be functional, with an exception of biscuits coated 
with couverture in an amount of 40%, stored at 18°C. 
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Figure 3. Exemplary DSC thermogram of cocoa butter in the couverture (in the amount of 35%) 
supplemented with LAB used for biscuit coating in fresh biscuit and biscuits stored for 4 months at 
temperatures of 4, 18 and 30°C. 

In case of peanut fatty mass candy similar tendencies were observed. 

Organoleptic analysis of couverture coated cores from biscuits and peanut fatty mass 

The best rating of 5.00 obtained biscuits containing the least, namely 30% of couverture 
(Table 10). With increasing amounts of couverture on cores products obtained lower ratings. 
Similarly, the best rating 4.80 obtained cores from peanut fatty mass with the lowest amount 
of couverture, namely 16% (Table 11). Storage of products caused a decrease in organoleptic 
evaluation, especially those stored at 30°C, which were practically disqualified because of to 
soft consistency of couverture, and in case of candy also to soft consistency of cores. 
Organoleptic evaluation of products in supplemented and non-supplemented couverture 
was statistically on the same level. 

Storage 
temperature 

Content of couverture on biscuits (%)
30 35 40 30 35 40 

Biscuits coated with couverture 
supplemented with LAB 

Biscuits coated with couverture non-
supplemented with LAB 

Organoleptic rating (points 1- 5)
Fresh 

product 5.00 ± 0.11 4.85 ± 0.16 4.75 ± 0.14 5.00 ± 0.18 4.85 ± 0.17 4.75 ± 0.30 

4oC 4.90 ± 0.27 4.75 ± 0.10 4.75 ± 0.11 4.90 ± 0.14 4.85 ± 0.09 4.75 ± 0.24 
18oC 4.90 ± 0.24 4.75 ± 0.31 4.75 ± 0.24 4.85 ± 0.11 4.90 ± 0.14 4.90 ± 0.31 
30oC 4.00 ± 0.17 4.00 ± 0.17 3.50 ± 0.23 4.00 ± 0.30 3.90± 0.19 3.60 ± 0.08 

Table 10. Organoleptic analysis of biscuits coated with various amount of couverture supplemented and 
non-supplemented with LAB in fresh product and after storage for 4 months at temperatures 4, 18 or 30°C. 
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Storage 
temperature 

Content of couverture on candy (%)
16 25 30 16 25 30 

Candy coated with couverture 
supplemented with LAB 

Candy coated with couverture non-
supplemented with LAB 

Organoleptic rating (points 1- 5) 
Fresh 

product 
4.80 ± 0.12 4.80 ± 0.17 4.95 ± 0.09 4.70 ± 0.19 4.75 ± 0.22 4.75 ± 0.11 

4oC 4.75 ± 0.12 4.75 ± 0.08 4.70 ± 0.28 4.75 ± 0.30 4.60 ± 0.17 4.75 ± 0.24 
18oC 4.55 ± 0.13 4.75 ± 0.14 4.75 ± 0.27 4.80 ± 0.19 4.70 ± 0.18 4.75 ± 0.14 
30oC 3.90 ± 0.19 3.70 ± 0.17 3.60 ± 0.22 3.60 ± 0.18 3.50 ± 0.18 3.50 ± 0.17 

Table 11. Organoleptic analysis of peanut fatty mass candy coated with various amount of couverture 
supplemented and non-supplemented with LAB in fresh product and after storage for 3 months at 
temperatures 4, 18 or 30°C. 

Viability of Lactobacillus bacteria in couverture coated biscuits 

Viability of bacteria from Lactobacillus species was established in biscuits coated with 
various amounts of couverture – 30%, 35% and 40%. Biscuits were stored at temperatures of 
4, 18 and 30°C for a period of 3 months. The content of Lactobacillus bacteria in all products 
directly after their production amounted from 6.80×107 CFU . g-1 (30% of couverture) to 
1.74×108 CFU . g-1 (35% of couverture). The amount of probiotic bacteria in biscuits stored for 
a period of 3 moths varied, depending on a storage temperature. After 4 months of storage 
at a temperature of 4°C of couverture coated biscuits, amount of probiotic bacteria in all 
studied products was 107 CFU . g-1. Viability of Lactobacillus bacteria in coated biscuits after 4 
month storage period at 4°C was at a level of 92.6% (30% of couverture) to 96.9% (35% of 
couverture) (Table 12). Storage at a temperature of 18°C caused a decrease of the amount of 
live probiotic bacteria in biscuits coated with couverture in amounts of 30% and 35% by two 
orders of magnitude, comparing to initial amounts. Only in biscuits coated with 40% of 
couverture bacteria amount maintained on the same level, and after 4 months amounted 
2.3×107 CFU . g-1. Viability of probiotic bacteria in a product stored at a temperature of 18°C 
after 4 months was lower than when stored at 4°C, and ranged from 75.7% (35% of 
couverture) to 92.6% (40% of couverture). The use of temperature of 30°C during storage 
caused a significant decrease in an amount of bacteria in a product, comparing to initial 
level of bacteria as well as to products stored at other temperatures. The content of probiotic 
bacteria, after 4 months of storage, lowered by 3 - 4 orders of magnitude – from108 CFU . g-1 
to 103-104 CFU . g-1. The highest viability of bacteria showed biscuits coated with 30% of 
couverture (64.9%), and the lowest biscuits coated with 40% of couverture (40.2%). On the 
basis of performed analyses it can be noticed that probiotic bacteria L. casei and L. paracasei 
show the best viability, in couverture coated biscuits stored for during 4 months, when kept 
at a temperature of 4°C. Confectionery products stored at this temperature also don’t change 
their consistency and organoleptic properties. In case of products stored at temperatures of 
18 and 30°C, obtained low amounts of live bacterial cells from Lactobacillus species, is not 
high enough to establish a product to be functional, with an exception of biscuits coated 
with couverture in an amount of 40%, stored at 18°C. 
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Couverture content 
Storage temperature

4°C 18°C 30°C 
Viability of bacteria (%) 

30% 94.4  3.7 78.5  3.4 64.9  4.1 
35% 96.9  4.1 75.7  4.1 40.2  4.0 
40% 92.6  2.8 92.6  6.2 62.0  3.9 

Table 12. Viability of Lactobacillus bacteria in biscuits coated with various amounts of couverture after 4 
months of storage.  

Viability of Lactobacillus bacteria in candy from peanut fatty mass 

Directly after product manufacture the amount of live cells of Lactobacillus bacteria in 
couverture amounted 1.6108 CFU . g-1 and 1.4108 CFU . g-1, respectively. After 3 month 
storage period at a temperature of 4°C a slight decrease in an amount of live cells was 
observed, on average by 2.5%. Lactic bacilli in a couverture, coating candy from peanut fatty 
mass, in an amount of 16% and 30% maintained the highest viability, after 3 months of 
storage, at refrigeration temperature (4°C) and was 95.2% and 96.4%, respectively. At a 
temperature of 18°C after 3 month storage period amount of bacteria decreased by two 
orders of magnitude (from 108 CFU . g-1 to 106 CFU . g-1), whereas storing at 30°C caused a 
decrease of three orders of magnitude – from 108 CFU . g-1 to 105 CFU . g-1 (Table 13). 
Increasing the amount of couverture of products slightly improved viability of bacteria, 
however these changes are not statistically significant. From performed experiments it can 
be concluded, that probiotic bacteria maintain the highest viability, after 3 month storage 
period, both at 4 and 18°C. However, the best temperature for storage of candy from peanut 
fatty mass coated with couverture with an addition of probiotic bacteria, was at the 
refrigeration temperature (4°C). At these conditions, after 3 months of storage, bacteria 
viability was the highest and amounted from 95.2% to 96.4%. High viability of bacteria, 
above 76%, was achieved during storage of candy at a temperature of 18°C. On the other 
hand, the lowest viability, from 68.1% to 67.8% was observed in products stored at 30°C. 

Couverture content in 
candy from peanut fatty 

mass 

Storage temperature
4°C 18°C 30°C 

Viability of bacteria (%) 
16% 95.2  3.3 82.1  4.3 68.1  3.0 
30% 96.4  2.4 83.6  3.3 67.8  4.3 

Table 13. Viability of Lactobacillus bacteria in candy from peanut fatty mass after 3 months of storage. 

In Table 14 the amounts of live bacterial cells, after storage for 3 months at different 
temperatures are presented. Results are calculated per final product, namely per a single 
candy from peanut fatty mass coated with couverture with a weight of 15 g. Storing this 
product at temperatures of 4 and 18°C, provides a high level of live Lactobacillus bacterial 
cells, above 107 CFU . 15 g-1. Consumed with a confectionery product amount of lactic bacilli 
is high enough, to provide a beneficial effect of health and well-being of a consumer. During 
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final product storage at a temperature of 30°C level of live bacterial cells (106 CFU . 15 g-1) is 
not high enough, for a product to become functional. 

Couverture content 

Storage temperature
4°C 18°C 30°C 

The amount of live bacterial cells in a single piece of 
candy (CFU . 15 g-1) 

16% 9.6108 8.0107 5.8106 
30% 1.1109 9.8107 5.1106 

Table 14. The amount of live bacterial cells of Lactobacillus species in candy from peanut fatty mass, 
with a weight of 15g, after 3 months of storage. 

Full summary of results of analysis regarding all stages of storage can be found in a report 
from research project supported by Polish Ministry of Science and High Education within 
development project [11]. 

Possibility of application of live bacterial cultures of lactic acid preparation for supplementation of 
chocolate couverture used for confectionery cores coating 

Biscuits and cores from fatty masses coated with chocolate couverture supplemented with 
cultures of lactic acid bacteria, with various percentage content on cores were characterized 
by correct physicochemical and organoleptic properties for this kind of products. 
Couverture supplementation with LAB didn’t cause any deterioration of physicochemical 
and organoleptic properties of coated candy and biscuits. For both products, temperatures 
of 4 and 18oC were proper to achieve high viability of LAB and to classify them as functional 
food during the whole storage time. 

4. Wafers supplemented with lactic acid bacteria 

4.1. Wafers 

Wafer cream, as an environment for LAB, is a confectionery semi-product with a moisture 
content below 3%, obtained by aerating of fillings such as: praline, sugar-fat, received from 
oil seeds, and others (e.g. sugar-protein). Consistency of cream is a sticky and smooth paste, 
it gives wafer products their characteristic taste. Main components of creams are fat and 
powdered sugar. The amount of fat in cream depends on relative costs of sugar and fat and 
on the nutritional purpose of a product. Most of the times 30% of fat are used, but this 
amount can vary between 23 and 45% of fat in a cream. A certain content of sugar is not 
exceeded, because it weakens cohesion of a cream. Cream consistency depends on the 
amount of fat used in a recipe. Other components of creams are: powdered milk, organic 
acids, flavoring and coloring agents. The addition of wafer production discards gives 
creams brown color and lowers the concentration of water in the mass. As a partial 
saccharose substitute glucose can also be used. As a thickening agent and a stabilizer of 
consistency starch can be added, however it can hinder mass aeration. Water present in a 
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Couverture content 
Storage temperature

4°C 18°C 30°C 
Viability of bacteria (%) 

30% 94.4  3.7 78.5  3.4 64.9  4.1 
35% 96.9  4.1 75.7  4.1 40.2  4.0 
40% 92.6  2.8 92.6  6.2 62.0  3.9 

Table 12. Viability of Lactobacillus bacteria in biscuits coated with various amounts of couverture after 4 
months of storage.  

Viability of Lactobacillus bacteria in candy from peanut fatty mass 

Directly after product manufacture the amount of live cells of Lactobacillus bacteria in 
couverture amounted 1.6108 CFU . g-1 and 1.4108 CFU . g-1, respectively. After 3 month 
storage period at a temperature of 4°C a slight decrease in an amount of live cells was 
observed, on average by 2.5%. Lactic bacilli in a couverture, coating candy from peanut fatty 
mass, in an amount of 16% and 30% maintained the highest viability, after 3 months of 
storage, at refrigeration temperature (4°C) and was 95.2% and 96.4%, respectively. At a 
temperature of 18°C after 3 month storage period amount of bacteria decreased by two 
orders of magnitude (from 108 CFU . g-1 to 106 CFU . g-1), whereas storing at 30°C caused a 
decrease of three orders of magnitude – from 108 CFU . g-1 to 105 CFU . g-1 (Table 13). 
Increasing the amount of couverture of products slightly improved viability of bacteria, 
however these changes are not statistically significant. From performed experiments it can 
be concluded, that probiotic bacteria maintain the highest viability, after 3 month storage 
period, both at 4 and 18°C. However, the best temperature for storage of candy from peanut 
fatty mass coated with couverture with an addition of probiotic bacteria, was at the 
refrigeration temperature (4°C). At these conditions, after 3 months of storage, bacteria 
viability was the highest and amounted from 95.2% to 96.4%. High viability of bacteria, 
above 76%, was achieved during storage of candy at a temperature of 18°C. On the other 
hand, the lowest viability, from 68.1% to 67.8% was observed in products stored at 30°C. 

Couverture content in 
candy from peanut fatty 

mass 

Storage temperature
4°C 18°C 30°C 

Viability of bacteria (%) 
16% 95.2  3.3 82.1  4.3 68.1  3.0 
30% 96.4  2.4 83.6  3.3 67.8  4.3 

Table 13. Viability of Lactobacillus bacteria in candy from peanut fatty mass after 3 months of storage. 

In Table 14 the amounts of live bacterial cells, after storage for 3 months at different 
temperatures are presented. Results are calculated per final product, namely per a single 
candy from peanut fatty mass coated with couverture with a weight of 15 g. Storing this 
product at temperatures of 4 and 18°C, provides a high level of live Lactobacillus bacterial 
cells, above 107 CFU . 15 g-1. Consumed with a confectionery product amount of lactic bacilli 
is high enough, to provide a beneficial effect of health and well-being of a consumer. During 
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final product storage at a temperature of 30°C level of live bacterial cells (106 CFU . 15 g-1) is 
not high enough, for a product to become functional. 

Couverture content 

Storage temperature
4°C 18°C 30°C 

The amount of live bacterial cells in a single piece of 
candy (CFU . 15 g-1) 

16% 9.6108 8.0107 5.8106 
30% 1.1109 9.8107 5.1106 

Table 14. The amount of live bacterial cells of Lactobacillus species in candy from peanut fatty mass, 
with a weight of 15g, after 3 months of storage. 

Full summary of results of analysis regarding all stages of storage can be found in a report 
from research project supported by Polish Ministry of Science and High Education within 
development project [11]. 

Possibility of application of live bacterial cultures of lactic acid preparation for supplementation of 
chocolate couverture used for confectionery cores coating 

Biscuits and cores from fatty masses coated with chocolate couverture supplemented with 
cultures of lactic acid bacteria, with various percentage content on cores were characterized 
by correct physicochemical and organoleptic properties for this kind of products. 
Couverture supplementation with LAB didn’t cause any deterioration of physicochemical 
and organoleptic properties of coated candy and biscuits. For both products, temperatures 
of 4 and 18oC were proper to achieve high viability of LAB and to classify them as functional 
food during the whole storage time. 

4. Wafers supplemented with lactic acid bacteria 

4.1. Wafers 

Wafer cream, as an environment for LAB, is a confectionery semi-product with a moisture 
content below 3%, obtained by aerating of fillings such as: praline, sugar-fat, received from 
oil seeds, and others (e.g. sugar-protein). Consistency of cream is a sticky and smooth paste, 
it gives wafer products their characteristic taste. Main components of creams are fat and 
powdered sugar. The amount of fat in cream depends on relative costs of sugar and fat and 
on the nutritional purpose of a product. Most of the times 30% of fat are used, but this 
amount can vary between 23 and 45% of fat in a cream. A certain content of sugar is not 
exceeded, because it weakens cohesion of a cream. Cream consistency depends on the 
amount of fat used in a recipe. Other components of creams are: powdered milk, organic 
acids, flavoring and coloring agents. The addition of wafer production discards gives 
creams brown color and lowers the concentration of water in the mass. As a partial 
saccharose substitute glucose can also be used. As a thickening agent and a stabilizer of 
consistency starch can be added, however it can hinder mass aeration. Water present in a 
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mass causes an increase of viscosity, which can be lowered by an addition of lecithin in an 
amount of 0.2% per products mass. When producing a cream, to the sticky fat all friable 
components predicted with a recipe are added, which lowers the temperature of fat. Later, 
while mixing and aeration the temperature of the mass increases again. After finished 
mixing process, cream with a definite temperature, density and consistency is received. 
Density of cream varies between 0.75 and 1.15 g . ml-1. Latter squeezing of cream, under 
increased pressure, onto a product provides further aeration. In case of wafer creams, it is 
necessary for them to have high nutritional value, proper taste, flavor and color, smooth and 
spongy consistency, low water content, or to have bounded structure so they won’t soften 
the wafer. Creams should provide good adhesion to wafers, plasticity and an ability to 
harden after cooling down of final products. It is important for a cream to be stable at room 
temperature and to have certain melting characteristics, namely to be solid at a temperature 
of 20°C, and to melt quickly in the mouth [27-30].  

To a cream, used for interleaving wafers, lactic acid bacteria were introduced, making it a 
product with probiotic properties [31]. Certain physicochemical, organoleptic and textural 
properties of this cream, compared to non-supplemented cream are described. Research-
development works in this subject area were conducted under project no. R12 018 01 [11]. 

4.2. Obtaining interleaved wafers supplemented with lactic acid bacteria 

Production of wafer product includes following steps: preparation and measurement of raw 
materials, mixing and graining of components, grinding, pouring semi-fluid mass onto 
individual wafers, sticking of wafer with one another, cutting wafer to required size, 
optional coating with tempered couverture and finally storage. Main, and the longest 
process from all mentioned above is the process of mass grinding. It is performed until solid 
phase particles do not exceed 30 μm. In case of probiotic creams, lyophilized lactic acid 
bacteria preparation is added to the mass (with a temperature of 40°C) in the final stage of 
its grinding. Interleaved wafers were received by sticking together three individual wafers 
(Wafer factory “MIRAN WAFEL” Sp. z .o. o., Poland) with a filling consisting 70% of core 
mass. Final products comprised of wafer cores coated and non-coated with a dark 
couverture (Union Chocolate Sp. z o. o., Żychlin, Poland). In coated wafers couverture was 
added in an amount of 30% per final product mass. 

Wafer fillings differed by the type of used fat and its concentration. For human health it is 
preferable that fats used in confectionery industry have as few trans-configured fatty acids 
as possible. To realize the idea of nutritional policy for producing wafer fillings transless 
fats: Akomic 2000 (AarhusKarlshamn, Sweeden) and Akotres S30 (AarhusKarlshamn, 
Sweeden) and medium-trans fat Efekt 40 (Z.T. Kruszwica S.A., Kruszwica, Polska) were 
used, in amounts of 34.44, 37.44 and 40.44%, respectively. In supplemented fillings amount 
of added powdered milk was lowered proportionally to the amount of added lactic acid 
bacteria lyophilisate, with a concentration of live bacterial cells of Lactobacillus species on a 
level of 9×1010 CFU . g-1. Initially 3.5% of lyophilisate was used, however bacteria content 
was so high, that for economic reasons, this amount was lowered to 0.5% per products 
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weight. This amount, with ease provided a probiotic character of wafer products during 
whole storage time. Other materials used in wafer filling production are: powdered sugar 
(Promyk Cukrohurt Sp. z o.o., Siedlce, Poland), wafer discards (Dybalski-Cukiernie, Łódź, 
Poland), powdered skim milk (S.M. Spomlek, Radzyń Podlaski, Poland), lecithin (Cargill 
S.A., Bielany Wrocławskie, Poland), ethyl vanillin (Plus, Łódź, Poland). In Table 15 whole 
recipe for obtaining probiotic wafer fillings in presented. Finished wafer cores were stored 
at temperatures of 4, 18 and 30°C for a period of 3 months, during which the changes in 
physicochemical properties and LAB viability were established. 

Raw material Concentration of raw material (%) 
Fat 40.44 37.44 34.44 
Sugar 25.71 28.71 31.71 
Powdered milk 27.60 27.60 27.60 
Production wafer discards 6.18 6.18 6.18 
Lecithin 0.05 0.05 0.05 
Ethyl vanillin 0.02 0.02 0.02 

Table 15. Recipe for obtaining probiotic creams, used as a filling for interleaving wafers, with the use of 
Efekt 40, Akomic 2000 and Akotres S30 fats. 

Considering required physicochemical and organoleptic properties of wafer products for it 
to be a probiotic product, i.e. proper texture (mainly crunchiness of final product and 
spreadability of filling), right amount of LAB and unchanged sensory properties, comparing 
to product without LAB, products were analyzed to establish following parameters: water 
activity, spreadability of cream, hardness (crunchiness) of product and finally organoleptic 
evaluation. 

4.3. Physicochemical analysis of interleaved wafers supplemented with lactic 
acid bacteria 

Considering the great amount of obtained results of physicochemical analyses of wafers 
only selected were chosen and presented in a following chapter, namely only those for 
products stored at 18°C. This temperature was chosen because of the fact that confectionery 
products are stored at it most of the times on a store shelf. Full results are presented in a 
report from a research-development project no. R12 018 01 [11]. 

Water activity 

The content of easily accessible water in food as well as the amount and type of solute 
influences microorganism development in a product. Most of microorganisms prefer aw 
from 0.9 to almost 1. Xerophilic mold on a solid surface are able to develop still when aw 
values 0.65, and osmophilic yeast are able to expand with aw of 0.61. Most microorganisms 
can endure conditions, when water activity of environment is lower than needed for their 
development. This is the case with lactic bacteria, which during the state of anabiosis, while 
in lyophilized form were added to wafer fillings. In Figures 4 and 5 variability of water 
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mass causes an increase of viscosity, which can be lowered by an addition of lecithin in an 
amount of 0.2% per products mass. When producing a cream, to the sticky fat all friable 
components predicted with a recipe are added, which lowers the temperature of fat. Later, 
while mixing and aeration the temperature of the mass increases again. After finished 
mixing process, cream with a definite temperature, density and consistency is received. 
Density of cream varies between 0.75 and 1.15 g . ml-1. Latter squeezing of cream, under 
increased pressure, onto a product provides further aeration. In case of wafer creams, it is 
necessary for them to have high nutritional value, proper taste, flavor and color, smooth and 
spongy consistency, low water content, or to have bounded structure so they won’t soften 
the wafer. Creams should provide good adhesion to wafers, plasticity and an ability to 
harden after cooling down of final products. It is important for a cream to be stable at room 
temperature and to have certain melting characteristics, namely to be solid at a temperature 
of 20°C, and to melt quickly in the mouth [27-30].  

To a cream, used for interleaving wafers, lactic acid bacteria were introduced, making it a 
product with probiotic properties [31]. Certain physicochemical, organoleptic and textural 
properties of this cream, compared to non-supplemented cream are described. Research-
development works in this subject area were conducted under project no. R12 018 01 [11]. 

4.2. Obtaining interleaved wafers supplemented with lactic acid bacteria 

Production of wafer product includes following steps: preparation and measurement of raw 
materials, mixing and graining of components, grinding, pouring semi-fluid mass onto 
individual wafers, sticking of wafer with one another, cutting wafer to required size, 
optional coating with tempered couverture and finally storage. Main, and the longest 
process from all mentioned above is the process of mass grinding. It is performed until solid 
phase particles do not exceed 30 μm. In case of probiotic creams, lyophilized lactic acid 
bacteria preparation is added to the mass (with a temperature of 40°C) in the final stage of 
its grinding. Interleaved wafers were received by sticking together three individual wafers 
(Wafer factory “MIRAN WAFEL” Sp. z .o. o., Poland) with a filling consisting 70% of core 
mass. Final products comprised of wafer cores coated and non-coated with a dark 
couverture (Union Chocolate Sp. z o. o., Żychlin, Poland). In coated wafers couverture was 
added in an amount of 30% per final product mass. 

Wafer fillings differed by the type of used fat and its concentration. For human health it is 
preferable that fats used in confectionery industry have as few trans-configured fatty acids 
as possible. To realize the idea of nutritional policy for producing wafer fillings transless 
fats: Akomic 2000 (AarhusKarlshamn, Sweeden) and Akotres S30 (AarhusKarlshamn, 
Sweeden) and medium-trans fat Efekt 40 (Z.T. Kruszwica S.A., Kruszwica, Polska) were 
used, in amounts of 34.44, 37.44 and 40.44%, respectively. In supplemented fillings amount 
of added powdered milk was lowered proportionally to the amount of added lactic acid 
bacteria lyophilisate, with a concentration of live bacterial cells of Lactobacillus species on a 
level of 9×1010 CFU . g-1. Initially 3.5% of lyophilisate was used, however bacteria content 
was so high, that for economic reasons, this amount was lowered to 0.5% per products 
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weight. This amount, with ease provided a probiotic character of wafer products during 
whole storage time. Other materials used in wafer filling production are: powdered sugar 
(Promyk Cukrohurt Sp. z o.o., Siedlce, Poland), wafer discards (Dybalski-Cukiernie, Łódź, 
Poland), powdered skim milk (S.M. Spomlek, Radzyń Podlaski, Poland), lecithin (Cargill 
S.A., Bielany Wrocławskie, Poland), ethyl vanillin (Plus, Łódź, Poland). In Table 15 whole 
recipe for obtaining probiotic wafer fillings in presented. Finished wafer cores were stored 
at temperatures of 4, 18 and 30°C for a period of 3 months, during which the changes in 
physicochemical properties and LAB viability were established. 

Raw material Concentration of raw material (%) 
Fat 40.44 37.44 34.44 
Sugar 25.71 28.71 31.71 
Powdered milk 27.60 27.60 27.60 
Production wafer discards 6.18 6.18 6.18 
Lecithin 0.05 0.05 0.05 
Ethyl vanillin 0.02 0.02 0.02 

Table 15. Recipe for obtaining probiotic creams, used as a filling for interleaving wafers, with the use of 
Efekt 40, Akomic 2000 and Akotres S30 fats. 

Considering required physicochemical and organoleptic properties of wafer products for it 
to be a probiotic product, i.e. proper texture (mainly crunchiness of final product and 
spreadability of filling), right amount of LAB and unchanged sensory properties, comparing 
to product without LAB, products were analyzed to establish following parameters: water 
activity, spreadability of cream, hardness (crunchiness) of product and finally organoleptic 
evaluation. 

4.3. Physicochemical analysis of interleaved wafers supplemented with lactic 
acid bacteria 

Considering the great amount of obtained results of physicochemical analyses of wafers 
only selected were chosen and presented in a following chapter, namely only those for 
products stored at 18°C. This temperature was chosen because of the fact that confectionery 
products are stored at it most of the times on a store shelf. Full results are presented in a 
report from a research-development project no. R12 018 01 [11]. 

Water activity 

The content of easily accessible water in food as well as the amount and type of solute 
influences microorganism development in a product. Most of microorganisms prefer aw 
from 0.9 to almost 1. Xerophilic mold on a solid surface are able to develop still when aw 
values 0.65, and osmophilic yeast are able to expand with aw of 0.61. Most microorganisms 
can endure conditions, when water activity of environment is lower than needed for their 
development. This is the case with lactic bacteria, which during the state of anabiosis, while 
in lyophilized form were added to wafer fillings. In Figures 4 and 5 variability of water 
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activity of wafer products stored at 18°C for 3 months, which fillings were supplemented 
with lactic acid bacteria. 

 
Figure 4. Water activity in non-coated wafers interleaved with cream supplemented and non-
supplemented with LAB, stored at a temperature of 18°C for a period of 3 months, depending on the 
type and the amount of used fat. 

 
Figure 5. Water activity in coated wafers interleaved with cream supplemented and non-
supplemented with LAB, stored at a temperature of 18°C for a period of 3 months, depending on the 
type and the amount of used fat. 
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Initial samples of studied wafers had low water activity, and it ranged between 0.133 and 
0.280. The lowest aw value had wafers coated with couverture supplemented with LAB. 
During storage wafers showed an overall tendency to absorb moisture from the 
environment, especially when stored at 18°C. Final values of aw of products stored in these 
conditions were in a range of 0.405 – 0.520. It is a level at which LAB are still in a state of 
anabiosis. Those conditions guaranteed high viability of probiotic bacteria. Judging by 
obtained results of water activity in wafers: coated and non-coated, supplemented and non-
supplemented with LAB, it can be concluded that 3 month storage period at a temperature 
of 18°C won’t have any negative influence on microbiological stability of studied product. 
Protective role of couverture on wafer core clearly showed in couverture coated wafers, both 
supplemented and non-supplemented with LAB, when stored at 18°C.  

No noticeable correlation between aw and the type and amount of used fat was observed. 

Consistency (spreadability) of confectionery fillings derived from fatty masses 

For wafers to be properly, evenly glued together the filling used for their interleaving must 
have proper consistency (spreadability). This parameter was expressed as a force necessary 
to immerse in a mass (spreadability) and emerge (adhesiveness) from a mass a conical 
probe, moving with a constant speed. In Tables 16 and 17 spreadability of masses used as 
wafer fillings, depending on the type and amount of used fat, is presented. Obtained results 
for spreadability of fatty masses used as fillings for interleaving wafers show a distinct 
dependency from the type and amount of used fat. 

The biggest hardness, which is equal to the worst spreadablity showed masses received with 
34.44% of fat (in this case force values often were non-determinable, above 40.000 g). With 
an increasing content of fat in a filling its spreadability was improving (force values 
necessary for immersing the probe averaged between 5.000 and 37.500 g). On the other 
hand, considering the type of fat used in masses, and the spreadability of those fillings, it 
can be observed that the least hard, which is equal to the best spreading fillings were 
obtained with the use of Akotres S30 fat, regardless of the amount of fat. Even in a 
concentration of 34.44% masses were quite spreadable (force value ranged between 5.000 
and 28.000 g), while for fats Efekt 40 and Akomic 2000 in this amount spreadability could 
not be determined.  

When observing obtained results of consistency measurement of filling used for interleaving 
wafer, no significant influence of LAB supplementation was noticed. It can be concluded 
that supplementation with LAB of masses used for interleaving wafers won’t hinder the 
ability to properly bind them together. Obtained results of hardness analysis of wafer cores, 
showed a lack of clear dependency of this parameter from the type and amount of fat used 
for obtaining creams, as well as from its supplementation with LAB. 

Comparing force values from a “biting test” of control samples, it can be noticed that the 
least amount of force necessary to break, showed wafers interleaved with masses obtained 
with Akotres S30 fat. 
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activity of wafer products stored at 18°C for 3 months, which fillings were supplemented 
with lactic acid bacteria. 

 
Figure 4. Water activity in non-coated wafers interleaved with cream supplemented and non-
supplemented with LAB, stored at a temperature of 18°C for a period of 3 months, depending on the 
type and the amount of used fat. 

 
Figure 5. Water activity in coated wafers interleaved with cream supplemented and non-
supplemented with LAB, stored at a temperature of 18°C for a period of 3 months, depending on the 
type and the amount of used fat. 
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Initial samples of studied wafers had low water activity, and it ranged between 0.133 and 
0.280. The lowest aw value had wafers coated with couverture supplemented with LAB. 
During storage wafers showed an overall tendency to absorb moisture from the 
environment, especially when stored at 18°C. Final values of aw of products stored in these 
conditions were in a range of 0.405 – 0.520. It is a level at which LAB are still in a state of 
anabiosis. Those conditions guaranteed high viability of probiotic bacteria. Judging by 
obtained results of water activity in wafers: coated and non-coated, supplemented and non-
supplemented with LAB, it can be concluded that 3 month storage period at a temperature 
of 18°C won’t have any negative influence on microbiological stability of studied product. 
Protective role of couverture on wafer core clearly showed in couverture coated wafers, both 
supplemented and non-supplemented with LAB, when stored at 18°C.  

No noticeable correlation between aw and the type and amount of used fat was observed. 

Consistency (spreadability) of confectionery fillings derived from fatty masses 

For wafers to be properly, evenly glued together the filling used for their interleaving must 
have proper consistency (spreadability). This parameter was expressed as a force necessary 
to immerse in a mass (spreadability) and emerge (adhesiveness) from a mass a conical 
probe, moving with a constant speed. In Tables 16 and 17 spreadability of masses used as 
wafer fillings, depending on the type and amount of used fat, is presented. Obtained results 
for spreadability of fatty masses used as fillings for interleaving wafers show a distinct 
dependency from the type and amount of used fat. 

The biggest hardness, which is equal to the worst spreadablity showed masses received with 
34.44% of fat (in this case force values often were non-determinable, above 40.000 g). With 
an increasing content of fat in a filling its spreadability was improving (force values 
necessary for immersing the probe averaged between 5.000 and 37.500 g). On the other 
hand, considering the type of fat used in masses, and the spreadability of those fillings, it 
can be observed that the least hard, which is equal to the best spreading fillings were 
obtained with the use of Akotres S30 fat, regardless of the amount of fat. Even in a 
concentration of 34.44% masses were quite spreadable (force value ranged between 5.000 
and 28.000 g), while for fats Efekt 40 and Akomic 2000 in this amount spreadability could 
not be determined.  

When observing obtained results of consistency measurement of filling used for interleaving 
wafer, no significant influence of LAB supplementation was noticed. It can be concluded 
that supplementation with LAB of masses used for interleaving wafers won’t hinder the 
ability to properly bind them together. Obtained results of hardness analysis of wafer cores, 
showed a lack of clear dependency of this parameter from the type and amount of fat used 
for obtaining creams, as well as from its supplementation with LAB. 

Comparing force values from a “biting test” of control samples, it can be noticed that the 
least amount of force necessary to break, showed wafers interleaved with masses obtained 
with Akotres S30 fat. 
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In case of non-coated wafers it can also be noticed, that harder values were obtained by 
products received with Akomic 2000, comparing to wafers with Efekt 40 fat in its material 
composition. Similar dependency from the type of used fat was observed for consistency 
(spreadability) studies of fillings (Table 16). 

Type of mass 
Type and amount of fat (%)

Efekt 40 Akomic 2000 Akotres S30 
40.44 37.44 34.44 40.44 37.44 34.44 40.44 37.44 34.44 

1. Supplemented 
masses;  
non-coated 

7.064 
± 0.162

19.456
± 1.032 * 35.116

± 0.777
23.491
± 0.330 * 11.892

± 1.245
17.505 
± 0.411 

25.110 
± 0.078 

2. Non-
supplemented 
masses;  
non-coated 

37.434
± 0.177

37.505
± 0.093 * 30.811

± 0.202
36.438
± 0.459

37.531
± 0.074

16.149
± 0.351

21.036 
± 0.073 

18.904 
± 0.181 

3. Supplemented 
masses; coated 

9.123
± 0.329

14.957
± 1.374

37.549
± 0.050

32.507
± 0.549

37.559
± 0,230

37.559
±0.557

4.399
± 0.623

6.656 
± 0.473 

5.822 
± 0.814 

4. Non-
supplemented 
masses;  
non-coated 

34.594
± 0.529

22.505
± 0.220

37.559
± 0.042

26.870
± 0.395

34.489
± 0.304

37.561
± 0,050

13.171
± 0.048

4.065 
± 0.375 

28.120 
± 0.294 

Table 16. Consistency (spreadability) of cream used for interleaving wafers, expressed as force (g) 
necessary to immerse a conical probe in a mass, depending on material composition. 
* Masses, in which consistency could not be determined, the value of applied force above 38 000 g 

Type of mass 
Type and amount of fat (%)

Efekt 40 Akomic 2000 Akotres S30 
40.44 37.44 34.44 40.44 37.44 34.44 40.44 37.44 34.44 

1. Supplemented 
masses; non-
coated 

-4.952
± 

0.156

-6.206
± 0.351 * -7.471

± 0.252
-8.776
± 0.080 * -6.074

± 0.682
-5.674 
± 0.174 

-5.769 
± 0.029 

2. Non-
supplemented 
masses; non-
coated 

-4.847
± 

0.444 

-3.938
± 0.109 * -7.266

± 0.548
-6.451
± 0.505

-6.821
± 0.626

-6.487
± 0.201

-5.761 
± 0.095 

-6.489 
± 0.197 

3. Supplemented 
masses; coated 

-6.205
± 

0.242

-6.274
± 0.519

-0.002
± 0.650

-7.529
± 0.267

-0.003
± 0.001

-3.858
± 0.342

-4.849
± 0.282

-4.489 
± 0.030 

-4.276 
± 0.012 

4. Non-
supplemented 
masses; non-
coated 

-5.347
± 

0.036 

-6.447
± 0.257

-3.619
± 0.022

-8.737
± 0.172

-6.850
± 0.631

-0.002
± 0.000

-7.882
± 0.151

-4.195 
± 0.424 

-5.075 
± 0.162 

Table 17. Consistency (adhesiveness) of cream used for interleaving wafers, expressed as force (g) 
necessary to emerge a conical probe from a mass, depending on material composition. 
* Masses, in which consistency could not be determined 
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An increase of hardness of wafer products during storage, might be caused by an increase of 
individual wafers hardness caused by moisture absorption as well as changes occurring in 
consistency of filling resulting from shifting proportion between the content of solid to 
liquid phase. Polymorphic form, in which initially fat components crystallized (change of 
melting temperature – DSC measuring) could change, and an altering of crystalline network 
structure of masses used for interleaving wafers could occur. As a result of new crystals 
emergence from already present crystal germ, the filling could harden, or as a result of 
crystal aggregation – soften (an increase of a decrease of solid phase surface). It seems 
probable, that those changes in quite significant degree, could be the reason of hardness 
changes in final products. 

Hardness (crunchiness) of wafer cores, interleaved with LAB supplemented cream 

In case of wafer type products, one the most important organoleptic property, which 
consumer pays close attention to when choosing his favorite product, is wafer hardness 
(crunchiness). This parameter in established in a “biting test”. It is expressed as a force value 
necessary to fully cut the wafer core. In Figures 6 and 7 hardness values of wafers: 
supplemented and non-supplemented with LAB, coated and non-coated with couverture, 
after 3 months of storage at a temperature of 18°C are presented. 

 

 
Figure 6. Comparison of hardness values of non-coated wafers interleaved with cream supplemented 
and non-supplemented with LAB, stored for 3 months at a temperature of 18°C, depending on the 
type and amount of used fat. 
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In case of non-coated wafers it can also be noticed, that harder values were obtained by 
products received with Akomic 2000, comparing to wafers with Efekt 40 fat in its material 
composition. Similar dependency from the type of used fat was observed for consistency 
(spreadability) studies of fillings (Table 16). 

Type of mass 
Type and amount of fat (%)

Efekt 40 Akomic 2000 Akotres S30 
40.44 37.44 34.44 40.44 37.44 34.44 40.44 37.44 34.44 

1. Supplemented 
masses;  
non-coated 

7.064 
± 0.162

19.456
± 1.032 * 35.116

± 0.777
23.491
± 0.330 * 11.892

± 1.245
17.505 
± 0.411 

25.110 
± 0.078 

2. Non-
supplemented 
masses;  
non-coated 

37.434
± 0.177

37.505
± 0.093 * 30.811

± 0.202
36.438
± 0.459

37.531
± 0.074

16.149
± 0.351

21.036 
± 0.073 

18.904 
± 0.181 

3. Supplemented 
masses; coated 

9.123
± 0.329

14.957
± 1.374

37.549
± 0.050

32.507
± 0.549

37.559
± 0,230

37.559
±0.557

4.399
± 0.623

6.656 
± 0.473 

5.822 
± 0.814 

4. Non-
supplemented 
masses;  
non-coated 

34.594
± 0.529

22.505
± 0.220

37.559
± 0.042

26.870
± 0.395

34.489
± 0.304

37.561
± 0,050

13.171
± 0.048

4.065 
± 0.375 

28.120 
± 0.294 

Table 16. Consistency (spreadability) of cream used for interleaving wafers, expressed as force (g) 
necessary to immerse a conical probe in a mass, depending on material composition. 
* Masses, in which consistency could not be determined, the value of applied force above 38 000 g 

Type of mass 
Type and amount of fat (%)

Efekt 40 Akomic 2000 Akotres S30 
40.44 37.44 34.44 40.44 37.44 34.44 40.44 37.44 34.44 

1. Supplemented 
masses; non-
coated 

-4.952
± 

0.156

-6.206
± 0.351 * -7.471

± 0.252
-8.776
± 0.080 * -6.074

± 0.682
-5.674 
± 0.174 

-5.769 
± 0.029 

2. Non-
supplemented 
masses; non-
coated 

-4.847
± 

0.444 

-3.938
± 0.109 * -7.266

± 0.548
-6.451
± 0.505

-6.821
± 0.626

-6.487
± 0.201

-5.761 
± 0.095 

-6.489 
± 0.197 

3. Supplemented 
masses; coated 

-6.205
± 

0.242

-6.274
± 0.519

-0.002
± 0.650

-7.529
± 0.267

-0.003
± 0.001

-3.858
± 0.342

-4.849
± 0.282

-4.489 
± 0.030 

-4.276 
± 0.012 

4. Non-
supplemented 
masses; non-
coated 

-5.347
± 

0.036 

-6.447
± 0.257

-3.619
± 0.022

-8.737
± 0.172

-6.850
± 0.631

-0.002
± 0.000

-7.882
± 0.151

-4.195 
± 0.424 

-5.075 
± 0.162 

Table 17. Consistency (adhesiveness) of cream used for interleaving wafers, expressed as force (g) 
necessary to emerge a conical probe from a mass, depending on material composition. 
* Masses, in which consistency could not be determined 
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An increase of hardness of wafer products during storage, might be caused by an increase of 
individual wafers hardness caused by moisture absorption as well as changes occurring in 
consistency of filling resulting from shifting proportion between the content of solid to 
liquid phase. Polymorphic form, in which initially fat components crystallized (change of 
melting temperature – DSC measuring) could change, and an altering of crystalline network 
structure of masses used for interleaving wafers could occur. As a result of new crystals 
emergence from already present crystal germ, the filling could harden, or as a result of 
crystal aggregation – soften (an increase of a decrease of solid phase surface). It seems 
probable, that those changes in quite significant degree, could be the reason of hardness 
changes in final products. 

Hardness (crunchiness) of wafer cores, interleaved with LAB supplemented cream 

In case of wafer type products, one the most important organoleptic property, which 
consumer pays close attention to when choosing his favorite product, is wafer hardness 
(crunchiness). This parameter in established in a “biting test”. It is expressed as a force value 
necessary to fully cut the wafer core. In Figures 6 and 7 hardness values of wafers: 
supplemented and non-supplemented with LAB, coated and non-coated with couverture, 
after 3 months of storage at a temperature of 18°C are presented. 
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Figure 7. Comparison of hardness values of coated wafers interleaved with cream supplemented and 
non-supplemented with LAB, stored for 3 months at a temperature of 18°C, depending on the type 
and amount of used fat. 

Polymorphic changes of fats 
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polymorphism of fats used for obtaining products, mainly depending on temperature and 
storage period. No significant influence of LAB supplementation on the amounts, or 
temperatures of disintegration of polymorphic forms of used fats was observed. On average, 
3 polymorphic forms of used fats occured, regardless of their type. In filling received with 
Akotres S30 fat (transless) 3 peaks on an endothermic curve were observed, there were 
temperatures of 12.50, 24.8 and 34.6°C, for Akomic 2000 fat (transless) those temperatures 
were: 13.98, 26.7 and 33.34°C. The highest melting temperatures of polymorphic forms were 
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With an increasing storage temperature and storage time changes occurring in 
polymorphism of fats used for producing fillings were observed. An increase of melting 
temperatures was observed, also a new polymorphic form of fat in products stored at 30°C 
was noticed. The biggest changes occurred in products made with medium-trans Efekt 40 
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for obtaining fatty mass fillings. Endotherms obtained for melting of this fat in control 
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and enthalpies, compared to samples obtained from products stored for 6 and 12 weeks. It 
indicates that studied wafers are suitable for consumption during a whole 3 month period of 
storage. This tendency was noticed for wafers both, supplemented and non-supplemented 
with LAB. DSC analysis of fillings used for interleaving wafers also revealed that additional 
supplementation with LAB didn’t influence significantly physicochemical properties of final 
product.  

Organoleptic evaluation 

The best flavor and appearance properties had product both, supplemented and non-
supplemented directly after production. During storage in all products crunchiness 
parameter decreased, also in case of coated wafers, an appearance of couverture was 
changing (grey coating on a surface of couverture appeared). In Tables 18 and 19 
organoleptic rating of coated wafers supplemented and non-supplemented with LAB is 
presented. Rating of non-coated wafer cores and a wide description of all types of products 
can be read in a report from a project [11]. 

Storage  
time 

Fat 
concentration 

Efekt 40 Akomic 2000 Akotres S30 

40.44% 37.44% 34.44% 40.44% 37.44% 34.44% 40.44% 37.44% 34.44% 

Coated wafers supplemented with LAB lyophilisate at concentation of 0.5% 
Control „0” 3.9±0.3 3.9±0.1 3.8±0.1 3.8±0.2 3.9±0.1 3.9±0.3 3.9±0.1 3.9±0.1 3.8±0.1 

Stored at 4oC
6 weeks 3.8±0.2 3.8±0.1 3.8±0.1 3.8±0.1 3.9±0.2 3.9±0.2 3.8±0.1 3.8±0.1 3.8±0.1 
12 weeks 3.7±0.2 3.7±0.1 3.7±0.2 3.7±0.2 3.7±0.2 3.7±0.2 3.7±0.2 3.7±0.2 3.7±0.3 

Stored at 18oC 
6 weeks 3.5±0.1 3.4±0.2 3.4±0.1 3.4±0.1 3.5±0.3 3.5±0.1 3.3±0.2 3.5±0.1 3.5±0.1 
12 weeks 3.0±0.2 2.7±0.3 2.7±0.2 2.7±0.2 3.0±0.3 3.0±0.2 3.7±0.1 3.0±0.2 3.0±0.1 

Stored at 30oC 
6 weeks 3.0±0.0 3.0±0.1 2.7±0.3 3.0±0.1 3.0±0.3 2.7±0.1 3.0±0.2 3.0±0.2 2.7±0.2 
12 weeks 2.7±0.1 2.5±0.2 2.6±0.1 2.5±0.2 2.4±0.3 2.7±0.1 2.6±0.1 2.6±0.2 2.7±0.1 

Table 18. Organoleptic rating of coated wafers supplemented with LAB, differing by a material 
composition, depending on the storage time and temperature.  

In case of non-coated wafers, regardless of storage period and temperature, a few 
parameters remained at the same level, namely: wafer color, filling color and filling 
consistency at room temperature. Tastiness of products didn’t change, but overall taste 
impressions were worse than in control samples, resulting from changes which occurred in 
products. Wafers stored at a temperature of 4°C lost their crispiness. Products stored at 18°C 
dried, or lost their crispiness, and in some cases became harder than control samples. Wafers 
stored at 30°C showed good crunchiness and crispiness, but at the same time were very 
fragile. Coated wafers, even then freshly made were not evenly coated with couverture, 
“overcoatings” were observed, and because of that organoleptic rating of those products 
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Figure 7. Comparison of hardness values of coated wafers interleaved with cream supplemented and 
non-supplemented with LAB, stored for 3 months at a temperature of 18°C, depending on the type 
and amount of used fat. 
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and enthalpies, compared to samples obtained from products stored for 6 and 12 weeks. It 
indicates that studied wafers are suitable for consumption during a whole 3 month period of 
storage. This tendency was noticed for wafers both, supplemented and non-supplemented 
with LAB. DSC analysis of fillings used for interleaving wafers also revealed that additional 
supplementation with LAB didn’t influence significantly physicochemical properties of final 
product.  

Organoleptic evaluation 

The best flavor and appearance properties had product both, supplemented and non-
supplemented directly after production. During storage in all products crunchiness 
parameter decreased, also in case of coated wafers, an appearance of couverture was 
changing (grey coating on a surface of couverture appeared). In Tables 18 and 19 
organoleptic rating of coated wafers supplemented and non-supplemented with LAB is 
presented. Rating of non-coated wafer cores and a wide description of all types of products 
can be read in a report from a project [11]. 

Storage  
time 

Fat 
concentration 

Efekt 40 Akomic 2000 Akotres S30 

40.44% 37.44% 34.44% 40.44% 37.44% 34.44% 40.44% 37.44% 34.44% 

Coated wafers supplemented with LAB lyophilisate at concentation of 0.5% 
Control „0” 3.9±0.3 3.9±0.1 3.8±0.1 3.8±0.2 3.9±0.1 3.9±0.3 3.9±0.1 3.9±0.1 3.8±0.1 

Stored at 4oC
6 weeks 3.8±0.2 3.8±0.1 3.8±0.1 3.8±0.1 3.9±0.2 3.9±0.2 3.8±0.1 3.8±0.1 3.8±0.1 
12 weeks 3.7±0.2 3.7±0.1 3.7±0.2 3.7±0.2 3.7±0.2 3.7±0.2 3.7±0.2 3.7±0.2 3.7±0.3 

Stored at 18oC 
6 weeks 3.5±0.1 3.4±0.2 3.4±0.1 3.4±0.1 3.5±0.3 3.5±0.1 3.3±0.2 3.5±0.1 3.5±0.1 
12 weeks 3.0±0.2 2.7±0.3 2.7±0.2 2.7±0.2 3.0±0.3 3.0±0.2 3.7±0.1 3.0±0.2 3.0±0.1 

Stored at 30oC 
6 weeks 3.0±0.0 3.0±0.1 2.7±0.3 3.0±0.1 3.0±0.3 2.7±0.1 3.0±0.2 3.0±0.2 2.7±0.2 
12 weeks 2.7±0.1 2.5±0.2 2.6±0.1 2.5±0.2 2.4±0.3 2.7±0.1 2.6±0.1 2.6±0.2 2.7±0.1 

Table 18. Organoleptic rating of coated wafers supplemented with LAB, differing by a material 
composition, depending on the storage time and temperature.  

In case of non-coated wafers, regardless of storage period and temperature, a few 
parameters remained at the same level, namely: wafer color, filling color and filling 
consistency at room temperature. Tastiness of products didn’t change, but overall taste 
impressions were worse than in control samples, resulting from changes which occurred in 
products. Wafers stored at a temperature of 4°C lost their crispiness. Products stored at 18°C 
dried, or lost their crispiness, and in some cases became harder than control samples. Wafers 
stored at 30°C showed good crunchiness and crispiness, but at the same time were very 
fragile. Coated wafers, even then freshly made were not evenly coated with couverture, 
“overcoatings” were observed, and because of that organoleptic rating of those products 
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suffered, receiving grades below 4 (desirable quality). Coated wafers stored at 18 and 30°C 
received in a rating values of “tolerable” or below. Factor that disqualified wafers stored at a 
temperature of 30°C were changes of color and consistency of couverture and taste of a 
whole product. 

Storage  
time 

Fat 
concentration 

Efekt 40 Akomic 2000 Akotres S30 

40.44% 37.44% 34.44% 40.44% 37.44% 34.44% 40.44% 37.44% 34.44% 

Model wafers – coated, non-supplemented with LAB 
Control „0” 3.9±0.2 3.9±0.1 3.8±0.2 3.9±0.2 3.9±0.1 3.8±0.3 3.8±0.2 3.9±0.1 3.9±0.1 

Stored at 4oC 
6 weeks 3.9±0.1 3.9±0.1 3.8±0.1 3.8±0.2 3.8±0.1 3.8±0.2 3.8±0.2 3.9±0.2 3.8±0.1 

12 weeks 3.7±0.1 3.9±0.1 3.7±0.2 3.7±0.1 3.7±0.1 3.7±0.3 3.7±0.1 3.9±0.1 3.7±0.2 
Stored at 18oC 

6 weeks 3.7±0.1 3.5±0.3 3.5±0.1 3.4±0.1 3.7±0.2 3.5±0.1 3.5±0.2 3.7±0.1 3.4±0.3 
12 weeks 3.0±0.1 3.0±0.2 3.0±0.1 2.7±0.2 2.7±0.1 3.0±0.1 3.0±0.2 3.0±0.1 3.0±0.1 

Stored at 30oC 
6 weeks 3.0±0.2 3.0±0.1 3.0±0.1 3.0±0.2 2.7±0.2 3.0±0.1 3.0±0.1 3.0±0.3 3.0±0.2 

12 weeks 2.5±0.2 2.7±0.2 2.5±0.3 2.7±0.1 2.4±0.1 2.6±0.2 2.7±0.1 2.5±0.1 2.7±0.1 

Table 19. Organoleptic rating of coated wafers non-supplemented with LAB, differing by a material 
composition, depending on the storage time and temperature. 

No noticeable influence of the type and amount of fat used in fillings on changes occurring 
during storage of products was observed. In no way, in products supplemented with LAB, 
the presence of lactic acid bacteria was noticed during organoleptic evaluation. 

Viability of Lactobacillus bacteria in wafers 

Similar to previously described products, wafers were also stored at temperatures of 4, 18 
and 30°C. 27 types of wafers with various composition were examined, including 18 wafers 
non-coated with couverture (W1 - W18) and 9 types of wafers with a couverture coating 
(W19 - W27). 

Lactic acid bacteria in a form of lyophilisate were introduced into the filling of wafers. 
Initially 3.5% of lyophilisate was used (wafers W1 - W5), however bacteria level proved to 
be so high, that for economic reasons the amount of added lyophilisate was reduced to a 
range of 0.71% (W10 - W18) to 0.5% (wafers W6 - W9 and W19 - W27). 

Initial level of LAB in non-coated wafers W1 – W5 ranged between 4.0108 CFU . g-1 and 
7.0108 CFU . g-1, in wafers W6 - W18 it ranged from 2.8107 CFU . g-1 to 1.7108 CFU . g-1. 
Storage of non-coated wafers at a refrigeration temperature (4°C) allowed to maintain a high 
viability of probiotic bacteria from Lactobacillus species. In all types of wafers, regardless of 
its composition, after three months of storage viability was quite high and ranged from 
92.2% (W6) to 98.3% , which is equal to an amount of live cells from 3.8107 CFU . g-1 to 
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8.4107 CFU . g-1. Very high viability of bacteria was maintained in wafers non-coated with 
chocolate, with 40.44% and 37.44% of Akomic 2000 fat in its composition (W13 – 98.1%, W14 
– 98.0%), and in non-coated wafers with 34.44% of Akotres S30 fat (W18 – 99.4%) (Table 20). 

During storage at a temperature of 18°C lactic acid bacteria viability was at a similar level in 
all studied types of wafers. The biggest amount of live cells of probiotic bacilli was observed 
in non-coated wafers, to which 3.5% of lyophilisate was added (W1 – W5), and in non-coated 
wafers with Akotres S30 fat in a concentrations of 34.44% and 37.44% (W8 – W9), ranging 
from 80.3% (W8) to 87.9% (W9) (Table 20). In other wafers viability of probiotic bacteria kept 
on a level of 72-7 – 77.8% (Table 23). Low level of live cells of Lactobacillus bacteria was 
observed after storage of wafers at a temperature of 30°C. Beside wafers W1 – W5, in which 
viability of bacteria amounted from 70.4% (W1) to 72.2% (W5), in other non-coated wafers 
viability of lactic bacilli ranged from 62.5% (W18) to 69.4% (W9) (Table 20). The rest of the 
products, i.e. W19 – W27 contained of wafers with chocolate coating, in which initial levels of 
probiotic bacteria ranged from 2.5107 CFU . g-1 (W25) to 8.1107 CFU . g-1 (W23). The addition 
of couverture was performed to hinder oxygen access to the filling, containing live cells of 
probiotic bacteria, and therefore to improve the viability of bacteria in the product. The 
biggest viability, from 95.69% (W23) to 98.64% (W21), was achieved by storing couverture 
coated wafers at a temperature of 4°C. In couverture coated wafers containing Efekt 40 fat, at 
a concentration of 37.44% and 34.44% (W20, W21) and in coated wafers containing Acomic 
2000 fat at a concentration of 40.44% (W22), bacteria viability after 3 months of storage was 
the biggest and amounted 98.2%, 98.6% and 98.0%, respectively (Table 20). Also on a high 
level was viability of live cells of probiotic bacteria in wafers stored at 18°C. At this 
temperature, after 3 months of storage viability of bacteria ranged between 72.2% (W23) and 
83.6% (W19). A temperature of 30°C proved to be the least desirable for couverture coated 
wafers storage. After 3 months of storage at this temperature, the amount of live cells of 
Lactobacillus bacteria ranged from 7.1104 CFU . g-1 to 1.6105 CFU . g-1, which equaled to a 
viability range from 61.6% (W26) to 67.2% (W20) (Table 20). 

Examined wafers differed not only in the amounts of added lyophilisate, but also in the 
content of fat and sugar. Fat can be a substance protecting cells, and sugar participates in 
lactic fermentation. However, no influence of those constituents on viability of Lactobacillus 
bacteria in wafers was observed. Similarly, coating wafers with couverture did not influence 
bacteria viability in examined wafers in a significant manner. 

Obtained results allowed to conclude, that preferable temperatures for storage of wafers, 
both coated and non-coated with courertuve, which provides high probiotic bacteria 
viability are two temperatures, i.e. refrigeration temperature (4°C) as well as a temperature 
suggested by normative legislations for storage of this type of products, namely 18°C. 

The amount of live cells of Lactobacillus bacteria consumed with one piece of wafer, stored 
for 3 months at a temperature of 4°C reached 109 CFU per wafer (Table 21). It was the 
highest in wafers non-coated with chocolate, in which lyophilisate content was 3.5% (W1 – 
W5) and amounted from 5.3109 CFU . 28 g-1 to 9.8109 CFU . 28 g-1 (Table 21). High level of 
live cells of probiotic bacteria, i.e. from 107 CFU to 108 CFU per individual product, is also 
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suffered, receiving grades below 4 (desirable quality). Coated wafers stored at 18 and 30°C 
received in a rating values of “tolerable” or below. Factor that disqualified wafers stored at a 
temperature of 30°C were changes of color and consistency of couverture and taste of a 
whole product. 

Storage  
time 

Fat 
concentration 

Efekt 40 Akomic 2000 Akotres S30 

40.44% 37.44% 34.44% 40.44% 37.44% 34.44% 40.44% 37.44% 34.44% 

Model wafers – coated, non-supplemented with LAB 
Control „0” 3.9±0.2 3.9±0.1 3.8±0.2 3.9±0.2 3.9±0.1 3.8±0.3 3.8±0.2 3.9±0.1 3.9±0.1 

Stored at 4oC 
6 weeks 3.9±0.1 3.9±0.1 3.8±0.1 3.8±0.2 3.8±0.1 3.8±0.2 3.8±0.2 3.9±0.2 3.8±0.1 

12 weeks 3.7±0.1 3.9±0.1 3.7±0.2 3.7±0.1 3.7±0.1 3.7±0.3 3.7±0.1 3.9±0.1 3.7±0.2 
Stored at 18oC 

6 weeks 3.7±0.1 3.5±0.3 3.5±0.1 3.4±0.1 3.7±0.2 3.5±0.1 3.5±0.2 3.7±0.1 3.4±0.3 
12 weeks 3.0±0.1 3.0±0.2 3.0±0.1 2.7±0.2 2.7±0.1 3.0±0.1 3.0±0.2 3.0±0.1 3.0±0.1 

Stored at 30oC 
6 weeks 3.0±0.2 3.0±0.1 3.0±0.1 3.0±0.2 2.7±0.2 3.0±0.1 3.0±0.1 3.0±0.3 3.0±0.2 

12 weeks 2.5±0.2 2.7±0.2 2.5±0.3 2.7±0.1 2.4±0.1 2.6±0.2 2.7±0.1 2.5±0.1 2.7±0.1 

Table 19. Organoleptic rating of coated wafers non-supplemented with LAB, differing by a material 
composition, depending on the storage time and temperature. 

No noticeable influence of the type and amount of fat used in fillings on changes occurring 
during storage of products was observed. In no way, in products supplemented with LAB, 
the presence of lactic acid bacteria was noticed during organoleptic evaluation. 

Viability of Lactobacillus bacteria in wafers 

Similar to previously described products, wafers were also stored at temperatures of 4, 18 
and 30°C. 27 types of wafers with various composition were examined, including 18 wafers 
non-coated with couverture (W1 - W18) and 9 types of wafers with a couverture coating 
(W19 - W27). 

Lactic acid bacteria in a form of lyophilisate were introduced into the filling of wafers. 
Initially 3.5% of lyophilisate was used (wafers W1 - W5), however bacteria level proved to 
be so high, that for economic reasons the amount of added lyophilisate was reduced to a 
range of 0.71% (W10 - W18) to 0.5% (wafers W6 - W9 and W19 - W27). 

Initial level of LAB in non-coated wafers W1 – W5 ranged between 4.0108 CFU . g-1 and 
7.0108 CFU . g-1, in wafers W6 - W18 it ranged from 2.8107 CFU . g-1 to 1.7108 CFU . g-1. 
Storage of non-coated wafers at a refrigeration temperature (4°C) allowed to maintain a high 
viability of probiotic bacteria from Lactobacillus species. In all types of wafers, regardless of 
its composition, after three months of storage viability was quite high and ranged from 
92.2% (W6) to 98.3% , which is equal to an amount of live cells from 3.8107 CFU . g-1 to 
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8.4107 CFU . g-1. Very high viability of bacteria was maintained in wafers non-coated with 
chocolate, with 40.44% and 37.44% of Akomic 2000 fat in its composition (W13 – 98.1%, W14 
– 98.0%), and in non-coated wafers with 34.44% of Akotres S30 fat (W18 – 99.4%) (Table 20). 

During storage at a temperature of 18°C lactic acid bacteria viability was at a similar level in 
all studied types of wafers. The biggest amount of live cells of probiotic bacilli was observed 
in non-coated wafers, to which 3.5% of lyophilisate was added (W1 – W5), and in non-coated 
wafers with Akotres S30 fat in a concentrations of 34.44% and 37.44% (W8 – W9), ranging 
from 80.3% (W8) to 87.9% (W9) (Table 20). In other wafers viability of probiotic bacteria kept 
on a level of 72-7 – 77.8% (Table 23). Low level of live cells of Lactobacillus bacteria was 
observed after storage of wafers at a temperature of 30°C. Beside wafers W1 – W5, in which 
viability of bacteria amounted from 70.4% (W1) to 72.2% (W5), in other non-coated wafers 
viability of lactic bacilli ranged from 62.5% (W18) to 69.4% (W9) (Table 20). The rest of the 
products, i.e. W19 – W27 contained of wafers with chocolate coating, in which initial levels of 
probiotic bacteria ranged from 2.5107 CFU . g-1 (W25) to 8.1107 CFU . g-1 (W23). The addition 
of couverture was performed to hinder oxygen access to the filling, containing live cells of 
probiotic bacteria, and therefore to improve the viability of bacteria in the product. The 
biggest viability, from 95.69% (W23) to 98.64% (W21), was achieved by storing couverture 
coated wafers at a temperature of 4°C. In couverture coated wafers containing Efekt 40 fat, at 
a concentration of 37.44% and 34.44% (W20, W21) and in coated wafers containing Acomic 
2000 fat at a concentration of 40.44% (W22), bacteria viability after 3 months of storage was 
the biggest and amounted 98.2%, 98.6% and 98.0%, respectively (Table 20). Also on a high 
level was viability of live cells of probiotic bacteria in wafers stored at 18°C. At this 
temperature, after 3 months of storage viability of bacteria ranged between 72.2% (W23) and 
83.6% (W19). A temperature of 30°C proved to be the least desirable for couverture coated 
wafers storage. After 3 months of storage at this temperature, the amount of live cells of 
Lactobacillus bacteria ranged from 7.1104 CFU . g-1 to 1.6105 CFU . g-1, which equaled to a 
viability range from 61.6% (W26) to 67.2% (W20) (Table 20). 

Examined wafers differed not only in the amounts of added lyophilisate, but also in the 
content of fat and sugar. Fat can be a substance protecting cells, and sugar participates in 
lactic fermentation. However, no influence of those constituents on viability of Lactobacillus 
bacteria in wafers was observed. Similarly, coating wafers with couverture did not influence 
bacteria viability in examined wafers in a significant manner. 

Obtained results allowed to conclude, that preferable temperatures for storage of wafers, 
both coated and non-coated with courertuve, which provides high probiotic bacteria 
viability are two temperatures, i.e. refrigeration temperature (4°C) as well as a temperature 
suggested by normative legislations for storage of this type of products, namely 18°C. 

The amount of live cells of Lactobacillus bacteria consumed with one piece of wafer, stored 
for 3 months at a temperature of 4°C reached 109 CFU per wafer (Table 21). It was the 
highest in wafers non-coated with chocolate, in which lyophilisate content was 3.5% (W1 – 
W5) and amounted from 5.3109 CFU . 28 g-1 to 9.8109 CFU . 28 g-1 (Table 21). High level of 
live cells of probiotic bacteria, i.e. from 107 CFU to 108 CFU per individual product, is also 
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maintained when products are stored for 3 months at a temperature of 18°C (Table 21). In 
case of wafers stored at a temperature of 30°C, the amount of live and active cells consumed 
by a potential buyer, would be lower than 107 CFU per wafer, for most of examined 
products. With an exception of wafers W1 – W5, in which this level was from 4.3107 CFU . 
28 g-1 to 5.8107 CFU . 28 g-1, but this requires an addition of 3.5% of lyophilisate to the 
product. 

C
ou

ve
rt

ur
e 

Type of fat 
Fat 
content 
(%) 

Sugar 
content 
(%) 

Symbol 
of 
product 
 

Lyophilisate 
content in 
final product 
(%) 

Storage temperature 
4°C 18°C 30°C 

Viability of bacteria (%)* 

N
on

-c
oa

te
d 

Efekt 40 40.44 25.71 W1 3.50 97.2 81.6 70.4 
Efekt 40 37.44 28.71 W2 3.50 96.9 80.7 70.7 
Efekt 40 34.44 31.71 W3 3.50 96.6 80.5 72.1 
Akomic 2000 40.44 25.71 W4 3.50 94.1 84.5 70.8 
Akomic 2000 37.44 28.71 W5 3.50 96.1 85.7 72.2 
Akomic 2000 34.44 31.71 W6 0.50 92.2 77.5 63.6 
Akotres S30 40.44 25.71 W7 0.50 93.,5 76.2 63.9 
Akotres S30 37.44 28.71 W8 0.50 95.5 80.3 65.9 
Akotres S30 34.44 31.71 W9 0.50 97.2 87.9 67.4 
Efekt 40 40.44 25.71 W10 0.71 95.7 75.7 64.7 
Efekt 40 37.44 28.71 W11 0.71 94.5 77.4 65.6 
Efekt 40 34.44 31.71 W12 0.71 97.7 75.0 65.1 
Akomic 2000 40.44 25.71 W13 0.71 98.1 77.8 65.1 
Akomic 2000 37.44 28.71 W14 0.71 98.0 76.5 64.6 
Akomic 2000 34.44 31.71 W15 0.71 96.6 74.2 64.1 
Akotres S30 40.44 25.71 W16 0.71 97.3 75.0 64.4 
Akotres S30 37.44 28.71 W17 0.71 98.0 72.7 63.0 
Akotres S30 34.44 31.71 W18 0.71 98.4 76.7 62.5 

 
C

oa
te

d 

Efekt 40 40.44 25.71 W19 0.50 97.6 82.6 65.4 
Efekt 40 37.44 28.71 W20 0.50 98.2 81.4 67.2 
Efekt 40 34.44 31.71 W21 0.50 98.6 77.6 66.9 
Akomic 2000 40.44 25.71 W22 0.50 98.0 72.6 62.7 
Akomic 2000 37.44 28.71 W23 0.50 95.7 72.2 63.0 
Akomic 2000 34.44 31.71 W24 0.50 97.2 73.4 63.0 
Akotres S30 40.44 25.71 W25 0.50 96.3 74.1 64.0 
Akotres S30 37.44 28.71 W26 0.50 96.1 74.7 61.6 
Akotres S30 34.44 31.71 W27 0.50 98.0 75.2 63.2 

Table 20. Viability of Lactobacillus bacteria in wafers after 3 months of storage. 
*Weight of an average wafer without couverture coating is 28 g, and with couverture coating - 39 g. 
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C
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Type of 
fat 

Fat 
content 
(%) 

Sugar 
content 
(%) 

Symbol 
of 
product 
 

Lyophilisate 
content in 
final 
product (%) 

Storage temperature 
4°C 18°C 30°C 
The amount of live bacterial 
cells 

N
on

-c
oa

te
d 

Efekt 40 40.44 25.71 W1 3.50 9.8109 4.2108 4.3107 
Efekt 40 37.44 28.71 W2 3.50 8.6109 3.3108 4.4107 
Efekt 40 34.44 31.71 W3 3.50 8.3109 3.2108 5.8107 
Akomic 
2000 

40.44 25.71 W4 3.50 5.9109 8.4108 5.2107 

Akomic 
2000 

37.44 28.71 W5 3.50 5.3109 6.7108 4.6107 

Akomic 
2000 

34.44 31.71 W6 0.50 1.1109 6.6107 4.8106 

Akotres 
S30 

40.44 25.71 W7 0.50 1.2109 4.6107 4.5106 

Akotres 
S30 

37.44 28.71 W8 0.50 1.1109 6.6107 4.8106 

Akotres 
S30 

34.44 31.71 W9 0.50 1.4109 5.2107 5.4106 

Efekt 40 40.44 25.71 W10 0.71 1.4109 3.5107 4.6106 
Efekt 40 37.44 28.71 W11 0.71 1.7109 3.5107 4.1106 
Efekt 40 34.44 31.71 W12 0.71 1.7109 2.6107 4.2106 
Akomic 
2000 

40.44 25.71 W13 0.71 1.9109 4.5107 4.4106 

Akomic 
2000 

37.44 28.71 W14 0.71 1.9109 3.6107 4.0106 

Akomic 
2000 

34.44 31.71 W15 0.71 1.6109 2.5107 4.1106 

Akotres 
S30 

40.44 25.71 W16 0.71 1.3109 2.2107 3.1106 

Akotres 
S30 

37.44 28.71 W17 0.71 1.8109 1.8107 3.0106 

Akotres 
S30 

34.44 31.71 W18 0.71 1.8109 3.4107 2.6106 

C
oa

te
d 

Efekt 40 40.44 25.71 W19 0.50 1.9109 1.0108 4.8106 
Efekt 40 37.44 28.71 W20 0.50 1.9109 8.0107 6.3106 
Efekt 40 34.44 31.71 W21 0.50 2.0109 4.1107 6.0106 
Akomic 
2000 

40.44 25.71 W22 0.50 1.5109 1.7107 2.8106 

Akomic 
2000 

37.44 28.71 W23 0.50 1.4109 2.0107 3.8106 
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maintained when products are stored for 3 months at a temperature of 18°C (Table 21). In 
case of wafers stored at a temperature of 30°C, the amount of live and active cells consumed 
by a potential buyer, would be lower than 107 CFU per wafer, for most of examined 
products. With an exception of wafers W1 – W5, in which this level was from 4.3107 CFU . 
28 g-1 to 5.8107 CFU . 28 g-1, but this requires an addition of 3.5% of lyophilisate to the 
product. 

C
ou

ve
rt

ur
e 

Type of fat 
Fat 
content 
(%) 

Sugar 
content 
(%) 

Symbol 
of 
product 
 

Lyophilisate 
content in 
final product 
(%) 

Storage temperature 
4°C 18°C 30°C 

Viability of bacteria (%)* 

N
on

-c
oa

te
d 

Efekt 40 40.44 25.71 W1 3.50 97.2 81.6 70.4 
Efekt 40 37.44 28.71 W2 3.50 96.9 80.7 70.7 
Efekt 40 34.44 31.71 W3 3.50 96.6 80.5 72.1 
Akomic 2000 40.44 25.71 W4 3.50 94.1 84.5 70.8 
Akomic 2000 37.44 28.71 W5 3.50 96.1 85.7 72.2 
Akomic 2000 34.44 31.71 W6 0.50 92.2 77.5 63.6 
Akotres S30 40.44 25.71 W7 0.50 93.,5 76.2 63.9 
Akotres S30 37.44 28.71 W8 0.50 95.5 80.3 65.9 
Akotres S30 34.44 31.71 W9 0.50 97.2 87.9 67.4 
Efekt 40 40.44 25.71 W10 0.71 95.7 75.7 64.7 
Efekt 40 37.44 28.71 W11 0.71 94.5 77.4 65.6 
Efekt 40 34.44 31.71 W12 0.71 97.7 75.0 65.1 
Akomic 2000 40.44 25.71 W13 0.71 98.1 77.8 65.1 
Akomic 2000 37.44 28.71 W14 0.71 98.0 76.5 64.6 
Akomic 2000 34.44 31.71 W15 0.71 96.6 74.2 64.1 
Akotres S30 40.44 25.71 W16 0.71 97.3 75.0 64.4 
Akotres S30 37.44 28.71 W17 0.71 98.0 72.7 63.0 
Akotres S30 34.44 31.71 W18 0.71 98.4 76.7 62.5 

 
C

oa
te

d 

Efekt 40 40.44 25.71 W19 0.50 97.6 82.6 65.4 
Efekt 40 37.44 28.71 W20 0.50 98.2 81.4 67.2 
Efekt 40 34.44 31.71 W21 0.50 98.6 77.6 66.9 
Akomic 2000 40.44 25.71 W22 0.50 98.0 72.6 62.7 
Akomic 2000 37.44 28.71 W23 0.50 95.7 72.2 63.0 
Akomic 2000 34.44 31.71 W24 0.50 97.2 73.4 63.0 
Akotres S30 40.44 25.71 W25 0.50 96.3 74.1 64.0 
Akotres S30 37.44 28.71 W26 0.50 96.1 74.7 61.6 
Akotres S30 34.44 31.71 W27 0.50 98.0 75.2 63.2 

Table 20. Viability of Lactobacillus bacteria in wafers after 3 months of storage. 
*Weight of an average wafer without couverture coating is 28 g, and with couverture coating - 39 g. 
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C
ou

ve
rt

ur
e 

Type of 
fat 

Fat 
content 
(%) 

Sugar 
content 
(%) 

Symbol 
of 
product 
 

Lyophilisate 
content in 
final 
product (%) 

Storage temperature 
4°C 18°C 30°C 
The amount of live bacterial 
cells 

N
on

-c
oa

te
d 

Efekt 40 40.44 25.71 W1 3.50 9.8109 4.2108 4.3107 
Efekt 40 37.44 28.71 W2 3.50 8.6109 3.3108 4.4107 
Efekt 40 34.44 31.71 W3 3.50 8.3109 3.2108 5.8107 
Akomic 
2000 

40.44 25.71 W4 3.50 5.9109 8.4108 5.2107 

Akomic 
2000 

37.44 28.71 W5 3.50 5.3109 6.7108 4.6107 

Akomic 
2000 

34.44 31.71 W6 0.50 1.1109 6.6107 4.8106 

Akotres 
S30 

40.44 25.71 W7 0.50 1.2109 4.6107 4.5106 

Akotres 
S30 

37.44 28.71 W8 0.50 1.1109 6.6107 4.8106 

Akotres 
S30 

34.44 31.71 W9 0.50 1.4109 5.2107 5.4106 

Efekt 40 40.44 25.71 W10 0.71 1.4109 3.5107 4.6106 
Efekt 40 37.44 28.71 W11 0.71 1.7109 3.5107 4.1106 
Efekt 40 34.44 31.71 W12 0.71 1.7109 2.6107 4.2106 
Akomic 
2000 

40.44 25.71 W13 0.71 1.9109 4.5107 4.4106 

Akomic 
2000 

37.44 28.71 W14 0.71 1.9109 3.6107 4.0106 

Akomic 
2000 

34.44 31.71 W15 0.71 1.6109 2.5107 4.1106 

Akotres 
S30 

40.44 25.71 W16 0.71 1.3109 2.2107 3.1106 

Akotres 
S30 

37.44 28.71 W17 0.71 1.8109 1.8107 3.0106 

Akotres 
S30 

34.44 31.71 W18 0.71 1.8109 3.4107 2.6106 

C
oa

te
d 

Efekt 40 40.44 25.71 W19 0.50 1.9109 1.0108 4.8106 
Efekt 40 37.44 28.71 W20 0.50 1.9109 8.0107 6.3106 
Efekt 40 34.44 31.71 W21 0.50 2.0109 4.1107 6.0106 
Akomic 
2000 

40.44 25.71 W22 0.50 1.5109 1.7107 2.8106 

Akomic 
2000 

37.44 28.71 W23 0.50 1.4109 2.0107 3.8106 
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Akomic 
2000 

34.44 31.71 W24 0.50 1.5109 2.1107 3.2106 

Akotres 
S30 

40.44 25.71 W25 0.50 1.3109 1.9107 3.2106 

Akotres 
S30 

37.44 28.71 W26 0.50 1.4109 3.0107 2.8106 

Akotres 
S30 

34.44 31.71 W27 0.50 1.5109 2.6107 3.1106 

Table 21. The amount of live bacterial cells of Lactobacillus species in non-coated wafer, with a weight 
of 28 g, and in couverture coated wafer, with a weight of 39 g, after 3 months of storage. 

Applications 

Received probiotic product in a form of wafers interleaved with a mass supplemented with 
LAB had similar organoleptic properties, i.e. color, structure, exterior appearance, 
consistency, balanced taste and smell to wafers produced with a mass without lactic bacteria 
lyophilisate. Additional presence of bacterial preparation didn’t influence in any significant 
manner water activity in products. Supplemented wafer products maintained proper 
conditions, which provided lactic acid bacteria with an environment, and allowed it to stay 
on a level, so that it can be considered to be a product with functional properties. In case 
creams used for interleaving wafers, besides proper organoleptic rating, they have to have 
certain textural properties, such as: adhesiveness, hardness and spreadability. In this regard 
supplemented masses were very similar to non-supplemented ones. According to above 
observations it can be concluded that it is safe to use masses supplemented with lactic acid 
bacteria for interleaving wafers, increasing this way health benefits of final wafer products.  

5. Raisins coated with chocolate supplemented with live cultures of lactic 
acid bacteria 

To receive raisins coated with chocolate sultana raisins from Iran and chocolate couvertures 
(dark, milk and white) from Union Chocolate (Żychlin, Poland) supplemented with 
lyophilized live cultures of lactic acid bacteria from Lactobacillus species on a level of 
9×1010 CFU . g-1 were used. For polishing raisins in chocolate polishing agent was used, 
prepared according to a recipe: distilled water (56.4% w/w), citric acid (0.35% w/w), glucose-
fructose syrup (5.275% w/w), saccharose (16.082% w/w), acacia gum (47.47% w/w), edible oil 
(0.3% w/w) and soy lecithin (0.1% w/w) [32]. 

In a table below results of analysis of Casson viscosity and yield value of couverture are 
presented. 

Using chocolate couverture supplemented with LAB in an amount of 0.5% based on the 
weight of the product, at a level of about 50% in relation to raisin core, caused an increase in 
couverture viscosity. The increase was the highest when white couverture was LAB 
supplemented. Addition of lactic acid bacteria preparation also influenced the yield value of 
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couvertures. A significant drop of yield value was observed in white couverture 
supplemented with LAB. Smaller changes were noticed in dark couverture. Whereas in milk 
couverture yield value was practically the same. 

Type of 
couverture ηCA (Pa·s) τCA (Pa) 

Dark 1.333 ± 0.023 8.86 ± 0.28 
Dark + LAB 1.398 ± 0.011 8.47 ± 0.09 
White 1.913 ± 0.008 4.31 ± 0.19 
White + LAB 2.616 ± 0.032 2.45 ± 0.02 
Milk 2.189 ± 0.009 1.02 ± 0.02 
Milk + LAB 2.586 ± 0.047 1.08 ± 0.01 

Table 22. Casson viscosity (ηCA) and yield value (τCA) of couvertures. 

5.1. Obtaining chocolate coated raisins 

To receive chocolate coated raisins following procedure was used. Raisins were washed, 
dried at a temperature of 30°C, sorted according to size and placed in a coating drum heated 
previously to 25°C. Temperature was kept constant during the whole process of coating. 
Onto rotating in a drum raisins subsequent portions of tempered couverture with a 
temperature of 33°C were poured, total in an amount of 50% in relation to the weight of the 
product. In raisins in chocolate supplemented with lactic acid bacteria, before coating, to a 
couverture LAB lyophilisate in an amount of 0.8% based on the weight of the product, was 
added and stirred for 5 min to provide a full distribution. First portion of couverture was 
laid on raisins without the use of cool air stream. Latter layers of couverture were placed on 
raisins with cool air blowing on it while coating. The time of coating of one layer of 
couverture was 30 s. Total time of coating amounted to 65-150 min, depending on a 
temperature and air humidity. After coating raisins in chocolate were placed on sieves (in a 
single layer) and left for 24 hours to obtain a full solidification and consolidation of 
chocolate couverture structure. After 24 hours, ready product was polished in a spinning 
coating machine by gradually pouring portions of polishing agent onto it. After each 
polishing layer product was left in a spinning coating machine for 2 min with cool air 
blower turned off. After this period cool air was turned on again. Next layer of polishing 
agent was used when polished product was dry. After finished polishing process, dry 
chocolate coated raisins were placed on sieves for at least 2 hour period. Afterward, product 
was packed into plastic bags and kept for storage at temperatures of 4, 18 and 30°C for a 
period of 3 months. Analyses were performed at monthly intervals [11, 32]. 

In obtained raisins coated with chocolate supplemented with LAB and with normal (control) 
chocolate couverture content was established to verify the degree of stratification (which 
should be about 50%). Obtained results are presented in Table 23. 

From obtained results of average percentage content of couverture in received raisins coated 
with chocolate it can be noticed, that this parameter was at a level of about 50% (w/w), as 
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Akomic 
2000 

34.44 31.71 W24 0.50 1.5109 2.1107 3.2106 

Akotres 
S30 

40.44 25.71 W25 0.50 1.3109 1.9107 3.2106 

Akotres 
S30 

37.44 28.71 W26 0.50 1.4109 3.0107 2.8106 

Akotres 
S30 

34.44 31.71 W27 0.50 1.5109 2.6107 3.1106 

Table 21. The amount of live bacterial cells of Lactobacillus species in non-coated wafer, with a weight 
of 28 g, and in couverture coated wafer, with a weight of 39 g, after 3 months of storage. 

Applications 

Received probiotic product in a form of wafers interleaved with a mass supplemented with 
LAB had similar organoleptic properties, i.e. color, structure, exterior appearance, 
consistency, balanced taste and smell to wafers produced with a mass without lactic bacteria 
lyophilisate. Additional presence of bacterial preparation didn’t influence in any significant 
manner water activity in products. Supplemented wafer products maintained proper 
conditions, which provided lactic acid bacteria with an environment, and allowed it to stay 
on a level, so that it can be considered to be a product with functional properties. In case 
creams used for interleaving wafers, besides proper organoleptic rating, they have to have 
certain textural properties, such as: adhesiveness, hardness and spreadability. In this regard 
supplemented masses were very similar to non-supplemented ones. According to above 
observations it can be concluded that it is safe to use masses supplemented with lactic acid 
bacteria for interleaving wafers, increasing this way health benefits of final wafer products.  

5. Raisins coated with chocolate supplemented with live cultures of lactic 
acid bacteria 

To receive raisins coated with chocolate sultana raisins from Iran and chocolate couvertures 
(dark, milk and white) from Union Chocolate (Żychlin, Poland) supplemented with 
lyophilized live cultures of lactic acid bacteria from Lactobacillus species on a level of 
9×1010 CFU . g-1 were used. For polishing raisins in chocolate polishing agent was used, 
prepared according to a recipe: distilled water (56.4% w/w), citric acid (0.35% w/w), glucose-
fructose syrup (5.275% w/w), saccharose (16.082% w/w), acacia gum (47.47% w/w), edible oil 
(0.3% w/w) and soy lecithin (0.1% w/w) [32]. 

In a table below results of analysis of Casson viscosity and yield value of couverture are 
presented. 

Using chocolate couverture supplemented with LAB in an amount of 0.5% based on the 
weight of the product, at a level of about 50% in relation to raisin core, caused an increase in 
couverture viscosity. The increase was the highest when white couverture was LAB 
supplemented. Addition of lactic acid bacteria preparation also influenced the yield value of 
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couvertures. A significant drop of yield value was observed in white couverture 
supplemented with LAB. Smaller changes were noticed in dark couverture. Whereas in milk 
couverture yield value was practically the same. 

Type of 
couverture ηCA (Pa·s) τCA (Pa) 

Dark 1.333 ± 0.023 8.86 ± 0.28 
Dark + LAB 1.398 ± 0.011 8.47 ± 0.09 
White 1.913 ± 0.008 4.31 ± 0.19 
White + LAB 2.616 ± 0.032 2.45 ± 0.02 
Milk 2.189 ± 0.009 1.02 ± 0.02 
Milk + LAB 2.586 ± 0.047 1.08 ± 0.01 

Table 22. Casson viscosity (ηCA) and yield value (τCA) of couvertures. 

5.1. Obtaining chocolate coated raisins 

To receive chocolate coated raisins following procedure was used. Raisins were washed, 
dried at a temperature of 30°C, sorted according to size and placed in a coating drum heated 
previously to 25°C. Temperature was kept constant during the whole process of coating. 
Onto rotating in a drum raisins subsequent portions of tempered couverture with a 
temperature of 33°C were poured, total in an amount of 50% in relation to the weight of the 
product. In raisins in chocolate supplemented with lactic acid bacteria, before coating, to a 
couverture LAB lyophilisate in an amount of 0.8% based on the weight of the product, was 
added and stirred for 5 min to provide a full distribution. First portion of couverture was 
laid on raisins without the use of cool air stream. Latter layers of couverture were placed on 
raisins with cool air blowing on it while coating. The time of coating of one layer of 
couverture was 30 s. Total time of coating amounted to 65-150 min, depending on a 
temperature and air humidity. After coating raisins in chocolate were placed on sieves (in a 
single layer) and left for 24 hours to obtain a full solidification and consolidation of 
chocolate couverture structure. After 24 hours, ready product was polished in a spinning 
coating machine by gradually pouring portions of polishing agent onto it. After each 
polishing layer product was left in a spinning coating machine for 2 min with cool air 
blower turned off. After this period cool air was turned on again. Next layer of polishing 
agent was used when polished product was dry. After finished polishing process, dry 
chocolate coated raisins were placed on sieves for at least 2 hour period. Afterward, product 
was packed into plastic bags and kept for storage at temperatures of 4, 18 and 30°C for a 
period of 3 months. Analyses were performed at monthly intervals [11, 32]. 

In obtained raisins coated with chocolate supplemented with LAB and with normal (control) 
chocolate couverture content was established to verify the degree of stratification (which 
should be about 50%). Obtained results are presented in Table 23. 

From obtained results of average percentage content of couverture in received raisins coated 
with chocolate it can be noticed, that this parameter was at a level of about 50% (w/w), as 
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planned. Raisins coated with supplemented white chocolate were coated in the smallest 
degree. It was probably caused by bigger losses in a coating machine. 

Average content of couverture (%) in chocolate coated raisins
Dark + LAB Dark White + LAB White Milk + LAB Milk 
50.47 ± 2.21 49.68 ± 0.75 46.36 ± 2.80 49.99 ± 1.59 50.55 ± 0.04 50.64 ± 1.32 

Table 23. Average percentage content of couverture in raisins with diffetent types of couverture. 

5.2. Physicochemical analysis of chocolate coated raisins 

Dry mass content in chocolate coated raisins 

Results of dry mass analysis in chocolate coated raisins are placed in Table 24. 

Storage 
time 

Dry mass content (%) in chocolate coated raisins: 
Dark + 

LAB 
Milk + 
LAB 

White + 
LAB Dark Milk White 

Control „0” 92.85 ± 0.04 92.72 ± 0.07 92.45 ± 0.03 92.15 ± 0.02 91.80 ± 0.04 92.76 ± 0.03 
Stored at 4oC

1 month 91.56 ± 0.03 91.80 ± 0.09 91.43 ± 0.07 92.23 ± 0.04 91.85 ± 0.07 91.76 ± 0.07 
2 months 92.38 ± 0.02 91.24 ± 0.06 92.33 ± 0.03 92.69 ± 0.03 92.33 ± 0.09 92.03 ± 0.04 
3 months 92.36 ± 0.06 92.84 ± 0.07 92.93 ± 0.04 92.69 ± 0.07 93.20 ± 0.10 92.23 ± 0.06 

Stored at 18oC
1 month 91.70 ± 0.02 91.90 ± 0.03 90.64 ± 0.04 93.04 ± 0.04 91.56 ± 0.04 92.19 ± 0.02 
2 months 92.70 ± 0.06 92.53 ± 0.09 92.56 ± 0.03 92.52 ± 0.03 91.95 ± 0.07 92.60 ± 0.07 
3 months 93.12 ± 0.05 92.46 ± 0.02 92.97 ± 0.02 92.91 ±0.06 93.10 ± 0.03 92.47 ± 0.05 

Stored at 30oC
1 month 92.23 ± 0.02 93.00 ± 0.07 92.28 ± 0.02 92.93 ± 0.09 92.44± 0.06 92.08 ± 0.03 
2 months 93.89 ± 0.04 93.66 ± 0.04 94.47 ± 0.04 92.99 ± 0.04 93.66 ± 0.02 93.76 ± 0.05 
3 months 94.41 ± 0.03 94.25 ± 0.02 94.73 ± 0.03 94.47 ± 0.07 94.95 ± 0.05 94.18 ± 0.04 

Table 24. Dry mass content (%) in chocolate coated raisins, received with the use of different types of 
couverture supplemented, and as a comparison non-supplemented with LAB, stored at temperatures 
of 4, 18 and 30°C for 3 months. 

Directly after obtaining the biggest dry mass content was noticed in raisins coated with dark 
chocolate supplemented with LAB. 

Supplementation of dark and milk couvertures caused an increase of dry mass content in 
final products, comparing to analogous products with non-supplemented couvertures. In 
case of raisins coated with white couverture supplemented with LAB, dry mass content was 
slightly smaller than in non-supplemented one, namely by about 0.3% percentage point. 
During storage dry mass content in chocolate coated raisins changed. Usually after slight 
decrease after the first month, dry mass content increased during latter storage month. 
Higher temperature used during storage of supplemented raisins in chocolate caused an 
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increase of dry mass content, regardless of the type of couverture used for coating (dark, 
white, milk). 

Water activity in chocolate coated raisins 

Results of water activity (aw) in chocolate coated raisins are presented in Table 25. 

Storage time 
Water activity in chocolate coated raisins: 

Dark
+ LAB 

Milk
+ LAB 

White
+ LAB 

Dark Milk White 

Control 
„0” 

whole 
0.427 ± 
0.001 

0.408 ± 
0.001 

0.414 ± 
0.001 

0.414 ± 
0.002 

0.420 ± 
0.011 

0.386 ± 
0.003 

crushed
0.472 ± 
0.007 

0.474 ± 
0.003 

0.507 ± 
0.004 

0.486 ± 
0.003 

0.510 ± 
0.020 

0.389 ± 
0.007 

Stored at 4oC

1 month 
whole 

0.491 ± 
0.002 

0.457 ± 
0.002 

0.480 ± 
0.001 

0.476 ± 
0.003 

0.429 ± 
0.001 

0.390 ± 
0.001 

crushed
0.535 ± 
0.009 

0.496 ± 
0.004 

0.490 ± 
0.007 

0.512 ± 
0.012 

0.512 ± 
0.006 

0.550 ± 
0.004 

2 months 
whole 

0.540 ± 
0.001 

0.433 ± 
0.001 

0.499 ± 
0.001 

0.523 ± 
0.001 

0.533 ± 
0.004 

0.490 ± 
0.003 

crushed
0.527 ± 
0.004 

0.524 ± 
0.009 

0.522 ± 
0.004 

0.533 ± 
0.007 

0.563 ± 
0.008 

0.537 ± 
0.013 

3 months 
whole 

0.545 ± 
0.001 

0.541 ± 
0.001 

0.514 ± 
0.004 

0.550 ± 
0.001 

0.490 ± 
0.005 

0.510 ± 
0.001 

crushed
0.521 ± 
0.003 

0.565 ± 
0.004 

0.547 ± 
0.009 

0.545 ± 
0.009 

0.524 ± 
0.011 

0.527 ± 
0.019 

Stored at 18oC

1 month 
whole 

0.494 ± 
0.001 

0.460 ± 
0.001 

0.483 ± 
0.002 

0.416 ± 
0.001 

0.426 ± 
0.004 

0.358 ± 
0.003 

crushed
0.546 ± 
0.001 

0.488 ± 
0.003 

0.493 ± 
0.007 

0.504 ± 
0.014 

0.513 ± 
0.009 

0.532 ± 
0.004 

2 months 
whole 

0.514 ± 
0.002 

0.416 ± 
0.001 

0.497 ± 
0.001 

0.505 ± 
0.001 

0.532 ± 
0.001 

0.498 ± 
0.001 

crushed
0.520 ± 
0.003 

0.511 ± 
0.002 

0.522 ± 
0.011 

0.521 ± 
0.006 

0.541 ± 
0.017 

0.529 ± 
0.007 

3 months 
whole 

0.535 ± 
0.001 

0.555 ± 
0.002 

0.551 ± 
0.001 

0.566 ± 
0.001 

0.539 ± 
0.001 

0.555 ± 
0.004 

crushed
0.516 ± 
0.007 

0.548 ± 
0.009 

0.552 ± 
0.007 

0.541 ± 
0.008 

0.528 ± 
0.011 

0.521 ± 
0.003 

Stored at 30oC
1 month whole 0.397 ± 0.396 ± 0.400 ± 0.415 ± 0.06 0.358 ± 0.345 ± 
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planned. Raisins coated with supplemented white chocolate were coated in the smallest 
degree. It was probably caused by bigger losses in a coating machine. 

Average content of couverture (%) in chocolate coated raisins
Dark + LAB Dark White + LAB White Milk + LAB Milk 
50.47 ± 2.21 49.68 ± 0.75 46.36 ± 2.80 49.99 ± 1.59 50.55 ± 0.04 50.64 ± 1.32 

Table 23. Average percentage content of couverture in raisins with diffetent types of couverture. 

5.2. Physicochemical analysis of chocolate coated raisins 

Dry mass content in chocolate coated raisins 

Results of dry mass analysis in chocolate coated raisins are placed in Table 24. 

Storage 
time 

Dry mass content (%) in chocolate coated raisins: 
Dark + 

LAB 
Milk + 
LAB 

White + 
LAB Dark Milk White 

Control „0” 92.85 ± 0.04 92.72 ± 0.07 92.45 ± 0.03 92.15 ± 0.02 91.80 ± 0.04 92.76 ± 0.03 
Stored at 4oC

1 month 91.56 ± 0.03 91.80 ± 0.09 91.43 ± 0.07 92.23 ± 0.04 91.85 ± 0.07 91.76 ± 0.07 
2 months 92.38 ± 0.02 91.24 ± 0.06 92.33 ± 0.03 92.69 ± 0.03 92.33 ± 0.09 92.03 ± 0.04 
3 months 92.36 ± 0.06 92.84 ± 0.07 92.93 ± 0.04 92.69 ± 0.07 93.20 ± 0.10 92.23 ± 0.06 

Stored at 18oC
1 month 91.70 ± 0.02 91.90 ± 0.03 90.64 ± 0.04 93.04 ± 0.04 91.56 ± 0.04 92.19 ± 0.02 
2 months 92.70 ± 0.06 92.53 ± 0.09 92.56 ± 0.03 92.52 ± 0.03 91.95 ± 0.07 92.60 ± 0.07 
3 months 93.12 ± 0.05 92.46 ± 0.02 92.97 ± 0.02 92.91 ±0.06 93.10 ± 0.03 92.47 ± 0.05 

Stored at 30oC
1 month 92.23 ± 0.02 93.00 ± 0.07 92.28 ± 0.02 92.93 ± 0.09 92.44± 0.06 92.08 ± 0.03 
2 months 93.89 ± 0.04 93.66 ± 0.04 94.47 ± 0.04 92.99 ± 0.04 93.66 ± 0.02 93.76 ± 0.05 
3 months 94.41 ± 0.03 94.25 ± 0.02 94.73 ± 0.03 94.47 ± 0.07 94.95 ± 0.05 94.18 ± 0.04 

Table 24. Dry mass content (%) in chocolate coated raisins, received with the use of different types of 
couverture supplemented, and as a comparison non-supplemented with LAB, stored at temperatures 
of 4, 18 and 30°C for 3 months. 

Directly after obtaining the biggest dry mass content was noticed in raisins coated with dark 
chocolate supplemented with LAB. 

Supplementation of dark and milk couvertures caused an increase of dry mass content in 
final products, comparing to analogous products with non-supplemented couvertures. In 
case of raisins coated with white couverture supplemented with LAB, dry mass content was 
slightly smaller than in non-supplemented one, namely by about 0.3% percentage point. 
During storage dry mass content in chocolate coated raisins changed. Usually after slight 
decrease after the first month, dry mass content increased during latter storage month. 
Higher temperature used during storage of supplemented raisins in chocolate caused an 
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increase of dry mass content, regardless of the type of couverture used for coating (dark, 
white, milk). 

Water activity in chocolate coated raisins 

Results of water activity (aw) in chocolate coated raisins are presented in Table 25. 

Storage time 
Water activity in chocolate coated raisins: 

Dark
+ LAB 

Milk
+ LAB 

White
+ LAB 

Dark Milk White 

Control 
„0” 

whole 
0.427 ± 
0.001 

0.408 ± 
0.001 

0.414 ± 
0.001 

0.414 ± 
0.002 

0.420 ± 
0.011 

0.386 ± 
0.003 

crushed
0.472 ± 
0.007 

0.474 ± 
0.003 

0.507 ± 
0.004 

0.486 ± 
0.003 

0.510 ± 
0.020 

0.389 ± 
0.007 

Stored at 4oC

1 month 
whole 

0.491 ± 
0.002 

0.457 ± 
0.002 

0.480 ± 
0.001 

0.476 ± 
0.003 

0.429 ± 
0.001 

0.390 ± 
0.001 

crushed
0.535 ± 
0.009 

0.496 ± 
0.004 

0.490 ± 
0.007 

0.512 ± 
0.012 

0.512 ± 
0.006 

0.550 ± 
0.004 

2 months 
whole 

0.540 ± 
0.001 

0.433 ± 
0.001 

0.499 ± 
0.001 

0.523 ± 
0.001 

0.533 ± 
0.004 

0.490 ± 
0.003 

crushed
0.527 ± 
0.004 

0.524 ± 
0.009 

0.522 ± 
0.004 

0.533 ± 
0.007 

0.563 ± 
0.008 

0.537 ± 
0.013 

3 months 
whole 

0.545 ± 
0.001 

0.541 ± 
0.001 

0.514 ± 
0.004 

0.550 ± 
0.001 

0.490 ± 
0.005 

0.510 ± 
0.001 

crushed
0.521 ± 
0.003 

0.565 ± 
0.004 

0.547 ± 
0.009 

0.545 ± 
0.009 

0.524 ± 
0.011 

0.527 ± 
0.019 

Stored at 18oC

1 month 
whole 

0.494 ± 
0.001 

0.460 ± 
0.001 

0.483 ± 
0.002 

0.416 ± 
0.001 

0.426 ± 
0.004 

0.358 ± 
0.003 

crushed
0.546 ± 
0.001 

0.488 ± 
0.003 

0.493 ± 
0.007 

0.504 ± 
0.014 

0.513 ± 
0.009 

0.532 ± 
0.004 

2 months 
whole 

0.514 ± 
0.002 

0.416 ± 
0.001 

0.497 ± 
0.001 

0.505 ± 
0.001 

0.532 ± 
0.001 

0.498 ± 
0.001 

crushed
0.520 ± 
0.003 

0.511 ± 
0.002 

0.522 ± 
0.011 

0.521 ± 
0.006 

0.541 ± 
0.017 

0.529 ± 
0.007 

3 months 
whole 

0.535 ± 
0.001 

0.555 ± 
0.002 

0.551 ± 
0.001 

0.566 ± 
0.001 

0.539 ± 
0.001 

0.555 ± 
0.004 

crushed
0.516 ± 
0.007 

0.548 ± 
0.009 

0.552 ± 
0.007 

0.541 ± 
0.008 

0.528 ± 
0.011 

0.521 ± 
0.003 

Stored at 30oC
1 month whole 0.397 ± 0.396 ± 0.400 ± 0.415 ± 0.06 0.358 ± 0.345 ± 
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0.007 0.009 0.001 0.001 0.004 

crushed
0.499 ± 
0.011 

0.463 ± 
0.003 

0.477 ± 
0.006 

0.495 ± 
0.014 

0.472 ± 
0.003 

0.513 ± 
0.002 

2 months 
whole 

0.406 ± 
0.003 

0.295 ± 
0.004 

0.404 ± 
0.004 

0.476 ± 
0.050 

0.481 ± 
0.005 

0.493 ± 
0.001 

crushed
0.495 ± 
0.007 

0.451 ± 
0.004 

0.461 ± 
0.002 

0.483 ± 
0.020 

0.490 ± 
0.005 

0.474 ± 
0.011 

3 months 
whole 

0.433 ± 
0.002 

0.478 ± 
0.002 

0.469 ± 
0.002 

0.472 ± 
0.070 

0.457 ± 
0.002 

0.462 ± 
0.001 

crushed
0.456 ± 
0.004 

0.487 ± 
0.007 

0.488 ± 
0.005 

0.480 ± 
0.009 

0.469 ± 
0.007 

0.469 ± 
0.009 

Table 25. Water activity in chocolate coated raisins, received with the use of different types of 
couverture supplemented, and as a comparison non-supplemented with LAB, stored at temperatures 
of 4, 18 and 30°C for 3 months. 

Raisins coated with dark and milk couverture without LAB addition showed similar water 
activity values (for whole chocolate coated raisins). Slightly lower value of aw had raisins 
coated with white couverture. Supplementation of couvertures with lactic acid bacteria only 
very slightly increased the values of aw in final products, obtained with the use of dark and 
milk couvertures. More noticeable increase of aw – from 0.389 to 0.414 was observed for 
raisins coated with white couverture. 

During storage of raisins coated with all types of couverture supplemented with LAB at 
refrigeration and room temperatures water activity increased (whole raisins in chocolate). 
Only at higher storage temperature of 30°C water activity was decreasing for 2 months of 
storage to finally increase during third month. Similar changes of aw during storage were 
observed for raisins coated with non-supplemented couverture. A difference was noticed for 
aw changes of chocolate coated raisins stored at 30°C, in which during first month of storage 
aw decreased, and during following months of storage rose to values higher than in initial 
samples (directly after production).  

Water activity in crushed products was generally higher comparing to the values of this 
parameter analyzed in a whole product. Comparing water activity values in whole and 
crushed raisins coated with chocolate, obtained with the use of supplemented with LAB and 
non-supplemented couvertures – dark, milk and white, directly after production and during 
3 months of storage at temperatures of 4, 18 and 30°C it can be concluded that they kept 
under the value of 0.6. Due to that fact, it is probable that during the whole time of storage 
no bacterial activity in both, supplemented and non-supplemented with LAB, will be 
maintained. 

Total acidity in chocolate coated raisins 

Total acidity changes of chocolate coated raisins during 3 months of storage in various 
temperatures is presented in Table 26. 
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Storage 
time 

Total acidity (ml 1 M NaOH · 100 g-1) in chocolate coated raisins: 

Dark + LAB Milk + LAB White
+ LAB Dark Milk White 

Control „0” 17.0 ± 0.1 15.0 ± 0.2 14.2 ± 0.2 17.7 ± 0.8 14.9 ± 0.5 13.6 ± 0.1 
Stored at 4oC

1 month 15.6 ± 0.4 14.8 ± 0.2 14.2 ± 0.1 16.2 ± 0.4 15.7 ± 0.1 14.0 ± 0.2 
2 months 16.1 ± 0.2 13.9 ± 0.2 14.1 ± 0.1 15.5 ± 0.2 15.1 ± 0.2 14.0 ± 0.1 
3 months 15.3 ± 0.1 15.1 ± 0.2 14.2 ± 0.2 14.9 ± 0.1 16.8 ± 0.2 13.5 ± 0.2 

Stored at 18oC
1 month 16.6 ± 0.1 14.8 ± 0.3 13.2 ± 0.3 16.7 ± 0.1 14.7 ± 0.1 13.8 ± 0.3 
2 months 15.7 ± 0.3 13.6 ± 0.3 14.1 ± 0.2 14.8 ± 0.2 14.5 ± 0.1 13.4 ± 0.1 
3 months 16.0 ± 0.1 13.1 ± 0.3 13.1 ± 0.1 15.5 ± 0.2 15.2 ± 0.1 14.4 ± 0.2 

Stored at 30oC
1 month 15.2 ± 0.2 14.6 ± 0.1 14.6 ± 0.2 15.8 ± 0.2 15.1 ± 0.1 13.8 ± 0.3 
2 months 14.3 ± 0.2 14.1 ± 0.2 15.1 ± 0.2 14.0 ± 0.2 15.7 ± 0.1 13.8 ± 0.2 
3 months 14.8 ± 0.2 12.7 ± 0.1 13.9 ± 0.1 15.0 ± 0.1 15.9 ± 0.1 13.6 ± 0.1 

Table 26. Total acidity in chocolate coated raisins, received with the use of different types of couverture 
supplemented, and as a comparison non-supplemented with LAB, stored at temperatures of 4, 18 and 
30°C for 3 months. 

Directly after obtaining the highest total acidity, amounting 17.7 ml 1 M NaOH ∙ 100 g-1, had 
raisins coated with dark couverture non-supplemented with LAB, and the lowest, 
amounting 13.6 ml 1 M NaOH ∙ 100 g-1, was observed in raisins coated with white 
couverture. 

Supplementation of dark, milk and white couvertures with bacteria from Lactobacillus 
species didn’t influence significantly the total acidity of products after production. The 
biggest changes of this parameter after supplementation of couverture with LAB, namely by 
0.7 ml 1 M NaOH ∙ 100 g-1, were noticed in raisins coated with dark couverture. 

In raisins coated with white and milk couvertures total acidity after supplementation with 
LAB increased by 0.1 and 0.6 ml 1 M NaOH ∙ 100 g-1, respectively. 

During storage of chocolate coated raisins only slight decrease of total acidity was observed. 
With an exception in product containing milk couverture non-supplemented with LAB, in 
which total acidity increased by 1 ml 1 M NaOH ∙ 100 g-1 after 3 months of storage at a 
temperature of 30°C. The magnitude of total acidity changes in chocolate coated raisins 
depended on storage temperature. 

In raisins coated with dark, white and milk couverture supplemented with LAB total acidity 
decrease during storage. The biggest decrease of this parameter was noticed in chocolate 
coated raisins stored at 30°C and in products in dark, milk and white couverture 
supplemented with LAB was 2.2, 2.3 and 0.3 ml 1 M NaOH ∙ 100 g-1, respectively. 
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0.007 0.009 0.001 0.001 0.004 

crushed
0.499 ± 
0.011 

0.463 ± 
0.003 

0.477 ± 
0.006 

0.495 ± 
0.014 

0.472 ± 
0.003 

0.513 ± 
0.002 

2 months 
whole 

0.406 ± 
0.003 

0.295 ± 
0.004 

0.404 ± 
0.004 

0.476 ± 
0.050 

0.481 ± 
0.005 

0.493 ± 
0.001 

crushed
0.495 ± 
0.007 

0.451 ± 
0.004 

0.461 ± 
0.002 

0.483 ± 
0.020 

0.490 ± 
0.005 

0.474 ± 
0.011 

3 months 
whole 

0.433 ± 
0.002 

0.478 ± 
0.002 

0.469 ± 
0.002 

0.472 ± 
0.070 

0.457 ± 
0.002 

0.462 ± 
0.001 

crushed
0.456 ± 
0.004 

0.487 ± 
0.007 

0.488 ± 
0.005 

0.480 ± 
0.009 

0.469 ± 
0.007 

0.469 ± 
0.009 

Table 25. Water activity in chocolate coated raisins, received with the use of different types of 
couverture supplemented, and as a comparison non-supplemented with LAB, stored at temperatures 
of 4, 18 and 30°C for 3 months. 

Raisins coated with dark and milk couverture without LAB addition showed similar water 
activity values (for whole chocolate coated raisins). Slightly lower value of aw had raisins 
coated with white couverture. Supplementation of couvertures with lactic acid bacteria only 
very slightly increased the values of aw in final products, obtained with the use of dark and 
milk couvertures. More noticeable increase of aw – from 0.389 to 0.414 was observed for 
raisins coated with white couverture. 

During storage of raisins coated with all types of couverture supplemented with LAB at 
refrigeration and room temperatures water activity increased (whole raisins in chocolate). 
Only at higher storage temperature of 30°C water activity was decreasing for 2 months of 
storage to finally increase during third month. Similar changes of aw during storage were 
observed for raisins coated with non-supplemented couverture. A difference was noticed for 
aw changes of chocolate coated raisins stored at 30°C, in which during first month of storage 
aw decreased, and during following months of storage rose to values higher than in initial 
samples (directly after production).  

Water activity in crushed products was generally higher comparing to the values of this 
parameter analyzed in a whole product. Comparing water activity values in whole and 
crushed raisins coated with chocolate, obtained with the use of supplemented with LAB and 
non-supplemented couvertures – dark, milk and white, directly after production and during 
3 months of storage at temperatures of 4, 18 and 30°C it can be concluded that they kept 
under the value of 0.6. Due to that fact, it is probable that during the whole time of storage 
no bacterial activity in both, supplemented and non-supplemented with LAB, will be 
maintained. 

Total acidity in chocolate coated raisins 

Total acidity changes of chocolate coated raisins during 3 months of storage in various 
temperatures is presented in Table 26. 
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Storage 
time 

Total acidity (ml 1 M NaOH · 100 g-1) in chocolate coated raisins: 

Dark + LAB Milk + LAB White
+ LAB Dark Milk White 

Control „0” 17.0 ± 0.1 15.0 ± 0.2 14.2 ± 0.2 17.7 ± 0.8 14.9 ± 0.5 13.6 ± 0.1 
Stored at 4oC

1 month 15.6 ± 0.4 14.8 ± 0.2 14.2 ± 0.1 16.2 ± 0.4 15.7 ± 0.1 14.0 ± 0.2 
2 months 16.1 ± 0.2 13.9 ± 0.2 14.1 ± 0.1 15.5 ± 0.2 15.1 ± 0.2 14.0 ± 0.1 
3 months 15.3 ± 0.1 15.1 ± 0.2 14.2 ± 0.2 14.9 ± 0.1 16.8 ± 0.2 13.5 ± 0.2 

Stored at 18oC
1 month 16.6 ± 0.1 14.8 ± 0.3 13.2 ± 0.3 16.7 ± 0.1 14.7 ± 0.1 13.8 ± 0.3 
2 months 15.7 ± 0.3 13.6 ± 0.3 14.1 ± 0.2 14.8 ± 0.2 14.5 ± 0.1 13.4 ± 0.1 
3 months 16.0 ± 0.1 13.1 ± 0.3 13.1 ± 0.1 15.5 ± 0.2 15.2 ± 0.1 14.4 ± 0.2 

Stored at 30oC
1 month 15.2 ± 0.2 14.6 ± 0.1 14.6 ± 0.2 15.8 ± 0.2 15.1 ± 0.1 13.8 ± 0.3 
2 months 14.3 ± 0.2 14.1 ± 0.2 15.1 ± 0.2 14.0 ± 0.2 15.7 ± 0.1 13.8 ± 0.2 
3 months 14.8 ± 0.2 12.7 ± 0.1 13.9 ± 0.1 15.0 ± 0.1 15.9 ± 0.1 13.6 ± 0.1 

Table 26. Total acidity in chocolate coated raisins, received with the use of different types of couverture 
supplemented, and as a comparison non-supplemented with LAB, stored at temperatures of 4, 18 and 
30°C for 3 months. 

Directly after obtaining the highest total acidity, amounting 17.7 ml 1 M NaOH ∙ 100 g-1, had 
raisins coated with dark couverture non-supplemented with LAB, and the lowest, 
amounting 13.6 ml 1 M NaOH ∙ 100 g-1, was observed in raisins coated with white 
couverture. 

Supplementation of dark, milk and white couvertures with bacteria from Lactobacillus 
species didn’t influence significantly the total acidity of products after production. The 
biggest changes of this parameter after supplementation of couverture with LAB, namely by 
0.7 ml 1 M NaOH ∙ 100 g-1, were noticed in raisins coated with dark couverture. 

In raisins coated with white and milk couvertures total acidity after supplementation with 
LAB increased by 0.1 and 0.6 ml 1 M NaOH ∙ 100 g-1, respectively. 

During storage of chocolate coated raisins only slight decrease of total acidity was observed. 
With an exception in product containing milk couverture non-supplemented with LAB, in 
which total acidity increased by 1 ml 1 M NaOH ∙ 100 g-1 after 3 months of storage at a 
temperature of 30°C. The magnitude of total acidity changes in chocolate coated raisins 
depended on storage temperature. 

In raisins coated with dark, white and milk couverture supplemented with LAB total acidity 
decrease during storage. The biggest decrease of this parameter was noticed in chocolate 
coated raisins stored at 30°C and in products in dark, milk and white couverture 
supplemented with LAB was 2.2, 2.3 and 0.3 ml 1 M NaOH ∙ 100 g-1, respectively. 
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Analysis of fat quality in a coating of chocolate coated raisins by DSC method 

In obtained chocolate coated raisins, analyses of changes occurring in fat from a couverture 
(which is a coating of the product), by differential scanning calorimetry method were 
performed. These changes are presented in tables 30 and 31. Exemplary thermograms of fats 
from dark couverture supplemented and non-supplemented with LAB, which are a coating 
of chocolate coated raisins, stored during 3 months period at a temperature of 18°C are 
presented in Figures 8 and 9, respectively. 

 

Storage 
time 

Enthalpy and melting temperature of fat from coatings of chocolate coated 
raisins: 

Dark + LAB Milk + LAB White + LAB 
ΔH (J/g) Tm (°C) ΔH (J/g) Tm (°C) ΔH (J/g) Tm (°C) 

Control „0” 23.014 34.30 22.906 34.30 24.020 34.20 
Stored at 4oC

1 month 35.480 34.78 16.530 34.51 22.357 34.47 

2 months 32.550 35.00 20.794 32.03 
27.496 

4.487 + 23.009 
Tm1=30.58 
Tm2=34.54 

3 months 25.261 34.51 25.218 34.03 33.653 34.15 
Stored at 18oC

1 month 35.742 34.54 24.230 33.94 17.124 34.73 

2 months 34.312 34.77 22.906 33.46 25.591 34.00 

3 months 29.820 
16.564 + 13.255

Tm1=32.47
Tm2=34.10

34.744 32.48 33.698 34.74 

Stored at 30oC
1 month 34.000 36.45 16.353 34.96 29.053 35.08 

2 months 32.475 
2.440 + 30.034

Tm1=29.57
Tm2=35.82

18.786 
7.561+11.229

Tm1=31.48
Tm2=35.12

23.137 35.60 

3 months 36.578 
22.555+14.022

Tm1=33.01
Tm2= 4.57

24.102 
5.988+18.113

Tm1=29.67
Tm2=34.42

35.622 
8.977+26.645 

Tm1=31.11 
Tm2=35.34 

Table 27. Enthalpy (ΔH) and melting temperature (Tm) of fat from coatings of chocolate coated raisins 
obtained with the use of different types of couvertures supplemented with LAB, stored at temperatures 
of 4, 18 and 30°C during 3 months. 

In samples of chocolate coated raisins directly after production the value of melting 
enthalpy of fat extracted from product coating, in all types of couvertures supplemented 
with lactic acid bacteria was lower than in analogous products coated with non-
supplemented couverture. This phenomena can be explained by the fact, that LAB 
preparation influenced fat crystallization, namely in supplemented couverture more liquid 
phase of fat was present than in analogous products without LAB. 
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During storage of chocolate coated raisins melting enthalpy value of fat from coatings of 
dark and white chocolate coated raisins, increased regardless of storage conditions. It can be 
caused by crystallization of previously present sources of crystallization or by increasing the 
area of already existing fat crystals.  

Storage 
time 

Enthalpy and melting temperature of fat from coatings of chocolate coated 
raisins: 

Dark Milk White 
ΔH (J/g) Tm (°C) ΔH (J/g) Tm (°C) ΔH (J/g) Tm (°C) 

„0” 
control 30.157 35.51 27.559 34.34 34.93 34.25 

Stored at 4oC
1 month 31.568 35.90 25.400 33.94 22.026 34.61 

2 months 33.064 
0.911+32.153 

Tm1= 28.64
Tm2= 35.56

33.148 34.57 31.872 35.03 

3 months 37.718 34.25 
23.874 

3.744+20.129
Tm1=30.28
Tm2=33.69

37.027 34.93 

Stored at 18oC
1 month 36.765 34.54 26.622 33.57 32.684 34.86 

2 months 31.847 36.20 
28.173 

1.580+26.59 
Tm1=26.84
Tm2=34.17

33.455 34.61 

3 months 38.068 
25.119+12.917

Tm1= 32.32
Tm2= 34.54

34.592 32.48 
34.568 

13.273+21.294 
Tm1= 31.64 
Tm2= 34.75 

Stored at 30oC

1 month 36.373 35.35 
24.059 

5.225+18.834
Tm1=31.29
Tm2=34.86

21.614 35.31 

2 months 29.962 
0.741+29.22 

Tm1=29.14
Tm2=35.94

18.764 
5.244+13.519

Tm1=32.39
Tm2=35.06

31.425 36.07 

3 months 33.30 
4.558+28.743 

Tm=31.04
Tm=35.95 

24.259 
6.087+18.171

Tm1=29.69
Tm2=34.43

26.953 
3.650+23.302 

Tm1= 31.65 
Tm2= 35.71 

Table 28. Enthalpy (ΔH) and melting temperature (Tm) of fat from coatings of chocolate coated raisins 
obtained with the use of different types of couvertures non-supplemented with LAB, stored at 
temperatures of 4, 18 and 30°C during 3 months. 

Temperature and storage time of chocolate coated raisins had an influence on changes of 
polymorphic forms of fat from couverture coating products. In coatings without LAB 
addition, bigger tendency to two polymorphic forms creation was observed, mainly in 
raisins stored at temperatures of 18 and 30°C. The range of maximal melting temperatures of 
first polymorphic form of fat from couverture from chocolate coated raisins non-
supplemented with LAB was from 26.80 to 32.30°C. Whereas for second polymorphic form 
it ranged from 33.69 to 35.95°C. Range of melting temperatures of fat from couverture from 
chocolate coated raisins supplemented with LAB, for first polymorphic form was from 29.57 
to 33.01°C, and for second form, from 34.10 to 38.82°C. Range of melting temperatures of 
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Analysis of fat quality in a coating of chocolate coated raisins by DSC method 

In obtained chocolate coated raisins, analyses of changes occurring in fat from a couverture 
(which is a coating of the product), by differential scanning calorimetry method were 
performed. These changes are presented in tables 30 and 31. Exemplary thermograms of fats 
from dark couverture supplemented and non-supplemented with LAB, which are a coating 
of chocolate coated raisins, stored during 3 months period at a temperature of 18°C are 
presented in Figures 8 and 9, respectively. 

 

Storage 
time 

Enthalpy and melting temperature of fat from coatings of chocolate coated 
raisins: 

Dark + LAB Milk + LAB White + LAB 
ΔH (J/g) Tm (°C) ΔH (J/g) Tm (°C) ΔH (J/g) Tm (°C) 

Control „0” 23.014 34.30 22.906 34.30 24.020 34.20 
Stored at 4oC

1 month 35.480 34.78 16.530 34.51 22.357 34.47 

2 months 32.550 35.00 20.794 32.03 
27.496 

4.487 + 23.009 
Tm1=30.58 
Tm2=34.54 

3 months 25.261 34.51 25.218 34.03 33.653 34.15 
Stored at 18oC

1 month 35.742 34.54 24.230 33.94 17.124 34.73 

2 months 34.312 34.77 22.906 33.46 25.591 34.00 

3 months 29.820 
16.564 + 13.255

Tm1=32.47
Tm2=34.10

34.744 32.48 33.698 34.74 

Stored at 30oC
1 month 34.000 36.45 16.353 34.96 29.053 35.08 

2 months 32.475 
2.440 + 30.034

Tm1=29.57
Tm2=35.82

18.786 
7.561+11.229

Tm1=31.48
Tm2=35.12

23.137 35.60 

3 months 36.578 
22.555+14.022

Tm1=33.01
Tm2= 4.57

24.102 
5.988+18.113

Tm1=29.67
Tm2=34.42

35.622 
8.977+26.645 

Tm1=31.11 
Tm2=35.34 

Table 27. Enthalpy (ΔH) and melting temperature (Tm) of fat from coatings of chocolate coated raisins 
obtained with the use of different types of couvertures supplemented with LAB, stored at temperatures 
of 4, 18 and 30°C during 3 months. 

In samples of chocolate coated raisins directly after production the value of melting 
enthalpy of fat extracted from product coating, in all types of couvertures supplemented 
with lactic acid bacteria was lower than in analogous products coated with non-
supplemented couverture. This phenomena can be explained by the fact, that LAB 
preparation influenced fat crystallization, namely in supplemented couverture more liquid 
phase of fat was present than in analogous products without LAB. 
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During storage of chocolate coated raisins melting enthalpy value of fat from coatings of 
dark and white chocolate coated raisins, increased regardless of storage conditions. It can be 
caused by crystallization of previously present sources of crystallization or by increasing the 
area of already existing fat crystals.  

Storage 
time 

Enthalpy and melting temperature of fat from coatings of chocolate coated 
raisins: 

Dark Milk White 
ΔH (J/g) Tm (°C) ΔH (J/g) Tm (°C) ΔH (J/g) Tm (°C) 

„0” 
control 30.157 35.51 27.559 34.34 34.93 34.25 

Stored at 4oC
1 month 31.568 35.90 25.400 33.94 22.026 34.61 

2 months 33.064 
0.911+32.153 

Tm1= 28.64
Tm2= 35.56

33.148 34.57 31.872 35.03 

3 months 37.718 34.25 
23.874 

3.744+20.129
Tm1=30.28
Tm2=33.69

37.027 34.93 

Stored at 18oC
1 month 36.765 34.54 26.622 33.57 32.684 34.86 

2 months 31.847 36.20 
28.173 

1.580+26.59 
Tm1=26.84
Tm2=34.17

33.455 34.61 

3 months 38.068 
25.119+12.917

Tm1= 32.32
Tm2= 34.54

34.592 32.48 
34.568 

13.273+21.294 
Tm1= 31.64 
Tm2= 34.75 

Stored at 30oC

1 month 36.373 35.35 
24.059 

5.225+18.834
Tm1=31.29
Tm2=34.86

21.614 35.31 

2 months 29.962 
0.741+29.22 

Tm1=29.14
Tm2=35.94

18.764 
5.244+13.519

Tm1=32.39
Tm2=35.06

31.425 36.07 

3 months 33.30 
4.558+28.743 

Tm=31.04
Tm=35.95 

24.259 
6.087+18.171

Tm1=29.69
Tm2=34.43

26.953 
3.650+23.302 

Tm1= 31.65 
Tm2= 35.71 

Table 28. Enthalpy (ΔH) and melting temperature (Tm) of fat from coatings of chocolate coated raisins 
obtained with the use of different types of couvertures non-supplemented with LAB, stored at 
temperatures of 4, 18 and 30°C during 3 months. 

Temperature and storage time of chocolate coated raisins had an influence on changes of 
polymorphic forms of fat from couverture coating products. In coatings without LAB 
addition, bigger tendency to two polymorphic forms creation was observed, mainly in 
raisins stored at temperatures of 18 and 30°C. The range of maximal melting temperatures of 
first polymorphic form of fat from couverture from chocolate coated raisins non-
supplemented with LAB was from 26.80 to 32.30°C. Whereas for second polymorphic form 
it ranged from 33.69 to 35.95°C. Range of melting temperatures of fat from couverture from 
chocolate coated raisins supplemented with LAB, for first polymorphic form was from 29.57 
to 33.01°C, and for second form, from 34.10 to 38.82°C. Range of melting temperatures of 
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first and second polymorphic forms of fat was similar in raisins coated with both, 
supplemented and non-supplemented couvertures. At a temperature of 30°C in dark and 
milk couvertures both, supplemented and non-supplemented, appearance of second 
polymorphic form of fat was observed after 2 months of storage. In white couverture 
appearance of second polymorphic form was noticed after 3 month storage of product. In 
can concluded that lack of cocoa liquor and bigger content of milk in a white couverture 
delayed polymorphic changes of fats in this couverture. 
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Figure 8. Thermogram of fat from coatings of chocolate coated raisins obtained from dark couverture 
supplemented with LAB stored at a temperature of 18°C during 3 months. 
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Figure 9. Thermogram of fat from coatings of chocolate coated raisins obtained from dark couverture 
non-supplemented with LAB stored at a temperature of 18°C during 3 months. 

Texture of chocolate coated raisins 

In Table 29 results of cutting test of chocolate coated raisins are presented. 
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Dark and milk chocolate coated raisins supplemented with lactic acid bacteria became 
harder. On the other hand raisins in white chocolate after supplementation with LAB 
softened. 

During storage, from all supplemented products, raisins coated with white couverture 
became the hardest. During storage of all studied chocolate coated raisins (with and without 
LAB addition) at temperatures of 4 and 18°C hardness gradually decreased, which can be 
associated with water diffusion. During storage of supplemented and non-supplemented 
chocolate coated raisins at temperature of 30°C hardness initially rose (drying of surface), 
next it decreased (water diffusion from raisin to coating and from environment into 
product), and finally to increase after third month. Additionally hardness of supplemented 
products was higher than hardness analyzed directly after production. With an exception of 
raisins coated with white chocolate, in which hardness was significantly lower than in fresh 
products. 

Storage 
time 

Force (kg) required to cut chocolate coated raisins: 
Dark + LAB Milk + LAB White + LAB Dark Milk White 

Control „0” 3.002 2.949 3.781 2.777 2.850 3.861 
Stored at 4oC 

1 month 3.005 3.125 3.531 2.461 2.596 2.344 
2 months 2.821 2.731 2.424 2.247 2.492 2.067 
3 months 2.078 2.068 2.329 2.227 2.271 1.838 

Stored at 18oC 
1 month 2.712 3.007 3.319 2.023 3.110 1.898 
2 months 2.512 2.597 2.785 1.772 2.316 1.723 
3 months 2.125 2.136 2.015 2.180 2.527 2.037 

Stored at 30oC 
1 month 3.010 3.154 3.337 2.832 3.480 2.156 
2 months 2.786 2.727 2.751 2.314 3.321 2.139 
3 months 3.068 3.404 3.608 2.649 2.641 2.413 

Table 29. Force required to cut chocolate coated raisins received with the use of different types of 
couverture supplemented, and as a comparison non-supplemented with LAB, stored at temperatures 
of 4, 18 and 30°C for 3 months. 

Organoleptic evaluation of chocolate coated raisins 

In received raisins coated with couverture supplemented with LAB organoleptic analysis 
was performed, according to a 5-point scale, and it was compared to products obtained with 
non-supplemented courevture (Table 30). 

The highest note in a 5-point scale received raisins coated with white chocolate and then 
with milk couverture. Lowest ratings (below 4 points) received raisins coated with dark 
chocolate both, fresh and during the whole storage period, regardless of LAB 
supplementation. To high grade of raisins coated with white couverture was caused by their 
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first and second polymorphic forms of fat was similar in raisins coated with both, 
supplemented and non-supplemented couvertures. At a temperature of 30°C in dark and 
milk couvertures both, supplemented and non-supplemented, appearance of second 
polymorphic form of fat was observed after 2 months of storage. In white couverture 
appearance of second polymorphic form was noticed after 3 month storage of product. In 
can concluded that lack of cocoa liquor and bigger content of milk in a white couverture 
delayed polymorphic changes of fats in this couverture. 
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Texture of chocolate coated raisins 

In Table 29 results of cutting test of chocolate coated raisins are presented. 
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Dark and milk chocolate coated raisins supplemented with lactic acid bacteria became 
harder. On the other hand raisins in white chocolate after supplementation with LAB 
softened. 

During storage, from all supplemented products, raisins coated with white couverture 
became the hardest. During storage of all studied chocolate coated raisins (with and without 
LAB addition) at temperatures of 4 and 18°C hardness gradually decreased, which can be 
associated with water diffusion. During storage of supplemented and non-supplemented 
chocolate coated raisins at temperature of 30°C hardness initially rose (drying of surface), 
next it decreased (water diffusion from raisin to coating and from environment into 
product), and finally to increase after third month. Additionally hardness of supplemented 
products was higher than hardness analyzed directly after production. With an exception of 
raisins coated with white chocolate, in which hardness was significantly lower than in fresh 
products. 

Storage 
time 

Force (kg) required to cut chocolate coated raisins: 
Dark + LAB Milk + LAB White + LAB Dark Milk White 

Control „0” 3.002 2.949 3.781 2.777 2.850 3.861 
Stored at 4oC 

1 month 3.005 3.125 3.531 2.461 2.596 2.344 
2 months 2.821 2.731 2.424 2.247 2.492 2.067 
3 months 2.078 2.068 2.329 2.227 2.271 1.838 

Stored at 18oC 
1 month 2.712 3.007 3.319 2.023 3.110 1.898 
2 months 2.512 2.597 2.785 1.772 2.316 1.723 
3 months 2.125 2.136 2.015 2.180 2.527 2.037 

Stored at 30oC 
1 month 3.010 3.154 3.337 2.832 3.480 2.156 
2 months 2.786 2.727 2.751 2.314 3.321 2.139 
3 months 3.068 3.404 3.608 2.649 2.641 2.413 

Table 29. Force required to cut chocolate coated raisins received with the use of different types of 
couverture supplemented, and as a comparison non-supplemented with LAB, stored at temperatures 
of 4, 18 and 30°C for 3 months. 

Organoleptic evaluation of chocolate coated raisins 

In received raisins coated with couverture supplemented with LAB organoleptic analysis 
was performed, according to a 5-point scale, and it was compared to products obtained with 
non-supplemented courevture (Table 30). 

The highest note in a 5-point scale received raisins coated with white chocolate and then 
with milk couverture. Lowest ratings (below 4 points) received raisins coated with dark 
chocolate both, fresh and during the whole storage period, regardless of LAB 
supplementation. To high grade of raisins coated with white couverture was caused by their 
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delicate, gentle taste, and soft, elastic consistency. Addition of lactic acid bacteria to 
couvertures coating raisins didn’t influence significantly sensory properties of products, 
which is favorable from the point of view of a consumer, who highly appreciates sensory 
quality of chocolate. However, although in first month of storage of chocolate coated raisins 
stored at all temperatures organoleptic rating didn’t change, in latter months this parameter 
degraded, especially when stored at 30°C. It was caused by the changes occurring in 
products during storage. Most noticeably these changes were observed in chocolate coated 
raisins stored at 30°C. They included changes of taste, caused by modifications of fat in a 
coating, an increase of dry mass content in cores (raisins), increase of hardness of raisins 
coated with dark and milk chocolates, connected to an increase of dry mass content in 
chocolate couvertures and surfaces of products, which became less shiny with time.  

Organoleptic ratings of raisins coated with dark, milk and white chocolates stored at 
temperatures of 4 and 18°C were practically identical in a first month of storage (differences 
of 0.0 – 0.1 points) comparing to fresh product, they were slightly different after second 
month (by 0.0 – 0.2 points) and third month (0.0 – 0.1 points) of storage. In case of 3 month 
storage period of non-supplemented products, differences in organoleptic evaluation 
between fresh product and product stored for a 3 month period were more noticeable and 
reached 0.7 points. Considering similar organoleptic evaluation of raisins coated with 
chocolate stored at 4 and 18°C it can be concluded, that examined raisins coated with 
chocolate don’t have to be kept at refrigeration conditions and can be stored at a store shelf 
as well, where they can easily be found by a consumer next to analogous traditional 
products. 

Storage time 
Grades (points) of chocolate coated raisins:

Dark + LAB Milk + LAB White + 
LAB 

Dark Milk White 

Control „0” 4.0 ±0.1 4.2 ± 0.1 4.7 ± 0.2 3.9 ± 0.0 4.0 ± 0.1 4.6 ± 0.1 
Stored at4oC 

1 month 3.7 ± 0.1 4.1 ± 0.1 4.6 ± 0.3 3.9 ± 0.2 3.9 ± 0.2 4.5 ± 0.3 
2 months 3.6 ± 0.2 4.1 ± 0.1 4.6 ± 0.1 3.8 ± 0.2 3.9 ± 0.1 4.6 ± 0.1 
3 months 3.1 ± 0.0 3.9 ± 0.1 4.5 ± 0.2 3.6 ± 0.1 3.8 ± 0.2 4.5 ± 0.2 

Stored at18oC 
1 month 3.8 ± 0.2 4.0 ± 0.2 4.6 ± 0.2 3.8 ± 0.2 3.9 ± 0.1 4.5 ± 0.3 
2 months 3.7 ± 0.2 4.0 ± 0.1 4.5 ± 0.2 3.7 ± 0.2 3.8 ± 0.2 4.3 ± 0.2 
3 months 3.0 ± 0.1 3.7 ± 0.2 4.4 ± 0.3 3.4 ± 0.1 3.1 ± 0.3 4.0 ± 0.2 

Stored at30oC 
1 month 3.9 ± 0.2 4.1 ± 0.2 4.6 ± 0.2 3.9 ± 0.1 3.8 ± 0.2 4.5 ± 0.1 
2 months 3.7 ± 0.2 3.9 ± 0.3 4.4 ± 0.2 3.4 ± 0.2 3.7 ± 0.1 4.2 ± 0.2 
3 months 2.8 ± 0.3 3.6 ± 0.2 3.5 ± 0.2 2.9 ± 0.2 3.0 ± 0.1 3.4 ± 0.2 

Table 30. Organoleptic evaluation of chocolate coated raisins received with the use of different types of 
couverture supplemented, and as a comparison non-supplemented with LAB, stored at temperatures 
of 4, 18 and 30°C for 3 months. 
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Viability of LAB in a product 

The biggest viability of Lactobacillus bacteria in products after 3 months of storage was 
observed when stored at a refrigeration temperature (4°C). The highest viability was 
observed in raisins coated with dark (88.9%) and white (88.0%) chocolate, slightly lower was 
noticed in raisins coated with milk chocolate (86.5%) (Table 31). In products stored at a 
temperature of 18°C amount of live bacterial cells was lower by two orders of magnitude, 
amounting 105 CFU . g-1. When products were stored at a stress temperature (30°C) a severe 
decrease in an amount of live cells was observed, even just after one month of storage. The 
biggest drop in LAB viability was observed in raisins coated with white chocolate, to 58.6%, 
next in raisins coated with milk chocolate, to 59.7%, and finally in raisins coated with dark 
chocolate viability lowered to 61.3%. 

 

Sample 

Storage temperature 

4°C 18°C 30°C 

Viability of bacteria  
(%) 

Raisins coated with milk chocolate 88.0  2.3 73.1  3.0 59.7  3.9 

Raisins coated with dark chocolate 88.9  3.0 72.7  3.8 61.3  4.0 

Raisins coated with white chocolate 86.5  2.7 66.3  2.0 58.6  4.0 

Table 31. Viability of Lactobacillus bacteria in chocolate coated raisins after 3 months of storage. 

 

Sample 

Storage temperature

4°C 18°C 30°C 

The amount of live bacterial cells in the product  
(CFU . 80 g-1) 

Raisins coated with milk 
chocolate 

3.4108 2.5107 2.5106 

Raisins coated with dark 
chocolate 

3.8108 2.3107 3.2106 

Raisins coated with white 
chocolate 

2.7108 8.0106 2.1106 

Table 32. The amount of live bacterial cells of Lactobacillus species in chocolate coated raisins, with a 
weight of 80g, after 3 months of storage. 
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delicate, gentle taste, and soft, elastic consistency. Addition of lactic acid bacteria to 
couvertures coating raisins didn’t influence significantly sensory properties of products, 
which is favorable from the point of view of a consumer, who highly appreciates sensory 
quality of chocolate. However, although in first month of storage of chocolate coated raisins 
stored at all temperatures organoleptic rating didn’t change, in latter months this parameter 
degraded, especially when stored at 30°C. It was caused by the changes occurring in 
products during storage. Most noticeably these changes were observed in chocolate coated 
raisins stored at 30°C. They included changes of taste, caused by modifications of fat in a 
coating, an increase of dry mass content in cores (raisins), increase of hardness of raisins 
coated with dark and milk chocolates, connected to an increase of dry mass content in 
chocolate couvertures and surfaces of products, which became less shiny with time.  

Organoleptic ratings of raisins coated with dark, milk and white chocolates stored at 
temperatures of 4 and 18°C were practically identical in a first month of storage (differences 
of 0.0 – 0.1 points) comparing to fresh product, they were slightly different after second 
month (by 0.0 – 0.2 points) and third month (0.0 – 0.1 points) of storage. In case of 3 month 
storage period of non-supplemented products, differences in organoleptic evaluation 
between fresh product and product stored for a 3 month period were more noticeable and 
reached 0.7 points. Considering similar organoleptic evaluation of raisins coated with 
chocolate stored at 4 and 18°C it can be concluded, that examined raisins coated with 
chocolate don’t have to be kept at refrigeration conditions and can be stored at a store shelf 
as well, where they can easily be found by a consumer next to analogous traditional 
products. 

Storage time 
Grades (points) of chocolate coated raisins:

Dark + LAB Milk + LAB White + 
LAB 

Dark Milk White 

Control „0” 4.0 ±0.1 4.2 ± 0.1 4.7 ± 0.2 3.9 ± 0.0 4.0 ± 0.1 4.6 ± 0.1 
Stored at4oC 

1 month 3.7 ± 0.1 4.1 ± 0.1 4.6 ± 0.3 3.9 ± 0.2 3.9 ± 0.2 4.5 ± 0.3 
2 months 3.6 ± 0.2 4.1 ± 0.1 4.6 ± 0.1 3.8 ± 0.2 3.9 ± 0.1 4.6 ± 0.1 
3 months 3.1 ± 0.0 3.9 ± 0.1 4.5 ± 0.2 3.6 ± 0.1 3.8 ± 0.2 4.5 ± 0.2 

Stored at18oC 
1 month 3.8 ± 0.2 4.0 ± 0.2 4.6 ± 0.2 3.8 ± 0.2 3.9 ± 0.1 4.5 ± 0.3 
2 months 3.7 ± 0.2 4.0 ± 0.1 4.5 ± 0.2 3.7 ± 0.2 3.8 ± 0.2 4.3 ± 0.2 
3 months 3.0 ± 0.1 3.7 ± 0.2 4.4 ± 0.3 3.4 ± 0.1 3.1 ± 0.3 4.0 ± 0.2 

Stored at30oC 
1 month 3.9 ± 0.2 4.1 ± 0.2 4.6 ± 0.2 3.9 ± 0.1 3.8 ± 0.2 4.5 ± 0.1 
2 months 3.7 ± 0.2 3.9 ± 0.3 4.4 ± 0.2 3.4 ± 0.2 3.7 ± 0.1 4.2 ± 0.2 
3 months 2.8 ± 0.3 3.6 ± 0.2 3.5 ± 0.2 2.9 ± 0.2 3.0 ± 0.1 3.4 ± 0.2 

Table 30. Organoleptic evaluation of chocolate coated raisins received with the use of different types of 
couverture supplemented, and as a comparison non-supplemented with LAB, stored at temperatures 
of 4, 18 and 30°C for 3 months. 
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Viability of LAB in a product 

The biggest viability of Lactobacillus bacteria in products after 3 months of storage was 
observed when stored at a refrigeration temperature (4°C). The highest viability was 
observed in raisins coated with dark (88.9%) and white (88.0%) chocolate, slightly lower was 
noticed in raisins coated with milk chocolate (86.5%) (Table 31). In products stored at a 
temperature of 18°C amount of live bacterial cells was lower by two orders of magnitude, 
amounting 105 CFU . g-1. When products were stored at a stress temperature (30°C) a severe 
decrease in an amount of live cells was observed, even just after one month of storage. The 
biggest drop in LAB viability was observed in raisins coated with white chocolate, to 58.6%, 
next in raisins coated with milk chocolate, to 59.7%, and finally in raisins coated with dark 
chocolate viability lowered to 61.3%. 

 

Sample 

Storage temperature 

4°C 18°C 30°C 

Viability of bacteria  
(%) 

Raisins coated with milk chocolate 88.0  2.3 73.1  3.0 59.7  3.9 

Raisins coated with dark chocolate 88.9  3.0 72.7  3.8 61.3  4.0 

Raisins coated with white chocolate 86.5  2.7 66.3  2.0 58.6  4.0 

Table 31. Viability of Lactobacillus bacteria in chocolate coated raisins after 3 months of storage. 

 

Sample 

Storage temperature

4°C 18°C 30°C 

The amount of live bacterial cells in the product  
(CFU . 80 g-1) 

Raisins coated with milk 
chocolate 

3.4108 2.5107 2.5106 

Raisins coated with dark 
chocolate 

3.8108 2.3107 3.2106 

Raisins coated with white 
chocolate 

2.7108 8.0106 2.1106 

Table 32. The amount of live bacterial cells of Lactobacillus species in chocolate coated raisins, with a 
weight of 80g, after 3 months of storage. 
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The worst Lactobacillus bacteria viability, at all storage temperatures, was observed in 
raisins coated with white couverture. Storage of raisins coated with dark, white and milk 
couvertures supplemented with Lactobacillus bacteria, at a temperature of 4°C provides a 
maintenance of probiotic properties of these products. Temperature of 18°C, in case of 
raisins coated with dark and milk couvertures, also prevents them from loosing probiotic 
properties during storage. Storage of those products in this temperature allows  
to maintain high lactic bacteria viability during the whole storage period, namely 3 
months. 

Consuming a package of chocolate coated raisins, with a weight of 80 g, stored at 4°C 
provides a consumer with 108 CFU of probiotic bacteria. The same package of raisins 
coated with dark and milk chocolate stored at a temperature of 18°C contains 2.3107 CFU . 
80 g-1 and 2.5107 CFU . 80 g-1, respectively, while raisins coated with white chocolate an 
amount of 8.02106 CFU . 80 g-1 of final product (Table 32). After storage of chocolate coated 
raisins at 30°C consumed amount of lactic acid bacteria would amount to a level of 106 CFU 
. 80 g-1 of final product, and would be below recommended level (107 CFU . g-1) for 
functional food. 

6. Summary 

Proposed technology enables to introduce to dark, white and milk couvertures, live cultures 
of lactic acid bacteria (as a lyophilisate) and to use them for obtaining raisins coated with 
chocolate, characterized by soft consistency. 

Results of research and development project indicated what follows: 

- Addition of live cultures of lactic acid bacteria to dark and milk couvertures caused a 
slight increase of dry mass if products, and in raisins coated with white couverture a 
slight lowering of this parameter. 

- LAB supplementation of couvertures used for coating of raisins, only mildly increased 
the value of water activity in products coated with dark and milk couverture. Bigger 
increase of aw was noticed for raisins coated with white couverture. 

- Supplementation with lactic acid bacteria of dark, white and milk couvertures didn’t 
influence acidity of fresh products, and during storage this parameter decreased only 
slightly. 

- Temperature and storage time of chocolate coated raisins influenced changes of 
polymorphic forms of fat from couvertures used for coating of raisins. Fat from 
supplemented and non-supplemented with LAB couvertures was characterized  
by similar ranges of melting temperatures of both, first and second polymorphic 
form. 

- Raisins coated with dark and milk couvertures after supplementation with LAB had 
higher hardness values than raisins coated with analogous non-supplemented 
couvertures. While raisins coated with white couverture after LAB supplementation 

 
Probiotic Confectionery Products – Preparation and Properties 303 

became softer. During storage at temperatures of 4 and 18°C raisins coated with 
dark, milk and white couvertures supplemented with LAB gradual decrease in 
hardness was observed. After 2 months of storage products were softer than when 
they were fresh. 

- LAB supplementation of couvertures used for coating raisins practically didn’t affect 
organoleptic properties of received products. The best rating in a 5-point scale received 
raisins coated with white couverture, next notes belonged to products in milk and dark 
couverture. 

- Raisins coated in chocolate supplemented with LAB can be stored and exhibited in a 
store at room temperature. Number of live bacterial cells in products during whole 
storage period remained at a functional level. 

7. Conclusion 

Viability of lactic acid bacteria in some confectionery products appears to be unexpectedly 
high. It is caused by low moisture content in products mentioned in this chapter, as well as 
reqiured water activity (below 0.6), high concentration of carbohydrates, mainly saccharose 
and limited access of oxygen. However, viability depends mainly on recipe of product 
(mainly the type of fat), technological processes used for obtaining products and the time of 
these processes, and finally storage conditions. 

Many solutions for application of lactic acid bacteria to confectionery, pastry and other 
kinds of products, cited in this chapter, is the subject of patent protection. 

Application of bacteria in a form of preserved preparation, in which live cells are put in a 
state of anabiosis, allows to maintain high viability of LAB in confectionery products during 
storage. LAB addition to confectionery products - a type of food often consumed by kids 
and youth, allows to enrich the diet of this group of consumers with probiotic products with 
taste similar to traditional products, which are also ready for distribution and sale 
analogous to products without addition of bacterial preparations, not requiring refrigeration 
temperatures and hence being always “within reach”. 
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The worst Lactobacillus bacteria viability, at all storage temperatures, was observed in 
raisins coated with white couverture. Storage of raisins coated with dark, white and milk 
couvertures supplemented with Lactobacillus bacteria, at a temperature of 4°C provides a 
maintenance of probiotic properties of these products. Temperature of 18°C, in case of 
raisins coated with dark and milk couvertures, also prevents them from loosing probiotic 
properties during storage. Storage of those products in this temperature allows  
to maintain high lactic bacteria viability during the whole storage period, namely 3 
months. 

Consuming a package of chocolate coated raisins, with a weight of 80 g, stored at 4°C 
provides a consumer with 108 CFU of probiotic bacteria. The same package of raisins 
coated with dark and milk chocolate stored at a temperature of 18°C contains 2.3107 CFU . 
80 g-1 and 2.5107 CFU . 80 g-1, respectively, while raisins coated with white chocolate an 
amount of 8.02106 CFU . 80 g-1 of final product (Table 32). After storage of chocolate coated 
raisins at 30°C consumed amount of lactic acid bacteria would amount to a level of 106 CFU 
. 80 g-1 of final product, and would be below recommended level (107 CFU . g-1) for 
functional food. 

6. Summary 

Proposed technology enables to introduce to dark, white and milk couvertures, live cultures 
of lactic acid bacteria (as a lyophilisate) and to use them for obtaining raisins coated with 
chocolate, characterized by soft consistency. 

Results of research and development project indicated what follows: 

- Addition of live cultures of lactic acid bacteria to dark and milk couvertures caused a 
slight increase of dry mass if products, and in raisins coated with white couverture a 
slight lowering of this parameter. 

- LAB supplementation of couvertures used for coating of raisins, only mildly increased 
the value of water activity in products coated with dark and milk couverture. Bigger 
increase of aw was noticed for raisins coated with white couverture. 

- Supplementation with lactic acid bacteria of dark, white and milk couvertures didn’t 
influence acidity of fresh products, and during storage this parameter decreased only 
slightly. 

- Temperature and storage time of chocolate coated raisins influenced changes of 
polymorphic forms of fat from couvertures used for coating of raisins. Fat from 
supplemented and non-supplemented with LAB couvertures was characterized  
by similar ranges of melting temperatures of both, first and second polymorphic 
form. 

- Raisins coated with dark and milk couvertures after supplementation with LAB had 
higher hardness values than raisins coated with analogous non-supplemented 
couvertures. While raisins coated with white couverture after LAB supplementation 
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became softer. During storage at temperatures of 4 and 18°C raisins coated with 
dark, milk and white couvertures supplemented with LAB gradual decrease in 
hardness was observed. After 2 months of storage products were softer than when 
they were fresh. 

- LAB supplementation of couvertures used for coating raisins practically didn’t affect 
organoleptic properties of received products. The best rating in a 5-point scale received 
raisins coated with white couverture, next notes belonged to products in milk and dark 
couverture. 

- Raisins coated in chocolate supplemented with LAB can be stored and exhibited in a 
store at room temperature. Number of live bacterial cells in products during whole 
storage period remained at a functional level. 

7. Conclusion 

Viability of lactic acid bacteria in some confectionery products appears to be unexpectedly 
high. It is caused by low moisture content in products mentioned in this chapter, as well as 
reqiured water activity (below 0.6), high concentration of carbohydrates, mainly saccharose 
and limited access of oxygen. However, viability depends mainly on recipe of product 
(mainly the type of fat), technological processes used for obtaining products and the time of 
these processes, and finally storage conditions. 

Many solutions for application of lactic acid bacteria to confectionery, pastry and other 
kinds of products, cited in this chapter, is the subject of patent protection. 

Application of bacteria in a form of preserved preparation, in which live cells are put in a 
state of anabiosis, allows to maintain high viability of LAB in confectionery products during 
storage. LAB addition to confectionery products - a type of food often consumed by kids 
and youth, allows to enrich the diet of this group of consumers with probiotic products with 
taste similar to traditional products, which are also ready for distribution and sale 
analogous to products without addition of bacterial preparations, not requiring refrigeration 
temperatures and hence being always “within reach”. 
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1. Introduction 

Probiotics have been the topic of many studies over the past 20 years. Metchnikoff and 
Tissier (Metchnikoff 1907, Tissier, 1906) were the first to make scientific suggestions 
concerning the probiotic use of bacteria. They suggested that these bacteria could be 
administered to patients with diarrhea to help restore a healthy gut flora. Fuller (1989) in 
order to point out the microbial nature of probiotics redefined the word as “A live microbial 
feed supplement which beneficially affects the host animal by improving its intestinal 
balance. ” The most recent but probably not the last definition is “live microorganisms, 
which when consumed in adequate amounts, confer a health effect on the host”( Guarner 
and Schaafsma,1998). In the last 20 years however, research in the probiotic area has 
progressed considerably and significant advances have been made in selection and 
characterization of specific probiotic cultures. Most of the studies aim to investigate the 
physiological and functional properties of various probiotic strains, the mechanisms of 
action and the indications for human use and health benefits.  

Probiotic bacteria are a subset of specific organisms, which, when ingested, transiently 
occupy the gastrointestinal tract and lead to documented health benefits. Lactic-acid-
producing bacteria (LAB), particularly members of the genus Lactobacilli, Bifidobacteria, non 
pathogenic gram positive bacteria and non bacterial microorganisms (for example certain 
yeasts, such as Saccharomyces boulardii) have been used as probiotic agents. [1] The use of 
specific probiotic bacteria has been shown to enhance host defense mechanisms. [2] Prebiotics 
are non-digestable food ingredients that beneficially affect the host by stimulating the growth 
and/or activity of a limited number of bacterial species in the colon. Compounds most 
commonly studied for their prebiotic nature are non-digestable carbohydrates. In particular, 
oligosaccharides are considered the main units among prebiotics, which include 
fructooligosaccharides (FOS), inulin, lactulose and galactooligosaccharides (GOS). Synbiotics 
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are a combination of probiotics and prebiotics and it is the synergy between these two 
substances that becomes known as synbiotics.  

Several clinical benefits have been reported as a result of interaction between host and 
becteria ,such as for treatment and prevention of viral diarrhea [3] and reducing the risk of 
necrotizing enterocolitis (NEC), mitigating antibiotic associated diarrhea ,and modulating 
host immune response (such as in allergic disease ).  

2. Properties 

Intestinal microflora is composed of both well-established resident microbes and those 
ingested orally which transiently occupy the gastrointestinal (GI) tract. Probiotics are 
generally defined as non pathogenic organisms in food supply (ingested microbes) that are 
capable of conferring a health benefit to the host by modifying gut microbial ecology.  

Probiotics are live microorganisms which when ingested in adequate amounts confer a 
health effect on the host by enhancing host defense mechanisms. Several clinical benefits 
have been reported with various specific microbes in pediatric populations. It is increasingly 
clear that these benefits to the host are mostly mediated by the profound effect that 
intestinal microflora (microbiota) have on gut barrier function and host immune response. 
The most frequently used probiotic agents are the lactic acid producing bacteria, such as 
Lactobacilli and Bifidobacteria, non pathogenic strains of Gram positive bacteria, such as 
Streptococcus, E. Coli and non bacterial microorganisms, such as Saccharomyces Bulardii 

There are several generally accepted characteristics that define probiotic bacteria. [4-6] 

 They are microbial organisms 
 They remain viable and stable after culture manipulation, and storage before consumption 
 They survive gastric, biliary, and pancreatic digestion.  
 They are able to induce a host response once they enter the intestinal microbial 

ecosystem (by adhering to gut epithelium or other mechanisms) and they yield a 
functional and clinical benefit to the host when consumed.  

 It has been suggested that probiotic bacteria should be of “human origin” and that they 
should “colonize” the intestine. [5,6] 

Probiotics can be found in certain foods, such as yogurts, fruit juices and soy beverages. 
They are also found in supplements that come in liquid, capsule and powdered forms. It is 
believed that a concentration of 10 live microorganisms per gram or ml of product is 
required in order to exert a health benefit on the host.  

Probiotics have a wide range of beneficial effects and numerous indications of use in 
pediatric populations, such as: 

 Acute diarrhea 
 Antibiotic-Associated Diarrhea 
 Allergy prevention 
 Necrotizing enterocolitis 
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3. Mechanisms of action 

The intestine of the newborn is essentially sterile. During the birthing process and during 
the first days of life, the gut is inoculated with bacteria. In the first two days of life, an 
infant’s intestinal tract is rapidly colonized with bacteria consisting mainly of 
Enterobacteria. In most breastfed infants, the Bifidobacteria counts increase rapidly to 
constitute 80-90% of the total flora. Formula-fed infants, on the other hand, tent to have a 
flora that is more complex, consisting mostly of coliforms and Bacteroides with significantly 
lower prevalence of Bifidobacteria. [7] Although the composition of the microflora varies 
among individuals, the composition within each individual remains stable over prolonged 
periods. [8] A normal microbial flora is necessary for the development of gut associated 
lymphoid tissue (GALT). The gut luminal microbes are responsible for mucosal immune 
system development in healthy infants. Signaling through specific receptors, particularly 
toll-like receptors, intestinal bacteria affect epithelium cell function, which determines T-cell 
differentiation and antibody responses to T-cell-dependent antigens, regulating immune gut 
response for IgA responses to luminal antigens. [9] Resident bacteria, particularly 
Lactobacilli and Bifidobacteria, can exert antimicrobial activities influencing both local and 
systemic immunity. [10] 

Intestinal bacteria have a major effect on enhancing secretory immune function. Among the 
more consistently found effects of specific Bifidobacteria and Lactobacilli in pediatric 
populations is the effect on humoral immunity, particularly on secretory IgA( s IgA ) and 
other immunoglobulins. An increase in IgA-, IgM-,and IgG-secreting cells in circulation ,as 
well as fecal IgA concentrations ,has been reported. During the neonatal period, s IgA in the 
stool of formula-fed infants is essentially undetectable. [11, 12] Bifidobacteria and 
Lactobacillus given orally have been shown to influence s IgA in a number of animal trials 
[13] Infant studies that investigated the effects of specific Lactobacilli and Bifidobacteria 
supplementation on stimulating the mucosal immune response have reported similar 
positive results. Breast milk contains significant levels of sIgA that are transferred to the 
infant. Bifidobacteria, which predominate in breast-fed infants, have shown to stimulate the 
synthesis and secretion of IgA. Recent reports indicate similar IgA increases in premature 
infants receiving B lactis. [14] sIgA, the most important and predominant immunoglobulin 
in mucosal surfaces, provides protection against antigens, potential pathogens, toxins, and 
virulence factors. [15] 

The resident Bifidobacteria and Lactobacilli in the gut can offer resistance to colonization by 
other potentially pathogenic microbes, thereby functioning as part of the gut defense barrier. 
They have also been associated with the secretion of substrates that have antimicrobial 
properties [16] and the secretion of mucins via activation of MUC2 and MUC3 genes, part of 
the intestinal barrier that can inhibit adherence of pathogenic bacteria. [17] 

An increasing number of clinical trials have documented effects of ingestion of specific 
probiotic bacteria on gut barrier function and immunity. For example in both animal and 
human models, ingestion of L casei, L bulgaricus, and L acidophilus has been shown to 
activate production of macrophages and enhance phagocytosis. [8] Serum sCD14, a marker 
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3. Mechanisms of action 

The intestine of the newborn is essentially sterile. During the birthing process and during 
the first days of life, the gut is inoculated with bacteria. In the first two days of life, an 
infant’s intestinal tract is rapidly colonized with bacteria consisting mainly of 
Enterobacteria. In most breastfed infants, the Bifidobacteria counts increase rapidly to 
constitute 80-90% of the total flora. Formula-fed infants, on the other hand, tent to have a 
flora that is more complex, consisting mostly of coliforms and Bacteroides with significantly 
lower prevalence of Bifidobacteria. [7] Although the composition of the microflora varies 
among individuals, the composition within each individual remains stable over prolonged 
periods. [8] A normal microbial flora is necessary for the development of gut associated 
lymphoid tissue (GALT). The gut luminal microbes are responsible for mucosal immune 
system development in healthy infants. Signaling through specific receptors, particularly 
toll-like receptors, intestinal bacteria affect epithelium cell function, which determines T-cell 
differentiation and antibody responses to T-cell-dependent antigens, regulating immune gut 
response for IgA responses to luminal antigens. [9] Resident bacteria, particularly 
Lactobacilli and Bifidobacteria, can exert antimicrobial activities influencing both local and 
systemic immunity. [10] 

Intestinal bacteria have a major effect on enhancing secretory immune function. Among the 
more consistently found effects of specific Bifidobacteria and Lactobacilli in pediatric 
populations is the effect on humoral immunity, particularly on secretory IgA( s IgA ) and 
other immunoglobulins. An increase in IgA-, IgM-,and IgG-secreting cells in circulation ,as 
well as fecal IgA concentrations ,has been reported. During the neonatal period, s IgA in the 
stool of formula-fed infants is essentially undetectable. [11, 12] Bifidobacteria and 
Lactobacillus given orally have been shown to influence s IgA in a number of animal trials 
[13] Infant studies that investigated the effects of specific Lactobacilli and Bifidobacteria 
supplementation on stimulating the mucosal immune response have reported similar 
positive results. Breast milk contains significant levels of sIgA that are transferred to the 
infant. Bifidobacteria, which predominate in breast-fed infants, have shown to stimulate the 
synthesis and secretion of IgA. Recent reports indicate similar IgA increases in premature 
infants receiving B lactis. [14] sIgA, the most important and predominant immunoglobulin 
in mucosal surfaces, provides protection against antigens, potential pathogens, toxins, and 
virulence factors. [15] 

The resident Bifidobacteria and Lactobacilli in the gut can offer resistance to colonization by 
other potentially pathogenic microbes, thereby functioning as part of the gut defense barrier. 
They have also been associated with the secretion of substrates that have antimicrobial 
properties [16] and the secretion of mucins via activation of MUC2 and MUC3 genes, part of 
the intestinal barrier that can inhibit adherence of pathogenic bacteria. [17] 

An increasing number of clinical trials have documented effects of ingestion of specific 
probiotic bacteria on gut barrier function and immunity. For example in both animal and 
human models, ingestion of L casei, L bulgaricus, and L acidophilus has been shown to 
activate production of macrophages and enhance phagocytosis. [8] Serum sCD14, a marker 
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of immunologic maturation in the neonate, was significantly greater than placebo in infants 
provided probiotics. Additionally, decreased gut permeability with Lactobacilli [18] , and 
recently in premature infants receiving Bifidobacteria [19] , is another mechanism by which 
probiotics may function.  

Some probiotic bacteria have been shown to exert beneficial effects on pro- and anti-
inflammatory cytokine secretion [8]. Decreases in fecal 1 antitrypsin, urinary protein 
eosinophil X, tumor necrosis factor (TNF)-α [20,21] have been reported as a result of down-
regulation of the inflammatory immune response by probiotic agents.  

It is being recognized that host-microbe interactions have an effect on atopic disease. 
Alterations in the balance of intestinal microflora, particularly in immune and 
inflammatory-related diseases coupled with significant reduction in the oral ingestion and 
exposure to a microbe that has led to postulation of the “hygiene hypothesis”. This theory 
suggests that a lower exposure in early childhood to bacterial and other antigens in 
industrialized societies has led to inadequate development and maturation of immune 
responses and appears responsible for the increased prevalence of asthma and allergies due 
to inadequate defensive and immune-modulating gut immune diseases. [22, 23, 24] Infants 
are born with a predominance of Th2 (T helper 2) lymphocyte activity ,which predisposes 
them to an exaggerated response to allergens ,with increased IgE production. Exposure to 
intestinal bacteria ,on the other hand ,stimulates Th1 ( T helper 1 ) activity ( which primarily 
reacts defensively to bacterial stimuli as part of the protective immune response ). As a 
consequence ,intestinal microbes ( resident and ingested )can redirect immune balance from 
a Th2-predominant response to a balanced Th1/Th2 response ,decreasing the changes for a 
potential exaggerated allergic response. Finally, TReg (regulatory) cells release cytokines 
such as transforming growth factor β(TGF-β) ,which can inhibit Th1 or Th2 overexpression 
and also play a role in adequate balancing the host response to bacterial food antigens ,and 
their activity seems to be increased by luminal microbes [25,26,27,28] Some Bifidobacteria 
and Lactobacilli given orally may enhance the production of a balanced T-helper-cell 
response [29,30] and stimulate production of interleukin (IL)-10, and TGF-β [21,31,32] both 
of which have a role in the development of immunologic tolerance to antigens and can 
decrease allergic type immune responses.  

Bifidobacteria supplementation in premature infants has been shown to positively modify 
the microflora of the intestines. [33] Beneficial increases in stool, short-chain fatty acids, 
reductions in stool pH, and decreases in fecal ammonia and indoles [34, 35] and 
concentrations of Bacteroides and E. Coli have been documented [36, 37] with Bifidobacteria 
supplementation. Specific probiotic bacteria positively affect the ratio of favorable to 
unfavorable in the gut luminal environment. Lactobacilli and Bifidobacteria when ingested 
they are not part of the resident microflora of the host, and their counts typically decrease or 
disappear once ingestion stops. Specific Lactobacilli and Bifidobacteria, when ingested, can 
modify the composition of intestinal microbial ecology. They are not typically pathogenic 
and seem beneficial in fostering host immune development and response. These ingested 
organisms have the potential of further supporting gut barrier function and appropriate 
host immune system development and immune response.  

 
Probiotics in Pediatrics – Properties, Mechanisms of Action, and Indications 313 

In summary effects have been documented supported by a large body of evidence from in 
vitro and animal studies. These include effects on innate (nonspecific immune defense) and 
adaptive immunity (responses that require exposure to pathogens or antigens that the 
immune system recognizes and “remembers”). Adequate adaptive responses are important 
for host defense, as well as to develop immune tolerance, which decreases chances for 
abnormal immune hyperreactivity or inflammation. The following effects on innate and 
adaptive immunity have been reported: 

Effects on innate immunity 

 Compete with and inhibit growth of potential pathogens 
 Promote mucin production 
 Decrease gut permeability 
 Enhance natural killer cell activity, macrophage stimulation, and phagocytosis 

Effects on adaptive immunity 

 Increase total and specific s IgA in serum and intestinal lumen 
 Increase IgA-, IgG-, and IgM- secreting cells 
 Modulate inflammatory gut immune responses  [5] 

4. Indications 

Clinical benefits with specific probiotic bacteria by enhancing defense mechanisms, as well 
as by modulating host immune response include prevention and treatment of acute 
infectious diarrhea and antibiotic-associated diarrhea, modulating allergic immune 
response, prevention of NEC and treating constipation.  

4.1. Acute infectious diarrhea 

The clinical outcome with the use of probiotic bacteria in order to treat or prevent acute 
diarrheal diseases has been supported by a large and growing body of evidence. The larger 
number of trials documents therapeutic use of probiotics as supplements early in the course 
of the disease. The rationale of using probiotics to treat and prevent diarrheal diseases is 
based on the assumption that they modify the composition of colonic microflora and act 
against enteric pathogens. The majority of studies have included various species of 
Lactobacilli, and by far the most used has been L rhamnosus (GG). This specific strain has 
shown efficacy when given as a supplement early in the course of rotaviral diarrhea. The 
most consistent effect reported is a reduction in duration of illness (0, 5 to 1, 5 days). While 
for the individual infant the effect may be modest, the effect on the population may be 
significant. [38] 

A reduction in incidence of acute diarrheal disease has been reported by another body of 
literature. Several studies have documented a reduction in incidence or severity of acute 
diarrhea with Bifidobacteria mainly B. lactis [39, 40] and with Lactobacilli, mainly L 
rhamnosus (GG) [41, 42] though protection is not always significant. [43] Both L rhamnosus 
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of immunologic maturation in the neonate, was significantly greater than placebo in infants 
provided probiotics. Additionally, decreased gut permeability with Lactobacilli [18] , and 
recently in premature infants receiving Bifidobacteria [19] , is another mechanism by which 
probiotics may function.  

Some probiotic bacteria have been shown to exert beneficial effects on pro- and anti-
inflammatory cytokine secretion [8]. Decreases in fecal 1 antitrypsin, urinary protein 
eosinophil X, tumor necrosis factor (TNF)-α [20,21] have been reported as a result of down-
regulation of the inflammatory immune response by probiotic agents.  

It is being recognized that host-microbe interactions have an effect on atopic disease. 
Alterations in the balance of intestinal microflora, particularly in immune and 
inflammatory-related diseases coupled with significant reduction in the oral ingestion and 
exposure to a microbe that has led to postulation of the “hygiene hypothesis”. This theory 
suggests that a lower exposure in early childhood to bacterial and other antigens in 
industrialized societies has led to inadequate development and maturation of immune 
responses and appears responsible for the increased prevalence of asthma and allergies due 
to inadequate defensive and immune-modulating gut immune diseases. [22, 23, 24] Infants 
are born with a predominance of Th2 (T helper 2) lymphocyte activity ,which predisposes 
them to an exaggerated response to allergens ,with increased IgE production. Exposure to 
intestinal bacteria ,on the other hand ,stimulates Th1 ( T helper 1 ) activity ( which primarily 
reacts defensively to bacterial stimuli as part of the protective immune response ). As a 
consequence ,intestinal microbes ( resident and ingested )can redirect immune balance from 
a Th2-predominant response to a balanced Th1/Th2 response ,decreasing the changes for a 
potential exaggerated allergic response. Finally, TReg (regulatory) cells release cytokines 
such as transforming growth factor β(TGF-β) ,which can inhibit Th1 or Th2 overexpression 
and also play a role in adequate balancing the host response to bacterial food antigens ,and 
their activity seems to be increased by luminal microbes [25,26,27,28] Some Bifidobacteria 
and Lactobacilli given orally may enhance the production of a balanced T-helper-cell 
response [29,30] and stimulate production of interleukin (IL)-10, and TGF-β [21,31,32] both 
of which have a role in the development of immunologic tolerance to antigens and can 
decrease allergic type immune responses.  

Bifidobacteria supplementation in premature infants has been shown to positively modify 
the microflora of the intestines. [33] Beneficial increases in stool, short-chain fatty acids, 
reductions in stool pH, and decreases in fecal ammonia and indoles [34, 35] and 
concentrations of Bacteroides and E. Coli have been documented [36, 37] with Bifidobacteria 
supplementation. Specific probiotic bacteria positively affect the ratio of favorable to 
unfavorable in the gut luminal environment. Lactobacilli and Bifidobacteria when ingested 
they are not part of the resident microflora of the host, and their counts typically decrease or 
disappear once ingestion stops. Specific Lactobacilli and Bifidobacteria, when ingested, can 
modify the composition of intestinal microbial ecology. They are not typically pathogenic 
and seem beneficial in fostering host immune development and response. These ingested 
organisms have the potential of further supporting gut barrier function and appropriate 
host immune system development and immune response.  
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In summary effects have been documented supported by a large body of evidence from in 
vitro and animal studies. These include effects on innate (nonspecific immune defense) and 
adaptive immunity (responses that require exposure to pathogens or antigens that the 
immune system recognizes and “remembers”). Adequate adaptive responses are important 
for host defense, as well as to develop immune tolerance, which decreases chances for 
abnormal immune hyperreactivity or inflammation. The following effects on innate and 
adaptive immunity have been reported: 

Effects on innate immunity 

 Compete with and inhibit growth of potential pathogens 
 Promote mucin production 
 Decrease gut permeability 
 Enhance natural killer cell activity, macrophage stimulation, and phagocytosis 

Effects on adaptive immunity 

 Increase total and specific s IgA in serum and intestinal lumen 
 Increase IgA-, IgG-, and IgM- secreting cells 
 Modulate inflammatory gut immune responses  [5] 

4. Indications 

Clinical benefits with specific probiotic bacteria by enhancing defense mechanisms, as well 
as by modulating host immune response include prevention and treatment of acute 
infectious diarrhea and antibiotic-associated diarrhea, modulating allergic immune 
response, prevention of NEC and treating constipation.  

4.1. Acute infectious diarrhea 

The clinical outcome with the use of probiotic bacteria in order to treat or prevent acute 
diarrheal diseases has been supported by a large and growing body of evidence. The larger 
number of trials documents therapeutic use of probiotics as supplements early in the course 
of the disease. The rationale of using probiotics to treat and prevent diarrheal diseases is 
based on the assumption that they modify the composition of colonic microflora and act 
against enteric pathogens. The majority of studies have included various species of 
Lactobacilli, and by far the most used has been L rhamnosus (GG). This specific strain has 
shown efficacy when given as a supplement early in the course of rotaviral diarrhea. The 
most consistent effect reported is a reduction in duration of illness (0, 5 to 1, 5 days). While 
for the individual infant the effect may be modest, the effect on the population may be 
significant. [38] 

A reduction in incidence of acute diarrheal disease has been reported by another body of 
literature. Several studies have documented a reduction in incidence or severity of acute 
diarrhea with Bifidobacteria mainly B. lactis [39, 40] and with Lactobacilli, mainly L 
rhamnosus (GG) [41, 42] though protection is not always significant. [43] Both L rhamnosus 
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(GG) and L reuteri (during treatment) [44] and B lactis (used prophylactically) [45] have 
documented reduced rotaviral shedding. Thirty-four randomized clinical trials reviewed by 
a meta-analysis evaluated the efficacy of probiotics in the prevention of acute diarrhea. 
Probiotics significantly reduced the risk of diarrhea developing in infants and children by 
57%. The protective effect did not significantly vary among the probiotic strains used, 
including B lactis, L rhamnosus GG, L acidophilus, S bouladrii, and other agents used alone 
or in combination with 2 or more strains. [46] Decreased hospitalization [47] and reduced 
duration of hospitalization were also confirmed. All studies suggested that the effect occurs 
on both the manifestations of the disease and on the course of the infection. There has been 
no study so far documenting an increase in diarrheal disease with probiotic use. These 
findings suggest that specific probiotics may be used in a long-term and prophylactic 
manner, particularly in infancy.  

Several mechanisms have been proposed in order to explain the efficacy of probiotics in 
preventing or treating acute diarrhea. It has been shown that probiotics stimulate or modify 
nonspecific and specific immune responses to pathogens. Probiotics have been shown to 
enhance mucosal immune defenses and protect structural and functional damage promoted 
by enteric pathogens in the brush border of enterocytes, probably by interfering with the 
cross-talk between the pathogen and host cells. [48] It has been shown that L rhamnosus 
(GG) and Lactobacillus plantarum 299v inhibit, in a dose-dependent manner, the binding of 
E.coli to intestinal-derived epithelial cells grown in tissue culture by stimulation of synthesis 
and secretion of mucins. [49] Certain probiotics increase the number of circulating 
lymphocytes [50] and lymphocyte proliferation [51,] stimulate phagocytosis, increase 
specific antibody responses to rotavirus vaccine strain [52] , and increase cytokine secretion, 
including interferon-γ. [51] L rhamnosus GG and Lactobacillus acidophilus have been 
shown to produce antimicrobial substances against some gram-positive and gram-negative 
pathogens. [53, 54] Other mechanisms proposed by which probiotics might exert their 
activity against pathogens are competition for nutrients required for growth of pathogens 
[55,56] ,competitive inhibition of adhesion of pathogens [57-60] ,and modification of toxins 
and toxin receptors. [61,62] 

4.2. Antibiotic-associated diarrhea 

Antibiotic-associated diarrhea (AAD) is defined as an acute inflammation of the intestinal 
mucosa caused by the administration of a broad spectrum of antibiotics. The single bacterial 
agent most commonly associated with AAD is Clostiridium difficile. However, when the 
normal fecal gram-negative organisms are absent, overgrowth by staphylococci, yeasts and 
fungi has been implicated. [63] In fact, most episodes of AAD in childhood are not due to C. 
difficile. [64] The rationale for the use of probiotics in AAD is based on the assumption that 
the key factor in the pathogenesis of AAD is a disturbance in normal intestinal flora.  

Several probiotic bacteria have proved to be beneficial in reducing the risk of antibiotic-
associated diarrhea in infants and children. [65-67] Six randomized controlled trials that 
collectively assessed 766 children for the efficacy of probiotics in the prevention of AAD 
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indicated that concomitant treatment with probiotics, compared with placebo reduced the 
risk of diarrhea from 28, 5% to 11, 9%. [67] Beneficial effects were strongest for B lactis and S 
thermophilus given in infant formula and L rhamnosus (GG) as a supplement.  

In conclusion, Randomized Controlled Trials (RCTs) in children have provided so far 
evidence of a moderate beneficial effect of L rhamnosus (GG), B. lactis, S. thermophilus and 
S. boulardii in preventing AAD. No data on efficacy of other probiotic strains are available 
in children. Based on the previously reported evidence probiotics have been shown capable 
of providing reasonable protection against the development of AAD. Their use is probably 
warranted whenever the physician feels that preventing this usually self-limited 
complication is important.  

4.3. Nosocomial diarrhea 

Nosocomial diarrhea refers to any diarrhea contracted in a health care institution and is 
more commonly caused by enteric pathogens especially rotavirus. [68] The reported 
incidence ranges from 4, 5 to 22, 6 episodes per 100 admissions. It may prolong hospital 
stays and increase medical costs. Although hand washing is the essential infection control 
measure, other cost-effective approaches to prevent nosocomial diarrhea are being 
evaluated.  

Two RCTs evaluated the use of L rhamnosus G [69, 70] on nosocomial diarrhea prevention. 
The first study showed that L rhamnosus G administered orally twice daily significantly 
reduced the risk of diarrhea compared with placebo (6, 7% vs 33, 3%; p=0,002) [69]. The 
second RCT evaluating L rhamnosus G in the prevention of diarrhea involved 220 children. 
L rhamnosus (GG) was administered orally once daily and did not prevent nosocomial 
rotavirus infections compared with placebo (25, 4% vs 30, 2%; p=0, 4). However, the rate of 
symptomatic rotavirus enteritis was lower in children receiving L rhamnosus (GG) 
compared with placebo (13% vs 21%; p=0, 13). [70] 

The available data do not provide strong evidence for the routine use of L rhamnosus (GG) 
to prevent nosocomial rotavirus diarrhea in infants and toddlers.  

Two other RCTs evaluated the efficacy of B. bifidum and S. thermophilus in preventing 
nosocomial diarrhea. The first study showed that the administration of standard infant 
formula supplemented with B. bifidum and S. thermophilus reduced the prevalence of 
nosocomial diarrhea compared with placebo. The risk of rotavirus gastroenteritis was 
significantly lower in those receiving probiotic-supplemented formula [71]. The second RCT 
showed that infants living in residential care settings, although they differ from hospital 
settings are also at increased risk for diarrheal illnesses, and the mode of acquiring diarrhea 
is similar. The infants received milk formula supplemented with viable B. lactis strain Bb12. 
It was shown that the previous intervention did not reduce the prevalence of diarrhea 
compared to placebo. [72] 

In conclusion there is conflicting evidence on the efficacy of L rhamnosus (GG) provided by 
2 RCTs in preventing nosocomial diarrhea. One small RCT suggests a benefit of B. bifidum 
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(GG) and L reuteri (during treatment) [44] and B lactis (used prophylactically) [45] have 
documented reduced rotaviral shedding. Thirty-four randomized clinical trials reviewed by 
a meta-analysis evaluated the efficacy of probiotics in the prevention of acute diarrhea. 
Probiotics significantly reduced the risk of diarrhea developing in infants and children by 
57%. The protective effect did not significantly vary among the probiotic strains used, 
including B lactis, L rhamnosus GG, L acidophilus, S bouladrii, and other agents used alone 
or in combination with 2 or more strains. [46] Decreased hospitalization [47] and reduced 
duration of hospitalization were also confirmed. All studies suggested that the effect occurs 
on both the manifestations of the disease and on the course of the infection. There has been 
no study so far documenting an increase in diarrheal disease with probiotic use. These 
findings suggest that specific probiotics may be used in a long-term and prophylactic 
manner, particularly in infancy.  

Several mechanisms have been proposed in order to explain the efficacy of probiotics in 
preventing or treating acute diarrhea. It has been shown that probiotics stimulate or modify 
nonspecific and specific immune responses to pathogens. Probiotics have been shown to 
enhance mucosal immune defenses and protect structural and functional damage promoted 
by enteric pathogens in the brush border of enterocytes, probably by interfering with the 
cross-talk between the pathogen and host cells. [48] It has been shown that L rhamnosus 
(GG) and Lactobacillus plantarum 299v inhibit, in a dose-dependent manner, the binding of 
E.coli to intestinal-derived epithelial cells grown in tissue culture by stimulation of synthesis 
and secretion of mucins. [49] Certain probiotics increase the number of circulating 
lymphocytes [50] and lymphocyte proliferation [51,] stimulate phagocytosis, increase 
specific antibody responses to rotavirus vaccine strain [52] , and increase cytokine secretion, 
including interferon-γ. [51] L rhamnosus GG and Lactobacillus acidophilus have been 
shown to produce antimicrobial substances against some gram-positive and gram-negative 
pathogens. [53, 54] Other mechanisms proposed by which probiotics might exert their 
activity against pathogens are competition for nutrients required for growth of pathogens 
[55,56] ,competitive inhibition of adhesion of pathogens [57-60] ,and modification of toxins 
and toxin receptors. [61,62] 

4.2. Antibiotic-associated diarrhea 

Antibiotic-associated diarrhea (AAD) is defined as an acute inflammation of the intestinal 
mucosa caused by the administration of a broad spectrum of antibiotics. The single bacterial 
agent most commonly associated with AAD is Clostiridium difficile. However, when the 
normal fecal gram-negative organisms are absent, overgrowth by staphylococci, yeasts and 
fungi has been implicated. [63] In fact, most episodes of AAD in childhood are not due to C. 
difficile. [64] The rationale for the use of probiotics in AAD is based on the assumption that 
the key factor in the pathogenesis of AAD is a disturbance in normal intestinal flora.  

Several probiotic bacteria have proved to be beneficial in reducing the risk of antibiotic-
associated diarrhea in infants and children. [65-67] Six randomized controlled trials that 
collectively assessed 766 children for the efficacy of probiotics in the prevention of AAD 
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indicated that concomitant treatment with probiotics, compared with placebo reduced the 
risk of diarrhea from 28, 5% to 11, 9%. [67] Beneficial effects were strongest for B lactis and S 
thermophilus given in infant formula and L rhamnosus (GG) as a supplement.  

In conclusion, Randomized Controlled Trials (RCTs) in children have provided so far 
evidence of a moderate beneficial effect of L rhamnosus (GG), B. lactis, S. thermophilus and 
S. boulardii in preventing AAD. No data on efficacy of other probiotic strains are available 
in children. Based on the previously reported evidence probiotics have been shown capable 
of providing reasonable protection against the development of AAD. Their use is probably 
warranted whenever the physician feels that preventing this usually self-limited 
complication is important.  

4.3. Nosocomial diarrhea 

Nosocomial diarrhea refers to any diarrhea contracted in a health care institution and is 
more commonly caused by enteric pathogens especially rotavirus. [68] The reported 
incidence ranges from 4, 5 to 22, 6 episodes per 100 admissions. It may prolong hospital 
stays and increase medical costs. Although hand washing is the essential infection control 
measure, other cost-effective approaches to prevent nosocomial diarrhea are being 
evaluated.  

Two RCTs evaluated the use of L rhamnosus G [69, 70] on nosocomial diarrhea prevention. 
The first study showed that L rhamnosus G administered orally twice daily significantly 
reduced the risk of diarrhea compared with placebo (6, 7% vs 33, 3%; p=0,002) [69]. The 
second RCT evaluating L rhamnosus G in the prevention of diarrhea involved 220 children. 
L rhamnosus (GG) was administered orally once daily and did not prevent nosocomial 
rotavirus infections compared with placebo (25, 4% vs 30, 2%; p=0, 4). However, the rate of 
symptomatic rotavirus enteritis was lower in children receiving L rhamnosus (GG) 
compared with placebo (13% vs 21%; p=0, 13). [70] 

The available data do not provide strong evidence for the routine use of L rhamnosus (GG) 
to prevent nosocomial rotavirus diarrhea in infants and toddlers.  

Two other RCTs evaluated the efficacy of B. bifidum and S. thermophilus in preventing 
nosocomial diarrhea. The first study showed that the administration of standard infant 
formula supplemented with B. bifidum and S. thermophilus reduced the prevalence of 
nosocomial diarrhea compared with placebo. The risk of rotavirus gastroenteritis was 
significantly lower in those receiving probiotic-supplemented formula [71]. The second RCT 
showed that infants living in residential care settings, although they differ from hospital 
settings are also at increased risk for diarrheal illnesses, and the mode of acquiring diarrhea 
is similar. The infants received milk formula supplemented with viable B. lactis strain Bb12. 
It was shown that the previous intervention did not reduce the prevalence of diarrhea 
compared to placebo. [72] 

In conclusion there is conflicting evidence on the efficacy of L rhamnosus (GG) provided by 
2 RCTs in preventing nosocomial diarrhea. One small RCT suggests a benefit of B. bifidum 
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and S. thermophilus in sick infants admitted to the hospital, but no such benefit has been 
identified in healthy children in residential care settings. The already mentioned studies 
suggest that there is currently not enough evidence to recommend the routine use of 
probiotics to prevent nosocomial diarrhea. There is a need for large and well-designed 
RCTs.   

4.4. Allergy 

The rationale for using probiotics in prevention and treatment of allergic disorders is based 
on the concept that appropriate microbial stimuli are required for normal early 
immunological development. Microbial-gut interactions can improve the integrity of the gut 
barrier by decreasing intestinal permeability, reducing both adherence of potential antigens 
and their systemic effect, and by modulating GALT immune response toward antigen 
tolerance. The intestinal microflora interacts with the mucosal immune system. It has been 
found that different strains of commercial bacteria vary in the cytokine response they 
generate. The Th1/Th2 imbalance is crucial to the clinical expression of allergy. Probiotic 
bacteria can produce significant antiallergenic effects by intricate interactions inducing Th1 
cytokines, such as interferon-γ [73] , Τ-regulatory cytokines, such as IL-10 and TGF-β [74] , 
and mucosal immunoglobulin A production [75].  

Three species of Lactobacillus were shown to modulate the phenotype and functions of 
human myeloid dendritic cells (DCs). Lactobacillus-exposed myeloid DCs up-regulated 
HLA-DR, CD83, CD40, CD80, and CD86, and secreted high levels of IL-12 and IL-18, but not 
IL-10. [76] 

Infants with atopic dermatitis who received hydrolyzed whey formula supplemented with L 
rhamnosus (GG) showed greater clinical improvement than those who received the 
hydrolyzed formula alone. They also excreted less TNF-α and α-1-antitrypsin in their stool 
suggesting that the probiotics decreased gut inflammation. [77] Atopic infants treated with 
extensively hydrolyzed whey-based formula with L rhamnosus (GG) or B lactis showed 
greater improvement in severity of skin manifestations than with hydrolysate formula 
alone. The probiotic-supplemented group also demonstrated a reduction in serum soluble 
CD4 (a marker of T-cell activation) and an increase in serum TGF-β1 involved in 
suppressing the inflammatory response via IgE production and oral tolerance induction. 
[21] These studies suggest that regular probiotic supplementation may stabilize intestinal 
barrier function and play a role in modulating allergic responses leading to a decreased 
severity of atopic symptoms, particularly atopic dermatitis associated with cow’s milk 
protein [21,29,78].  

A marked anti-inflammatory effect was produced by bifidobacteria with an IL-10 induction 
by dendritic cells and consequent inhibition of Th1 activation with decreased interferon-γ 
production [79]. In atopic infants supplemented with B lactis a decrease of Bacteroides and E 
coli in the stool was shown. Most interestingly, serum IgE correlated with E coli counts, and 
in highly sensitized infants correlated with Bacteroides counts. Thus, certain probiotics seem 
to influence the gut’s allergen-stimulated inflammatory response and provide a barrier 
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effect against antigens that might otherwise ultimately lead to systemic allergic symptoms 
such as eczema. [37] 

Proliferation and growth of beneficial bacteria in the digestive system is being promoted 
with the use of prebiotics. Prebiotics are generally considered to be safe and they are 
naturally present in several kinds of food. A food ingredient must fulfill the following 
criteria to be considered a prebiotic: it should be hydrolyzed or absorbed in the upper part 
of the gastrointestinal tract, it has to be a selective substrate for beneficial bacteria in the 
colon for example bifidobacteria, and it must be able to alter the intestinal microflora 
towards a healthier composition [80].  

In regards to the immunomodulatory effect of prebiotics, the proposed mechanisms of 
action are the following: They are thought to stimulate the activity of lactic acid bacteria, 
such as lactobacilli and bifidobacteria, which have immunomodulatory qualities. A second 
mechanism of action is that fermentation of prebiotics by lactic acid bacteria enhances Short 
Chain Fatty Acids (SCFA) that they act as energy substrate for colonocytes. It has been 
shown that SCFA stimulate Interferon-γ and IL-10 production. [81-84] 

The immunomodulatory effect of prebiotics on the prevention of atopic dermatitis has been 
evaluated by several studies. A study by Moro et al showed that a mixture of prebiotic 
oligosaccharides reduces the incidence of atopic dermatitis during the first six months of age 
[85]. A study by van der Aa et al determined the effect of Bifidobacterium breve M-16V 
combined with a prebiotic oligosaccharide mixture (synbiotic) on atopic markers. The 
synbiotic mixture had no detectable effect on plasma levels of the analysed atopic disease 
markers in vivo [86]. Another study by de Kivit S, et al investigated the effect of prebiotic 
galacto- and fructo-oligosaccharides (scGOS/lcFOS) in combination with Bifidobacterium 
breve M-16V (GF/Bb) on atopy. The study showed that dietary supplementation with GF/Bb 
enhances serum galectin-9 levels, which associates with the prevention of the allergic 
symptoms. [87] 

In conclusion, although theoretically pro-, pre and synbiotics are promising candidates to 
prevent or treat AD, results of the clinical trials performed so far are not conclusive. 
Prevention trials show promising but heterogenic results. Therefore at this moment there is 
not enough evidence to support the use of pro-, pre-, or synbiotics for prevention of AD in 
clinical practice. Results of treatment trials are not very convincing, however pro- or 
synbiotics could possibly play a role in the treatment of IgE-associated AD, which should be 
elucidated in future prospective trials.  

4.5. Necrotizing enterocololitis 

Microflora establishment and composition in premature infants is a major determinant in 
the pathophysiology of NEC. The premature infant is exposed to a variety of factors that 
negatively affect their possibilities of attaining an appropriate colonization. These factors 
include increasing exposure to potential delayed colonization, colonization with “neonatal 
intensive care unit  environmental microbes”, use of antibiotics, lack of exposure to maternal 
flora and breast milk.  
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and mucosal immunoglobulin A production [75].  

Three species of Lactobacillus were shown to modulate the phenotype and functions of 
human myeloid dendritic cells (DCs). Lactobacillus-exposed myeloid DCs up-regulated 
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enhances serum galectin-9 levels, which associates with the prevention of the allergic 
symptoms. [87] 

In conclusion, although theoretically pro-, pre and synbiotics are promising candidates to 
prevent or treat AD, results of the clinical trials performed so far are not conclusive. 
Prevention trials show promising but heterogenic results. Therefore at this moment there is 
not enough evidence to support the use of pro-, pre-, or synbiotics for prevention of AD in 
clinical practice. Results of treatment trials are not very convincing, however pro- or 
synbiotics could possibly play a role in the treatment of IgE-associated AD, which should be 
elucidated in future prospective trials.  

4.5. Necrotizing enterocololitis 

Microflora establishment and composition in premature infants is a major determinant in 
the pathophysiology of NEC. The premature infant is exposed to a variety of factors that 
negatively affect their possibilities of attaining an appropriate colonization. These factors 
include increasing exposure to potential delayed colonization, colonization with “neonatal 
intensive care unit  environmental microbes”, use of antibiotics, lack of exposure to maternal 
flora and breast milk.  
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Mechanisms by which probiotics could prevent NEC include increase in favorable type 
microflora with reduced colonization by pathogens, increased intestinal barrier to 
translocation of bacteria into the bloodstream, modification of the host response to microbial 
products by sensitization and immunization, and enhanced tolerance and advancement of 
enteral nutrition [88-91. ] 

Several RCTs have assessed the efficacy of probiotics in preventing NEC. In a preospective, 
double-blind study premature infants (n=585) were randomized to receive standard milk 
formula supplemented with L rhamnosus G, or placebo. The group supplemented with L 
rhamnosus GG was found to have lower incidence of urinary tract infections and lower, but 
not statistically significant, incidence of NEC [92]. Two other trials have shown various 
degrees of reduction in relative risk of NEC with probiotics. The first study compared the 
incidence of NEC and the mortality of very-low-birth-weight (VLBW) infants fed breast milk 
with or without added probiotics. Infants (n=187) were randomized to receive breast milk or 
breast milk with L. acidophilus and B. infantis. In the intervention group the incidence of 
NEC was significantly decreased compared with the incidence in infants given breast milk 
alone [93]. The second study compared neonates receiving B infantis, S thermophilus, and B 
bifidus with neonates receiving no probiotic supplement. The incidence of NEC was 4% in 72 
supplemented infants versus 16, 4% in 73 controls. The severity of NEC was less severe in the 
probiotic group. Three of 15 infants with NEC died, all in the control group [94].  

A meta-analysis of RCTs evaluated if probiotic supplementation in preterm (<34 weeks 
gestation) VLBW(< 1500 gr) neonates could prevent NEC. The risk for NEC and death was 
significantly lower in the intervention group, while the risk for sepsis was not significantly 
different between the intervention group and the placebo. No significant adverse effects 
were reported [95].  

In conclusion, specific clinical benefits are increasingly demonstrated for specific bacteria, 
which determine their probiotic capability. The protective and immune modulatory 
mechanisms that explain these effects are increasingly being documented.  

5. Safety concerns of probiotics use  
Newborn infants can develop infection from many species of resident microflora. The 
mechanisms for these infections and route of contamination are unclear. Many strains of 
Lactobacilli and Bifidobacteria are generally recognized as safe for use in the food supply. 
Documented correlations between systemic infections and probiotic consumption are few, 
and they have all occurred in patients with underlying medical conditions. Sporadic 
lactobacillemia from environmental, dietary, or fecal lactobacilli has been very rarely 
reported. Case reports of L rhamnosus (GG) infections possibly associated with probiotic 
consumption, in immunocompromised patients have been even less common [96, 97].  

As opposed to the rarely reported episodes of lactobacillemia (some associated to ingested 
Lactobacilli), bifidobacteremia has not been sporadically reported, whether associated with 
consumption of commercial products containing Bifidobacteria or not. Bifidobacteria have 
also been consumed in infant formulas for more than 15 years worldwide and have not been 
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associated with any pathologic or adverse event.  Studies so far have documented safety and 
adequate growth with B. lactis in infants from birth [39] and in vulnerable populations, 
including preterm infants, [33, 19] malnourished infants, [98] and infants born to mothers 
with HIV disease [99] 

From the safety point of view, according to current available information, Bifidobacteria, 
particularly B lactis, has a uniquely strong safety profile, making it a good probiotic 
candidate for newborns and young infants. Lactobacilli, particularly L rhamnosus (GG), also 
seems generally safe and be appropriate for older infants and children. Until adequate data 
are available for each specific probiotic bacterium, use of probiotics in general cannot be 
recommended in immunocompromised populations. However, as safety is better 
documented for specific bacteria, we may be able to use them in certain populations that 
may benefit the most from probiotic use.  
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Several RCTs have assessed the efficacy of probiotics in preventing NEC. In a preospective, 
double-blind study premature infants (n=585) were randomized to receive standard milk 
formula supplemented with L rhamnosus G, or placebo. The group supplemented with L 
rhamnosus GG was found to have lower incidence of urinary tract infections and lower, but 
not statistically significant, incidence of NEC [92]. Two other trials have shown various 
degrees of reduction in relative risk of NEC with probiotics. The first study compared the 
incidence of NEC and the mortality of very-low-birth-weight (VLBW) infants fed breast milk 
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probiotic group. Three of 15 infants with NEC died, all in the control group [94].  
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significantly lower in the intervention group, while the risk for sepsis was not significantly 
different between the intervention group and the placebo. No significant adverse effects 
were reported [95].  

In conclusion, specific clinical benefits are increasingly demonstrated for specific bacteria, 
which determine their probiotic capability. The protective and immune modulatory 
mechanisms that explain these effects are increasingly being documented.  
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reported. Case reports of L rhamnosus (GG) infections possibly associated with probiotic 
consumption, in immunocompromised patients have been even less common [96, 97].  

As opposed to the rarely reported episodes of lactobacillemia (some associated to ingested 
Lactobacilli), bifidobacteremia has not been sporadically reported, whether associated with 
consumption of commercial products containing Bifidobacteria or not. Bifidobacteria have 
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associated with any pathologic or adverse event.  Studies so far have documented safety and 
adequate growth with B. lactis in infants from birth [39] and in vulnerable populations, 
including preterm infants, [33, 19] malnourished infants, [98] and infants born to mothers 
with HIV disease [99] 

From the safety point of view, according to current available information, Bifidobacteria, 
particularly B lactis, has a uniquely strong safety profile, making it a good probiotic 
candidate for newborns and young infants. Lactobacilli, particularly L rhamnosus (GG), also 
seems generally safe and be appropriate for older infants and children. Until adequate data 
are available for each specific probiotic bacterium, use of probiotics in general cannot be 
recommended in immunocompromised populations. However, as safety is better 
documented for specific bacteria, we may be able to use them in certain populations that 
may benefit the most from probiotic use.  
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1. Introduction 

An autoimmune disorder (AD) is a condition in which the immune system mistakenly 
attacks its own body cells through the production of antibodies that target certain tissues. 
Such attack triggers further inflammation that result in more attacks and a significant 
inflammatory response leading to tissue destruction and cessation of functionality [1]. ADs 
include diabetes, rheumatoid arthritis, Graves' disease, systemic lupus and inflammatory 
bowel disease (IBD) [2]. ADs are on the rise worldwide and have major health implications 
from the diseases themselves as well as complications. Even though the causes of AD have 
been postulated to be genetic and environmental, the actual triggers remain poorly defined 
[3]. Genetic predisposition contribute to about 30% of AD while 70% to environmental 
factors such as infections (e.g., virus, bacteria) and lifestyle-associated factors such as food. 

Recent data show that AD has prevalence of 6-8% and are currently affecting 400 million 
people worldwide, with the majority of all those affected being women. Previous figures 
underestimated the scope of the problem, while even the most pessimistic predictions fell 
short of the current figure. It is predicted that the total number of people living with AD will 
increase drastically within the coming thirty years if no new and substantially more effective 
drugs are produced [4]. On 2009, estimated health costs of autoimmune disorders have 
exceeded 100 billion dollars only in the US. This adds to the cost generated from higher 
rate of hospitalization, higher mortality rate, and impaired performance of workers with 
the disease [5]. AD is a condition that incorporates various metabolic disturbances and 
inflammatory physiological and biochemical reactions including blood dyscrasias and 
endocronological and pathophysiological imbalances. Of recently, gastrointestinal 
abnormalities have been directly linked to the initiation and progression of autoimmune 
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1. Introduction 

An autoimmune disorder (AD) is a condition in which the immune system mistakenly 
attacks its own body cells through the production of antibodies that target certain tissues. 
Such attack triggers further inflammation that result in more attacks and a significant 
inflammatory response leading to tissue destruction and cessation of functionality [1]. ADs 
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people worldwide, with the majority of all those affected being women. Previous figures 
underestimated the scope of the problem, while even the most pessimistic predictions fell 
short of the current figure. It is predicted that the total number of people living with AD will 
increase drastically within the coming thirty years if no new and substantially more effective 
drugs are produced [4]. On 2009, estimated health costs of autoimmune disorders have 
exceeded 100 billion dollars only in the US. This adds to the cost generated from higher 
rate of hospitalization, higher mortality rate, and impaired performance of workers with 
the disease [5]. AD is a condition that incorporates various metabolic disturbances and 
inflammatory physiological and biochemical reactions including blood dyscrasias and 
endocronological and pathophysiological imbalances. Of recently, gastrointestinal 
abnormalities have been directly linked to the initiation and progression of autoimmune 
diseases especially slower gut movement (gastroparesis) and microfloral overgrowth 
(especially of fermentation bacteria and yeasts due to the slightly more acidic gut 
contents). Improving AD complications, reducing prevalence and restoring normal 
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physiological patterns should significantly optimise treatment outcomes and the quality 
of life for patients. 

In healthy individuals, the immune system prevents self-attack by two main routes. Firstly, 
by neutralizing dysfunctional lymphocytes in the thymus before they start attacking own 
body cells. This results in preventing the initiation of inflammation and progression of the 
autoimmune symptoms. Secondly, when dysfunctional lymphocytes are released into the 
mainstream, the immune system minimizes their ability to interact with triggers (antigens) 
through direct and indirect effects [6-8]. This results in a significant reduction in the severity 
of potential inflammatory response. Accordingly, treating AD can be achieved by either 
replacing the function of the damaged tissues (e.g. through injecting insulin when treating 
Type 1 diabetes, T1D) or suppressing the dysfunctional immune cells (e.g. through steroid 
therapy) [9-11].  

Generally, clinical and laboratory research has suggested that certain immune cells called B-
cells may have a stronger influence on the development and progression of various 
autoimmune diseases than previously thought [12]. Inflammatory cells attack different 
organs in different autoimmune disorders. In T1D, the autoimmune system attacks the β-
cells of the pancreas triggering an inflammatory reaction, which results in the destruction of 
these cells and the cessation of insulin production [13]. In rheumatoid arthritis, rheumatoid 
factor antibodies are produced by the immune system and are interact with γ globulin 
(blood proteins) forming a complex that triggers inflammation that targets muscles and 
bones [14]. In Graves’s diseases, an autoimmune disease of the thyroid gland, antibodies are 
produced against the thyroid protein thyroglobulin. These antibodies are called Thyroid 
Stimulating Hormones Receptors (TSHR) antibodies results in the increase in thyroid 
synthesis and section and thyroid growth as well as all accompanying symptoms [15-17]. In 
some autoimmune blood disorders, antibodies are produced against the body red and white 
blood cells, while in other autoimmune disorders, antibodies attack a wide range of tissues 
and organs resulting in more debilitating symptoms [18]. In systemic lupus, antibodies 
target antigens that are present in nucleic acids and cell organelles such as ribosomes and 
mitochondria. Lupus can cause dysfunction of many organs, including the heart, kidneys, 
and joints [19]. IBDs include two main conditions, ulcerative colitis and Crohn's disease. The 
inflammation in both conditions can affect the small and large intestine and sometimes other 
parts of the digestive system. Generally, ulcerative colitis is limited to the colon, primarily 
affecting the mucosa and the lining of the colon. Extensive inflammation gives rise to small 
ulcerations and microscopic abscesses that produce bleeding which exacerbate further the 
inflammatory response and worsen symptoms. Crohn's disease affects the small and large 
intestine, and rarely the stomach or oesophagus.  

Many ADs have been characterized by a compromised gut movement which has been 
linked to the disturbed immune system and can result in substantial gut bacterial and yeast 
overgrowth [20-24]. Such an overgrowth is postulated to disturb body physiological and 
biochemical reactions and exacerbate the autoimmune-associated inflammation. This has 
also been linked to long term complications and weaker prognosis resulting in poor drug 
response and worsening quality of life [25, 26].  
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Diagnosing autoimmune diseases can be particularly difficult, because these disorders can 
affect any organ or tissue in the body and produce a wide variety of signs and symptoms. 
Many early symptoms of these disorders — such as fatigue, joint and muscle pain, fever or 
weight change — are nonspecific. Symptoms are often not apparent until the disease has 
reached a relatively advanced stage. Accordingly, prevention in most susceptible 
individuals and early diagnosis are two most important approaches, when researching the 
future therapy for autoimmune diseases. 

ADs include wide range of inflammatory disease models that are characterized by the 
presence of a colossal inflammatory response. The trigger of the inflammation is versatile 
and complex with many hypotheses ranging from ingested toxins to idiopathic causes [9, 18, 
27]. However, genetic influence remains a strong cause and is considered a contributing 
factor for the development and progression of these diseases. AD-associated inflammation 
can cause chemical unbalance that has been linked to poor tissue sensitivity to drug 
stimulation, rise in the levels of reactive radicals in the blood, poor enterohepatic 
recirculation and negatively affecting liver detoxification and performance. The level and 
extent of tissue damage depend on the severity of the inflammatory response and varies in 
different disease models. Accordingly, future therapy should focus not only on symptomatic 
relief, but also on rectifying the disturbances in body physiology and associated short and 
long term complications. These disturbances may affect the whole body and have been 
strongly linked to inflammatory lymph nodes in the gut walls. Thus, future therapy should 
also focus on normalizing gut disturbed immune response, which can be achieved through 
normalizing the composition of bile acids and microflora, gut immune-response and 
microflora-epithelial interactions towards maintaining normal biochemical reactions and 
healthy body physiology.  

Of recently, the applications of probiotics in autoimmune diseases have gained great interest 
due to the feasibility of their administration and also their safety. A good example is 
hypoglycemic effect of probiotics in a rat model of Type 1 diabetes [28]. Possible 
mechanisms of actions include their anti-inflammatory effect resulting in a significant 
reduction in diabetes progression and complications [24]. This can be brought about 
through the normalization of gut disturbed-microflora by the administered probiotic-
bacteria. Interesting, probiotic co-administration with a sulphonylureas antidiabetic drug 
has shown to reduce inflammation and ameliorate diabetes complications suggesting a 
significant role and great potential of probiotic applications as anti-inflammatory adjunct 
therapy.  

Probiotics are dietary supplements containing bacteria which, when administered in 
adequate amounts, confer a health benefit on the host. Combinations of different bacterial 
strains can be used but a mixture of Lactobacilli and Bifidobacteria is a common choice. 
Probiotics have been shown to be beneficial in a wide range of conditions including 
infections, allergies, metabolic disorders such as diabetes mellitus, ulcerative colitis and 
Crohn’s disease. 
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This chapter aims to explore the changes in gut microflora, physiology and metabolic 
pathways which are associated with the autoimmune diseases. A great focus will be on the 
potential application of probiotics on rectifying the disturbed gut composition associated 
with these diseases and whether such intervention can prevent or even treat these diseases.  

2. Autoimmune-associated disturbances in gut microflora 

The initial set of gut microfloral composition in human starts during birth. The physical 
structure of the gut is altered by the presence of microorganisms during growth. Once 
matured, the integrity of the epithelial barrier is maintained by the presence of these same 
microbes. Accordingly, the mother’s microflora is considered a source of the infant own 
initial gut bacterial colonization, which is then influenced by the mother’s milk, tissues’ 
growth, the maturation of the immune system, as well as other factors. Gut motility and 
contents have been emerging as an important area of research when investigating the origin 
and potential therapeutics of autoimmune disease. Many patients with autoimmune disease 
have shown strong evidence of disturbances in the composition of gut microflora and the 
subsequent toxin buildup and other associated physiological and biochemical abnormalities 
[29]. A good example is Type 1 diabetic patients. Although the pathogenesis of T1D remains 
unclear, there is strong evidence supporting the hypothesis that the trigger leading to T1D, 
starts in the gut of genetically susceptible individuals [30, 31]. This inflammation causes 
major disturbances in both, the gut microfloral composition and bile acids ratios. This 
results in ongoing inflammatory response that brings about the destruction of pancreatic 
tissues and subsequent cessation of insulin production leading to clinical signs and 
symptoms of Type 1 diabetes. Another good example showing disturbed microfloral 
composition is IBD. Patients with IBD have shown clear shift of the gut microfloral 
composition towards less lactic acid-producing bacteria. In addition, the relative load of 
some species of colon-associated bacteria such as Bifidobacteria shows little presence in 
the gut of IBD patients indicating less bacterial-synchronization and disturbed quorum 
sensing processes in such patients. Interestingly, antibiotics are used in IBD to treat 
infective complications and to improve symptoms through altering the gut microfloral 
composition [32].  

Maintenance of the physical integrity of the gut is essential to limit penetration of harmful 
bacteria. Dorsal to the epithelial layer in the gastrointestinal tract is a protective mucous gel 
layer which is altered by the existing microbial colonies. The neutral pH of the epithelium is 
preserved by the mucin, which creates a gradient to the acidic contents of the gut. It acts as a 
physical barrier to block microorganisms from adhering to the underlying epithelium and 
prevents sheer stress on the gut. The spread of harmful xenobiotics through the gut is limited 
by the mucin, which is normally a thick and viscous layer. In a germ-free environment the 
mucous layer is thinner and has a different mucin content and composition. Recent literature 
has shown that in ulcerative colitis and, to a lesser extent, Crohn's disease are associated with a 
significant reduction of the protective gut-mucus layer, however, the role of this alteration in 
the pathogenesis of both diseases remain unclear [33].  
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Localized inflammatory responses are modulated by the gut microfloral bacteria that seek to 
establish an ideal environment for their growth. The gut microfloral bacteria also alter 
inflammatory mediators which utilize the lymphatic system for transport, altering sites of 
inflammation outside the gut. 

Intercellular interactions can also change gut permeability and are influenced by gut 
microflora. Zonula occludens are proteins that provide a structural framework to cells and 
seal the space between them, preventing the movement of ions across the barrier. A number 
of pathogenic bacteria and parasites target these epithelial cell membranes to increase the 
gut vulnerability to penetration. Comparatively, the presence of some beneficial bacteria can 
increase the expression of zonula occludens at tight junctions, improving epithelial integrity 
and cell-cell adhesiveness.  

It is important to stress the fact that both, the complexity and versatility of gut microflora, 
remain major challenges to precisely be able to measure the changes in bacterial 
composition in diseases patients and compare that to healthy ones. In addition, the effect of 
food, drug consumption, gender and age may also influence gut microfloral composition 
adding complexity when comparing healthy versus disease states. To complicate this 
further, the interaction between bile acids and gut microflora has a significant effect on the 
density, composition, type, colonization and quorum sensing processes of various strains of 
gut bacteria, thus, making bile acids (BA) a major component of the bacterial-ecosystem that 
exists in the gut. This necessitates including bile acids, with when investigating 
autoimmune-associated disturbances in gut microbiota.  

BAs are naturally produced in human. They are known to provide human with health 
benefits through their endocronological, microfloral, metabolic and other known and 
unknown effects. Disturbances in bile acids composition and functionality may cause tissue 
damage and eventual necrosis due to higher than normal concentrations of potent bile acids 
such as lithocholic acid compared with less potent bile acids such as chenodeoxycholic acid 
[34]. The nature of the interaction between gut microflora and bile acids is based on the fact 
that secondary bile acids are solely produced by the action of gut microflora. Gut microflora 
activates primary bile acids to secondary bile acids. This interaction between bile acid 
composition and the composition of gut microflora represents the base of the hypothesized 
linking between bile acid, gut microflora and energy balance. However, even though the 
compositions of bile acids and gut microflora are reported to be different in diabetic patients 
[35], it is still not clear how these changes directly affect the development and progression of 
diabetes or its complications. These complications include cardiovascular, tissue necrosis 
and ulcerations, and metabolic disturbances.  

T1D is a good example of a common autoimmune disease which is on the rise worldwide. 
Even though the composition of gut microflora has been reported to be different in T1D 
patients, it may be difficult to quantify or qualify such a difference. Gut microflora interacts 
closely with the body immune system and has shown to control the immune response to 
various inflammatory stimuli. The mechanism of action of probiotics could be one or more 
of the following. Firstly, by competitive exclusion, where gut microfloral bacteria resist 
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colonization of other 'foreign' bacteria. Secondly, by barrier formation where the microflora 
forms a physical barrier reducing bacterial translocation by forming a wall surrounding the 
outside part of the gut enterocytes. Thirdly, gut bacteria can produce bacteriocins and change 
the pH to create a harsher environment for other invading bacteria to settle in the gut. 
Fourthly, gut microflora can influence the immune system through its effect on gut enterocytes 
(quorum sensing) and the innate and adaptive immune system [36, 37]. To understand better 
the autoimmune-associated disturbances in the gut microflora, there is a definite need to 
understand the mechanism by which gut microflora interacts with the epithelial mucosa lining 
up the intestinal tract. Over the last decade, there have been growing interests in studying the 
mechanism by which enterocytes interact with gut microflora.  

The epithelial mucosa is inhabited by significant number of various immune cells that work 
as a link between the gut epithelia and lumen-contents [38]. One of these immune cells is 
lymphocytes such as T helper cells. These cells play an important role in the adaptive 
immune response. Thus, T helper cells have a more administrative role where it comes to 
neutralizing infected cells. Accordingly, they do not have direct cytotoxic or phagocytic 
effect. This role covers activating and directing other immune cells to destroy xenobiotics. 
They are essential in B cell antibody class switching, in the activation and growth of 
cytotoxic T cells, and in maximizing the antibacterial activity of phagocytes such as 
macrophages [39-41]. After a period of time, T helper cells start expressing CD4 which is a 
specialized surface protein. So when a body-cell is infected with an antigen, and this cell 
expresses this antigen on MHC class 2, a CD4 cell will promote the cell interactions and 
elimination. The lamina propria is a layer of connective tissue that lies adjacent to the 
epithelium of a mucous membrane. The intestinal epithelial mucosa consists of the lamina 
propria and the mucus. Many T helper cells, macrophages and IgA-producing plasma cells 
are present in the lamina propria [4].  

Specialized microfold (M) cells of the lymph tissues can be found in the epithelial mucosa in 
the gut. M cells play a crucial role in the genesis of systemic immune response by delivering 
antigenic substrate to the underlying lymphoid tissue where immune responses start. 
Although it has been shown that dendritic cells also have the ability to sample antigens 
directly from the gut lumen, M cells certainly remain the most important antigen-sampling 
cell and are affected in the autoimmune diseases. M cells transport bacteria and antigen to 
the lymphatic tissue. Dendritic cells are bone marrow-derived antigen-presenting cells that 
essentially influence all aspects of innate and acquired immunity (Figure 2). These cells 
sense the microbes in their milieu through TLRs, and by signalling via different TLRs, 
generate biological reactions which produce variable responses from excitatory to 
suppressive. Dendritic cells are heterogeneous inhabitants of the intestine found scattered in 
all lymphoid compartments and can enter between epithelial cells to taster lumenal bacteria 
which they can then present to immune cells in the mucosa.  

In healthy individuals, cytokines and mature T cells suppress ‘exaggerated’ T cell response 
that may result in unwanted cell damage, apoptosis and death. Thus, gut microflora in each 
individual, works as a finger print and exerts a significant control over the immune 
response to various ‘antigenic’ stimuli. In addition to the gut microfloral control on the 
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intestinal immunoregulatory system and the mucosal barrier, it is also involved in the 
pathogenesis of symptoms related to metabolic interactions of the microflora with intestinal 
contents or intestinal functions such as peristaltic movement [25, 26, 42-44]. As a result, 
many gastrointestinal disorders can be benefited from probiotic treatments. This includes 
travel diarrhoea, bloating and irritable bowel disease. Changes in the permeation of the 
intestine have been strongly associated with various autoimmune diseases such as T1D and 
IBD. However, the efficacy of probiotic treatment in autoimmune diseases is still under 
scrutiny and despite excellent progress in studying changes in gut microfloral composition 
associated with many autoimmune diseases, probiotic therapy has still not shown clear 
clinical efficacy in treating such conditions. The reported changes of intestinal permeation 
seem to indicate weakness of enterocytic tight junctions as well as the integrity of the 
epithelial mucosa as a whole. During the autoimmune process, inflammation becomes sound 
resulting in increased mucosal permeability (Figure 1). This may result in antigens reaching 
the lamina propria (from the lumen) triggering an autoimmune response. This starts through 
activation of the T cells and proinflammatory cytokines release. This results in further increase 
to the mucosal permeability and exacerbates the immune response [45-48].  

 
Figure 1. Intestinal permeability during an autoimmune response 
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3. Animal models suitable for investigating probiotic applications in 
autoimmune diseases 

During the process of drug development, various in vivo, ex vivo, in situ and in silico methods 
can be used. Each method has advantages and disadvantages, and so using more than one 
method can provide better confirmation of findings. In silico methods can provide an initial 
insight into a potential drug candidate with predicted high pharmacological activity and 
good stability, while ex vivo methods can provide more information about a drug’s 
interaction with living tissue, and are more cost-effective compared with in vivo animal 
models [49]. In situ methods can better predict drug absorption compared with ex vivo 
models but in vivo models can provide more comprehensive pharmacokinetic profiles and 
give a better understanding of drug-tissue interactions [50]. In vivo studies are usually 
carried out where drug therapeutic formulations are administered to animals in order to 
investigate short and long term safety, to explore various clinical effects and to study 
different physicochemical parameters before confirming suitability of the formulation to a 
disease condition(s). Various animal models are used to represent various diseases [51].  

In vivo studies on specialized animal models have allowed a great progress in tailoring 
research questions towards individualized gene contributions and their effect on the 
pathogenesis of these diseases. This has been done using standard inflammatory disease 
models in transgenic animals and by identifying novel models through the induction of the 
disease using chemicals. Although there is a surplus of animal models (spontaneous and 
induced) to study various autoimmune diseases, there is no ideal or standard model for 
studying the effect of probiotics on each condition [52-55]. Rats, mice and hamsters have 
been used to study probiotics applications in Ads. However, future research is needed, to 
compare the effect of probiotics on various animal models of ADs.  

An ideal animal model should represent a specific medical condition in terms of disease 
development, pathophysiology, biological disturbances and short & long term 
complications [56-58].  

If we are to create a better model of human AD, we should carefully consider the disease 
effect on the following:  

 Relevant end points including primary, secondary and tertiary. 
 The relevant speed and stages of disease development and progression. 
 Disease complications, their progression and the relevant clinical end point(s). 
 Symptomatic/nonsymptomatic signs of the disease. 
 Feasibility of sample collections in terms of tissue site and sample volume. 
 The incidence in males vs. females.  

The current therapeutics for ADs are inadequate, which necessitates further drug 
development and in vivo trials. Clinical translation of AD’s pathophysiology and clinical 
manifestations, from animal to human, has been limited and rather difficult. This is because 
very little is known about the pathophysiology and prognosis of such conditions; the extent 
of heterogeneity, polymorphism, genetic distance, the exact site of initial immune response 
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(gut, lymph nodes, blood, brain or?), and ‘potential’ triggering antigens. To complicate this 
further, different Ads have different signs and symptoms and thus, one animal model is 
unlikely to be always suitable for all conditions. Creating a suitable animal model for ADs 
requires the ability to accurately translate the findings to human. These findings include 
therapeutic efficacy (prevention/treatment), safety and PK/PD profiles. With regards to 
different ADs, various animal models have been proposed. In fact, many ADs have more 
than one animal model representing the disease. For example, T1D has many animal 
models. The nonobese diabetic (NOD) mouse is considered the ‘standard’ animal model of 
the disease. Other models are induction models of rats, mice and hamsters using alloxan or 
streptozotocin to destroy pancreatic beta cells and induce T1D. The NOD mouse represents 
the best spontaneous model for a human autoimmune disease, in particular, T1D. NOD 
mouse model allows the investigation of various immunointerventions that can be used in 
human T1D. Similar to T1D in human, NOD mice have higher levels of macrophages, 
dendritic cells, CD4+ and B cells. The induction of T1D in NOD mouse can be achieved 
through environmental conditions, mimicking the development of T1D in human. However, 
the development of T1D in NOD mouse takes place quickly and can produce a significant 
inflammatory condition that may over-respond to immunomanipulation and exaggerate the 
effect of a treatment. Also, the incidence of T1D is different between males and females in 
this model while the incidence is the same in males and females in human. This can further 
limit the applications and the findings of this animal model [59]. Many therapeutics that 
showed good efficacy in this model failed to achieve similar results in T1D human subjects 
[60]. Having said that and regardless of how different this model is, from the 'true' human 
TID, NOD mouse remains the most representative of human T1D. Interestingly, in a 
recently published study, the incidence of T1D was much higher, when the mice were 
maintained in a germ-free environment suggesting direct connection between gut 
microflora and the development of T1D [61, 62]. 

Overall, a suitable animal model for human AD should ideally be easy to breed and handle, 
and can accommodate various medical conditions that may come about or be associated 
with the condition it is representing. Thus, extrapolation of its findings to human should be 
easily done, and with great accuracy and precision. 

4. The influence of gut microflora on the development of autoimmune 
diseases  

In many autoimmune diseases, the gut microfloral composition is different than that of 
healthy individuals. However, the cause of this change of composition and whether this 
change is a contributing factor to the development of the disease remain unclear. Probiotic 
treatment has demonstrated potential benefits in many Ads, assumingly, through 
normalizing such changes in the gut microfloral composition. Interestingly, the literature 
suggests that the effect of probiotic treatment on ADs’ development and progression may be 
brought about through the effect on the expression and functionality of certain protein 
transporters. Recent publications suggest that many transporters have their expression and 
functionality altered in the autoimmune disease; T1D [23, 27, 72]. The exact mechanism 
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associating the change in transporters and diabetes’ development is still unknown but there 
are few assumptions to explain such an interaction. The first assumption is that some ADs, 
start with a direct insult in the gut, initiating a disturbance in the gut microflora and a 
consequent disturbed bile flow. This results in an altered bile feedback mechanisms and a 
change in the expression of protein transporters responsible for bile enterohepatic 
recirculation. The second assumption is that disturbance in protein transporters expression 
and functionality, caused by a genetic mutation, produces a disturbance in enterocytic-
microfloral interactions triggering an inflammatory response. This response is further 
exacerbated by the resulted increase in gut permeability and ileal lymph/tissue necrosis. The 
third assumption is that the functionality of the immune system is altered (due to either an 
insult in the gut or genetic mutation). This alters the composition of gut microflora resulting 
in initiating of inflammation reaching various body tissues causing systemic inflammatory 
response triggering an autoimmune disorder and eventuating in autoimmune systematic 
response. In all these assumptions, genetic susceptibility is expected, and contributes further 
to the disease development and progression. The above assumptions were based on the 
work of the authors as well as careful evaluation of the literature.  

In recent publications, alterations in the functionality of some transporters have been linked 
directly to the development of some autoimmune diseases such as diabetes. In addition, the 
enterohepatic recirculation of bile acids has also been related, by association, since 
secondary bile acids are solely produced by the action of gut microflora [13]. Bile salts’ 
output in diabetic animals was high compared with healthy, and the expression of Mdr2 
was also high after STZ treatment [63]. In another study, a mutation in Zinc transporter 8 
(ZT8) located in beta cells, is implicated in the dysregulation of insulin transport and release, 
and an exacerbation of the inflammatory response leading to T1D. In this study, ZT8 was 
considered as an autoantigen resulting in the stimulation and production of beta cells 
autoantibodies and T1D development [64]. Moreover, streptozotocin (STZ) had different but 
significant effect on the expression of Na/Cl/glucose cotransporters, and the administration 
of insulin reduced such an effect [65]. Hyperglyemia itself directly reduced the activity of 
Mdr1 suggesting a clear association between pre-T1D hyperglycemia and disturbances in 
protein transporters [66]. In another recent study, the effect of STZ on cation protein 
transporters was reported, interestingly, at different levels of protein synthesis; 
transcriptional and posttranscriptional depending on the type of the transporters affected 
[67]. However, some studies suggest a diabetic influence is stronger on enzymatic activities 
than on protein transporters with the enzymatic influence being the cause of exacerbation of 
inflammation and development of the disease [68]. The impairment of protein transporters 
functionality, reported in the diabetic animals can take place either by reduced protein 
expression or reduced action. When glucose protein transporters in the blood brain barrier 
were studied under chronic hyperglycemia, their concentrations remain constant but 
functionality and glucose intake were impaired [69]. However, under acute hyperglycemia 
induced by STZ, their concentration decreased suggesting different response at different 
stages of the disease [70-72]. Accordingly, protein transporters have shown strong 
association with diabetes development and progression as well as diabetic complications.  

 
Probiotics Applications in Autoimmune Diseases 335 

Although there is some evidence suggesting that unrelated infections can result in the 
induction of organ specific autoimmunity [73], there is abundant epidemiological, clinical, 
and experimental evidence linking similar and closely related infectious agents with 
autoimmune diseases. Accordingly, the most acceptable hypothesis explaining how 
infectious agents cause autoimmunity is “molecular mimicry”. Molecular mimicry directly 
invokes the specificity of the immune response to the resultant breakdown of tolerance. It 
proposes that microbial peptides have structural similarities to self-peptides and are 
therefore involved in the activation of autoreactive immune cells [74, 75]. Peptides, 
primarily, heat shock proteins (HSPs), have been implicated in autoimmunity [76, 77]. 

HSPs are a highly conserved family of proteins with significant structural homology 
between humans and bacteria. HSPs are located on almost all subcellular and cellular 
membranes and their numbers are induced in response to high temperatures and stress. 
HSPs function as molecular chaperons which are instrumental for signalling and protein 
trafficking. HSPs induced synthesis is implicated in autoimmunity. HSPs are believed to act 
through the activation of Toll-like receptors (TLRs) which trigger the expression of several 
genes that are involved in immune responses. 

TLRs are only present in vertebrates and at least 11 TLRs are currently known. Distinct TLRs 
are differentially distributed within cells:  TLR1, TLR2, TLR4, TLR5, TLR6, TLR10 and 
TLR11 are transmembrane proteins expressed on cell surfaces that contain extracellular 
domains rich in leucine that interact with pathogenic peptides, whereas TLR3, TLR7, TLR8 
and TLR9 are primarily distributed on the membranes of intracellular compartments such as 
endosomes [78, 79]. Accordingly, TLRs are another potential target to bacterial 
manipulation. They are proteins on intestinal membranes that bind to pathogen-associated 
molecular patterns (PAMPs). After binding they release nuclear factor-kappa B (NF-kB) 
which moves into the cell nucleus and stimulates the release of pro-inflammatory mediators 
to target pathogens [80, 81]. Gut microfloral bacteria can directly trigger TLRs through 
adhering to the epithelial mucosa. As the human gut contains such large volumes of 
beneficial bacteria, they constantly trigger the TLRs. This leads to an eventual attenuation in 
the TLR response [82-84], (see Figure 2). 

Although both pathogenic and probiotic bacteria regulate immunity via activation of TLRs, 
they do not usually trigger the same pathogenic inflammatory responses. Different probiotic 
bacteria stimulate distinct TLRs on host cells. Therefore, it is of biological and clinical 
importance to understand how very similar molecular proteins (HSPs) released by both 
commensal and pathogenic bacteria can trigger different responses by stimulating the same 
cellular receptors. One of the reasons for this may be that although the proteins are very 
similar they are not identical and thus they may stimulate the receptors in different ways to 
either produce a pro-inflammatory or an anti-inflammatory response. Another possibility is 
that the slight differences in the peptides allow them to bind to different TLRs leading to 
dissimilar responses. A third reason might be that more than one TLR is involved and that 
the effects seen are a synergistic effect depending on which TLRs are involved. TLR2 
recognizes a variety of microbial components which include lipopeptides and peptidoglycan 
as well as lipopolysaccharides (LPS) from non-enterobacteria. TLR4 is an essential receptor 
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bacteria stimulate distinct TLRs on host cells. Therefore, it is of biological and clinical 
importance to understand how very similar molecular proteins (HSPs) released by both 
commensal and pathogenic bacteria can trigger different responses by stimulating the same 
cellular receptors. One of the reasons for this may be that although the proteins are very 
similar they are not identical and thus they may stimulate the receptors in different ways to 
either produce a pro-inflammatory or an anti-inflammatory response. Another possibility is 
that the slight differences in the peptides allow them to bind to different TLRs leading to 
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for (LPS) recognition [85-87] and it has been shown to be involved in the recognition of 
endogenous heat shock proteins, eg HSP60 and HSP70. Microbial recognition by TLRs 
facilitates dimerization of these receptors. TLR2 appears to form a heterophilic dimer with 
TLR1 or TLR6 but other TLRs are believed to form homodimers. TLR1 and TLR6 that are 
functionally associated with TLR2 allow for the discrimination between diacyl and triacyl 
lipopeptides. Dimerisation of TLRs triggers activation of signalling pathways through the 
cell and into the nucleus. However, different gene expression profiles are triggered 
depending on which TLRs and TLR combinations are activated.  

 
Figure 2. Molecular mimicry as a proposed cause of autoimmune diseases through the induction of 
‘mistaken-identity’ immune response. 

Loss of tolerance of the immune system to the body’s own tissues can be caused by a 
number of factors including infection, excessive dendritic cell stimulation by intestinal 
microbiota, inadequate regulatory T-cell function or genetic factors. Dendritic cells are 
believed to be critical to the balance between tolerance and active immunity. Intestinal 
Dendritic cells are excessively activated in IBD as well as other autoimmune diseases which 
indirectly links the gut microfloral disturbances with the initiation or the progression of the 
disease (see Figure 2). Thus, the influence of disturbances in normal gut microflora may be 
indirectly linked to the initiation, development, progression and prognosis of many of the 
autoimmune disease. Such disturbances have been linked to changes in the expression and 
functionality of protein transporters in and outside the gastrointestinal tract. These 
disturbances have also been linked to changes in the composition and functionality of bile 
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acids and many physiological and biochemical feedback mechanisms that showed clear 
impact on the stability, performance and efficiency of the immune system and its associated 
lymph tissues. However, many studies may show a significant impact or the lack of it, when 
trying to rectify these disturbances through the treatment with probiotics, making the 
influence of gut microflora on the development and progress of autoimmune disease 
difficult to clearly explain. Consequently, a direct influence of normal microfloral 
composition on the body’s inflammatory response has been demonstrated in the literature. 
This directs further research towards investigating how the gut microflora can potentially 
control the immune system to the extent where its manipulation may delay or even prevent 
the initiation of the inflammatory response leading to the clinical signs and symptoms of the 
immune disease.  

5. The effect of probiotics on autoimmune-associated inflammation 

Bacterial gut-microflora live in an ecosystem, where each bacterial colony is part of a 
bacterial strain that colonizes the gut, and interacts with each other, as well as, with other 
gut-bacterial strains. The nature of this interaction is being currently studied at many 
scientific labs worldwide, and evidence of cross-talking continues to emerge. Bacterial cross-
talking process involves polypeptide-based signals being secreted by various bacteria that 
influence the protein expression and functionality in other bacteria [25, 88]. This means that 
bacteria can influence the expressions and functionality of various proteins and membrane-
transporters of other bacteria, via changing the gut concentrations of certain polypeptides. 
This can be brought about through the induction or suppression of membrane-transporters 
or through the process of direct-signalling [38]. In matter of fact, sequencing of human faecal 
samples has identified over 5000 different active gut-bacteria, with known metabolic 
activities [24]. This exceeds the average number of mammalian cells present in the body! 
Infants in the womb are mainly germ-free with the exception of some microbes that may be 
acquired through the swallowing of the amniotic fluid. The type and variance of these 
microbes and the role each gut-bacterial strain plays in initial gut-ecosystem development is 
still not completely understood. The next exposure to microflora takes place during birth when 
infants inherit a bacterial profile from their mother that shapes the composition of the matured 
gut. This profile of bacteria differs with type of delivery (vaginal or caesarean), time taken for 
the membrane of the amniotic sac to rupture, gestational age and use of antibiotics during 
labour. The human gut undergoes continuous maturation over many years, and has a shifting 
microbe population that varies between individuals and their exposure to family members, 
especially siblings, the sanitation of living conditions, and food and drink. The balance of 
different bacteria stabilises as people age but is still affected by factors including diet, location, 
antibiotic use and radiation exposure in adults. Gut composition seems to become more 
unstable again as people age, as the faecal microbial profiles of those 65 years and older show 
considerably more variability between individuals [89]. 

Compromised gut movement associated with autoimmune disease can result in substantial 
bacterial and yeast overgrowth which is postulated to disturb bile acids composition and 
exacerbate the disease-associated inflammation [105-107]. Autoimmune disease such as 



 
Probiotics 336 

for (LPS) recognition [85-87] and it has been shown to be involved in the recognition of 
endogenous heat shock proteins, eg HSP60 and HSP70. Microbial recognition by TLRs 
facilitates dimerization of these receptors. TLR2 appears to form a heterophilic dimer with 
TLR1 or TLR6 but other TLRs are believed to form homodimers. TLR1 and TLR6 that are 
functionally associated with TLR2 allow for the discrimination between diacyl and triacyl 
lipopeptides. Dimerisation of TLRs triggers activation of signalling pathways through the 
cell and into the nucleus. However, different gene expression profiles are triggered 
depending on which TLRs and TLR combinations are activated.  

 
Figure 2. Molecular mimicry as a proposed cause of autoimmune diseases through the induction of 
‘mistaken-identity’ immune response. 

Loss of tolerance of the immune system to the body’s own tissues can be caused by a 
number of factors including infection, excessive dendritic cell stimulation by intestinal 
microbiota, inadequate regulatory T-cell function or genetic factors. Dendritic cells are 
believed to be critical to the balance between tolerance and active immunity. Intestinal 
Dendritic cells are excessively activated in IBD as well as other autoimmune diseases which 
indirectly links the gut microfloral disturbances with the initiation or the progression of the 
disease (see Figure 2). Thus, the influence of disturbances in normal gut microflora may be 
indirectly linked to the initiation, development, progression and prognosis of many of the 
autoimmune disease. Such disturbances have been linked to changes in the expression and 
functionality of protein transporters in and outside the gastrointestinal tract. These 
disturbances have also been linked to changes in the composition and functionality of bile 

 
Probiotics Applications in Autoimmune Diseases 337 
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activities [24]. This exceeds the average number of mammalian cells present in the body! 
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the membrane of the amniotic sac to rupture, gestational age and use of antibiotics during 
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especially siblings, the sanitation of living conditions, and food and drink. The balance of 
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diabetes, show substantial inflammatory response, and bile acids disturbances can cause 
chemical unbalance that has been linked to poor tissue sensitivity to insulin [108], rise in the 
levels of reactive radicals in the blood [109], poor enterohepatic recirculation and 
dysfunctional protein-transporters in the gut that is negatively affecting liver detoxification 
and performance [110]. Accordingly, future AD-therapy should not only focus on rectifying 
physiological imbalance but also in targeting the disturbances in bile acids composition, 
protein transporters and overall the inflammation cascade initiated in the gut. This can be 
achieved through normalizing the composition of gut microflora and bile acids, gut immune-
response and microflora-epithelial interactions towards maintaining normal biochemical 
reactions and healthy body physiology. Physiological features of human development 
including the innate and adaptive immunity, immune tolerance, bioavailability of nutrients, 
and intestinal barrier functions, are directly related to the composition and functionality of the 
human microflora. This includes the percentages of what is currently known as good and bad 
gut microflora. Good microflora includes two main species, Lactobacillus and Bifidobacteria. 
Microflora modifications may take place due to antibiotics consumption, prebiotic and 
probiotics administration and the use of drugs which affect gastric motility resulting in 
changes in gastric pH and gut-emptying rate. These modifications have been shown to be 
significantly profound in diabetic subjects resulting in the reduction of the percentage of good 
bacteria, the increase of the percentage of bad bacteria and yeasts and the consequent increase 
in the percentage of toxic bile salts such as lithocholic acid. This can also contribute to the 
higher incidence of gall stones and liver necrosis reported in diabetic patients. Accordingly, 
probiotics can introduce missing microbial components with known beneficial functions for 
the human host, while prebiotics can enhance the proliferation of beneficial microbes or 
probiotics, resulting in sustainable changes in the human microflora. Symbiotic relationship 
between probiotics and prebiotic administration is expected to exert a synergistic effect and in 
the right dose, may normalize and even reverse dysbiosis-associated complications.   

Continuous exposure to bacteria can induce mucin secretion and change the structure of the 
mucous layer which can play a role in maintaining mucus thickness and its protective 
effects. In a recent in vivo study, Wistar rats were administered a probiotic formulation 
(VSL#3) daily for seven days. After probiotic treatment, basal luminal mucin content 
increased by 60% which has been linked to better protective effect and substantial 
stimulation of mucin secretion at the level of DNA-gene expression [90-93].  

The significance and magnitude of the effect of host genetics on gut microfloral composition 
and functionality is difficult to accurately determine [94, 95]. It is generally agreed on that 
initial colonisation has the greatest effect on the lifelong bacterial types and functionality. 
Accordingly, it is expected that family members with shared genetic factors are likely to 
share the same initial colonisation similarities between their bacterial types. However, when 
the similarity of bacterial populations was compared between identical twins, non-identical 
twins and siblings, it was found that identical twins had significantly closer microflora 
compositions while others did not [96]. Other studies have observed bacteria modification 
after changes in host allele types, which also indicates some genetic effects but evidence 
remains controversial. Thus, it is clear that genetics do influence bacterial types in the gut, as 
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does diet, environment and a multitude of other factors. Accurate definition to the 
contribution of each factor to the types and functionality of gut microflora remains to be 
studied. Microfloral bacteria in the gut play a number of beneficial roles [97]. They ferment 
and break down otherwise indigestible food components, thus, making additional nutrients 
available to the human host. The presence of gut bacteria is protective against pathogens; 
the multitude of bacteria reduce the amount of available nutrients for invading pathogens, 
adhesion of pathogens to epithelial walls is restricted and commensal bacteria may produce 
bacteriocins that have an inhibitory effect of pathogenic bacterial growth. 

Gut microflora is reported to influence the formation of cells essential to the immune 
system. Gut-associated lymphoid tissues are collections of immune cells in lymphoid tissue 
in the gastrointestinal tract [98]. They play an essential role in the localised immune defence 
of the gut. While small accumulations of lymphoid tissue occur throughout the 
gastrointestinal tract, the majority is found in Peyer’s patches, mesenteric lymph nodes and 
dendritic cells [99] (see Figure 3). 

 
Figure 3. The influence of gut microflora on the activation of intestinal epithelial immune cells. 

Peyer’s patches store the inflammatory mediators, of a localised immune response including 
naive T-cells. Dendritic cells function as messengers which present endocytosed antigens to 
the Peyer’s patches or mesenteric lymph nodes to prime T-cells into effector cells [100]. If the 
antigens are presented to the mesenteric lymph nodes, the effector cells are released into 
systemic circulation via the efferent lymphatic system, leading to an inflammatory response 
from central lymph nodes. Through effects on the dendritic cell intermediary, bacteria can 
modulate T-cell regulators which can lead to alter systemic inflammation via lymphatic 
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systems. Gut growth in animal studies where mice are raised in a microbe free environment 
shows a different intestinal structure compared to normal gut growth and the amount of gut-
associated lymphoid tissue is reduced [101, 102]. This results in reduced gut microfloral 
differentiation between beneficial and pathogenic bacteria, bringing about a significant 
reduction in the area of the gut which can launch an innate immune response and decreases 
the communication of antigen information to central lymph nodes. This makes the entire body 
more vulnerable to harmful bacteria passing through the gut epithelium unnoticed [103-105]. 

In mice, a disturbed TLR-pathway results in compromised TLR signalling which results in 
any intestinal injury being met with an exaggerated response [81, 106-108]. A down-
regulated TLR pathway caused by dysbiosis could cause a similar inflammatory process, 
making commensal bacteria potentially protective against IBD [109, 110]. This indicates the 
necessity of the TLR conditioning to develop an immune tolerance to bacterial threats in the 
gut. Bacteria in the gut can also bind to PAMPs to deliberately initiate an inflammatory 
response to signal the presence of invading pathogens.  

Overall, these changes to inflammatory signalling and response based on interactions with 
gut microfloral bacteria are numerous and varied in mechanism. This indicates a complex 
relationship between the innate immune system and gut microflora where both parties are 
adaptive to the other, rather than static in response. 

Many autoimmune and inflammatory diseases have shown positive response to probiotic 
and prebiotic treatments. The composition of the intestinal microflora may even affect 
mammalian physiology outside the gastrointestinal tract [111]. Recent studies have shown 
significant changes in gut microfloral and bile acid compositions in T1D [28, 43]. Thus, it is 
clear that our symbiotic microflora award many metabolic capabilities that our mammalian 
genomes lack [112], and so therapeutics that target microfloral modulation may prove 
rewarding. When the new born baby leaves the germ free uterus, she/he enters a highly 
contaminated extra-uterus environment. This requires the activation of her/his immune 
system to prevent infection. Over the period of the first year, the new born’s intestinal 
microflora develops and its composition becomes her/his gut microfloral fingerprint! Gut 
microflora has been shown to play a major rule in controlling the inflammatory response of 
the host immune system through direct and indirect bacteria-bacteria and bacteria-host 
interactions. These interactions include physical and metabolic functions of the gut 
microfloral bacteria, which protect the intestinal tract from foreign pathogenic bacteria, 
eliminate the presence of unwanted bacteria through producing bacteriocins and other 
chemicals, and inform the gut epithelium and the host immune system about whether a 
local inflammatory response is needed [37, 113]. Gut microflora can control the host immune 
system through four main actions. The induction of IgA secretion to protect against 
infection, triggers localized inflammatory responses, neutralizing T-helper (Th) cell response 
and also contributing to the induction or inhibition of generalized mucosal immune 
responses. Recent studies have shown that in autoimmune diseases and gut inflammation 
disorders, there is a significant disturbances in the ratios of Th cells such as the increase in 
the Th-2/Th-1 ratio associated with inflammatory bowel diseases, which has been linked to 
exacerbation of the gut inflammation and the development of the disease. In recent studies, 
gut-associated dendritic cells in the lamina propria can extend their appendices reaching the 
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gut mucosa and using their Toll-like receptors (TLR) 2 and 4, to sample bacterial metabolites 
[114, 115]. This may result in dendritic cells releasing certain cytokines that stimulate the 
activation of naive Th-0 into active Th- cells such as 1, 2 and 3/1 [115]. Interestingly, some 
microfloral bacteria can actually cross enterocytic microfolds and interact with antigen 
presenting immune cells in mesenteric lymph nodes to activate naive plasma cells into IgA-
producing B cells [116]. IgA coats the intestinal mucosa and control further bacterial 
penetration thus protecting the host from potential pathogenic bacteria. Even more 
interestingly, gut microflora bacteria have shown ability to not only initiate an inflammatory 
response but also to control and inhibit such a response. Some microfloral bacteria or their 
metabolites can interact with the intracellular receptor TLR-9, to which the bacteria activates 
T cells through the production of potent anti-inflammatory cytokines such as IL-10 [117, 
118]. Microfloral bacteria can also produce small molecules that can enter intestinal 
epithelial cells to inhibit activation of nuclear factor kappa-light-chain-enhancer of activated 
B cells (NFkB) [119]. Moreover, prolonged exposure to bacterial endotoxins, in particular, 
LPS (which interacts with TLR 2 and 4) can activate intracellular anti-inflammatory 
associated proteins that result in an overall anti-inflammatory effect [120]. Such gut 
bacterial-host interactions are critical in maintaining a balanced and effective immune 
response to various infections while maintaining control over prolonged or chronic 
inflammation and reducing the overstimulation of the host immune system.  

Recent evidence suggests that a particular gut microfloral community may favour 
occurrence of the metabolic diseases. It is well know that the composition of gut microflora 
changes with diet and also as we age [121, 122]. In one study, a high fat diet was associated 
with higher endotoxaemia and a lowering of bifidobacterium species in mice cecum [123-
125]. In a follow up study, the administration of prebiotics, in particular, oligofructose, to 
mice given high fat diet, restored the reduced quantity of bifidobacterium. This also resulted 
in reducing metabolic endotoxaemia, the inflammatory tone and slowing the development 
of diabetes. In this study and compared with control mice on chow diet, high fat diet 
significantly reduced intestinal Gram negative and Gram positive gut bacteria, increased 
endotoxaemia and diabetes-associated inflammation. However, when diabetic mice on high 
fat diet were given oligofructose, metabolic normalization took place including the quantity 
of gut bifidobacteria. In these mice, multiple correlation analyses showed that endotoxaemia 
negatively correlated with bifidobacteria quantity [126, 127]. By the same token, 
bifidobacterium quantity significantly and positively correlated with improved glucose 
tolerance, glucose-induced insulin secretion and normalised inflammatory tone (decreased 
endotoxaemia and plasma and adipose tissue proinflammatory cytokines) [123-125]. In 
general, the level of microfloral diversity and gut bifidobacteria in human, relate to health 
status and both decrease with age [128, 129]. 

6. The potential applications of probiotics in autoimmune diseases 

Probiotics have been shown to be beneficial in wide range of conditions including infections, 
allergies, and metabolic disorders such as diabetes mellitus, ulcerative colitis and Crohn’s 
disease [130-132].  
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gut mucosa and using their Toll-like receptors (TLR) 2 and 4, to sample bacterial metabolites 
[114, 115]. This may result in dendritic cells releasing certain cytokines that stimulate the 
activation of naive Th-0 into active Th- cells such as 1, 2 and 3/1 [115]. Interestingly, some 
microfloral bacteria can actually cross enterocytic microfolds and interact with antigen 
presenting immune cells in mesenteric lymph nodes to activate naive plasma cells into IgA-
producing B cells [116]. IgA coats the intestinal mucosa and control further bacterial 
penetration thus protecting the host from potential pathogenic bacteria. Even more 
interestingly, gut microflora bacteria have shown ability to not only initiate an inflammatory 
response but also to control and inhibit such a response. Some microfloral bacteria or their 
metabolites can interact with the intracellular receptor TLR-9, to which the bacteria activates 
T cells through the production of potent anti-inflammatory cytokines such as IL-10 [117, 
118]. Microfloral bacteria can also produce small molecules that can enter intestinal 
epithelial cells to inhibit activation of nuclear factor kappa-light-chain-enhancer of activated 
B cells (NFkB) [119]. Moreover, prolonged exposure to bacterial endotoxins, in particular, 
LPS (which interacts with TLR 2 and 4) can activate intracellular anti-inflammatory 
associated proteins that result in an overall anti-inflammatory effect [120]. Such gut 
bacterial-host interactions are critical in maintaining a balanced and effective immune 
response to various infections while maintaining control over prolonged or chronic 
inflammation and reducing the overstimulation of the host immune system.  

Recent evidence suggests that a particular gut microfloral community may favour 
occurrence of the metabolic diseases. It is well know that the composition of gut microflora 
changes with diet and also as we age [121, 122]. In one study, a high fat diet was associated 
with higher endotoxaemia and a lowering of bifidobacterium species in mice cecum [123-
125]. In a follow up study, the administration of prebiotics, in particular, oligofructose, to 
mice given high fat diet, restored the reduced quantity of bifidobacterium. This also resulted 
in reducing metabolic endotoxaemia, the inflammatory tone and slowing the development 
of diabetes. In this study and compared with control mice on chow diet, high fat diet 
significantly reduced intestinal Gram negative and Gram positive gut bacteria, increased 
endotoxaemia and diabetes-associated inflammation. However, when diabetic mice on high 
fat diet were given oligofructose, metabolic normalization took place including the quantity 
of gut bifidobacteria. In these mice, multiple correlation analyses showed that endotoxaemia 
negatively correlated with bifidobacteria quantity [126, 127]. By the same token, 
bifidobacterium quantity significantly and positively correlated with improved glucose 
tolerance, glucose-induced insulin secretion and normalised inflammatory tone (decreased 
endotoxaemia and plasma and adipose tissue proinflammatory cytokines) [123-125]. In 
general, the level of microfloral diversity and gut bifidobacteria in human, relate to health 
status and both decrease with age [128, 129]. 

6. The potential applications of probiotics in autoimmune diseases 

Probiotics have been shown to be beneficial in wide range of conditions including infections, 
allergies, and metabolic disorders such as diabetes mellitus, ulcerative colitis and Crohn’s 
disease [130-132].  
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When discussing therapeutic applications in AD, the use of probiotics is an area of growing 
interest, not just as an adjunct therapy but also as a mainstream treatment aiming at 
normalizing the disturbed gut-microfloral composition, as well as, directly relieving signs 
and symptoms of the disease. In order to design a probiotic formulation that targets disease-
associated disturbances in gut microflora, a better and more detailed understanding of these 
disturbances is necessary. Better understanding of microfloral composition in the gut can be 
achieved through cell-culturing and protein-based assays that analyse the nature, type and 
quantity of various bacteria that exist in the gut.  

However, beneficial effects of probiotics in ADs are modest, bacterial-strain and disease-state 
specific and limited to certain manifestations of disease and duration of use of the probiotic. 

6.1. Type 1 diabetes and probiotics 

Probiotic administration in animal models of Type 1 diabetes has shown great potentials. 
Combinations of different bacterial strains can be used [133] but a mixture of Lactobacilli and 
Bifidobacteria is a common choice [20-23, 26, 42, 92, 134-136] 

There are reports in the literature that probiotic treatment can be useful in diabetes [28] but 
there is little explanation of the mechanisms involved. The initial site of diabetogenic cells 
has been hypothesized to be in the gut whereas pancreatic lymph nodes serve as the site of 
amplification of the autoimmune response [137]. This autoimmune response may disturb 
the composition of the normal gut flora. Treatment with Bifidobacteria and Lactobacilli has 
been shown to normalize the composition of the gut flora in children with T1D [131, 138]. In 
addition, the administration of Lactobacilli to alloxan-induced diabetic mice prolonged their 
survival [139, 140] and administration to non-obese diabetic (NOD, a rodent model of T1D) 
mice inhibited diabetes development possibly by the regulation of the host immune 
response and reduction of nitric oxide production [140]. Furthermore, the administration of 
a mixture of Bifidobacteria, Lactobacilli and Streptococci to NOD mice was protective against 
T1D development postulated to be through induction of interleukins IL4 and IL10 [141].  

Slowing of peristalsis (gastroparesis) has been reported in T1D patients. This can result in a 
bigger population of bacteria in the gut and a subsequent rise in the concentration of 
secondary bile acids [142, 143] such as lithocholic acid [144, 145]. In addition, the disturbed 
bile acid composition in T1D (8) is strongly linked with autoimmune and liver diseases. The 
administration of Lactobacilli and Bifidobacteria may restore the bile acid composition [146, 
147]. It is important to select the right probiotic species based on efficacy, stability in the gut 
(bile and pH tolerability) and long term safety. For example, some probiotic-bacterial cells 
have been examined for stability as well as efficacy in various autoimmune diseases. 
Lactobacillus rhamnosus, Lactobacillus acidophilus and Bifidobacterium lactis show good bile and 
pH tolerability under normal conditions of pH (1.5-8) and bile acid concentration (0.8 – 3 %), 
in addition to long term safety [148-150].  

6.2. Inflammatory bowel diseases and probiotics 

In IBD such as UC colitis, there is a substantial inflammatory component with atypical type 
2 T-helper cell (Th2) activation. Th2 are activated by the presence of antigens and then direct 
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other immune cells in the body. In UC they can become overly sensitised and secrete 
interleukin-13, an inflammatory mediator [151]. This drives T-cells not normally present in 
the colon to migrate there and makes the colon mucosa more sensitive to commensal 
bacteria which drives further inflammatory responses [152]. 

Naïve CD4 T cells differentiate into Th1 or Th2 effector T cells on activation by antigen-
presenting cells (see Figure 4). Th1 and Th2 cells carry out distinct antigen specific adaptive 
immune functions; Th1 cells mediate cellular immunity against intracellular pathogens, 
whereas Th2 cells enable humoral immunity and immunity against extracellular pathogens. 
The effector functions of Th1 cells are exerted in part by production of interferon (IFN)-γ 
and those of Th2 cells by interleukins including IL4. Inappropriate regulation of Th1 and 
Th2 cell functions can cause autoimmune diseases. 

In IBD, UC in particular, as with other inflammatory conditions, the production of 
immunoglobulins is elevated. Immunoglobulins, or antigens, bind to antibodies to 
encourage an immune response to the antigen while limiting the harm the antigen can do. 
UC displays an increased production of IgA, IgM, IgF but also has a disproportionately high 
level of IgG1. IgG1 binds to a colonic epithelial antigen in an autoimmune response. That 
antigen is also present in the eyes, skin and joints and inflammatory responses there can 
cause the extraintestinal symptoms associated with UC, including peripheral arthritis, 
erythema nodosum, iritis, uveitis and thromboembolism [153]. 

The identification of a causative UC pathogen would greatly simplify diagnosis and new 
treatment identification. Three broad studies used sequenced bacteria from the human gut 
to try and identify a healthy gut microbial profile. When the bacteria strains were divided 
by phylogenetic type it was found that 98% of bacteria were part of four phyla [154-156]. 
Another study compared this control data to samples from patients with Crohn’s disease 
and UC. Two-thirds and three-quarters of the diseased samples, respectively, had the same 
bacterial balance as healthy controls. In the other IBD samples there was no consistency in 
the atypical bacterial groups, indicating that although dysbiosis is present there are no 
single causative bacteria [154]. Unfortunately, it is still unknown whether the dysbiosis 
precipitates gut inflammation or if another cause initiates the disease and dysbiosis occurs 
due to the inflammatory changes [157] 

It has been shown that patients with UC display an increased microflora density [151] 
meaning the total population of bacteria in the colon is increased. In one study the number 
of bacteria in colon biopsies taken during endoscopy from newly diagnosed and untreated 
UC patients was double that of healthy controls [158]. The samples from UC patients also 
showed a thinner and less sulphated mucosal layer of the gut epithelium [159] which could 
support the increased bacterial levels through a lessened mucus flow to dislodge bacteria or 
an improved nutritional role from less sulphate. 

VSL#3 is a high dose probiotic mixture that shows how information from multiple trials and 
in vitro studies can be brought together. Considering how new data fits into the probiotic 
profile established from previous investigations can help highlight any challenges to 
existing assumptions. Alternatively, when study results are replicated by different research 
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bile acid composition in T1D (8) is strongly linked with autoimmune and liver diseases. The 
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other immune cells in the body. In UC they can become overly sensitised and secrete 
interleukin-13, an inflammatory mediator [151]. This drives T-cells not normally present in 
the colon to migrate there and makes the colon mucosa more sensitive to commensal 
bacteria which drives further inflammatory responses [152]. 

Naïve CD4 T cells differentiate into Th1 or Th2 effector T cells on activation by antigen-
presenting cells (see Figure 4). Th1 and Th2 cells carry out distinct antigen specific adaptive 
immune functions; Th1 cells mediate cellular immunity against intracellular pathogens, 
whereas Th2 cells enable humoral immunity and immunity against extracellular pathogens. 
The effector functions of Th1 cells are exerted in part by production of interferon (IFN)-γ 
and those of Th2 cells by interleukins including IL4. Inappropriate regulation of Th1 and 
Th2 cell functions can cause autoimmune diseases. 

In IBD, UC in particular, as with other inflammatory conditions, the production of 
immunoglobulins is elevated. Immunoglobulins, or antigens, bind to antibodies to 
encourage an immune response to the antigen while limiting the harm the antigen can do. 
UC displays an increased production of IgA, IgM, IgF but also has a disproportionately high 
level of IgG1. IgG1 binds to a colonic epithelial antigen in an autoimmune response. That 
antigen is also present in the eyes, skin and joints and inflammatory responses there can 
cause the extraintestinal symptoms associated with UC, including peripheral arthritis, 
erythema nodosum, iritis, uveitis and thromboembolism [153]. 

The identification of a causative UC pathogen would greatly simplify diagnosis and new 
treatment identification. Three broad studies used sequenced bacteria from the human gut 
to try and identify a healthy gut microbial profile. When the bacteria strains were divided 
by phylogenetic type it was found that 98% of bacteria were part of four phyla [154-156]. 
Another study compared this control data to samples from patients with Crohn’s disease 
and UC. Two-thirds and three-quarters of the diseased samples, respectively, had the same 
bacterial balance as healthy controls. In the other IBD samples there was no consistency in 
the atypical bacterial groups, indicating that although dysbiosis is present there are no 
single causative bacteria [154]. Unfortunately, it is still unknown whether the dysbiosis 
precipitates gut inflammation or if another cause initiates the disease and dysbiosis occurs 
due to the inflammatory changes [157] 

It has been shown that patients with UC display an increased microflora density [151] 
meaning the total population of bacteria in the colon is increased. In one study the number 
of bacteria in colon biopsies taken during endoscopy from newly diagnosed and untreated 
UC patients was double that of healthy controls [158]. The samples from UC patients also 
showed a thinner and less sulphated mucosal layer of the gut epithelium [159] which could 
support the increased bacterial levels through a lessened mucus flow to dislodge bacteria or 
an improved nutritional role from less sulphate. 

VSL#3 is a high dose probiotic mixture that shows how information from multiple trials and 
in vitro studies can be brought together. Considering how new data fits into the probiotic 
profile established from previous investigations can help highlight any challenges to 
existing assumptions. Alternatively, when study results are replicated by different research 
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centres the significance of the findings is increased. This reflective process should develop 
an understanding of the probiotic that is based on clinical evidence. VSL#3 contains a 
combination of three strains of bifidobacterium, four strains of lactobacilli and one strain of 
streptococcus salivarius. A trial in 1999, shortly after the probiotic was developed, tested 
faecal samples of 20 UC patients to determine changes in bacterial concentrations when 
VSL#3 was administered with no other treatment. An increase in the bacterial numbers of 
strains found in the probiotic was observed in all patients from the 20th day of treatment 
and remained stable. This established that the probiotic could colonise the gut and 
encouraged further clinical trials [160]. VSL#3 was then trialled repeatedly in small studies 
which had similar conclusions regarding safety and efficacy. The studies showed a low 
number of reported side effects which were consistently mild, so safety in the trialled 
patient types was assumed. The outcomes from the trials were encouraging as the probiotic 
treated groups usually showed an improvement in disease state [92, 161-166]. This identified 
VSL#3 as a feasible new UC treatment but a large, randomised, placebo controlled study 
was needed to verify results [167]. Two studies have provided the additional clinical 
evidence needed to substantiate the conclusions from earlier trials. The first was conducted 
on patients in India in 2009 over a 12 week treatment regime. The second trial, in 2010, had a 
shorter treatment time of 8 weeks and was carried out in Italy. Both trials were multicentre, 
randomised and placebo controlled and were conducted on 144 patients. Information on the 
safety of VSL#3 was definitely supported by both trials. The only side effects reported by the 
probiotic treatment group were mild, primarily abdominal bloating and discomfort. 
Additionally, there were no patient withdrawals from the VSL#3 group due to worsening of 
symptoms [167-169]. As both trials were on patients with mild to moderate UC as 
determined by the Ulcerative Colitis Disease Activity Index (UCDAI) score, safety in this 
demographic can be seen to have been established. The safety of VSL#3 in more severe 
disease stages were not assessed by these trials and remains unknown. The primary 
outcome from both trials was a 50% reduction in the patient UCDAI score. When the results 
of the group receiving probiotics were compared to the group not receiving probiotics it was 
shown that a significantly greater the percentage of VSL#3 treated patients achieved the 
outcome compared to the placebo. This was consistent between the two trials. One of the 
secondary outcomes was the achievement of disease remission, which was the reduction in 
UCDAI to 2 or less. It is interesting that this was only a secondary outcome as remission is 
often considered the main goal of treatment of UC by patients. Both trials achieved remission 
in approximately 50% of patients on VSL#3. This was statistically significant in the 2009 Indian 
trial as the placebo remission rate was only 15% [168]. The second trial, based in Italy, had an 
unusually high placebo remission rate of 40% which meant that 50% remission in the VSL#3 
was not significant [169]. This placebo rate weakens the evidence for VSL#3 inducing disease 
remission when adjunctive treatments are unchanged. However, these results do support the 
role of VSL#3 as an effective UC treatment to reduce symptom severity.  

Despite promising treatment outcomes with VSL#3, exact mechanisms of action and the 
extent and significance of synergism remain to be clearly identified. The mechanism of 
action has been investigated a number of times and these studies suggest alteration of 
intestinal integrity is likely to be central to VSL#3 activity. Intestinal epithelial cells 
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incubated in media with VSL#3 show increased transepithelial resistance. This may be 
mediated by specific elements of the Mitogen-activated protein kinase (MAPK) pathway, 
which was activated by VSL#3. Pathogen-induced reduction in transepithelial resistance 
was diminished by VSL#3, probably due to the prevention of cell structure dysfunction at 
tight junctions [170]. VSL#3 may also alter mucin secretion, which makes up the mucous 
layer in the gastrointestinal tract. Of the nine identified genes, MUC2 is the predominant 
gel-forming mucin. MUC2 was induced in a concentration dependant manner by the 
exposure of the probiotic mixture to cells in media. It was postulated that this would 
correlate with an increase in mucin secretion. Rats fed with VSL#3 for seven days had an 
increase in MUC2 gene expression leading to an increase in the total mucin pool [159] When 
rat colonic loops were exposed to live VSL#3 an increase in mucin secretion was observed 
immediately without the need for a change in the mucin pool. Separate colonisation of the 
bacterial strains in VSL#3 identified that Lactobacilli is most likely to be responsible for 
mucin changes. Mucin secretion is known to effect bacterial adhesion and colonisation, so 
lactobacilli may upregulate MUC2 to improve colonisation. This implies that the benefits to 
intestinal structure are coincidental. One murine model of colitis, dextran-sodium sulphate-
induced colitis, showed no mucin response to VSL#3 treatment. Mucous barrier thickness 
and expression of mucin genes were unchanged and inflammation did not decrease. The 
inactivity of VSL#3 may be a result of the colitis model used, which may have altered 
probiotic mediated effects as VSL#3 did adhere and change the microflora population. Trials 
on intestinal biopsies with ulcerative colitis could aid in supporting or invalidating the effect 
of VSL#3 on mucin. 

Inflammatory mediators also play an important role in the reduced inflammation reported 
after treatment with VSL#3. The expression of TLR2 by dendritic cells is down regulated, 
which lessens the potential for TLR signalling for pro-inflammatory processes. An increase 
in production of IL-10, an anti-inflammatory cytokine, was also observed. This may be as a 
result of the changes to TLR2 or the overall reduction in inflammation. VSL#3 exerts 
multiple direct and indirect effects on gut inflammation which have not been fully 
elucidated, but can be observed in patient trials. While some studies suggest limitations to 
VSL#3 usefulness in UC treatment, further research is needed before they can be confirmed. 
Current information suggests that VSL#3 holds great promise as a low risk adjunctive 
treatment for mild to moderate UC to reduce symptom severity. 

Strains that are identified for use as probiotics should not be pathogenic or carry antibiotic 
resistance as their use would be potentially harmful. There may be other consequences from 
treatment that can lead to physiological harm. As probiotic treatments often utilise bacterial 
strains found in the healthy human gut there is an assumption that probiotic treatment is 
without risks. Low withdrawal rates due to side effects from clinical trials support this 
notion, even in critically ill patients [171]. However, probiotic sepsis, a potentially deadly 
complication, has occasionally been reported [172]. Sepsis may be more likely in individuals 
with severe illness as they may be immunologically compromised.  

HLA-DR is a MHC class 2 surface receptor responsible for identifying and binding to an 
antigen before presenting to the immune system to educate T and B-cells. There are more 
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centres the significance of the findings is increased. This reflective process should develop 
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patient types was assumed. The outcomes from the trials were encouraging as the probiotic 
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incubated in media with VSL#3 show increased transepithelial resistance. This may be 
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increase in MUC2 gene expression leading to an increase in the total mucin pool [159] When 
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immediately without the need for a change in the mucin pool. Separate colonisation of the 
bacterial strains in VSL#3 identified that Lactobacilli is most likely to be responsible for 
mucin changes. Mucin secretion is known to effect bacterial adhesion and colonisation, so 
lactobacilli may upregulate MUC2 to improve colonisation. This implies that the benefits to 
intestinal structure are coincidental. One murine model of colitis, dextran-sodium sulphate-
induced colitis, showed no mucin response to VSL#3 treatment. Mucous barrier thickness 
and expression of mucin genes were unchanged and inflammation did not decrease. The 
inactivity of VSL#3 may be a result of the colitis model used, which may have altered 
probiotic mediated effects as VSL#3 did adhere and change the microflora population. Trials 
on intestinal biopsies with ulcerative colitis could aid in supporting or invalidating the effect 
of VSL#3 on mucin. 

Inflammatory mediators also play an important role in the reduced inflammation reported 
after treatment with VSL#3. The expression of TLR2 by dendritic cells is down regulated, 
which lessens the potential for TLR signalling for pro-inflammatory processes. An increase 
in production of IL-10, an anti-inflammatory cytokine, was also observed. This may be as a 
result of the changes to TLR2 or the overall reduction in inflammation. VSL#3 exerts 
multiple direct and indirect effects on gut inflammation which have not been fully 
elucidated, but can be observed in patient trials. While some studies suggest limitations to 
VSL#3 usefulness in UC treatment, further research is needed before they can be confirmed. 
Current information suggests that VSL#3 holds great promise as a low risk adjunctive 
treatment for mild to moderate UC to reduce symptom severity. 

Strains that are identified for use as probiotics should not be pathogenic or carry antibiotic 
resistance as their use would be potentially harmful. There may be other consequences from 
treatment that can lead to physiological harm. As probiotic treatments often utilise bacterial 
strains found in the healthy human gut there is an assumption that probiotic treatment is 
without risks. Low withdrawal rates due to side effects from clinical trials support this 
notion, even in critically ill patients [171]. However, probiotic sepsis, a potentially deadly 
complication, has occasionally been reported [172]. Sepsis may be more likely in individuals 
with severe illness as they may be immunologically compromised.  
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than a dozen major subtypes of HLA-DR, some of which have been associated with specific 
diseases. The prevalence of serotypes DR2, DR9, and DRB1*0103 is significantly higher in 
people with active UC when compared to a healthy population. This could be a genetic 
factor that indicates a susceptibility to UC [173].Alternatively, the more common strains 
may be created by the body in response to the mucosal damage in the colon as a reparative 
effort [174]. As the prevalence of HLA-DR subtypes differs between populations the 
implications of these results are complex to apply. For example, the DR2 subtype showed a 
definite increased occurrence in UC patients from Japanese, Finn and Siscilian populations. 
In other culturally heterogenous populations the association is less strong or even absent, 
even though the association with DR2 is still significant when considered over all 
populations. DR9 is also more prevalent in Japanese populations, so it may be more 
important when assessing factors of disease susceptibility then in other ethnic groups. 
DRB1*0103 may be applied more specifically as it may be an indicator for how extensive UC 
could be. DR4, though, seems to be protective against UC, as the frequency that is occurs at 
is much lower in people with UC [173].  

Another potential genetic factor in the development of UC is the expression of transcription 
factor XPB1 which regulates secretory and other stress-responsive cells in the endoplasmic 
reticulum stress response. In mice where the factor is absent, intestinal epithelial cells are 
more susceptible to potential colitis inducers and displayed spontaneous enteritis [175]. In 
humans, a variance in XPB1 has been associated with both Crohn’s disease and UC. The 
activity of peroxisome proliferator-activated receptor-gamma (ppar-gamma) is an 
inflammatory system change that is unique to ulcerative colitis. In healthy individuals ppar-
gamma modulates inflammation by attenuating nuclear factor-kappa B (NF-kB), a protein 
present in almost all cells that responds to harmful cell stimuli. Ppar-gamma activity in colonic 
epithelial cells of UC patients is reduced, but gene expression of ppar-gamma is normal. This 
indicates that bacteria present in the gut affect the activity of ppar-gamma in UC [176]. 

Bacterial imbalance may indicate more aggressive disease progression. The intestinal 
samples for the study were taken during surgery required to treat IBD or other conditions 
(primarily colonic cancer), not especially for the study. The age of the patients with atypical 
bacterial balances was on average 8 years younger than that of the control group. The need 
for surgery at a younger age could demonstrate a more aggressive disease. Alternatively, 
the changes in bacteria may be secondary to (not causative of) severe disease. The samples 
with Crohn’s disease in the atypical group were also more likely to have abscesses [154]. 
Whether an imbalanced gut microflora was a contributing factor to the development of the 
abscess, or if the development of the abscess encouraged the growth of bacteria normally 
atypical to the human gut is difficult to discern. 

When the microbial composition in the rectum was compared between patients with UC 
and normal patients, it was found that levels of Bifidobacterium were reduced in the 
samples with the inflammatory disease [177]. This is in keeping with a theory that post-
operative pouchitis after surgical resection of the colon to manage UC is linked to a 
reduction in levels of Lactobacillus lactis and Bifidobacterium [178] Pouchitis occurs when 
the illeoanal pouchy becomes inflamed and passes diarrhoea, sometimes bloody, and causes 
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fever. After up to 10% of surgeries pouchitis becomes recurrent although the cause is 
unknown [179]. 

Even with these changes in microbial balance it has been found that use of antibiotics has no 
effect on the development or progression of UC. This is a marked point of difference 
compared to Crohn’s disease where certain antibiotic therapies have been known to 
complete remission [180]. This may be associated with the absence of serum bacterial 
antibodies in patients with UC. While Crohn’s disease has numerous elevated bacterial 
antibodies, indicating that particular bacteria may play a specific role in the disease, there is 
only one that has been identified in UC; perinuclear antineutrophil antibody. This antibody 
identifies bacterial antigens that have cross-reacted with nuclear antigens and it responds in 
tests to enteric bacterial antigens [181]. This shows a generalized overactive immune 
response targeting much of the gut bacteria resulting in wide spread exacerbation of the 
immune system and damaging further the intestinal tissues including the gut-associated 
lymphoid system. Thus, probiotic treatment poses great potential in treating IBD and 
further research is needed to investigate whether normalizing the gut microfloral 
composition will result in preventing the disease or ameliorating its severity and long term 
complications.  

7. Lupus and probiotics 

Systemic Lupus (SL) is an autoimmune disease which shares a significant inflammatory 
response and overactive and hypersensitive Th2 cells. A study of the autoimmune response 
in SL has found that one type of T cells is commonly found among SL patients. Cytotoxic 
CD8+ T-cell is found to be initially activated at the early stages of the disease and results in 
wide spread generalized activation of a long inflammatory cascade that brings about a full 
SL symptoms.  

Similar to that of T1D, there are clear disturbances in gut microflora in SL, and, similar to 
other autoimmune diseases, a direct link between such changes and the initiation of the 
disease remains unclear. The literature suggests that gut microflora participates in the 
progression and complications of SL. This is brought about through an initial antigenic 
trigger that results in immune system ‘confusion’ which brings about an inflammatory 
response that attacks and destroys body’s own tissues. The role of gut microflora in the 
initiation and development of SL is complex. This starts with a trigger that initiates a shift in 
gut microfloral composition which results in a formation of specific DNA-targeting 
antibodies directed towards specific pathogenic bacterial cells e.g. burkholderia bacteria 
[182]. This antibodies production is exacerbated through wider inflammatory response 
which brings about symptomatic SL and further complications of the disease. In theory and 
similar to the potential beneficial effect of probiotic administration on other autoimmune 
diseases, probiotic treatment, in particular, long term, is anticipated to neutralize gut-
microfloral disturbances that brings about a stabilization of antibody production and 
eventual cessation of the inflammatory response which results in less severity and reduced 
signs and symptoms of the disease. In one study, authors measured the resistance of normal 
gut microflora to the colonization of pathogenic bacteria. This was done by a comprehensive 



 
Probiotics 346 

than a dozen major subtypes of HLA-DR, some of which have been associated with specific 
diseases. The prevalence of serotypes DR2, DR9, and DRB1*0103 is significantly higher in 
people with active UC when compared to a healthy population. This could be a genetic 
factor that indicates a susceptibility to UC [173].Alternatively, the more common strains 
may be created by the body in response to the mucosal damage in the colon as a reparative 
effort [174]. As the prevalence of HLA-DR subtypes differs between populations the 
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gamma modulates inflammation by attenuating nuclear factor-kappa B (NF-kB), a protein 
present in almost all cells that responds to harmful cell stimuli. Ppar-gamma activity in colonic 
epithelial cells of UC patients is reduced, but gene expression of ppar-gamma is normal. This 
indicates that bacteria present in the gut affect the activity of ppar-gamma in UC [176]. 

Bacterial imbalance may indicate more aggressive disease progression. The intestinal 
samples for the study were taken during surgery required to treat IBD or other conditions 
(primarily colonic cancer), not especially for the study. The age of the patients with atypical 
bacterial balances was on average 8 years younger than that of the control group. The need 
for surgery at a younger age could demonstrate a more aggressive disease. Alternatively, 
the changes in bacteria may be secondary to (not causative of) severe disease. The samples 
with Crohn’s disease in the atypical group were also more likely to have abscesses [154]. 
Whether an imbalanced gut microflora was a contributing factor to the development of the 
abscess, or if the development of the abscess encouraged the growth of bacteria normally 
atypical to the human gut is difficult to discern. 

When the microbial composition in the rectum was compared between patients with UC 
and normal patients, it was found that levels of Bifidobacterium were reduced in the 
samples with the inflammatory disease [177]. This is in keeping with a theory that post-
operative pouchitis after surgical resection of the colon to manage UC is linked to a 
reduction in levels of Lactobacillus lactis and Bifidobacterium [178] Pouchitis occurs when 
the illeoanal pouchy becomes inflamed and passes diarrhoea, sometimes bloody, and causes 
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fever. After up to 10% of surgeries pouchitis becomes recurrent although the cause is 
unknown [179]. 
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only one that has been identified in UC; perinuclear antineutrophil antibody. This antibody 
identifies bacterial antigens that have cross-reacted with nuclear antigens and it responds in 
tests to enteric bacterial antigens [181]. This shows a generalized overactive immune 
response targeting much of the gut bacteria resulting in wide spread exacerbation of the 
immune system and damaging further the intestinal tissues including the gut-associated 
lymphoid system. Thus, probiotic treatment poses great potential in treating IBD and 
further research is needed to investigate whether normalizing the gut microfloral 
composition will result in preventing the disease or ameliorating its severity and long term 
complications.  

7. Lupus and probiotics 

Systemic Lupus (SL) is an autoimmune disease which shares a significant inflammatory 
response and overactive and hypersensitive Th2 cells. A study of the autoimmune response 
in SL has found that one type of T cells is commonly found among SL patients. Cytotoxic 
CD8+ T-cell is found to be initially activated at the early stages of the disease and results in 
wide spread generalized activation of a long inflammatory cascade that brings about a full 
SL symptoms.  

Similar to that of T1D, there are clear disturbances in gut microflora in SL, and, similar to 
other autoimmune diseases, a direct link between such changes and the initiation of the 
disease remains unclear. The literature suggests that gut microflora participates in the 
progression and complications of SL. This is brought about through an initial antigenic 
trigger that results in immune system ‘confusion’ which brings about an inflammatory 
response that attacks and destroys body’s own tissues. The role of gut microflora in the 
initiation and development of SL is complex. This starts with a trigger that initiates a shift in 
gut microfloral composition which results in a formation of specific DNA-targeting 
antibodies directed towards specific pathogenic bacterial cells e.g. burkholderia bacteria 
[182]. This antibodies production is exacerbated through wider inflammatory response 
which brings about symptomatic SL and further complications of the disease. In theory and 
similar to the potential beneficial effect of probiotic administration on other autoimmune 
diseases, probiotic treatment, in particular, long term, is anticipated to neutralize gut-
microfloral disturbances that brings about a stabilization of antibody production and 
eventual cessation of the inflammatory response which results in less severity and reduced 
signs and symptoms of the disease. In one study, authors measured the resistance of normal 
gut microflora to the colonization of pathogenic bacteria. This was done by a comprehensive 
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biotyping technique in healthy individuals and patients with inactive and active SL. 
Colonization resistance was found to be lower in active SL patients than in healthy 
individuals (P = 0.09, Wilcoxon one sided, with correction for ties) suggesting that in 
patients with SL, various types and more bacteria are translocating across the gut wall than 
in healthy individuals, due to lower colonization resistances in these patients. Some of these 
may serve as polyclonal B cell activators or as antigens cross-reacting with DNA [183]. Thus, 
administering probiotic bacteria such as bifidobacteria which may restore normal gut-
microflora and reduce the inflammatory response and production of such antibodies should 
be beneficial. However, the use of probiotics in the prevention or treatment of SL remains 
doubtable due to many challenges including dose and frequency required to exert a clinical 
beneficial effect, targeted delivery to live bacteria to the large intestine, bacterial loading and 
bacterial interaction with other drugs.  

Overall, the therapeutic applications of probiotics in autoimmune diseases can be 
summarized in three main mechanisms covering preventative measures as well reliving the 
signs and symptoms of the diseases. This focuses on the role of probiotic ‘long-term’ 
treatment of the gut aiming at manipulating and neutralizing the gut-microfloral bacteria to 
restore healthy body physiology and biochemical reactions, as well as minimizing 
symptoms through ameliorating the inflammatory response. In addition, probiotics have 
been shown to increase non-specific host resistance to pathogenic bacteria. Probiotics are 
believed to deliver their effects via three main mechanisms: (1) competitive exclusion, (2) 
production of anti-bacterial substances and (3) regulation of immune responses.  

7.1. Competitive exclusion 

Probiotics compete with pathogens and toxins for adherence to the intestinal epithelium. 
This concept describes the manner by which probiotic bacteria populate, overtake the 
pathogenic bacteria and go on to completely colonize and ‘crowd’ the gut. 

7.2. Production of anti-bacterial substances  

Probiotics exert anti-bacterial effects on pathogenic bacteria by producing bactericidal 
substances including bacteriocins and acid which work synergistically or alone to inhibit 
pathogenic bacterial growth. Bacteriocins are antimicrobial peptides which are produced by 
some gram positive bacteria while acetic, lactic and propionic acid are produced by a wide 
range of probiotic bacteria leading to a decrease in pH and inhibition of growth of many 
pathogenic gram negative bacteria. 

7.3. Regulation of immune responses 

Infections can disrupt T-cell tolerance [Rocken et al, 1992] due to the enormous bacterial 
load of the intestinal lumen. It appears that sustained exposure to bacterial antigens can 
result in impaired T-cell function [Bronstein-Sitton et al, 2003]. An inadequate function of 
immunoregulatory cells can lead to loss of tolerance.  
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Probiotics regulate immune responses by modulating pathogen induced inflammation 
caused by TLR-mediated signalling pathways. Probiotic bacteria have been shown to skew 
the Th1/Th2 balance toward Th1, which helps down-regulate overactive Th2-mediated 
allergic responses. Effects on the Th1/Th2 balance have been observed in some animal 
models of allergy [184]; however not all strains stimulated Th1 immunity [185, 186]. 
Nonetheless, stimulation of Th1 immunity has been reported in clinical trials [187-191] and 
clinical efficacy has been demonstrated in adults, children and infants for diseases including 
IBS and IBD [192, 193], see Figure 4. 

 
Figure 4. The relationship between LPS endotoxins and inflammation pathology in some autoimmune 
diseases. This figure adapted with modification from Cani P & Delzenne NM [105]. 

8. Safety and toxicology of probiotics 

The World Health Organisation has guidelines for the evaluation of probiotic health claims. 
The guidelines begin by emphasising the importance of identifying the genus and species of 
the probiotic bacteria, as effects are strain specific. The WHO report also outlines assessment 
of probiotic storage, safety and evidence used to substantiate health claims [194]. 

Strains that are identified for use as probiotics should not be pathogenic or carry antibiotic 
resistance as their use would be potentially harmful. There may be other consequences from 
treatment that can lead to physiological harm. As probiotic treatments often utilise bacterial 
strains found in the healthy human gut there is an assumption that probiotic treatment is 
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biotyping technique in healthy individuals and patients with inactive and active SL. 
Colonization resistance was found to be lower in active SL patients than in healthy 
individuals (P = 0.09, Wilcoxon one sided, with correction for ties) suggesting that in 
patients with SL, various types and more bacteria are translocating across the gut wall than 
in healthy individuals, due to lower colonization resistances in these patients. Some of these 
may serve as polyclonal B cell activators or as antigens cross-reacting with DNA [183]. Thus, 
administering probiotic bacteria such as bifidobacteria which may restore normal gut-
microflora and reduce the inflammatory response and production of such antibodies should 
be beneficial. However, the use of probiotics in the prevention or treatment of SL remains 
doubtable due to many challenges including dose and frequency required to exert a clinical 
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restore healthy body physiology and biochemical reactions, as well as minimizing 
symptoms through ameliorating the inflammatory response. In addition, probiotics have 
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believed to deliver their effects via three main mechanisms: (1) competitive exclusion, (2) 
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pathogenic bacteria and go on to completely colonize and ‘crowd’ the gut. 
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Probiotics exert anti-bacterial effects on pathogenic bacteria by producing bactericidal 
substances including bacteriocins and acid which work synergistically or alone to inhibit 
pathogenic bacterial growth. Bacteriocins are antimicrobial peptides which are produced by 
some gram positive bacteria while acetic, lactic and propionic acid are produced by a wide 
range of probiotic bacteria leading to a decrease in pH and inhibition of growth of many 
pathogenic gram negative bacteria. 

7.3. Regulation of immune responses 

Infections can disrupt T-cell tolerance [Rocken et al, 1992] due to the enormous bacterial 
load of the intestinal lumen. It appears that sustained exposure to bacterial antigens can 
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allergic responses. Effects on the Th1/Th2 balance have been observed in some animal 
models of allergy [184]; however not all strains stimulated Th1 immunity [185, 186]. 
Nonetheless, stimulation of Th1 immunity has been reported in clinical trials [187-191] and 
clinical efficacy has been demonstrated in adults, children and infants for diseases including 
IBS and IBD [192, 193], see Figure 4. 

 
Figure 4. The relationship between LPS endotoxins and inflammation pathology in some autoimmune 
diseases. This figure adapted with modification from Cani P & Delzenne NM [105]. 

8. Safety and toxicology of probiotics 

The World Health Organisation has guidelines for the evaluation of probiotic health claims. 
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the probiotic bacteria, as effects are strain specific. The WHO report also outlines assessment 
of probiotic storage, safety and evidence used to substantiate health claims [194]. 

Strains that are identified for use as probiotics should not be pathogenic or carry antibiotic 
resistance as their use would be potentially harmful. There may be other consequences from 
treatment that can lead to physiological harm. As probiotic treatments often utilise bacterial 
strains found in the healthy human gut there is an assumption that probiotic treatment is 
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without risks. Low withdrawal rates due to side effects from clinical trials support this 
notion, even in critically ill patients [171]. However, probiotic sepsis, a potentially deadly 
complication, has occasionally been reported [172]. Sepsis may be more likely in individuals 
with severe illness as they may be immunologically compromised.  

The mechanism of immune system modulation through gut microflora may change during 
certain disease states. A large trial on patients with acute pancreatitis found that 16% 
patients in the probiotic group died compared with 6% of the placebo group, indicating an 
increase in mortality with prophylactic probiotic treatment in such immunocompromised 
patients [195]. This highlights the need for caution when treating a disease state or severity 
that safety has not been established with. 

A range of probiotics have been used to treat mild to moderate UC without severe side 
effects. However, probiotic safety in severe UC has not been established. While patients 
with symptoms that are unresponsive to current therapies may benefit greatly from new 
treatments, until the mechanisms of action of probiotics are better understood the risk to 
patients is also unknown. Accordingly, probiotic administration has shown good safety 
profile in individuals with overall good health status, and may be suffering from mild 
infections or GI disorders [196, 197]. Probiotic safety stems from the fact that many strains 
are of human origin and present in large numbers in human GIT [131]. Accordingly, the 
reported incidences of probiotics inducing bacterial infection and bacteremia are very low 
(18). The only major concern with probiotic administration is the potential of bacterial 
translocation resulting in the induction of antibiotic-resistance strains that may lead to 
pathogenesis and haemodyscrasia [198, 199]. Having said that and as previously explained, 
the risks of infections caused by probiotic treatment is expected to be significant in 
immunocompromised patients [200-204].  

Clinical trials of new treatments for many Ads vary greatly in trial length, inclusion criteria 
and in vivo models used. The diversity of these trials makes meaningful comparison of 
probiotic treatments difficult. For example there is no standard index for UC, with variety of 
different symptom based evaluations, composite scores and patient evaluated scoring 
systems used in clinical trials [205]. Patient inclusion in the trial, response to a treatment, 
and whether remission is induced, is usually determined by a disease activity index score of 
a pre-specified value being met. Comparison of different definitions of success is complex, 
as a patient could be considered in remission by one trial but in a state of active disease by 
another. In addition, clinical trials of treatments of UC are known to have a diverse and 
unpredictable placebo response rate [206]. A 2007 meta-analysis of 40 clinical trials found 
that placebo induced remission rates ranged from 0-40% while placebo response was as high 
as 67% [207]. An unpredictable placebo response can interfere with the perceived usefulness 
of new treatments making findings hard to interpret. On the other hand, clinical trials that 
evaluated outcomes based on subjective scores (physician impression of disease severity, 
patient reported quality of life, etc.) were associated with higher placebo rates of response 
and remission. Use of objective assessments, e.g. the presence of inflammatory markers or 
sigmoidoscopy score, can reduce placebo values and make comparison of clinical trials 
simpler. The patient acceptability and cost of invasive tests like colonoscopies and blood 
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sampling limit their use. Objective scores also do not quantify changes in time off work and 
symptoms like urgency and tenesmus, which are reported to be most important to patients.  

The length of the clinical trial can change both rates of success and placebo responses. 
Shorter trials with fewer study visits lessen the cost of the study and reduce placebo values 
[206]. Long term trials may document a decrease in clinical effectiveness as relapses occur, 
the treatment ceases working and symptoms return. This may be due to the nature of 
disease rather than the treatment, as e.g. 67% of UC patients experience a relapse within the 
first ten years [208]. 

Risk of relapse makes withdrawal of existing therapy prior to commencing clinical trials 
undesirable. As a result, most probiotic treatments are initiated as adjunctive therapy to a 
stable oral dose of 5-aminosalicylic acid or an immunosuppressant. The period of time the 
dosage of other medications must have been stable for prior to the trial varies. The effect of 
these existing medications on the mechanism and efficacy of probiotics is unknown.  

The adoption of a standardised disease activity index and trial endpoints would allow for 
comparison and combination of data from multiple trials. Until then, the value of an 
individual probiotic trial should be assessed with an understanding of how the trial 
characteristics may have influenced the reported results. 

Commercially available probiotics often contain more than one bacterial type. The careful 
selection and administration of multiple strains of bacteria in combination has the potential 
to be more effective than any strain on its own. This concept is supported by a small review 
of 16 studies which found the multiple strain products was more effective than the 
composite single strains 75% of the time. Additionally, a study that did ex vivo screening of 
probiotic strains for beneficial changes in the regulation of T-cells and pro-inflammatory 
cytokines identified that multistrain combinations were more potent, adding to the theory 
that the use of multiple bacterial strains allows for better therapeutic effects.(37) 

Doses may play a role in the comparative effectiveness of a probiotic mixture. The number 
of bacteria in a dose can be as high as the combined quantity from a therapeutically effective 
dose of each composite strain assuming no synergism. The higher combined dose may have 
a greater effect, making the multistrain probiotic therapy more likely to be effective 
especially if synergistic interaction exists between used bacterial strains [209]. Countering 
this as the sole mechanism influencing efficacy are studies where animals were 
administered single strain and multiple strain probiotics to protect against pathogens. 
Although the total dose of each probiotic was the same, the mixtures still had a greater 
protective effect or survival rate, indicating the presence of bacterial synergism [210-212].  

A number of potential mechanisms for additive and synergistic interactions between 
probiotic strains exist. Some are probably the result of fortunate coincidence, while others 
are likely to be due to bacterial adaptation. The mechanism for the synergy may be simple, 
e.g. a byproduct of one bacteria increasing another strains’ rate of growth. Other 
mechanisms may be more complex, involving more than two strains or using intermediaries 
to alter signalling pathways. The potential intricacy of these bacterial interactions prevents 
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without risks. Low withdrawal rates due to side effects from clinical trials support this 
notion, even in critically ill patients [171]. However, probiotic sepsis, a potentially deadly 
complication, has occasionally been reported [172]. Sepsis may be more likely in individuals 
with severe illness as they may be immunologically compromised.  

The mechanism of immune system modulation through gut microflora may change during 
certain disease states. A large trial on patients with acute pancreatitis found that 16% 
patients in the probiotic group died compared with 6% of the placebo group, indicating an 
increase in mortality with prophylactic probiotic treatment in such immunocompromised 
patients [195]. This highlights the need for caution when treating a disease state or severity 
that safety has not been established with. 

A range of probiotics have been used to treat mild to moderate UC without severe side 
effects. However, probiotic safety in severe UC has not been established. While patients 
with symptoms that are unresponsive to current therapies may benefit greatly from new 
treatments, until the mechanisms of action of probiotics are better understood the risk to 
patients is also unknown. Accordingly, probiotic administration has shown good safety 
profile in individuals with overall good health status, and may be suffering from mild 
infections or GI disorders [196, 197]. Probiotic safety stems from the fact that many strains 
are of human origin and present in large numbers in human GIT [131]. Accordingly, the 
reported incidences of probiotics inducing bacterial infection and bacteremia are very low 
(18). The only major concern with probiotic administration is the potential of bacterial 
translocation resulting in the induction of antibiotic-resistance strains that may lead to 
pathogenesis and haemodyscrasia [198, 199]. Having said that and as previously explained, 
the risks of infections caused by probiotic treatment is expected to be significant in 
immunocompromised patients [200-204].  

Clinical trials of new treatments for many Ads vary greatly in trial length, inclusion criteria 
and in vivo models used. The diversity of these trials makes meaningful comparison of 
probiotic treatments difficult. For example there is no standard index for UC, with variety of 
different symptom based evaluations, composite scores and patient evaluated scoring 
systems used in clinical trials [205]. Patient inclusion in the trial, response to a treatment, 
and whether remission is induced, is usually determined by a disease activity index score of 
a pre-specified value being met. Comparison of different definitions of success is complex, 
as a patient could be considered in remission by one trial but in a state of active disease by 
another. In addition, clinical trials of treatments of UC are known to have a diverse and 
unpredictable placebo response rate [206]. A 2007 meta-analysis of 40 clinical trials found 
that placebo induced remission rates ranged from 0-40% while placebo response was as high 
as 67% [207]. An unpredictable placebo response can interfere with the perceived usefulness 
of new treatments making findings hard to interpret. On the other hand, clinical trials that 
evaluated outcomes based on subjective scores (physician impression of disease severity, 
patient reported quality of life, etc.) were associated with higher placebo rates of response 
and remission. Use of objective assessments, e.g. the presence of inflammatory markers or 
sigmoidoscopy score, can reduce placebo values and make comparison of clinical trials 
simpler. The patient acceptability and cost of invasive tests like colonoscopies and blood 
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sampling limit their use. Objective scores also do not quantify changes in time off work and 
symptoms like urgency and tenesmus, which are reported to be most important to patients.  

The length of the clinical trial can change both rates of success and placebo responses. 
Shorter trials with fewer study visits lessen the cost of the study and reduce placebo values 
[206]. Long term trials may document a decrease in clinical effectiveness as relapses occur, 
the treatment ceases working and symptoms return. This may be due to the nature of 
disease rather than the treatment, as e.g. 67% of UC patients experience a relapse within the 
first ten years [208]. 

Risk of relapse makes withdrawal of existing therapy prior to commencing clinical trials 
undesirable. As a result, most probiotic treatments are initiated as adjunctive therapy to a 
stable oral dose of 5-aminosalicylic acid or an immunosuppressant. The period of time the 
dosage of other medications must have been stable for prior to the trial varies. The effect of 
these existing medications on the mechanism and efficacy of probiotics is unknown.  

The adoption of a standardised disease activity index and trial endpoints would allow for 
comparison and combination of data from multiple trials. Until then, the value of an 
individual probiotic trial should be assessed with an understanding of how the trial 
characteristics may have influenced the reported results. 

Commercially available probiotics often contain more than one bacterial type. The careful 
selection and administration of multiple strains of bacteria in combination has the potential 
to be more effective than any strain on its own. This concept is supported by a small review 
of 16 studies which found the multiple strain products was more effective than the 
composite single strains 75% of the time. Additionally, a study that did ex vivo screening of 
probiotic strains for beneficial changes in the regulation of T-cells and pro-inflammatory 
cytokines identified that multistrain combinations were more potent, adding to the theory 
that the use of multiple bacterial strains allows for better therapeutic effects.(37) 

Doses may play a role in the comparative effectiveness of a probiotic mixture. The number 
of bacteria in a dose can be as high as the combined quantity from a therapeutically effective 
dose of each composite strain assuming no synergism. The higher combined dose may have 
a greater effect, making the multistrain probiotic therapy more likely to be effective 
especially if synergistic interaction exists between used bacterial strains [209]. Countering 
this as the sole mechanism influencing efficacy are studies where animals were 
administered single strain and multiple strain probiotics to protect against pathogens. 
Although the total dose of each probiotic was the same, the mixtures still had a greater 
protective effect or survival rate, indicating the presence of bacterial synergism [210-212].  

A number of potential mechanisms for additive and synergistic interactions between 
probiotic strains exist. Some are probably the result of fortunate coincidence, while others 
are likely to be due to bacterial adaptation. The mechanism for the synergy may be simple, 
e.g. a byproduct of one bacteria increasing another strains’ rate of growth. Other 
mechanisms may be more complex, involving more than two strains or using intermediaries 
to alter signalling pathways. The potential intricacy of these bacterial interactions prevents 
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any single strain from a multi strain probiotic being identified as the sole cause of a 
therapeutic effect without detailed additional research. Using more strains of bacteria in a 
probiotic preparation does not guarantee a better therapeutic response. Multiple strains of 
bacteria can have an antagonistic effect on each other through the production of agents that 
inhibit growth or competition for resources and adhesion sites. Other bacterial interactions 
could mask the influence of the antagonism on patient response, to the point where it may 
not be identified at all. This means bacteria with no clinical benefit could be included in 
probiotics unnecessarily. 

Given that the effects of probiotics are strain specific, it is not possible to determine whether 
multiple strain probiotics are ‘better’ than single strain probiotics or vice versa. It does seem 
that some bacterial strains do have an increased clinical efficacy in one preparation over the 
other. Additional strain specific research could develop a reference to aid in determining if a 
probiotic bacterial strain is likely to benefit more from the reduced competition when 
administered alone or the potential synergism when multiple strains interact. 

The mechanism of immune modulation through gut microfloral bacteria change during 
certain disease states. A large trial on patients with acute pancreatitis found that 16% 
patients in the probiotic group died compared with 6% of the placebo group, indicating 
an increase in mortality with prophylactic probiotic treatment [195]. This highlights the 
need for caution when treating a disease state or severity that safety has not been 
established with. 

If the use of probiotics is to become part of autoimmune disease therapy, their safety 
concerns may be overcome by thoroughly studying appropriate dosing and frequency, their 
short and long term effect on mucosal membranes and the variation of their effect in 
different populations. 

9. Conclusion 

It is becoming more evident that the initiation, modulation and exacerbation of the 
inflammatory response resulting in ADs, is associated with disturbances of the gut 
microflora, as well as other biophysiological and biochemical processes inside and outside 
the gastrointestinal tract. In vitro studies have elucidated some of the complex proposed 
mechanisms associating gut microfloral disturbances with the development and progress of 
many ADs. Clinical trials have also provided evidence implicating probiotic intake to some 
health benefits noticed in ADs such as UC and T1D. However, significant clinical 
applications of probiotics as first line treatment for ADs have not been demonstrated or 
clearly proven, despite limited success in alleviating signs and symptoms of the diseases. As 
they are safe, probiotics are easily available to patients interested in trialling their effects. 
Many probiotics can be taken only once or twice a day which makes dosing convenient. 
Human trials have, so far, had a low incidence and severity of side effects. However, until 
trials are done using a broader range of disease severities with multiple bacterial strains, 
probiotic use may be limited to mild to moderate disease state and efficacy remains limited 
and at times controversial. 
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Main limitations to probiotic efficacies include formulation challenges, survival rate, cell-
forming-bacterial-units required to exert a clinical effect and the versatility of gut microflora 
in different individuals and different stages of the disease. This makes selection of the 
bacterial strains, dosing volume and frequency and safety of AD patients, challenging. In 
addition, direct comparison of multiple clinical trials is complicated by the variability in 
study endpoints, disease severity assessment and other medication usage. 

Ultimately, the primary treating physician, alongside the patient and the health care team, 
needs to assess whether a patient may benefit from probiotic treatment. If probiotics are to 
be used, trials on populations with a similar disease state to the patient can provide some 
guidance in strain selection. Clinical evidence should be used to determine if probiotic 
treatment is to be adjunctive or not, whether remission or symptom improvement is 
possible and to manage expectations. Disease state activity index scoring can monitor 
patient improvement or deterioration. For the patient, though, it is likely that the only 
monitoring that is meaningful is whether probiotic treatment has improved their perceived 
quality of life, thus, patient perception should always be taken into account when probiotic 
intake is considered. 

Author details 

Hani Al-Salami and Rima Caccetta 
School of Pharmacy, Curtin Health Innovation Research Institute, Curtin University of Technology, 
Perth WA, Australia 

Svetlana Golocorbin-Kon and Momir Mikov 
Pharmacy Faculty, University of Montenegro, Podgorica, Montenegro 

Acknowledgement 

This work has been supported by the School of Pharmacy, Curtin University, Perth WA, 
Australia  

10. References 

[1] Tlaskalova-Hogenova, H., et al., The role of gut microbiota (commensal bacteria) and the 
mucosal barrier in the pathogenesis of inflammatory and autoimmune diseases and cancer: 
contribution of germ-free and gnotobiotic animal models of human diseases. Cell 
Mol.Immunol., 2011. 8(2): p. 110-120. 

[2] Bach, J.F., The effect of infections on susceptibility to autoimmune and allergic diseases. N Engl 
J Med, 2002. 347(12): p. 911-920. 

[3] Ebringer, A., et al., Bovine spongiform encephalopathy: is it an autoimmune disease due to 
bacteria showing molecular mimicry with brain antigens? Environmental health 
perspectives, 1997. 105(11): p. 1172-4. 



 
Probiotics 352 
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Many probiotics can be taken only once or twice a day which makes dosing convenient. 
Human trials have, so far, had a low incidence and severity of side effects. However, until 
trials are done using a broader range of disease severities with multiple bacterial strains, 
probiotic use may be limited to mild to moderate disease state and efficacy remains limited 
and at times controversial. 
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1. Introduction 

Studies employing genes sequence for genotyping analysis of microorganisms, are allowing 
the knowledge expansion about the microbiota of the human gastrointestinal tract (GIT). 
Only in the last decade, the number of species detected molecularly has exceeded on a large 
scale the number of species accessible by cultivation-dependent methods. 

The molecular techniques ranging from the identification of intestinal microbiota, 
particularly probiotic microorganism in different environments, detection of pathogenicity 
genes in foods, identification and quantification using real-time polimerase chain reaction 
(PCR), till studies with proteomics approach, which evaluate the expression of genes of 
interest or the changes in the host due to the microorganisms impact, have providing new 
perspectives in the investigation of diversity, abundance and dynamics of the intestinal 
ecosystem. 

Research on probiotics microorganisms has focused on methods of evaluating the GIT 
microbiota survival and function, cross-talk between the intestinal microbiota and the host 
and the probiotic interactions with the immune system. Actually, the data generated by 
clinical studies reinforces the effect of this microbiota on the human health.  

A substantial number of clinical studies have supported the idea that health can be affected 
by the daily consumption of probiotics. The exploitation of these data allows understanding 
the mechanisms by which probiotic microorganisms survive the passage through the GI 
tract to interact with the resident microbiota, and affect physiological functions in the host. 
Thus the probiotics have been extensively studied and commercially explored in many 
different products in the world. 
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2. The gastrointestinal microbiota  

The human gastrointestinal tract (GIT) is composed of several connected organs that are 
involved in nutrient conversion and providing energy sources from the food absorbed. This 
complex system has a well-known anatomical architecture that is approximately 7 m long, 
comprising a 300 m2 surface area in adults. From the mouth to the colon, there exists a complex 
microbiota consisting of facultative and strict anaerobes, including streptococci, bacteroides, 
lactobacilli and yeasts. The microbial community, inhabitants of these organs, is collectively 
called the gut microbiota and is composed of a myriad of microbial cells that outnumber the 
cells number of our body by a factor of at least 10. In addition, there is a great diversity of 
species, some of which have not yet been identified or cultured, and understanding the 
dynamics of this population is a challenge to the TGI ecologist (Zoetendal, et al., 2008).  

However, the development of molecular biology since the discovery of polymerase chain 
reaction (PCR) by Mullins and Fallona (1996) up to the current approaches "omics", have focused 
on molecular characterization of specific environments such as GIT, as well as their interactions 
with probiotic bacteria. The knowledge of this microbiota that is underway has increased our 
understanding of the beneficial effects of probiotics on the human and animal health. 

Prior to birth, humans develop in a sterile environment, the womb. However, the rupture of 
the membranes at delivery exposes the neonate to a wide variety of microorganisms, 
especially those that colonize the GIT, forming its microbiota. Over the course of human 
development, this microbiota undergoes variations according to the stages of life and 
related to the habits and habitats to which the individual is exposed (Isolauri et al., 2004, 
Tiihonen et al., 2010). 

The most dramatic changes in the composition of the intestinal microbiota occur during 
childhood. During the first days of life, the microorganism population is unstable and tends 
to stabilize with breastfeeding or the intake of breast milk substitutes. The greatest change in 
this composition, however, occurs through weaning and the introduction of solid foods 
(Favier, et al., 2002). Throughout adulthood, the intestinal microorganisms are relatively 
stable; however, this stability is reduced in the elderly (Tiihonen et al., 2010). These changes 
can be attributed to dietary restrictions, changes in eating habits and the increased incidence 
of diseases and concomitant medication use, all of which are found with increasing age 
(Gill, et al., 2001, Tiihonen et al., 2010).  

Early studies focused on the changes in the human intestinal microbiota, reporting the 
reduction of anaerobes and bifidobacteria and an increase of enterobacteria in the elderly 
(Mitsuoka, 1990). However, recent studies suggest a lower stability and increased diversity 
of the intestinal microbiota with advancing age (Hopkins and Macfarlane, 2002; Maukonen, 
et al., 2008, Tiihonen et al., 2010).  

The human GIT has a very complex microbial ecosystem that is based on competition and 
symbiosis (Mackie et al., 1999) and consists of at least 400 to 500 different bacterial species, 
approximately 1014 cells (Ott et al., 2004; Zoetendal, et al., 2004; Zoetendal, et al., 2008). This 
population, have the composition which differs both along the gastrointestinal tract as along 
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the lumen to the mucosa (Tiihonen et al., 2010), is affected by several factors; some are 
determined by the interactions between genetic, environmental or disease factors to which 
the individual is exposed, the diet, the secretion of mucus, digestive enzymes and intestinal 
peristalsis. As a result, each individual has a unique characteristic microbiota (Isolauri, et al., 
2004; Ley, et al., 2006).  

The lack of bacteria in the upper GI tract (esophagus, stomach and duodenum) is related to 
the composition of the luminal medium (acid, bile and pancreatic secretions). In addition, 
the propulsive motor activity at the end of the ileum eliminates most of ingested 
microorganisms, preventing the stability of bacterial colonization in the lumen (Guarner and 
Malangelada, 2003). However, the lower portion of the GI tract, comprising the lower 
duodenum and small and large intestines, contains a complex and dynamic microbial 
ecosystem, with a high density of live bacteria reaching concentrations 1011-1012 cells / g of 
luminal contents, which corresponds to 1.5 kg of microorganisms (Moore and Holdeman, 
1974; Whitman et al., 1998; del Piano, 2006). 

In this environment, the permanent organisms that colonize and grow in the place where 
they are found are considered to be autochthonous microbiota, whereas the non-native or 
transients are those that are vehicled by food, water and environmental components passing 
through the region (Ley, et al., 2006)  

The TGI naturally has the function of protecting the body against pathogens and / or toxic 
metabolites. This protection is ensured by a number of factors, including saliva, gastric 
acids, peristalsis, mucus, intestinal proteolysis, intestinal microbiota balance and the 
epithelial membranes with intercellular junctional complexes (Ouwehand et al., 2002). 

The intestinal mucosa forms an interface between the body and luminal environment, with 
the function of allowing the passage of nutrients and simultaneously acting as a barrier 
against microorganisms, toxins and other undesirable substances. The mucus produced by 
the goblet cells exerts this protective function; therefore, the barrier effect is guaranteed by 
the physical, chemical and functional epithelium integrity (Cencič and Langerholc, 2010). 

The balance of the microbiota has been gaining special attention from the scientific 
community for years, and many studies indicate and confirm a close relationship between 
intestinal disbioses and microbial imbalance in addition to intestinal homeostasis and the 
maintenance of the equilibrium of the intestinal microbiota. Some microorganisms, 
particularly the probiotics, have great importance in maintaining this balance.  

Although feces are the most available sample to investigate the intestinal microbiota, it is 
questionable how well the fecal microorganisms represent the intestinal microbiota, as they 
originate from the lumen and the distal colon. Indeed, the composition of intestinal 
microbiota is different in the lumen and the distal colon and throughout the TGI and 
mucosa. Moreover, the TGI has large species diversity and consists of known species and 
those that have not yet been cultured.  

Thus, for more precise information on the gut microbial population, appropriate samples 
should be collected during endoscopies or surgical procedures; however, such invasive 
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procedures are rather unsuitable and rarely used in research. Moreover, the scarcity of 
information on the effects of anesthetics and disinfectants used in these procedures suggests 
the possibility that they may compromise the investigation (Isolauri et al., 2004, Ley, et al., 
2006). Therefore, the approaches of studies on human intestinal microbiota are usually 
based on in vitro or animal models and in the evaluation of the fecal microbiota. 

3. Probiotics and human health 

Evidence derived from clinical and mechanistic studies indicate that the health benefits 
promoted by healthy lifestyle habits and the consumption of a balanced diet rich in 
bioactive ingredients are approaches that are increasingly attractive to the pharmaceuticals 
and food industries in addition to the general population. 

Functional foods are defined as any substance or constituent of a food that, in addition to 
providing basic nutrition, promotes metabolic and / or physiological health benefits 
(Walker, et al., 2006). These foods are broadly grouped into conventional foods, bioactive 
substances and synthesized foods. In general, the term refers to a food that has been 
modified to become functional or that naturally contains bioactive compounds. Functional 
foods are also known as designer foods, medicinal foods, nutraceuticals, therapeutic foods, 
superfoods, foodiceuticals, and medifoods (Shah, 2007). 

Thus, the probiotic microorganisms capable of promoting beneficial effects in a host for the 
production of bioactive compounds or the equilibrium of the intestinal tract are often 
associated with functional foods.  

There is a long history of health claims concerning the beneficial effects of probiotic 
microorganisms in food, particularly lactic acid bacteria and bifidobacteria. Additionally, 
studies involving probiotic microorganisms have distinguished these microbes into different 
categories according to their mode of action, the aims of the administration of the probiotics 
and their mode of administration in addition to claims regarding legal regulations.  

4. Probiotics: History and concepts 

There is a long history of the beneficial effects that some microbes have on human health, 
with the effects of lactic acid bacteria, in particular, being the earliest record. In a Persian 
version of the Old Testament (Genesis 18:8), there is a statement that “Abraham owed his 
longevity to the consumption of sour milk.” In 76 BC, the Roman historian Plinius 
recommended the administration of fermented dairy products for the treatment of 
gastroenteritis (Bottazzi, 1983; Schrezenmeir and de Vrese, 2001). However, studies 
involving these organisms and their clinical effects in animals and humans are 
contemporary and are based on the production of beneficial substances and / or the 
promotion of a balance that favors the microbial host. 

The concept of beneficial microorganisms has been attributed to Lactobacillus bulgaricus 
when, more than a century ago, Elie Metchnikoff (1905) emphasized the importance of 
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lactobacilli in the intestinal microbiota, providing the properties of health maintenance and 
longevity to the host. However, the term “probiotics” was proposed decades later by Lilly 
and Stillwell (1965) in reference to a substance secreted by protozoa in symbiosis. Parker 
(1974) first used the concept of combining the use of organisms or substances, as opposed to 
antibiotics, to contribute to the balance of intestinal microbiota. The term was later 
popularized by Fuller (1989) and defined as a probiotic food supplement based on live 
microorganisms with beneficial effects to the host in balancing the intestinal microbiota. 

The term “probiotic” has been widely used, and according to research data, the general 
concept has experienced subtle changes. Schrezenmeyer and Vrese (2001) defined the term 
as a microorganism preparation or product containing viable microorganisms in sufficient 
numbers to change, through colonization, the host microbiota, thus promoting health 
benefits. Salminen and colleagues (1999) defined probiotics as microbial cell preparations (or 
components thereof), viable or inactive, with favorable effects on the health and welfare of 
the host. Clearly, the benefits must be evaluated in terms of the mechanisms and properly 
established and documented selection criteria. 

Some authors also extend the action of probiotics to inactive cells and argue that both living 
and dead cells in probiotic products can produce beneficial biological responses (Havenaar 
et al., 1992; Adams, 2010). This approach will open new perspectives for research, for 
example, about the amount of cells needed and the proportion viable / non-viable cells 
required to obtain the desired effect. Furthermore, the use of inactivated probiotics has 
attractive advantages, such as consumption safety and the possibility of products with long 
shelf lives (Adams, 2010). 

The WHO and FAO (World Health Organization and Food and Agriculture Organization of 
the United Nations) maintain the general concept that defines probiotics as live 
microorganisms that, when consumed in adequate amounts, confer benefits to the host 
(FAO / WHO, 2001). In Brazil, according to the currently enforced food legislation, the 
National Sanitary Surveillance Agency (ANVISA) has set forth that, to produce the claimed 
benefits of a probiotic food, the product should contain a minimum number of viable 
probiotic cells between 108 and 109 Colony-former unit (CFU) per day (BRAZIL, 2008).  

However, the scientific community agrees that the effects of probiotic microorganisms can 
vary depending on the species, the quantity ingested and the physiologic characteristics of 
the host. Furthermore, the current evidence suggests that the probiotic effects are species 
and even strain specific (FAO/WHO 2002, Isolauri et al., 2004, Tiihonem et al., 2010).  

Although the Lactobacillus and Bifidobacterium have been predominantly used as commercial 
probiotic; the market is not exclusive to these genera. In fact, is growing the number of 
probiotic foods available to the consumer. Based in scientific studies, the regulatory agencies 
worldwide have characterized a broader number of microorganisms as probiotics. Because 
the technologic and functional characteristics, these strains have been used in food and 
pharmaceutical industry (Table 1).  
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Species Strains
Bacillus lactis DR10™

Bifidobacterium adolescentis ATCC 15703, 94-BIM
B. animalis and subspecies lactis BB-12™

B. breve Yakult™, BB-03
B. bifidus BB-11™

B. essencis Danone™

B. infantis Shirota™, Immunitas™, 744, 
B. lactis Bb-02, Lafti™, DSM-B94, DR10™

B. laterosporus CRL431
B. longum BB536, SBT2928, UCC 35624
Lactobacillus acidophilus LA-1™, La-5™, NCFM, DDS-1, SBT-2062, La-14™ 
L. casei Shirota™, LC™, DN1114001™, Immunitas™ 
L. casei shirota Yakult™

L. casei ssp. defensis Danone™ 
L. lactis L1A, 
L. fermentum RC-14
L. helveticus B02
L. johnsonii La1™

L. paracasei CRL 431™

L. plantarum 299 Probi™, LP115™, Lp01 
L. rhamnosus GG, GR-1, LB21, 271Probi™

L. reuteri SD2112
L. salivarius Ls-33
Sacharomyces cereviseae NCYC Sc 47
S. boulardii 17™

Table 1. Some microorganisms used as probiotic cultures in commercial products. 

The characterization of the probiotic species or strain is supported by the screening of 
resistance to the adverse conditions in the TGI. To survive passage through the TGI, microbes 
must exhibit a resistance to a low pH, bile and pancreatic enzymes. Moreover, it is desirable 
that these bacteria display adhesion to the intestinal mucosa and pathogen exclusion abilities 
and have positive effects on the immune system of the host; evidently, these bacteria should be 
non-pathogenic and have a GRAS (Generally Recognized as Safe) status. These effects are 
evaluated by intensive in vitro and in vivo approaches. The intestinal homeostasis relies upon 
the equilibrium between substance absorption, secretion and the barrier capacity of the 
digestive epithelium, and probiotic microorganisms are highly related to homeostasis. 

The scientific literature reports sufficient data to demonstrate that the benefits attributed to 
probiotics are inherent to their population increase in a given environment, concomitant 
with a decrease in potentially pathogenic bacteria (Jankovic et al., 2010). In addition, it had 
been demonstrated for more than 20 years that the intestinal microbiota of healthy 
individuals is altered with the ingestion of probiotics in favor of lactobacilli and 
bifidobacteria species. Although such alterations and the beneficial effects in healthy 
populations remains a complex issue (Saxelin, et al., 1993; de Vrese, et al., 2006), there is a 
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consensus on the association of disbioses with chronic inflammatory diseases (Manichanh, 
et al., 2006), obesity (Ley et al, 2006) and allergies (Penders et al., 2006). 

There has been a substantial increase in the number of articles published in scientific 
journals and the lay press, focusing on the popularity of probiotic foods and their effects. 
Thus, the FAO and WHO (2001) established scientific committees, whose discussions have 
produced a document with guidelines designed to regulate the characterization of 
potentially probiotic microorganisms, ensure the security of the host, assess at the 
technological and commercial aspects of probiotics in food and evaluate the clinical proof of 
the expected effects on individuals (FAO / WHO, 2002). 

Understanding the complex microbial system of the TGI will help to characterize the 
intestinal microbial community and recognize the mechanisms by which probiotics exert 
their effect on the health of humans and animals. Although the traditional culture-based and 
phenotypic techniques used to study this complex ecosystem are unfeasible, the current 
molecular approaches have increased our knowledge of the structure, diversity, interactions 
and mechanisms that influence the dynamics of the TGI microbial community. 

5. Molecular approaches in the study of probiotic microorganisms  

Studies of the gut microbiota that use traditional techniques for microbial cultivation are 
supported by phenotypic analysis based on morphological and biochemical characterization. 
These techniques are laborious, time consuming, subject to misinterpretation and identify only 
approximately 40% of the microbiota (Carey et al., 2007). The reasons for the deficiencies in 
microorganism cultivation by traditional methods include ignorance of the nutritional profile 
of the microorganism, culture medium selectivity, the stress imposed by cultivation 
procedures, the need to restrict the environmental conditions and difficulties in simulating the 
host interactions with microorganisms (Zoetendal, et al., 2004).  

Research involving nucleic acid analysis indicated that the majority of the bacteria in a variety 
of ecosystems are different from those related on the cultivation methods. This idea led to the 
development and application of methods that are independent of the culture medium to study 
complex microbial ecosystems (Zoetendal, et al., 2004; Zoetendal, et al., 2008). 

The polymerase chain reaction (PCR), developed by Kary Mullis in the 1980's, enabled the in 
vitro production of multiple copies of specific DNA sequences, without cloning (Alberts, et al. 
1994). Variations of this technique have targeted the needs and advancement of biotechnology.  

In addition, LAB and bifidobacteria have received much attention, especially since the creation 
of the consortium for sequencing the genome of these microorganisms (Lactic Acid Bacteria 
Genome Consortium - LABGC) in the U.S., which culminated in the genomic sequencing of 
industrial strains and many other relevant sequences that are ongoing. Currently, fourteen 
strains of Lactobacillus and ten strains of Bifidobacterium have been sequenced by the 
consortium (http://www.jgi.doe.gov/genome-projects/) or by private initiatives, such as B. 
longum NCC2705 in 2002, the first bifidobacteria to have its genome sequenced, and L. 
plantarum WCSF1 in 2003, the first Lactobacillus sequenced (O'Flaherty et al., 2009).  
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Molecular approaches to evaluate phylogeny and genetic and chemotaxonomic identification 
of the related species have been used successfully in the recent decades in studies. 
Additionally, the use of bioinformatics tools, along with access to available databases in the 
GenBank / NCBI (National Center for Biotechnology Information) has boosted research, 
aiming at the development of strategies for identifying target species (Costa, et al., 2011).  

The significant increase in the knowledge of the structure, diversity and factors that 
influence the GIT microbial community dynamics and the mechanisms by which probiotics 
may influence intestinal homeostasis are due to ready access to their genomic data. 
Furthermore, the variety of in vivo immunoassays aimed at elucidating the physiological 
effects of probiotic therapies and the molecular approaches based on PCR, ribotyping and 
hybridization with probes have also contributed to the body of knowledge (Vaugh, et al., 
2005; Walker, et al., 2006; Carey, et al., 2007). 

Molecular markers are successfully employed in this environment favorable to the 
identification of probiotic microorganisms, and various molecular techniques have become 
powerful tools. Indeed, there are a large number of techniques that are useful for the 
identification of Lactobacillus in different environments (Moreira et al., 2005, , Costa, et al, 
2011), the detection of pathogenicity genes in foods (Bottero, et al., 2004), the identification 
and quantification of bifidobacteria via real-time PCR (Masco, et al, 2007). In addition, 
proteomic approaches evaluates the expression of genes of interest or changes in the host 
related to the effects of the microorganisms (Yuan, et al. 2008; O'Flaherty, et al., 2010). 

The use these of technologies associated with suitable choice of the molecular marker is very 
important to differentiate closely species. The recA gene has provided a high discriminatory 
ability for the differentiation of the LAB species (Figure 1). 

Furthermore, studies employing the sequence analysis of genes for microorganism 
genotyping, such as ribosomal small subunit rRNA (SSU rRNA), allow the expansion of the 
knowledge about the diversity of the gut microbiota. Only a decade after the introduction of 
genotyping, the number of species molecularly detected in the TGI has greatly exceeded the 
number of species accessible using cultivation-dependent methods (Zoetendal, et al., 2008). 

One of the most increasingly used techniques is real-time PCR or quantitative PCR (qPCR), 
which identifies and quantifies organisms of interest. This technique, coupled with the use 
of specific primers, has proven to be an accurate method that is suitable for the identification 
and quantification of microorganisms (Matsuki, et al., 2004). Moreover, this tool provides 
new perspectives in the studies of the diversity, abundance and dynamics of the intestinal 
ecosystem (Walker, et al, 2006; Masco, et al., 2007, Zoetendal, et al., 2008). Thus, the qPCR 
has attracted attention for being a reliable method that is highly sensitive for the detection 
and quantification of many organisms in different environments. 

The technique is based on the traditional technology of PCR in combination with 
compounds that fluoresce at certain wavelengths, making it possible to monitor the amount 
of PCR products generated in each reaction cycle (Wittwer et al., 1997; Vitali, et al., 2003).  
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Figure 1. The phylogenetic tree consensus from the recA gene sequence comparisons, demonstrating the 
relationship of closely related species of the BAL, Bifidobacterium and enteric bacteria. The tree was 
constructed with the Neighbor-Joining method and the Clustal W algorithm. Genetic distances were 
computed by using Nei’s coefficient. Bootstrap values based on 1000 replicates are provided at branch 
nodes. The B. thuringiensis sequence was included as an out-group sequence.  
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The methods used for qPCR are based on the measurement of the fluorescence emitted as a 
function of the value of the cycle threshold (CT) or Crossing Point (CP), which is posteriorly 
related to mathematical expressions for absolute or relative quantification (Livak and 
Schmittgen, 2001; Pfaffl, 2001). The CT method is directly related to the quantity of the 
amplification product in the PCR reaction.  

The normalization of the target gene using an endogenous standard is recommended (Pfaffl, 
2001). The addition of a gene normalizer to the reaction is highly recommended and is 
intended to correct any concentration differences or defects in DNA extraction. 

Normalization ensures that fluctuations in the signal strength due to impurities or amounts 
of target DNA below the detection limit are taken into account during the analysis. 
However, the uniformity of the normalizer gene during the entire process or the stability of 
the expression during the experimental treatment must be confirmed (Kubista, et al., 2006; 
Marcelino, 2009; Hofstätter, et al., 2010; Dang and Sun 2011). 

In the development of these methodologies, some alternatives have emerged to further 
refine the technique. Thus, the application of qPCR to quantify only viable cells (vqPCR) has 
eliminated one of the common criticisms in the quantification of probiotic microorganisms 
because qPCR does not distinguish between viable and non-viable cells. 

The approach of vqPCR is based on the differentiation between viable cells and non-viable 
cells based on the membrane integrity. Theoretically, the selective dye used can only 
penetrate the permeable membranes of dead cells and intercalate extracellular DNA. The 
dye makes the DNA unavailable for amplification due to the presence of an azide group, 
present in such substances as ethidium monoazide (EMA) or propidium monoazide (PMA), 
which allows cross-links between the dye and DNA after the exposure to high-intensity 
visible light. The photolysis of these substances (EMA and PMA) converts the azide group 
into a highly reactive nitrene radicals, which can react with any organic molecule in its 
vicinity, including DNA, which then cannot be amplified by PCR (Varma, et al., 2007; 
Fitipaldi, et al., 2010). 

Unquestionably, the use of genetic tools has accelerated the knowledge and understanding of 
the complexities found in the intestinal microbiota and their interactions. It is now possible to 
gain a better comprehension of the role of these organisms, including the accurate analysis of 
the functionality of probiotics and to obtain strains lacking one or more proteins (O'Flaherty 
and Klaenhammer, 2010). Furthermore, it is obvious that an understanding of the interactions 
through the cross-talk between the intestinal microbiota and its host would expand the 
knowledge of the relationship between microbiota and their effects on health.  

There is an increasing tendency of probiotic studies to focus on metagenomics (Ventura, et 
al, 2009), which is, which is defined as the study of the collection of genomes of an 
ecosystem and can be used to study the phylogenetic, physical and functional properties of 
microbial communities. From the point of view of functional genomics, the application of 
these technologies provides a wealth of information and fosters research aiming at a better 
understanding of probiotic microorganisms and their effects. 
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6. Market prospects 

The interest in functional foods is directly related to the growing appreciation of the quality 
of life and disease prevention because these foods affect specific functions or systems in the 
human body and are intended to complement basic nutrition (Shah, 2007). The food 
industry has developed a variety of new products containing active ingredients that 
promote consumer health. 

The global market for functional foods generated US$ 32.07 billion in 2000 and US$ 68.39 
billion in 2005; in 2010, the total surpassed US$ 150 billion and continues to expand (Granato 
et al., 2010). Latin America is considered an emerging market, and despite the general lack 
of nutritional knowledge by the population, Brazil and Mexico are potential trade markets 
for probiotics (Granato et al., 2010). The probiotic market in Latin America grew 32% per 
year between 2005 and 2007 (Crowley, 2008), and the annual sales growth rate of probiotic 
drinks and yogurts was 5% between 2006 and 2011 (Özer and Kirmaci, 2010). 

Among the functional foods, dairy products with functional claims accounted for almost 
43% of the world market between 2005 and 2010 (Özer and Kirmaci, 2010). In this scenario, 
the use of probiotic microorganisms in foods and pharmaceuticals had such an increase in 
the world market, that the sales reached $ 15 billion in 2007, amounted to $21.6 billion in 
2010 with the prospect of more than $ 31.1 billion by 2015 (Agheyisi, 2011).  

Following the same trend, the sales of foods with functional claims reached $ 500,000 in 
2007, representing 1% of the total spending on food in Brazil (Cruz, et al, 2007; Granato, et 
al., 2010). According to Euromonitor International Consulting data released in 2010, the 
market for products for intestinal microbiota balance had a 60% growth in Brazil in five 
years, from R $ 57 million in 2004 to $ 92 million in 2009 (Revista Fator, 2011). 

Over the last two decades, a substantial number of research studies have supported the idea 
that health can be affected by the daily consumption of probiotic foods (Heyman and 
Menárd, 2002), with clinical evidence demonstrating the actual effect of these organisms to 
the host. These data provide an understanding of the mechanisms by which probiotic 
microorganisms survive the passage through the GI tract to interact with the resident 
microbiota and affect physiological functions in the host. In addition, there is much 
investigation into both the classification of probiotic strains and the production technologies 
and regulation of the products. 

To assess the impact of scientific research in the dissemination and consolidation of the 
benefits of probiotics in the diet, a search was conducted using three major scientific 
databases (Isi Web of Knowledge, Pub Med and Scopus). The search was restricted to two 
periods, and the key word “probiotic” in the title of the publication was used as a selection 
parameter. On average, there were 410 publications from 1991 to 2001, whereas 2406 records 
were found in the 2002 to 2011 period. According to the database Isi Web of Knowledge, in a 
period of ten years (2001 to 2011), 2686 publications were available in the database, 
documenting 791 patents, and 100 records are related to reviews; all of the other 
publications are related to primary literature.  
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Clearly, in a market in which product development should meet the needs of the consumer, it 
is important that scientific research does not neglect the technology and logistical aspects or 
the regulations of each country. The market will continue to grow as consumers maintain an 
interest in the products offered; however, the credibility of the product is based on its effects, 
which are often supported by scientific studies and the "know-how" from the manufacturer. 

The majority of probiotic products on the market includes Lactobacillus and/or 
Bifidobacterium species but also yeasts; Bacillus and Enterococcus are common in these 
products. (Shah, 2007; Gaggìa, et al.; 2010). Some probiotics marketed in food and 
pharmaceutical industries worldwide, the microorganisms involved, category of product, 
manufacturer and country from origin are listed in Table 2. 

Country Category Commercial 
brand Manufacturer Probiotic 

Australia Ingredient Probiomics Bioxyne L. fermentum VRI003 (PCC)  

Brazil 

Capsules Floratil Merck S. boulardii
Sachet Fiber Mais Flora Nestlé Lactobacillus reuteri 

 

Activia Danone B. animalis DN173010 
Actimel Danone L. casei defensis 
Batavito Batavo L. casei
Chamyto Nestlé L. jonhsonii/ L. helveticus 
Danito Danone L. casei
Leite fermentado Paulista L. casei

Leite fermentado Parmalat L. acidophilus/L. casei/ B. 
animalis subsp. lactis 

Sofyl Yakult L casei shirota
Vigor club Vigor L. acidophillus/L. casei 
Yakult Yakult L. casei shirota

Traditional 
yogurt or 
Drinking yogurt 

Activia Danone B. animalis DN173010 
Biofibras Batavo B. animalis/ L. acidophilus 
Lective Vigor B. animalis subsp. lactis 
Nesvita Nestlé B. animalis subsp. lactis 

Cheese 
Equilibra Danubio B. animalis

 SanBIOS Coop. Santa 
Clara B. lactis 

Canadian/
USA 

Capsules, 
Fermented Milk, 
Fermented soy 
and Fermented 
rice 

Bio-K+ CL1285 Bio-K+ 
International 

L. acidophilus CL1285 & L. 
casei LBC80R 

France 
Fermented milk DanActive Danon L. casei DN-114 001 ("L. 

casei Immunitas") 

Ingredient Lacteol Laboratory 
Houdan L. acidophilus LB 
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Country Category Commercial 
brand Manufacturer Probiotic 

Japan 

Fermented milk Yakult Yakult  L. casei Shirota 
B. breve strain Yakult  

Ingredient  
Morinaga
Milk Industry 
Co Ltd

B. longum BB536 

Sweden 

Juice GoodBelly
ProbiMage Probi L. plantarum 299v 

Juice, Cultured 
Milk ProViva Probi L. plantarum 299v 

Juice Bravo Friscus/ 
ProbiFrisk Probi L. plantarum HEAL 9 & L. 

paracasei 8700 
Probiotic 
chewable tablets 
or drops

Protectis Biogaia L. reuteri ATCC 55730 

Switzerland Fermented milk LC1 Nestlé  L. johnsonii Lj-1 same as 
NCC533 

UK  Floralfit (Blend 
strains)  

L. acidophilus La14, L. casei 
Lc11, L. salivarius Ls-33, L. 
plantarum Lp115, L. 
rhamnosus, Lr-32, B. lactis 
Bl-04 & B. longum Bl05. 

USA 

Capsules Align Procter & 
Gamble

Bifidobacterium infantis 
35624

Supplement GanedenBC Ganeden 
Biotech

Bacillus coagulans GBI-30, 
6086

Capsules 
Florajen products 
(blend or only 
strain)

American 
Lifeline, Inc 

L. acidophilus, 
Bifidobacterium lactis & 
B. longum 

Yogurt Activia Dannon B. animalis DN173 010 

Dairy products 

Frozen Kefir, 
Milk cultured 
kefir, Traditional 
kefir 

Lifeway 
Foods Inc. 

L. acidophilus, L. casei, L. 
lactis, L. rhamnosus, L. 
reuteri, B. breve, B. lactis, L. 
plantarum, B. longum, 
Leuconostoc cremoris, 
Sacharomyces florentinus  & 
Streptococcus diacetylactis. 

USA/ 
Finland 

Supplements or 
Chewable for 
kids 

Culturelle, 
Dannon 
Danimals

Valio and  
Dannon  L. rhamnosus GG ("LGG")  

Table 2. Foods and pharmaceuticals probiotics products, marketed worldwide, manufacturer and 
microorganism in use.  
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The probiotic market is constantly changing. Within this context, many innovations that 
direct studies and the functional microorganism market are being applied, and there are 
prospects of many other approaches because this branch of science is challenging. 

What factors are predominant in the probiotics development? From the standpoint of 
marketing, the factors are a fully expanding open field, and the numbers reflect this 
scenario. From a scientific standpoint, many studies are aimed at the selection of strains 
with desirable and efficient characteristics, invoking the research of new effects and the 
elucidation of the mechanisms of action. The application of techniques for the functional 
genomics of probiotic bacteria certainly will accelerate the development of such products 
(de Vos, et al., 2004). 

Furthermore, advances in the “genomic era” will increasingly be used to answer questions 
related to interactions between organisms. Molecular biology and its tools, the access to 
molecular databases, and the speed with which information is disclosed are essential for 
accurate identification of the benefits attributed to probiotics. 

Most of the probiotic bacteria currently marketed were selected on basis on their technological 
properties, but not for their ability to confer health benefits. However, is evident that the use 
and development of novel technologies aiming products that meet the nutritional and 
physiological requirements desired by the target population is a priority among research and 
Industries. Additionally, the “feedback” among science, industry and the market is extremely 
important, and is desired that there is dynamism between these sectors. 
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1. Introduction 

The discovery and study of the budding yeast Saccharomyces cerevisiae var. boulardii (Sb) is 
strictly related to the concept of health promoting microorganisms from food. The first most 
well-known and popularized throughout Europe assumption of health promoting food 
containing living microorganisms was yogurt. Appointed in 1888 by Louis Pasteur, Ilya 
Ilyich Metchnikov working in Paris developed a theory that aging is caused by toxic bacteria 
in the gut and that lactic acid could prolong life which resulted in popularization of yogurt 
consumption. Metchnikov received with Paul Ehrlich the Nobel Prize in Medicine in 1908 
for his previous work on phagocytosis, which probably promoted his idea of today’s so 
called functional food further and triggered subsequent research on this subject. Scientists 
started to look for traditional, regional food products considered good for health. One of 
them was French scientist Henri Boulard who was in IndoChina in 1920 during cholera 
outbreak. He observed that some people chewing the skin of lychee and mangosteen or 
preparing special tea did not develop the symptoms of cholera. This observation lead Henri 
Boulard to the isolation of a tropical strain of yeast named Saccharomyces boulardii (Sb) from 
lychee and mangosteen fruit, which is nowadays the only commercialized probiotic yeast.  

At the beginning Metchnikov's theory that lactic acid bacteria (LAB) can prolong life was 
disputable and some researchers doubted it. For example, Cheplin and Rettger (1920)[1] 
demonstrated that Metchnikov's strain, today called Lactobacillus delbrueckii subsp. bulgaricus, 
could not live in the human intestine. A scientific discussion to be constructive needs to forge 
and define new argued ideas. Such a new term was probiotic (pro Lat. “for” and biotic Greek 
adjective from bios “life”) used by Werner Kollath [2] in 1953 to denote, in contrast to harmful 
antibiotics, all good organic and inorganic complexes. It is attributed to Lilly and Stillwel [3] 
who in 1965 defined the probiotic as “a substance produced by one microorganism 
stimulating the growth of another microorganism”. The significance of probiotics evolved 

© 2012 Łukaszewicz, licensee InTech. This is a paper distributed under the terms of the Creative Commons
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well-known and popularized throughout Europe assumption of health promoting food 
containing living microorganisms was yogurt. Appointed in 1888 by Louis Pasteur, Ilya 
Ilyich Metchnikov working in Paris developed a theory that aging is caused by toxic bacteria 
in the gut and that lactic acid could prolong life which resulted in popularization of yogurt 
consumption. Metchnikov received with Paul Ehrlich the Nobel Prize in Medicine in 1908 
for his previous work on phagocytosis, which probably promoted his idea of today’s so 
called functional food further and triggered subsequent research on this subject. Scientists 
started to look for traditional, regional food products considered good for health. One of 
them was French scientist Henri Boulard who was in IndoChina in 1920 during cholera 
outbreak. He observed that some people chewing the skin of lychee and mangosteen or 
preparing special tea did not develop the symptoms of cholera. This observation lead Henri 
Boulard to the isolation of a tropical strain of yeast named Saccharomyces boulardii (Sb) from 
lychee and mangosteen fruit, which is nowadays the only commercialized probiotic yeast.  

At the beginning Metchnikov's theory that lactic acid bacteria (LAB) can prolong life was 
disputable and some researchers doubted it. For example, Cheplin and Rettger (1920)[1] 
demonstrated that Metchnikov's strain, today called Lactobacillus delbrueckii subsp. bulgaricus, 
could not live in the human intestine. A scientific discussion to be constructive needs to forge 
and define new argued ideas. Such a new term was probiotic (pro Lat. “for” and biotic Greek 
adjective from bios “life”) used by Werner Kollath [2] in 1953 to denote, in contrast to harmful 
antibiotics, all good organic and inorganic complexes. It is attributed to Lilly and Stillwel [3] 
who in 1965 defined the probiotic as “a substance produced by one microorganism 
stimulating the growth of another microorganism”. The significance of probiotics evolved 
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over time. In 1974 Parker [4] defined it as “organisms and substances which contribute to 
intestinal microbial balance”, in 1989 Fuller [5] defined it as “a live microbial feed 
supplement, which beneficially affects the host animal by improving its intestinal microbial 
balance”, in 1996 Sanders [6] wrote “Probiotics, simply defined, are microbes consumed for 
health effect. The term probiotic is used in food applications. The term biotherapeutic is used 
in clinical applications”. To distinguish between the beneficial effect of living microorganism 
from organic compounds the term prebiotic was introduced for the latter. However, living 
microorganism during their growth always affect the chemical composition of the 
environment, thus it is very difficult to differentiate the influence of microorganisms alone 
from the impact of organic compounds resulting from microorganisms metabolism. 
Unfortunately, there is still no general agreement to clear-cut definition of the probiotic.  

Irrespectively of the assumed probiotic definition, during over half of the last century the 
conducted research showed that Sb may be beneficial for human health [7]. As mentioned 
before, the history of probiotic strain started in 1920. Henri Boulard after his return to France 
patented isolated strain and in 1947 sold it to Biocodex company created for its production. 
Sb was registered as a drug for the first time in 1953 and so far it is the only registered 
eukaryotic probiotic microorganism. 

While commercial application of Sb in diarrhea treatment has been steadily growing since 
1953, the scientific interest measured in number of publications was in a “lag phase” during 
next 30-40 years. While searching year by year Scholar Google for “boulardii” it has been 
found out that there were no articles after 1953, with the first appearing in 1977. From 1977 
to 1986 only 17 publications were found. 

 
Figure 1. Number of peer-reviewed publications mentioning Sb from 1976 to 2010. 
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The publication of two successive patents in 1986 “Method for preventing or treating 
pseudo-membranous colitis” [8] and in 1987 “Method for the treatment of amoebiasis” [9], 
was probably the turning point. Thus, while in 1987 there were only 7 publication in 2011 
there were already 822.  

Why has S. boulrdii been so extensively studied in recent years? Diarrheal diseases are of 
various origin and continue to represent a major threat to global health. In developing 
countries, mortality due to acute diarrhea, especially in children, is alarmingly high. In 
contrast, in developed countries, mortality caused by diarrheal diseases may be considered 
marginal, yet these disorders are burdensome and widespread, having important economic 
impact on the society. While the majority of physicians regard probiotics as a very effective 
therapy they still criticize the lack of useful clinical guidelines [10]. Indeed, beside various 
origins of diarrheal diseases there are various mechanisms of action of Sb and the fields of 
its potential application are growing.  

2. Systematic classification 

Sb is a close relative to baker’s yeast Saccharomyces cerevisiae, the most wildly used organism 
in industrial microbiology for various foodstuff products. The most obvious difference 
between them is unusually high optimal growth of Sb in the temperature (37 °C) which fits 
very well with the temperature of human body. Another important feature is better survival 
at acid pH. Yeast classification was traditionally based on their physiological and 
biochemical profiles. However, it fails to distinguish between several yeast species or 
cultivars and it resulted in a discussion whether Sb should remain as species or subspecies 
of S. cerevisiae. Thus, molecular methods have been developed and applied to yeast strain 
typing and identification. 

Table 1. summarizes some results of the investigation on differences and similarities 
between Sb and S. cerevisiae. Although S. boulardii strains differ significantly from laboratory 
strains of S. cerevisiae [11], finally according to current nomenclature like International Code 
of Botanical Nomenclature (ICBN) Sb yeasts should be referred to as S. cerevisiae var. 
boulardii [16]. It should, however, be pointed out, that strongly reduces ability to mate with 
other strains puts Sb on the evolutionary way of becoming a separate species. 

Taxonomy attempts to achieve two aims: first the classification that reflects the evolution 
and phylogenetic relationships and second the development of procedures enabling 
identification of individual species. Thus, independently of discussion on the systematic 
classification, very important issue concerns identification of species which affect human 
health. S. cerevisiae appears to be an emerging pathogen [17-19]. Thus, recent research 
concentrates on unravelling features determining the pathogenicity. It has been shown that 
yeast pathogenicity correlates with survival in oxidative stress [20] which could be triggered 
by transcription factor Rds2 [21] or activation of MAP kinases and variability in the 
polyglutamine tract of Slt2 [22]. Probiotic properties are also strain specific, which is the case 
for Sb used as probiotic [11, 12]. Thus there is a need for a valuable molecular markers able 
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polyglutamine tract of Slt2 [22]. Probiotic properties are also strain specific, which is the case 
for Sb used as probiotic [11, 12]. Thus there is a need for a valuable molecular markers able 
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to distinguish among strains and establish appropriate methods for the identification of 
probiotic strains of the Sb. Such a method could be, for example, microsatellite length 
polymorphism, having a discriminatory power of 99% [15, 23], restriction fragment length 
polymorphism [24], full genome hybridization [14], randomly amplified polymorphic DNA 
[25], GeneChip hybridization [11], artificial neural network–assisted Fourier-transform 
infrared spectroscopy [26] or multilocus enzyme electrophoresis [27]. These identification 
methods enable the discrimination between various strains but are not necessarily related to 
mechanisms of probiotic activity. Metabolic footprinting using mass spectrometry may be 
useful in this regard. Using gas chromatography–time of flight–mass spectrometry there 
was good correlation with genetic method of strains classification. Probiotic strains of Sb 
showed tight clustering both genetically and metabolically. The major discriminatory 
metabolites were: trehalose, myo-inositol, lactic acid, fumaric acid and glycerol 3-phosphate 
[28]. Next very important step is very to find out a functional relationship between specific 
DNA and probiotic action.  
 

Sb S. cerevisiae 

Higher optimal growth temperature (~37 °C) 
Lower optimal growth temperature 

(~30 °C) 
Higher resistance to low pH [11] Lower resistance to low pH [11] 

The karyotypes of Sb are very similar to those 
of S. cerevisiae 

Typing RFLPs or PCR- (ex 5.8S rDNA) 
failed to distinguish Sb from S. 

cerevisiae [12] 
Do not use galactose [13] Use galactose 

Asporogenous in contrast to S. cerevisiae but 
may produce fertile hybrids with of S. cerevisiae 

strains [11] 
Sporogenous 

Lost all intact Ty1/2 elements [14]. Contains several Ty1/2 elements 
Microsatellite typing shows genotypic 

differences [15] 
 

Trisomic for chromosome IX 
There are stable strains with various 

ploidy 

Table 1. Summary of some differences and similarities between Sb and S. cerevisiae. 

3. Medical applications of Sb  

Several published medical studies have shown the efficacy and safety of Sb for various 
disease indications both in adults and children. Regarding the medical use, different 
indications of Sb could be listed: prevention of antibiotic-associated diarrhea, recurrent 
Clostridium difficile-associated diarrhea and colitis, Travellers’ diarrhea, acute bacterial and 
viral diarrhea, diarrhea in patients with total enteral feeling, anti-inflammatory bowel 
diseases, supplement to hydration in adults and children, against diarrhea associated with 
the use of antibiotics. [29-32]. There is an increasing number of publications showing the 
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results of double blind clinical trials, clinical guidelines including new applications of the 
usage of Sb and new potential fields. While the number of different possible application of 
Sb in prevention and treatment of health disorders is growing, it is crucial to determine 
mechanisms of its action. This is an extremely difficult task due to a high number of factors 
involved in the observed health benefits. 

 

Use for disease Dose 
(mg/d) Duration Adjunct to 

Prevention of antibiotic 
associated diarrhea 

500-1000 
During antibiotics 
with additional 3 

days to 2 weeks after 
Nothing 

Prevention of Traveller’s 
diarrhea 

250-1000 
Duration of trip (3 

weeks) 
Nothing 

Enteral nutrition-related 
diarrhea 

2000 8-28 days Nothing 

H. pylori symptoms 1000 2 weeks 
Standard triple 

therapy 
Treatment of Clostridium 

difficile 
infections 

1000 4 weeks 
Vancomycin or 
metronidazole 

Acute adult diarrhea 500 - 750 8-10 days Nothing 
Inflammatory bowel 

disease 
750-1000 7 weeks to 6 months Mesalamine 

Irritable bowel syndrome 500 4 weeks Nothing 
Giardiasis 500 4 weeks Metronidazole 

HIV-related diarrhea 3000 7 days Nothing 

Table 2. Summary of recommendations for clinical use of Sb in adults [7] 

Mechanisms of action of Sb 

While Sb has been proven effective in several double-blind studies and yeast preparation is 
sold in several countries as both a preventive and therapeutic agent, not all mechanisms of 
its action have been studied [7, 33] and the new ones are still being discovered. Figure 2 
summarizes most of the postulated mechanism of Sb activity which are : 

a. antimicrobial effect, 
b. nutritional effect, 
c. inactivation of bacterial toxins,  
d. quorum sensing, 
e. trophic effects, 
f. immuno-modulatory effects 
g. anti-inflammatory effects,  
h. cell restitution and maintenance of epithelial barrier integrity. 
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Figure 2. Sb possible probiotic mechanisms of action. 

This enumeration is somehow artificial because one factor may play multiple roles and 
various processes may act synergistically.  

Antimicrobial effect may be exerted through several mechanisms. One of them is 
irreversible binding of bacteria to the yeast surface, preventing their adhesion to the mucous 
membranes and subsequent elimination by the flow Fig. 2A. It has been shown that Sb has 
the ability to bind enteric pathogens to mannose as a receptor [34]. That yeast viability was 
not necessary for the adhesion phenomenon. Furthermore it has been shown that in the 
binding beside process beside mannose-containing glycoprotein other proteins are involved 
[35]. On the other hand, Tasteyre et al. [36] showed that the yeast could inhibit adherence of 
C. difficile to cells, thanks to its proteolytic activity and steric hindrance. This is exerted 
trough the modification the eukaryotic cell surface receptors involved in adhesion of C. 
difficile. Other mechanisms exerting antimicrobial effect are utilization of substrates, 
modification of the environment and release of various compounds. 

Some of the released compounds are quorum sensing molecules Fig. 2D. They influence 
metabolism and properties of microorganisms, for example, reducing the ability to adhesion 
or filamentation, which are both important factors of strains pathogenicity [37, 38]. 

Sb may inhibit pathogens through action on microbial virulence factors. Invasive properties 
of Salmonella enterica serovar Typhimurium is closely related to the flagellum-associated 
motility. Study performed on human colonic cells infected by the S. enterica showed that in 
in presence of Sb the pathogen motility was reduced [39]. Sb also acts by inactivation of 
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bacterial toxins (Fig. 2C). For example, it has been shown that the 63-kDa protein 
phosphatase from Sb is able to dephosphorylate and partially inactivate the endotoxin (LPS) 
of Escherichia coli. Furthermore, Sb releases in vivo a 54-kDa serine protease that digests 
toxins A and B of Clostridium difficile and the BBM receptor of toxin A [40]. 

Sb also influences the growth of gut microflora and the host by its metabolism (uptake of 
substrates and release of products or multitude of cell components by dying cells). Yeast from 
Saccharomyces genus has been used in human and animal nutrition (Fig 2 B) for many 
centuries and new applications in agro-industries are being developed [41]. They are of high 
nutritional value and are used as food additive or to obtain some products such as white or 
“living” beer. Yeast cells are also a well-known source of proteins, B-complex vitamins, nucleic 
acids, vitamins and minerals, including a biologically active form of chromium known as 
glucose tolerance factor [42]. In some countries a mixture of a small amount of baker yeast 
with water and sugar was prepared as a drink for children as supplementation with B-
complex vitamins. Sb releases during its passage through gastrointestinal track at least 1500 
various compounds [43]. While vitamins are necessary exogenous organic compound which 
must be ingested, enzymes may help to transform bigger to smaller compounds which may be 
absorbed by brush border. The brush border is the structure formed by microvilli increasing 
the cellular surface area responsible for secretion, absorption, adhesion and transduction of 
signals. Within the gastrointestinal tract brush border is crucial for digestion and nutrient 
absorption. It has been shown that oral administration of probiotic strain of Sb enhanced the 
activities of the brush border ectomembrane enzymes (ex. sucrase, maltase, trehalase, lactase, 
aminopeptidase, alkaline phosphatase), carriers (sodium glucose cotransporter-1) receptors of 
immunoglobulins (the secretory component) or secretory immunoglobulin A [44-48]. Sb cells 
contain substantial amounts of polyamines (spermidine and spermine) which are known to 
affect cell maturation, enzyme expression and membrane transport, thus polyamines were 
suggested as mediators in the intestinal trophic response [45]. Trophic effect Fig 2E has been 
recently reviewed by Buts [33, 43]. It was postulated that Sb upgraded intestinal function by at 
least three mechanisms: 

- The endoluminal secretion of various compounds by yeast 
- The secretion of polyamines triggering transduction trophic signals and resulting in 

enhanced synthesis of brush border membrane proteins (enzymes and carriers). 

Clinical studies have shown that oral administration of Sb is effective in treatment of 
inflammatory bowel diseases and control of irritable bowel syndrome. There are several 
possible mechanisms of anti-inflammatory effect (Fig 2G) recently reviewed by Pothoulakis 
[49], Vandenplas [50] or Vohra [51]. The activity may be exerted through released compounds 
which modifies epithelial cell and mucosal immune system signaling pathways. One 
mechanism of anti-inflammatory effect could be exerted by producing by Sb a heat stable low 
molecular weight (<1 kDa) soluble factor [52]. The mechanism is based on blocking activation 
of nuclear factor-kappa B (NF-�B) and mitogen activated protein kinase (MAPK). As a result, 
pro-inflammatory compounds such as interleukin 8 (IL-8), tumor necrosis factor alpha (TNF- 
�) and interferon gamma (IFN- �) are down regulated. Sb and Sb secreted-protein(s) inhibit 
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mechanism of anti-inflammatory effect could be exerted by producing by Sb a heat stable low 
molecular weight (<1 kDa) soluble factor [52]. The mechanism is based on blocking activation 
of nuclear factor-kappa B (NF-�B) and mitogen activated protein kinase (MAPK). As a result, 
pro-inflammatory compounds such as interleukin 8 (IL-8), tumor necrosis factor alpha (TNF- 
�) and interferon gamma (IFN- �) are down regulated. Sb and Sb secreted-protein(s) inhibit 
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production of pro-inflammatory cytokines by interfering with the global mediator of 
inflammation nuclear factor �B, and modulating the activity of the mitogen-activated protein 
kinases ERK1/2 [53] and p38 [54]. Sb activates expression of peroxisome proliferator-activated 
receptor-gamma (PPAR-γ) that protects the digestive track from inflammation. Sb also 
suppresses ‘bacteria overgrowth’ and host cell adherence as described before. 

Another mechanism mutually related to inflammation and synergistically acting with 
antimicrobial and anti-inflammatory effect [55] is immunomodulation Fig 2F. Sb has been 
shown to increase secretion of immunoglobulin A [48]. Immunomodulation could be exerted 
by Sb interactions with mucosal dendritic cells. Dendritic cells discriminate commensal 
microorganisms from potential pathogens and take part in maintaining the balance between 
tolerance and active immunity. They respond to intestinal inflammation and thus are potential 
target in inflammatory bowel disease [56]. Dendritic cells produce regulatory cytokines and 
induce T cells. Sb inhibits dendritic cell-induced activation of naïve T cells [57] and may 
interfere with IBD pathogenesis by trapping T cells in mesenteric lymph nodes [58]. 

Bacterial infections leading to inflammatory bowel diseases results in intestinal epithelial 
cell damage. Thus, remission of these diseases requires both the cessation of inflammation 
and the cell restitution Fig. 2H within the damaged epithelium, which is effected by 
enterocyte migration. It has been recently shown that Sb accelerate enterocyte migration by 
secretion of motogenic factors that enhance cell restitution through the dynamic regulation 
of α2β1 integrin activity [59]. 

4. Effect of Sb on the virulence factors of Candida albicans 

While there is quickly increasing information on the influence of Sb on the bacterial origin 
diseases the interaction between Sb and Candida albicans is much less studied filed. C. 
albicans is a dimorphic fungus growing commensally in the gastrointestinal tract of healthy 
humans. Switching between morphotypes is a striking feature enabling the growth as 
budding yeast or as filamentous forms. It also enables in formation of complicate biofilm 
structures [60]. The transition between morphotypes contributes to the overall virulence and 
constitutes potential target for development of antifungal drugs.  

 
Figure 3. Phenotypic switching of C. albicans. (A) budding yeast, (B) pseudohyphal growth, (C) hyphal 
growth. 
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Pathogenicity of C. albicans, like all pathogens, is conditioned by their virulence. All the 
features that improve microbial colonization of host cells, multiplication and spread within 
organism or toxins production, which in turn leads to the development of the disease are 
called virulence factors. The virulence of C. albicans include: the ability to adhesion, biofilm 
formation and production of coatings, as well as morphological transformation, phenotypic 
switching and secretion of proteases, phospholipases and endotoxin [61]. Morphogenesis in 
C. albicans can be impaired by various small molecules such as farnesol, fatty acids, sugars, 
rapamycin, geldanamycin, histone deacetylase inhibitors, and cell cycle inhibitors recently 
reviewed by Shareck [62]. Affecting metabolism of the C. albicans may also have indirect 
effect as for example synergism with the antifungal drugs. Indeed metabolic state of the cell 
greatly affects activity of the PDR pump activity [63]. 

It has been shown that both live Sb cells and the extract from Sb culture filtrate diminish C. 
albicans adhesion to and subsequent biofilm formation [38]. Thus, independently of the 
trophic relationships, for example, elimination from the medium of carbon source (sugars) 
or polyunsaturated fatty acids [64], Sb releases to the medium active compounds. These 
compounds in dose dependent manners are able to inhibit switching from budding yeast to 
hyphae growth. The extract prepared from Sb culture filtrate was showed to contain 2-
phenylethanol, caproic, caprylic and capric acid. The highest activity reducing candidal 
virulence factors was capric acid (C10:0), which is responsible for inhibition of hyphae 
formation. It also reduced candidal adhesion and biofilm formation, though three times less 
than the extract. Thus Sb release to the medium other factors, not yet identified, suppressing 
C. albicans adherence [37]. Capric acid acts through the activation of cAMP pathways and 
Hog1 kinase cascade, reducing the expression of genes of C. albicans virulence. Capric acid 
reduces CSH1, INO1, HWP1 transcripts. CSH1 encodes a protein related to the 
hydrophobicity surface of the fungal cell wall and is involved in adhesion. INO1 encodes an 
enzyme involved in the biosynthesis of inositol, which is a precursor components on the 
surface of the cell wall of C. albicans involved in the virulence. HWP1 (Hyphal Wall Protein) 
encodes protein present in hyphae and pseudogyphae and involved in adhesion and biofilm 
formation. Besides inhibition of C. albicans adhesion to epithelial cell lines, Sb living cells and 
compounds released to the medium, reduced cytokine-mediated inflammatory host 
response. In fact the IL-8 gene expression was suppressed in C. albicans-infected epithelial 
cells by the compounds released to the medium by Sb [65].  

It is clear that Sb secretes many compounds and some of them may act as quorum sensing 
and modulate growth of other microorganisms including other eukaryotes such as C. 
albicans. Besides identified compounds and their activity it is clear that there are still other 
biologically active compounds produced by Sb which remain to be discovered [65]. 

5. Conclusions and future perspectives 

A century after publication of the Metchnikov's theory there is no more doubt concerning 
potential positive influence of selected strains of living microorganisms in the ingested food 
on human health. Nevertheless, the discussion has been even more turbulent and the topic 
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5. Conclusions and future perspectives 

A century after publication of the Metchnikov's theory there is no more doubt concerning 
potential positive influence of selected strains of living microorganisms in the ingested food 
on human health. Nevertheless, the discussion has been even more turbulent and the topic 
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is “hot”, as seen from increasing number of scientific publications. In contrast to most of the 
registered drugs which are single, pure compounds, Sb has been shown to be beneficial 
through various mechanism. Thus, due to very complex and various interactions it is exiting 
research area with a lot of things to discover, but it is also extremely laborious, costly and 
time consuming. There is a number of organisms in traditional fermented food that has been 
shown to be potentially beneficial for human health. However, probiotic properties are 
strain specific and very often not well characterized. Properties of strains from the same 
species may be very different, thus for human health benefits potential probiotic strain 
should be very well characterized. It is clear that microflora of the human body is very 
complex and it is important to maintain appropriate homeostasis, which may be unbalanced 
by use of antibiotics. This can be prevented or regained by use of appropriate probiotics. 
However, due to the complexity of the possible interactions and various mechanisms of 
actions it is very difficult to register and commercialize a new probiotic. It is a great 
challenge to resolve this bottleneck in the future.  
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1. Introduction 

The fact that living organisms play a key role on health, was put on a scientific basis at the 
beginning of the last century by Elie Metchinikoff,  when working at the Pasteur  Institute in 
Paris. The findings that Bulgarian peasants, who ingested large amounts of soured milks, also 
lived to a ripe old age led him to conclude about the beneficial effects of fermented milks.  

One of the most convincing demonstrations of the role of the gut microbiota in resistance to 
disease was provided by Collins and Carter [1]. These authors proved that germ-free 
guinea–pig was killed by 10 cells of Salmonella Enteritidis, but it required 109 cells to kill a 
conventional animal with a complete gut microbiota. 

Probiotic was initially defined by Parker [2] as “Organisms and substances which 
contributes to intestinal microbial balance”. Fuller [3] redefined probiotics as “A live 
microbial feed supplement which beneficially affects the host animal by improving its 
intestinal microbial balance”. This definition clarifies the need for a probiotic to be viable. 

The term prebiotic was subsequently adopted to define “non-digestible food ingredients 
that beneficially affect the host by selectively stimulating the growth and/or activity of one 
or a limited number of bacteria in the colon that improve host health”[4]  Modification by 
prebiotics of the composition of the colonic microbiota leads to the predominance of a few of 
the potentially health-promoting bacteria, especially, but not exclusively, lactobacilli and 
bifidobacteria.  Much of the work on prebiotics deals with the use of oligosaccharides, 
although the first demonstration of this type of effect was observed with a disaccharide, 
lactulose. Gibson and Roberfroid [4] also launched the concept of symbiotic by combining 
the rationale of pro- and prebiotics, is proposed to characterize some colonic foods with 
interesting nutritional properties that make these compounds candidates for classification as 
health-enhancing functional food ingredients.  
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The bacterial genera most often used as probiotics are lactobacilli and bifidobacteria. At 
present, probiotics are almost exclusively consumed as fermented dairy products such as 
yogurt or freeze-dried cultures, but in the future they may also be found in fermented 
vegetables and meats [5]. 

The microbial community inhabiting the gastrointestinal tract is characterized by its high 
population density, wide diversity, and complexity of interactions. Bacteria are predominant 
but a variety of protozoans, yeasts and bacteriophages are also found. Bacteria are not 
distributed randomly throughout the gastrointestinal tract but instead are found at population 
levels and species distributions that are characteristic of specific regions of the tract. The 
stomach and proximal small intestine contain relatively low numbers of microorganisms. 
Acid- tolerant lactobacilli and streptocococci predominate in the upper smal intestine. The 
distal small intestine (ileum) maintains a more diverse microbiota and higher bacterial 
numbers. The large intestine (colon) is characterized by large numbers of bacteria, low redox 
potential, and relatively high short-chain fatty acid concentrations. The prominent role played 
by anaerobic bacteria in this dynamic ecosystem is evident from the finding that more than 
99% of the bacteria isolated from human fecal specimens are anaerobic or aerotolerant [6].  

The intestinal tract is a dynamic ecosystem that is influenced by host, intrinsic, and 
environmental factors. Thus, our undestanding of gut microbial interactions and how the 
gastrointestinal activity is modulated, might help on establishing screening criteria to 
identify potentially probiotic bacteria suitable for human or animal use.  

2. Microbial interactions in the gut 

The nature of the microbial interaction can be predominantly by competition or mutualism 
[7]. In the gut they can affect either the population level of a given strain or the metabolic 
activity of that strain. In addition, genetic transfers can occur between strains within the gut. 
The host and the diet cam modulate the expression of the microbial interactions. These 
interactions involve multiple mechanisms that are poorly understood. Such mechanisms are 
involved either in the size of subdominant microbial populations or in the metabolic 
activities of predominant populations. Diet and perhaps other environmental factors, such 
as stress, can modify their expression. 

The gastrointestinal tract of neonates becomes colonized immediately after birth with 
environmental microorganisms, mainly from the mother by several processes including 
sucking, kissing, and caressing. The proximity of the birth canal and the anus, as well as 
parental expression of neonatal care, are effective methods of ensuring transmission of 
microbes from one generation to the next [6].The pattern and level of exposure during the 
neonatal period is likely to influence the microbial succession and colonization in the 
gastrointestinal tract. Infants from developing countries have an early colonization with 
enterobacteria whereas those born in countries with good obstetric and hygienic procedures, 
may result in a delayed  development pattern or even  the absence of certain groups of 
intestinal bacteria during succession [8].  
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After the birth process, neonates are continuously exposed to new microbes that enter the 
gastrointestinal tract with food. This begins with breast milk, which contains up to 106 
microbes/mL in healthy mothers. The most frequently encountered bacterial groups include 
staphylococci, streptococci, corynebacteria, lactobacilli, micrococci, propionibacteria and 
bifidobacteria originated from the nipple and surrounding skin as well as the milk ducts in 
the breast [6, 9, 10]. 

A pronounced dominance of bifidobacteria was observed over the entire breast-feeding 
period, with a corresponding reduction in facultative bacteria [11, 12]. There is a strong 
evidence suggests that the early composition of the microbiota of neonates plays an 
important role for the postnatal development of the immune system [13, 14].  

Both adults and neonates are regularly exposed to microorganisms via the diet, but are 
affected differently. The microorganisms entering newborns via milk are more likely to 
colonize than are those entering healthy adults [6, 15]. 

Bacterial species or strains that will be established in the infant bowel might be capable to 
utilize the substrates provided by the diet and the particular human host. Bifidobacteria, E. 
coli and enterococci can utilize a wide range of monosaccharides and oligosaccharides which 
would be provided by the diet. Once established the range of fermentable substrates 
available to the bacteria changes from mono and oligosaccharides to complex plant 
polymers (dietary fibre) that pass undigested through to the small bowel. The other major 
complex carbohydrates is provided by the mucins that are continuously secreted into the 
bowel by the goblet cells present in the mucosal lining.  Strict regulations of catabolic  
pathways must be an extremely important attribute in a habitat where the nutritional profile 
will vary from day to day according to the omnivorous and varied dietary preferences of the 
human host and help [16] 

Protection against colonization of the intestinal tract by potentially pathogenic 
microorganisms, due to the gut microbiota, was called competitive exclusion [17], whose 
pioneering evidence had been obtained by Nurmi and Rantala [18], with birds. When these, 
soon after birth, were inoculated with cecal material of an adult bird, the frequency of 
Salmonella infections was significantly reduced. 

Undoubtedly the main benefit attributed to probiotics is the competitive exclusion of 
pathogens that occurs by different mechanisms including: a) competition for receptors in the 
intestinal epithelium as occurs with lactobacilli that directly inhibits the binding of 
Salmonella, E. coli and other foodborne pathogens b) secretion of factors that inhibit 
internalization and adhesion of pathogens, as well as increased secretion of mucin as with 
lactobacilli which stimulate the secretion of MUC2 and MUC3 2 which inhibits the 
adherence of enteropathogenic E. coli c) stimulating the mucosal barrier effect, such as the 
lactobacilli and bifidobacteria which helps to prevent pathogens from inducing an increase 
in intestinal permeability; d) production of volatile fatty acids and / or other antibacterial 
substances, by the anaerobic microbiota besides nutrient competition [19, 20]. 
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intestinal epithelium as occurs with lactobacilli that directly inhibits the binding of 
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Constituents of the normal microbiota and some pathogenic bacteria have the ability to 
colonize the mucosal surfaces [21] Some microorganisms seem to be able to securely attach 
to the intestinal epithelium [22], and is thought to be this an important prerequisite for 
probiotics in a long-term survival during competition against other microorganisms for 
specific niches and subsequent multiplication. However, no consensus among researchers 
exists about the fact that a probiotic should or should not adhere to mucosal surfaces, 
colonize and then exert a probiotic effect, being an alternative its regular consumption to 
maintain the levels needed to promote the effect, forming a transient microbiota [23]. 

Another desired effect of a probiotic includes altered metabolism of the intestinal microbiota 
as the reduction in the synthesis of toxins or carcinogenic substances or an  increased 
production of short-chain fatty acids or other substances that improve the condition of the 
mucosa. Prebiotics may also be given to augment immune reaction, preferably those that 
have a protective effect without causing overt inflammation . The ability of lactic bacteria to 
inactivate mutagenic compounds, such as dyes and N-nitrosamines, has been attributed to 
cell wall components, such as peptidoglycan and polysaccharides [24].. The lactic acid 
bacteria also may mediate anticarcinogenic activities by reducing the activity of fecal 
bacterial enzymes such as nitroredutases, azoredutases and  glucuronidase (EC 3.2.1.31) 
that convert procarcinogenic to  carcinogenic compounds in the colon [14] 

The ability to sense other bacteria may have important consequences for competitive and 
nutritional strategies controlling for example, entry into stationary phase, dispersal and the 
production of antimicrobial compounds. The ability to interfere with the signalling of 
bacteria will determine the fitness of the given organism to survive in the gut and may also 
have therapeutic potential. The study of cell-to-cell communication in gastrointestinal(GI) 
tract bacteria is not as advanced as it is for bacteria from other ecosystems. In Gram-negative 
bacteria the best-characterized systems involve N-acylhomoserine lactone (acyl-HSL) 
signals, LuxI family signal synthases and LuxR family response regulators. It appears that 
Gram-positive bacteria prefer peptide signals, also termed peptide pheromones [25]. 

Probiotics may play an active role inflammatory bowel diseases by enhancing the intestinal 
barrier at the mucosal surface. Caballero-Franco et al. [26] investigated whether the clinically 
tested VSL#3 probiotic formula and/or its secreted components could augment the protective 
mucus layer in vivo and in vitro. For in vivo studies, Wistar rats were orally administered the 
probiotic mixture VSL#3 on a daily basis for seven days. After treatment, basal luminal mucin 
content increased by 60%. In contrast to the animal studies, cultured cells incubated with 
VSL#3 bacteria did not exhibit increased mucin secretion. However, the bacterial secreted 
products contained in the conditioned media stimulated a remarkable mucin secretion effect. 
Among the three bacterial groups (Lactobacilli, Bifidobacteria, and Streptococci) contained in 
VSL#3, the Lactobacillus species were the strongest potentiator of mucin secretion in vitro. 

The competitive exclusion of pathogens mediated by lactobacilli is usually performed by 
two mechanisms: (i) production of antimicrobial substances such as lactic acid and 
bacteriocins, and (ii) adhesion to the mucosa and coaggregation which can form a barrier 
which prevents colonization by pathogenic microorganisms [27]. 
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Three mechanisms of aggregation have been reported so far. The first is related to the 
interaction between the components of the cell surface, as in the oral cavity with 
Streptococcus sanguis and Prevotella locscheii in which adhesins are protein-type lectins. 
Adlerberth et al. [28] observed that the adhesion of Lactobacillus plantarum to human colonic 
cells HT-29 was due to mannose-sensitive attaching mecanism. As the cell walls of the yeast 
Saccharomyces cerevisiae consists polysaccharide containing mannose (mannans), Escherichia 
coli and other enterobacteria containing mannose-specific adhesin receptors agglutinate 
yeast cells. The ability of binding yeast cells may therefore be an indication of mannose 
specific activity [29]. 

Autoaggregation has been correlated with adhesion, which is known to be a prerequisite for 
colonization and infection of the gastrointestinal tract by many pathogens. Adherence to the 
epithelium is therefore a prerequisite for enterotoxigenic Escherichia coli both to colonize the 
small intestine and to cause diarrhea, since adherence targets toxins directly onto the 
epithelial cell [30]. 

Coaggregation is a process by which genetically distinct bacteria become attached to one 
another via specific molecules. Cumulative evidence suggests that such adhesion influences 
the development of complex multi-species biofilms. The coaggregation properties of 
probiotic strains with pathogens as well as their ability to displace pathogens are of 
importance for therapeutic manipulation of the aberrant intestinal microbiota. Aggregation 
abilities of a probiotic with the pathogen strains were strain-specific and dependent on time 
and incubation conditions [31] 

Recently, the complement protein mannose-binding lectin (MBL) has been shown to play a 
role in the first line of defense against Candida albicans. MBL binds to a wide variety of 
microorganisms through a carbohydrate recognition domain, exhibiting strong binding to 
Candida and other yeast species. The complement system is activated via this lectin pathway, 
causing opsonization and direct lysis of microorganisms[32]. A number of probiotic bacteria 
contact recognition proteins, including lectins, enzymes and other factors involved in 
carbohydrate metablolism , are involved in microbe-microbe host interactions [33].  

In other cases, the adhesins are not lectins, such as in the case of Streptococcus sanguis and 
Streptococccus gordonii [34]. 

The second mechanism, described in lactobacilli, is dependent upon secretion of a protein of 
32 kDa  that promotes aggregation and  a high frequency of conjugation [35] According to  
Collado,  Meriluoto and  Salminen [31] the ability to autoaggregate, together with cell-
surface hydrophobicity and coaggregation abilities with pathogen strains can be used for 
preliminary screening in order to identify potentially probiotic bacteria suitable for human 
or animal use.  

Finally, in Enterococcus faecalis, the ability to promote aggregation is due to secretion of small 
hydrophobic peptides called sex pheromone with consequent increase of the frequency 
combination [36, 37]. Pheromones appear to induce the synthesis surface proteins encoded 
by the plasmid, which mediate cell-cell contact.The sex pheromone system of Enterococcus 
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faecalis is responsible for the clumping response of a plasmid carrying donor strain with a 
corresponding plasmid free recipient strain due to the production of sex pheromones by the 
recipient strain. The clumping response is mediated by a surface material (called 
aggregation substance) which is synthesized upon addition of sex pheromones to the 
cultures. After induction a dense layer of hairlike  structures is formed on the cell wall of 
the bacteria that are  responsible for the cell-cell contact which leads to the aggregation of 
cells [38] 

Boris et al. [39] have characterized a peptide produced by Lactobacillus gasseri (previously 
classified as plantarum), which promotes the aggregation of cells of L. plantarum and 
Enterococcus spp. The authors hypothesize that these aggregates could mediate protection of 
the mucosa by the formation of a bacterial film that prevents access of undesirable 
microorganisms in the vaginal mucosa. 

3. Bioactive prebiotic components in milk 

Many components of human milk are multifunctional, providing antimicrobial, 
antiinflammatory, antioxidant effect besides being growth factors [40]. 

Breast milk not only provides a range of substrates for bacterial growth, but it also appears 
to be a reservoir for some of the bacteria we inherit, including Lactobacillus sp. and 
Bifidobacteria [41] Breast milk contains viable lactobacilli and bifidobacteria that might 
contribute to the initial establishment of the microbiota in the new born  [10]. Although this 
needs to be verified and an explanation given with mechanism uncovered as to how 
lactobacilli reach the mammary gland and if other bacteria do likewise, the end result is that 
infants are colonized predominantly by lactic acid bacteria [20]. 

Although it is likely that antimicrobial components in human milk inhibit the growth of 
pathogenic bacteria, it is also likely that some substances stimulate the growth of beneficial 
bacteria, ie, they have prebiotic activity. This factor, originally called the bifidus factor, may 
promote the growth of Lactobacilli and Bifidobacteria, which can limit the growth of several 
pathogens by decreasing intestinal pH. One possible substance identified was N-acetyl-
glucosamine [42]. Subsequently, several oligosaccharides have been shown to have this 
activity, but it is also possible that milk proteins also have such prebiotic activity . Increasing 
the lactobacilli and bifidobacteria levels is a target for infant formulas and the most common 
approach to this end has been to include prebiotic compounds [10]. 

The gut microbiota of breastfed infants is different from that of formula-fed infants. 
According to Penders [43], exclusively formula-fed infants were more often colonized with 
E coli, C difficile, Bacteroides, and lactobacilli, compared with breastfed infants. Although 
Penders et al. [44] showed that formula-fed infants have similar counts of bifidobacteria 
compared with breast-fed infants, most reports found that breast-fed infants have higher 
number of bifidobacteria, whereas formula-fed infants develop a mixed flora with a lower 
level of bifidobacteria [45]. 
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Oliveira [12] studied the influence of diet and type of delivery in 68 neonates aged between 
seven and 21 days on both composition and evolution of the gut Bifidobacterium spp., 
Lactobacillus spp. microbiota. Gut colonization by bifidobacteria was not influenced by the 
type of delivery but the counts of lactobacilli were higher in those born vaginally as shown 
in table 1. Lactobacilli numbers in infants fed formula and human milk and born vaginally 
were significantly higher (p<0.05) than those born by caesarean, suggesting a possible 
microbiota transference from mother to the child. Similar results were reported by Biasucci 
[46] that demonstrated significant retarded colonization by lactobacilli at 10 days of age in 
babies delivered by cesarean section. Differently, Martin et al. [47] found that lactic acid 
bacteria colonization was not significantly related to the delivery method. 

Oliveira [12] also found that bifidobacteria numbers in infants born vaginally and fed with 
breast milk (BM) were higher than the others, while those who received pasteurized human 
milk from  milk  banks  (HMB) showed a significant lower number of Bifidobacterium as 
compared to other types of feeding (Table 1). No significant differences were observed on 
infants born by cesarean. These in vivo results corroborate with previously, in vitro observed 
data, by Borba and Ferreira [48], who evaluated the effect of  human milk pasteurization on 
growth of different species of Bifidobacterium. It was demonstrated that pasteurization of 
human milk affected the growth of bifidobacteria, indicating that, somehow, the 
pasteurization process (65°C/30minutos) inhibits bifidogenic factors, or results in the 
production of inhibitory compounds to this microbial group 

The same negative pasteurization effect was observed by Oliveira [12] on the growth of 
lactobacilli (Table 1). Although breast-milk contains viable lactobacilli and bifidobacteria 
that might contribute to the initial establishment of the microbiota in the newborn, the 
negative effect of human milk pasteurization on the lactobacilli and bifidobacteria gut 
population, cannot be explained solely on the destruction of those bacteria by the 
pasteurization process. Milk formulas do not contain these bacteria, but favored the 
development of bifidobacteria and lactobacilli in the intestine reaching a number 
significantly higher, as compared to the gut microbiota of pasteurized human milk fed 
infants. 

Indeed, the health-promoting effects of breast-milk have been linked partly to the presence 
of lactobacilli and bifidobacteria in breast-milk [10, 47], but clearly also to different milk 
bifidogenic components. 

Both lactotobacilli and bifidobacteria benefit in environments with low redox potential and 
the presence of antioxidant compounds present in human milk. Anti-oxidants such as 
lactoferrin, α-tocopherol, β carotene, cysteine, ascorbic acid, uric acid, catalase and 
glutathione peroxidase are present in human milk [40]. Most of these compounds are 
thermo-labile and might have been destroyed during milk pasteurization process. Whey 
protein is rich in cysteine, the thermo-labile amino acid which represents an effective cysteine 
delivery system for the cellular synthesis of glutathione. In addition, the ability of cysteine 
and cysteine to lower redox potential stimulates de growth of anaerobic or anaero-tolerant 
bacteria. The repeated processes that donor human milk is submitted before delivery to 
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newborn infants cause a reduction in the fat and protein concentration. The magnitude of 
this decrease is higher on the fat concentration and it needs to be considered when this 
processed milk is used to feed preterm infants [49]. 
 

 Cesarean Vaginally 
 Lactobacillus  

HMB 2,4 a A 3,3 b A 
FM 2,8 a B 5,7 a A 
BM 3,8 a B 5,6 a A 

Bifidobacterium 
HMB 5,6 a A 3,7 b A 
FM 5,7 a A 6,5 ab A 
BM 6,2 a A 7,4 a A 

Treatments with the same small letters in columns and capital letters in rows do not differ significantly by Tukey test 
(P> 0.05) 

Table 1. Averages of the Lactobacilli and Bifidobacteria log numbers, in babies born by cesarean section 
and vaginally delivery, fed with pasteurized  milk  from human milk  banks  (HMB), formula (FM) and 
breast milk (BM). 

3.1. Milk oligosaccharides 

For many years, the oligosaccharides were considered for his role in the modulation of 
intestinal microbiota of infants. Currently, there is strong evidence that free oligosaccharides 
as well as glycoproteins are potent inhibitors of bacterial adhesion on the surface of the 
epithelium in the early stages of the infectious process. Therefore, the milk oligosaccharides 
have two important functions. The first as a source prebiotic stimulating the growth of 
probiotic bacteria and a second, operating in a non-specific defense mechanism inhibiting 
pathogens from adhering to the gastrointestinal mucosa. Although the exact 
pathophysiological mechanism of diarrhea is not yet fully elucidated, it seems that the 
ability of microorganisms to adhere to the mucosal surface is essential for spreading 
diarrheagenic bacteria in the duodenum [50]. 

Concentrations of total oligosaccharides in human milk (HMO) is 5,0-8,0 g per liter whereas 
just traces are found in cow’s milk.  In cow’s milk, only small amounts of oligosaccharides 
are detectable, with sialyllactose being the major component [51].  

Differences in the qualitative or quantitative aspects of term and preterm milk have not been 
observed, but compositional changes of oligosaccharides in term milk occurs during 
lactation with the largest amounts being found at early stages. The highest concentrations of 
HMOs can be found in colostrum (20 g/L), but even mature milk contains oligosaccharides 
in concentrations up to 13 g/L [52]. Coppa [11] reported that  lactose concentration (±SD) in 
human milk  increased from 56 ± 6.06 g/L on day 4 to 68.9 ± 8.16 g/L on day 120. 
Oligosaccharide level decreased from 20.9 ± 4.81 g/L to 12.9 ± 3.30 gIL, respectively. 
Monosaccharides represented only 1.2% of total carbohydrates.  
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Although intact HMOs may be absorbed, ENGFER et al. [52] postulate that a majority of 
HOs reach the large intestine, where they serve as substrates for bacterial metabolism. 
Therefore, HMOs might be considered the soluble fiber fraction of human milk 

Human milk compared with other milk species, is considered unique in terms of its 
complex oligosaccharides content. With few exceptions, HMOs have a core structure 
consisting of a lactose unit at the reducing end linked to N-acetyllactosamine units (type 1 
and 2), with branching occurring frequently Residues of L-fucose, sialic acid [N-
acetylneuraminic acid (NeuAc), or both can be found linked to the core without further 
elongation. An elongation is achieved by an enzymatic attachment of GlcNAc residues 
linked in ß1-3 or in ß1-6 linkage to a Gal residue followed by further addition of Gal in a 
ß-1-3 or ß-1-4 bond. Thus, a large number of core structures can be formed. Further 
variations occur due to the attachment of lactosamine, Fuc, and/or NeuAc residues at 
different positions of the core region and of the core elongation chain (10, 50). The 
addition of Fuc is dependent on the actions of at least three different fucosyltransferases 
in a genetically determined process.[51, 52].. 

Within human milk oligosaccharides at least 10 containing GlcNAc are known as  growth 
factors for a so-called bifidus biota in breastfed infants. Dietary modulation of the intestinal 
microflora is today one of the main topics of interest in the nutritional sciences. Fructo-
oligosaccharides (FOS) and galacto-oligosaccharides (GOS) are prebiotics whose bifidogenic 
activity has been proven in adults. Moro and Arslanoglu [19] demonstrated that 
supplementation of infant formulas with a mixture of GOS and FOS modified the fecal flora 
of term and preterm infants, stimulating the growth of Bifidobacteria. In the trial with term 
infants, the bifidogenic effect of the prebiotic mixture was dose dependent and there was 
also a significant increase in the number of Lactobacilli in the supplemented group. 

The similarities between epithelial cell surface carbohydrates and oligosaccharides in 
human milk strengthen the idea that specific interactions of those oligosaccharides with 
pathogenic microorganisms do occur preventing the attachment of microbes to epithelial 
cells. HMOs may act as soluble receptors for different pathogens, thus increasing the 
resistance of breast-fed infants. Some of the best-characterized adhesins of bacteria are those 
of E. coli, which possesses type 1 fimbriae (mannose sensitive), S fimbriae (sensitive to 
sialylated galactosides), or colonization factors [a heterogeneous group with various 
receptor specificities. The various ligand specificities of E. coli strains could explain the 
differences in intestinal colonization of breastfed versus formula-fed newborns: The free 
oligosaccharides and glycoproteins of human milk, which are present in large amounts and 
great variety, might prevent intestinal attachment of microorganisms by acting as receptor 
analogs competing with epithelial ligands for bacterial binding [51] 

Rockova et al. [53] reported that two strains of B. animalis were unable to grow on a medium 
containing human oligosaccharides as the sole carbon source in contrast of bifidobacteria 
from human origin. On the other hand human oligosaccharides seem to be more specific for 
human origin bifidobacteria compared with fructooligosaccharides. Hence, new prebiotics 
with similar bifidogenic properties like human oligosaccharides should be developed. 
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newborn infants cause a reduction in the fat and protein concentration. The magnitude of 
this decrease is higher on the fat concentration and it needs to be considered when this 
processed milk is used to feed preterm infants [49]. 
 

 Cesarean Vaginally 
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human origin bifidobacteria compared with fructooligosaccharides. Hence, new prebiotics 
with similar bifidogenic properties like human oligosaccharides should be developed. 
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3.2. Milk proteins 

Whey proteins constitute about 60-80% of the total protein content of human milk, but only 
18% of bovine milk.  Furthermore, the composition of whey proteins is different for each of 
the milks: beta-lactoglobulin, that is not found in human milk, predominates in bovine milk, 
while alfalactalbumin and lactoferrin predominate in human milk. The alfalactalbumin is 
necessary for the synthesis of lactose in the mammary gland, through the action of the 
lactose synthetase enzyme, their concentration in human milk ranges from 0.22 to 0.46 g/dl. 
The betalactoglobulin has been blamed for allergies to bovine milk [54]. 

Undenatured whey protein is rich in cysteine, the thermo-labile amino acid which represents 
an effective cysteine delivery system for the cellular synthesis of glutathione. Both cysteine 
and glutamine, along with glycine, are necessary the synthesis of the tri-peptide glutathione 
(GSH), one of the major detoxifiers (Phase II sulfonation) and antioxidants of the body. 
Enhancing glutathione levels also helps reduce the risk of infections by improving white 
blood cell functions. However, the unique disulfide cystine bonds of whey are heat sensitive 
(thermo-labile) so only carefully processed, undenatured whey proteins deliver bioavailable 
cystine di-peptides for intracellular conversion to cysteine, thus maximizing glutathione 
levels with its important immune, antioxidant, and detoxification benefits. [55].  

3.2.1. Lactoferrin 

Whey proteins present in human milk, such as secretory IgA, lactoferrin and lysozyme are 
very stable in acid medium, and reasonably resistant the action of proteolytic enzymes, it is 
believed, therefore, that over three quarters of these proteins appear intact in the feces of 
infants. Approximately 6-10% of lactoferrin is not digested by the intestinal tract, assuming 
that it can reach the colon and play prebiotic activities [56] 

Lactoferrin, a glyco-protein, is a major protein in human milk (1.3-2.8 g/L) while it is present 
only in traces in cow´s milk. Lactoferrin inhibits the growth of bacteria and fungi due to its 
ability to bind iron, a function known as ferro-privation. Iron is a nutrient usually required for 
bacterial growth. In this way the effect of lactoferrin can be ascribed to an inhibitory effect 
against a pathogens rather than a direct stimulus to the development of Bifidobacteria [11]. 

In addition, lactoferrin also promotes the growth of beneficial bacteria such as L. bifidus, 
helping infants establish good microbial conditions in their intestines, described as 
“eubiosis”. It is also an antioxidant that naturally occurs in many body secretions such as 
tears, blood, breast milk, saliva and mucus. Lactoferrin has anti-viral, anti-tumor activity, 
anti-infl ammatory / anti-oxidant activity, and immuno-modulating activity [57] Lactoferrin 
is also a cystine rich sub fraction. 

3.2.2. Lisozime 

Lysozyme is an antimicrobial enzyme (EC 3.2.1.17) found in tears, saliva, human milk whey, 
mucus, neutrophil granules and egg- white. It hydrolyses b (1,4) linkage between N 
acetylglucosamine and N-acetylmuramic acid in bacterial cell wall. Gram positive bacteria 
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are more susceptible to lysozyme than Gram negative. The enzyme synergistically interacts 
with other immunoprotective components like IgA, C3 complement components and 
lactoferin. Human milk contains up to 400 mg/mL of lysozyme, which is a concentration 
approx. 3000 times higher than in bovine milk.[58] 

Resistance to lysozyme and the ability to utilize human milk oligosaccharides (HMOs) 
were identified as the most important factors affecting the growth of bifidobacteria in 
human milk. Four out of 5 strains of human origin were resistant to lysozyme and 
utilized HMOs. In contrast, B. animalis was susceptible to lysozyme and did not utilize 
HMOs [53] 

According to Rockova et al. [58] the lysozyme-resistant Bifidobacterium bifidum and 
Bifidobacterium longum strains exhibited excellent growth in human milk. In contrast, most of 
non-indigenous species, such as C. butyricum, did not grow in human milk oligosaccharides 
together with lysozyme may act as prebiotic-bifidogenic compounds inhibiting intestinal 
clostridia. 

3.2.3. Lactoperoxidase 

Lactoperoxidase makes up approximately 0.5% of the whey protein. In the presence of 
hydrogen peroxide (formed in small quantities by cells), catalyzes the oxidation of 
thiocyanate (part of saliva), forming hypothiocyanate, which can kill both gram-positive 
and gram-negative bacteria. Thus, lactoperoxidase in human milk may contribute to the 
defense against infection already in the mouth and upper gastrointestinal tract. Human 
milk contains active lactoperoxidase, but its physiologic significance is not yet 
known.[42] 

3.2.4. κ-Casein and glycomacropeptide 

κ-Casein, a minor casein subunit in human milk, is a glycoprotein with charged sialic acid 
residues. The heavily glycosylated k-casein molecule has been shown to inhibit the 
adhesion of Helicobacter pylori to human gastric mucosa. K-Casein has been shown to 
prevent the attachment of bacteria to the mucosal lining by acting as a receptor analogue 
[42]. 

Glycomacropeptide is resultant from the tryptic hydrolysis of human k-casein, containing 
sugars glucosamine and galactosamine. The molecular weight of intact human k-casein was 
estimated to be approximately 33,000. The human k-casein contained about 40% 
carbohydrate (15% galactose, 3% fucose, 15% hexosamines, and 5% sialic acid) and 0.10% (1 
mol/mol) phosphorus. Its amino acid composition was similar to that of bovine k-casein 
except for serine, glutamic acid, and lysine contents [59] 

Glycomacropeptide helps control appetite and inhibit the formation of dental plaque and 
dental cavities. It is a growth factor for bifidobacteria (bifidogenic factor 1) Levels of 
glycomacropeptide may range from 1% to 18% [40] 
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are more susceptible to lysozyme than Gram negative. The enzyme synergistically interacts 
with other immunoprotective components like IgA, C3 complement components and 
lactoferin. Human milk contains up to 400 mg/mL of lysozyme, which is a concentration 
approx. 3000 times higher than in bovine milk.[58] 

Resistance to lysozyme and the ability to utilize human milk oligosaccharides (HMOs) 
were identified as the most important factors affecting the growth of bifidobacteria in 
human milk. Four out of 5 strains of human origin were resistant to lysozyme and 
utilized HMOs. In contrast, B. animalis was susceptible to lysozyme and did not utilize 
HMOs [53] 

According to Rockova et al. [58] the lysozyme-resistant Bifidobacterium bifidum and 
Bifidobacterium longum strains exhibited excellent growth in human milk. In contrast, most of 
non-indigenous species, such as C. butyricum, did not grow in human milk oligosaccharides 
together with lysozyme may act as prebiotic-bifidogenic compounds inhibiting intestinal 
clostridia. 

3.2.3. Lactoperoxidase 

Lactoperoxidase makes up approximately 0.5% of the whey protein. In the presence of 
hydrogen peroxide (formed in small quantities by cells), catalyzes the oxidation of 
thiocyanate (part of saliva), forming hypothiocyanate, which can kill both gram-positive 
and gram-negative bacteria. Thus, lactoperoxidase in human milk may contribute to the 
defense against infection already in the mouth and upper gastrointestinal tract. Human 
milk contains active lactoperoxidase, but its physiologic significance is not yet 
known.[42] 

3.2.4. κ-Casein and glycomacropeptide 

κ-Casein, a minor casein subunit in human milk, is a glycoprotein with charged sialic acid 
residues. The heavily glycosylated k-casein molecule has been shown to inhibit the 
adhesion of Helicobacter pylori to human gastric mucosa. K-Casein has been shown to 
prevent the attachment of bacteria to the mucosal lining by acting as a receptor analogue 
[42]. 

Glycomacropeptide is resultant from the tryptic hydrolysis of human k-casein, containing 
sugars glucosamine and galactosamine. The molecular weight of intact human k-casein was 
estimated to be approximately 33,000. The human k-casein contained about 40% 
carbohydrate (15% galactose, 3% fucose, 15% hexosamines, and 5% sialic acid) and 0.10% (1 
mol/mol) phosphorus. Its amino acid composition was similar to that of bovine k-casein 
except for serine, glutamic acid, and lysine contents [59] 

Glycomacropeptide helps control appetite and inhibit the formation of dental plaque and 
dental cavities. It is a growth factor for bifidobacteria (bifidogenic factor 1) Levels of 
glycomacropeptide may range from 1% to 18% [40] 
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3.3. Milk fat 

The main fatty acids present in human milk are restricted to those with 12-18 carbon atoms 
chains,namely lauric, myristic, palmitic, palmitoleic, stearic, oleic, linoleic and linolenic. 
Some of the long chain polyunsaturated acids such as arachidonic  and others are derived 
from essential fatty acids linoleic and linolenic acids, totaling together with their precursors, 
about 15% of fat of human milk. This percentage is much higher than that found in bovine 
milk. Palmitic, oleic and linoleic add up together about 70% of total fatty acids of colostrum 
and 74% of that of mature milk [54] 

Corcoran et al. [60] studied the effect of inclusion of various C18 fatty acids with 0–2 double 
bonds in either cis or trans configuration on Lactobacillus rhamnosus GG survival in simulated 
gastric juice at pH 2.5. Overall, the data suggest that probiotic lactobacilli can use an 
exogenous oleic acid source to increase their acid survival and the underlying mechanism 
most likely involves the ability of increased membrane oleic acid to be reduced by H+ to 
stearic acid.  

Rosberg-Cody et al. [61] isolate different strains of the genus Bifidobacterium from the 
fecal material of neonates and assessed their ability to produce the cis-9, trans-11 
conjugated linoleic acid (CLA) isomer from free linoleic acid. The most efficient 
producers belonged to the species Bifidobacterium breve, of which two different strains 
converted 29 and 27% of the free linoleic acid to the cis-9, trans-11 isomer per microgram 
of dry cells, respectively. In addition, a strain of Bifidobacterium bifidum showed a 
conversion rate of 18%/μg dry cells. The ability of some Bifidobacterium strains to produce 
CLA could be another human health-promoting property linked to members of the 
genus, given that this metabolite has demonstrated anticarcinogenic activity in vitro and 
in vivo. 

4. Bioactive prebiotic components in honey 

Most of the honey in the world is produced by bees from the nectar. Nectar is a sugar 
solution and water, may contain pure sucrose, a mixture of sucrose, glucose and fructose, or 
glucose and fructose only. The nectar is transported to the combs of the hive, where they 
will undergo physical and chemical changes responsible for their maturation (Crane, 1983). 
The chemical composition of honey, as well as aroma, color and medicinal properties, are 
directly related to the nectar source that originated with the bee species that produced it, 
with their geographic and climatic conditions. All these factors contribute to the wide 
variation found in honey [62]. 

Shin and Ustunol [63] defines honey as natural syrup containing mainly fructose (38.5%) 
and glucose (31.3%). Other sugars in honey include maltose (7.2%), sucrose (1,5%) and a 
variety of oligosaccharides (4.2%). In addition to the complex mixture of carbohydrates, are 
enzymes, minerals, pigments, waxes and pollen. More than one hundred eighty substances 
have been found in different honey types. 
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Honey is a complex product of easy digestion and assimilation, constituting a source of 
energy that contributes to the balance of biological processes in that it contains suitable 
proportions, enzymes, vitamins, fatty acids, amino acids, phenolic and aromatic substances 
[64]. In addition contains oligosaccharides which stimulates the growth of probiotic bacteria 
in the gut [65, 66]. 

Leite et al. [65], found in various di-and trisaccharides in Brazilian honeys. Maltose showed 
up in higher levels in honeys surveyed followed by other five disaccharides, turanose, 
nigerose, melibiose, sucrose, isomaltose and four trisaccharides, maltotriose, panose, 
melezitose and raffinose.. 

Cellobiose, gentiobiose, isomaltose, kojibiose, laminaribiose, maltose, maltulose, melibiose, 
nigerose, palatinose, trehalose, trehalulose, turanose, and sucrose are the main disaccharides 
found in honey [66, 67]. However, it would be rather difficult to identify the predominant 
disaccharide or certain combinations in the previously studied honey types. For example, 
maltulose and turanose were found in many honey samples, however their concentrations 
varied to a wide extent. Thus, Sanz and others [66] found the highest amounts of maltulose 
and turanose (0.66 to 3.52 and 0.72 to 2.87 g/100 g of honey, respectively) in 10 samples of 
honey from different regions of Spain and commercially available nectar and honeydew 
honeys. 

Carbohydrate degradation has been extensively studied in a variety of different 
Bifidobacterium species. Various α- and β-galactosidases, α- and β-glucosidase and β-
fructofuranosidases during growth on fructooligosaccharides activities have been 
characterized in Bifidobacterium species. Additionally, starch-, amylopectin-, and pullulan-
degrading activities in bifidobacteria have been investigated [68] 

Pokusaeva et al. [68] describe the identification of two genes, agl1 and agl2, present in the 
genome of B. breve UCC2003 and responsible for the hydrolysis of α-glycosidic linkages, 
such as those present in palatinose. The preferred substrates for both enzymes were panose, 
isomaltose, and trehalulose. The two purified α-1,6-glucosidases were also shown to have 
transglycosylation activity, synthesizing oligosaccharides from palatinose, trehalulose, 
trehalose, panose, and isomaltotriose. 

Proline is the main amino acid present in honey; it is added by the bee and its amount varies 
depending on the floral source.[67]. 

Macedo et al. [69] studied the effect of the Apis mellifera honey on growth and viability of 
commercial strains of lactobacilli and bifidobacteria in fermented milk. Milk was inoculated 
with 2% of each probiotic separately and added with 3% of honey. After fermentation, were 
stored at 7 º C for up to 46 days and were evaluated periodically. The honey did not affect 
the growth or activity of lactobacilli, but exerted significant positive effect (p<0.05) on 
Bifidobacterium cultures assisting in maintaining the viability and stimulating metabolic 
activity of these bacteria, with increased pH reduction. 
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Bifidobacterium cultures assisting in maintaining the viability and stimulating metabolic 
activity of these bacteria, with increased pH reduction. 
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5. Conclusion 

It is well stablished the role of several oligosaccharides as prebiotic substances. The prebiotic 
effect of human milk, however, is not related to a single growth-promoting substance, but 
rather to a complex of interacting factors. In particular the prebiotic effect has been ascribed 
to several oligosaccharides, that is clearly proved. The role and the way milk fat and 
proteins such as lactoferrin, lysozyme stimulate the growth of probiotic bacteria is not yet 
clearly defined.  
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1. Introduction 

On the one hand, probiotics as microbial cellular preparations of usefulness for human 
include a lot of examples of successful applications supporting healthy status of organism. 
Majority of probiotics are represented by lactobacilli, bifidobacteria, and their mixtures [1]. 
Among them Acilact (consortium Lactobacillus acidophilus NK1 + 100ash + K3III24), 
Lactobacterin (L. plantarum 8RA-3), Bifidin (Bifidobacterium adolescentis MC-42), 
Bifidumbacterin (B. bifidum N1), Biovestin (B. adolescentis + B. bifidum) and others are well-
known probiotics produced and used in Russia (Table 1). These probiotics are based on 
probiotic strains from healthy adults gut (Collection of microorganism at G.N. Gabrichevsky 
Research Institute for Epidemiology & Microbiology [2]). However being of live cell origin, 
survival and metabolism of probiotics could not be reliably controlled, and theoretically in 
some cases originally probiotic bacteria have some risk to be changed towards decreasing 
useful activities and revealing negative features similarly to some relative pathogens. So 
search of non-cellular types of natural agents imitating probiotics is really important. 

On the other hand, lectins as carbohydrate-binding/recognizing/sensitive proteins of non-
immunoglobulin nature are multifunctional and multidomain (at least one type domain is 
CRD: carbohydrate binding at the level of aminoacid sequence), widely occur in nature [3 - 
9], and can be specifically assembled to different soluble or not glycans, polysaccharides or 
glycoconjugates (GC) [glycoproteins, glycolipids, other glycol-non-proteins, any targets 
with exposed GC] in selected directions especially on solid or cell surfaces [10 - 15]. During 
assembling, lectin complexes: a) increase their multivalent and multifunctional recognition 
(more CBS: carbohydrate binding sites [CRD or epitopes in space], appearance of new types 
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1. Introduction 

On the one hand, probiotics as microbial cellular preparations of usefulness for human 
include a lot of examples of successful applications supporting healthy status of organism. 
Majority of probiotics are represented by lactobacilli, bifidobacteria, and their mixtures [1]. 
Among them Acilact (consortium Lactobacillus acidophilus NK1 + 100ash + K3III24), 
Lactobacterin (L. plantarum 8RA-3), Bifidin (Bifidobacterium adolescentis MC-42), 
Bifidumbacterin (B. bifidum N1), Biovestin (B. adolescentis + B. bifidum) and others are well-
known probiotics produced and used in Russia (Table 1). These probiotics are based on 
probiotic strains from healthy adults gut (Collection of microorganism at G.N. Gabrichevsky 
Research Institute for Epidemiology & Microbiology [2]). However being of live cell origin, 
survival and metabolism of probiotics could not be reliably controlled, and theoretically in 
some cases originally probiotic bacteria have some risk to be changed towards decreasing 
useful activities and revealing negative features similarly to some relative pathogens. So 
search of non-cellular types of natural agents imitating probiotics is really important. 

On the other hand, lectins as carbohydrate-binding/recognizing/sensitive proteins of non-
immunoglobulin nature are multifunctional and multidomain (at least one type domain is 
CRD: carbohydrate binding at the level of aminoacid sequence), widely occur in nature [3 - 
9], and can be specifically assembled to different soluble or not glycans, polysaccharides or 
glycoconjugates (GC) [glycoproteins, glycolipids, other glycol-non-proteins, any targets 
with exposed GC] in selected directions especially on solid or cell surfaces [10 - 15]. During 
assembling, lectin complexes: a) increase their multivalent and multifunctional recognition 
(more CBS: carbohydrate binding sites [CRD or epitopes in space], appearance of new types 
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of CBS and new targets are reached), b) form a dynamic partially reversible net system of 
lectin associates revealing carbohydrate recognition (the relatively changeable vector of 
resulting recognition by such a system can be evaluated by ordering a panel of carbohydrate 
targets according to their affinity to lectins). As a result, any lectin molecule in biological 
surroundings can be theoretically represented as: a) a lectin system (LS) of complexes and 
ensembles, b) a cascade of the directed assembling reactions, and c) a cascade system [16]. 
For example, complexes or oligomers of lectins or lectin-GC may be able to reveal new or 
modified carbohydrate/GC specificity, for example, in locations between subunits [14]. So 
lectin type cascades involving changeable originally the same molecules of lectins are 
possible.  

Lectins are represented by more than 20 families and large groups involving in regulation of 
metabolism and widely used in biotechnology [5, 7, 8, 13, 15, 17]. Symbiotic microbial lectins are 
important regulators of relationships between microbes and eukaryotic macroorganisms [16]. 
However, among symbiotic lectins, PBL are the least studied recognition factors [8, 16, 18].  

In 2004 probiotic bacterial lectins (PBL) including lactobacillar and bifidobacterial lectins (LL 
and BL) of human origin were firstly identified and preliminarily characterized by us [19]. 
The present study extend our knowledge concerning PBL as new class of natural symbiotic 
compounds. Such lectins may play important role in human superorganism in the 
regulation of inter- and intrapopulation relationships between bacteria and between bacteria 
and the host [20]. The data concerning lectins allow evaluation of important potential of PBL 
as cofunctioning factors produced by probiotics. The aim was to review our current study of 
PBL in aspects of their prospects for biotechnology and medicine. 

2. Isolation and characterization of PBL  

Criteria of choice of bacterial sources of PBL were:: a) probiotic lactobacilli and 
bifidobacteria, b) industrial strains, and c) consortium variants of increased antagonistic 
activities against reference microbial diagnosticums. Acilact corresponded to all these 
criteria. So LL isolated were represented as a combination of lectins of all ingredient strains 
of Acilact. Analogously, BL isolated included combination of lectins of strains MC-42 and 
N1. We studied lectins from probiotical lactobacilli and bifidobacteria, originally isolated 
from the healthy adults gut (Table 1). 

Identification of PBL [20] was performed using a panel of biotinylated artificial polymeric 
linear water-soluble GC (www.lectinity.com). Advantages of such GC were homogenecity, 
multiple carbohydrate residues in side exposed positions (on polyacrylamide chain) similar 
to mucin glycan clusters or to simple carbohydrate antigen organization, and increased 
affinity of interaction due to polyvalent carbohydrate targets. The combined scheme of 
identification and isolation of PBL is presented in Fig. 1. The critical step of identification is 
isoelectric focusing of protein fractions in the slab of polyacrylamide gel followed by gel 
electric blotting to membrane. Immobilized lectins treated with biotinyl-GC were visualized 
by streptavidin-peroxidase conjugate in the presence of chemiluminescent substrate of 
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peroxidase using Dark Room of the BioChemi System (UVP, Calif.). Chemiluminescence 
kinetics was registered to optimise regime of PBL registration. The main positions of PBL 
were established (see Table 2). Lectins revealed in acidic region (within pI 4-4.5) of pH 
gradient were combined as acidic PBL (preparations aLL and aBL), and lectins revealed in 
basic region (within pI 7.6-8) were combined as basic PBL (preparations bLL or bBL). 
Additional PBL were identified as slightly acidic (within pI 5.1-6) [21] or approximately 
neutral. Artificial Mannan [GC as polyMan]- or (Mucin-like[GC as polyGalNAc])-binding 
PBL were rerpresented by LL (preferentially Mucin-like binding) and BL (preferentially 
Mannan-like binding). Combined preparations of LL (aLL or bLL) of Acilact were 
represented by contributions of the corresponding aLL or bLL of Acilact ingredient strains. 
Similarly, combined LB of strains MC-42 and N1 completed each other.  

PBL were localized on the surface of bacteria (lactobacilli) within complexes which can be 
simply desorbed in the presence of LiCl (not NaCl). System of cell surface LL (as more 
protected) was represented by more extended panel of forms compared to secreted LL (as 
more dissociated and available to hydrolases of surrounding) into cultural fluid. Maximal 
forms of LL were obtained when boiled in the presence of sodium dodecyl sulfate (SDS) and 
2-mercaptoethanol (ME) (Table 3).  

2.1. Isolation of PBL  

Scheme of isolation of PBL is presented in Fig. 1. Being on the bacterial cell surface in 
complexes, PBL can be esially desorpted in vitro or in cultural fluids in the presence of 
chaotropic agents in combinations with surfactants (endogenic or exogenic) and chelate 
compounds. The way of isolation of active PBL is protected by the patent (in process). 
Procedure of PBL isolation needed approximately 3 days. As a result, PBL preparations 
were characterized as uncolor, transparent fluids, without smell, resistant to freezing.  

 
*Simultaneous identification of GC-binding PBL by blotting of a part of gel plate to membrane followed by membrane 
treating with GC-biotin and Streptavidin-Peroxidase.  

Figure 1.  Scheme of identification and isolation of PBL [5, 20].  

1. Growth of bacteria in fluid medium.  

2. Microfiltration and sterilization in Steriflip (Millipore).  

3. Concentration and concentrate washing in Centricon Plus-20 (Millipore). 

4. Precipitation of concentrate with ice acetone.  

5. Solubilization of precipitate in small volume. 

6. Isoelectric focusing in slab of polyacrylamide gel in the presence of urea and saccharose.  

7. Cutting out of lectins from the gel regions where acidic or basic PBL were identified*.  

8. Extraction of PBL from gel.  

9. Concentration and concentrate washing in phosphate buffer saline pH 7 (PBS). 

10. Freezing and storing aliquots of PBL. 
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of CBS and new targets are reached), b) form a dynamic partially reversible net system of 
lectin associates revealing carbohydrate recognition (the relatively changeable vector of 
resulting recognition by such a system can be evaluated by ordering a panel of carbohydrate 
targets according to their affinity to lectins). As a result, any lectin molecule in biological 
surroundings can be theoretically represented as: a) a lectin system (LS) of complexes and 
ensembles, b) a cascade of the directed assembling reactions, and c) a cascade system [16]. 
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possible.  

Lectins are represented by more than 20 families and large groups involving in regulation of 
metabolism and widely used in biotechnology [5, 7, 8, 13, 15, 17]. Symbiotic microbial lectins are 
important regulators of relationships between microbes and eukaryotic macroorganisms [16]. 
However, among symbiotic lectins, PBL are the least studied recognition factors [8, 16, 18].  

In 2004 probiotic bacterial lectins (PBL) including lactobacillar and bifidobacterial lectins (LL 
and BL) of human origin were firstly identified and preliminarily characterized by us [19]. 
The present study extend our knowledge concerning PBL as new class of natural symbiotic 
compounds. Such lectins may play important role in human superorganism in the 
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bifidobacteria, b) industrial strains, and c) consortium variants of increased antagonistic 
activities against reference microbial diagnosticums. Acilact corresponded to all these 
criteria. So LL isolated were represented as a combination of lectins of all ingredient strains 
of Acilact. Analogously, BL isolated included combination of lectins of strains MC-42 and 
N1. We studied lectins from probiotical lactobacilli and bifidobacteria, originally isolated 
from the healthy adults gut (Table 1). 

Identification of PBL [20] was performed using a panel of biotinylated artificial polymeric 
linear water-soluble GC (www.lectinity.com). Advantages of such GC were homogenecity, 
multiple carbohydrate residues in side exposed positions (on polyacrylamide chain) similar 
to mucin glycan clusters or to simple carbohydrate antigen organization, and increased 
affinity of interaction due to polyvalent carbohydrate targets. The combined scheme of 
identification and isolation of PBL is presented in Fig. 1. The critical step of identification is 
isoelectric focusing of protein fractions in the slab of polyacrylamide gel followed by gel 
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peroxidase using Dark Room of the BioChemi System (UVP, Calif.). Chemiluminescence 
kinetics was registered to optimise regime of PBL registration. The main positions of PBL 
were established (see Table 2). Lectins revealed in acidic region (within pI 4-4.5) of pH 
gradient were combined as acidic PBL (preparations aLL and aBL), and lectins revealed in 
basic region (within pI 7.6-8) were combined as basic PBL (preparations bLL or bBL). 
Additional PBL were identified as slightly acidic (within pI 5.1-6) [21] or approximately 
neutral. Artificial Mannan [GC as polyMan]- or (Mucin-like[GC as polyGalNAc])-binding 
PBL were rerpresented by LL (preferentially Mucin-like binding) and BL (preferentially 
Mannan-like binding). Combined preparations of LL (aLL or bLL) of Acilact were 
represented by contributions of the corresponding aLL or bLL of Acilact ingredient strains. 
Similarly, combined LB of strains MC-42 and N1 completed each other.  

PBL were localized on the surface of bacteria (lactobacilli) within complexes which can be 
simply desorbed in the presence of LiCl (not NaCl). System of cell surface LL (as more 
protected) was represented by more extended panel of forms compared to secreted LL (as 
more dissociated and available to hydrolases of surrounding) into cultural fluid. Maximal 
forms of LL were obtained when boiled in the presence of sodium dodecyl sulfate (SDS) and 
2-mercaptoethanol (ME) (Table 3).  

2.1. Isolation of PBL  

Scheme of isolation of PBL is presented in Fig. 1. Being on the bacterial cell surface in 
complexes, PBL can be esially desorpted in vitro or in cultural fluids in the presence of 
chaotropic agents in combinations with surfactants (endogenic or exogenic) and chelate 
compounds. The way of isolation of active PBL is protected by the patent (in process). 
Procedure of PBL isolation needed approximately 3 days. As a result, PBL preparations 
were characterized as uncolor, transparent fluids, without smell, resistant to freezing.  

 
*Simultaneous identification of GC-binding PBL by blotting of a part of gel plate to membrane followed by membrane 
treating with GC-biotin and Streptavidin-Peroxidase.  

Figure 1.  Scheme of identification and isolation of PBL [5, 20].  

1. Growth of bacteria in fluid medium.  

2. Microfiltration and sterilization in Steriflip (Millipore).  

3. Concentration and concentrate washing in Centricon Plus-20 (Millipore). 

4. Precipitation of concentrate with ice acetone.  

5. Solubilization of precipitate in small volume. 

6. Isoelectric focusing in slab of polyacrylamide gel in the presence of urea and saccharose.  

7. Cutting out of lectins from the gel regions where acidic or basic PBL were identified*.  

8. Extraction of PBL from gel.  

9. Concentration and concentrate washing in phosphate buffer saline pH 7 (PBS). 

10. Freezing and storing aliquots of PBL. 
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No Species*, strains Previous names 
Probiotics in Russia including s 

train as ingredient 

1 L. helveticus NK1 L. acidophilus NK1 Acilact, Normospectrum, Polybacterin 

2 L. casei/paracasei  
                 K3III24 

L. acidophilus K3III24 Acilact, Normospectrum 

3 L. helveticus 100ash L. acidophilus 100ash Acilact 

4 L. plantarum 8RA-3 L. plantarum 8RA-3 Lactobacterin 

5 B. longum MC-42 B. adolescentis MC-42 Bifidin  

6 B. bifidum N1 B. bifidum N1 Bifidok, Bifidumbacterin  

*[46, 47]. 

Table 1. Probiotic lactobacillar and bifidobacterial strains (ingredients of probiotics) used in our work 

 

       General properties: 
 Original localization in ordered complexes within cell surface layers; facilitated 

desorption into surroundings  
 Molecular masses within 52-80 kD  
 System forms: acidic [a] (within pI 3.7-4.5), slowly acidic (within рI 5.1-6), neutral 

(within рI 6.5-7.5) and basic [b] (pI  7.6-8)  
 Contain exposed aromatic aminoacids: Tyr (partially masked in different erxtent in aLL 

and aBL), Trp (preferentially in BL, Phe (some differences between aLL and aBL)  
 Aggregation state (preferentially for aL)  
 Sensitivity to detergents (preferentially for bL)  
 Capability to adhesion on hydrophobic surfaces like polysterene and immobillon P (aL > bL) 
 Contain ions Ca, Mg 

Acidic LL: 
major 58-59 kD 
minors 60-62 and 53-55 kD 
рI 3.8-4 (2 bands) 
(D350 – D400)/D240= 46.3 

Acidic BL: 
Majors and minors 56-57, 53-54, 60-64 kD 
 
рI 3.7-4.2  (1 band + 2  dublet bands) 
(D350 – D400)/D240 = 66.7 

Basic LL: 
62-80 kD , рI  7.6-8 
(D350 – D400)/D240 = 33.8 

Basic BL: 
58-62; 52-54 kD;  рI 7.6-8 
(D350 – D400)/D240 = 33.2 

D= optical density. 

Table 2. Physicochemical and biochemical properties of PBL [5, 20, 22]   
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Sources of PBL Specificity to 
polymeric GC 

Positions of PBL 
bands, pI* 

Intensity of 
PBL** 

Protein concentrates    

В. adolescentis MC-42 GalNAc- 
Man(6-P)- 
Gal(3-Sulfate)- 

7.5-8 
6; 8 

4-5; 7 

4+/3+ 
3+/+ 
4+/+ 

В. gallinarum GB*** GalNAc- 
Man(6-P)- 
Gal(3-Sulfate)- 

8 
6.5; 7.5-8 

7 

2+ 
2+/+/3+ 

2+ 
В. bifidum N1 GalNAc- 

Man(6-P)- 
Gal(3-Sulfate)- 

7-7.5 
8 

4-5 

2+ 
2+ 
4+ 

LiCl-cell surface 
extracted protein 
concentrates 

   

L. acidophilus 100ash GalNAc- 
Man(6-P)- 
Gal(3-Sulfate)- 

5.1-7-7.5;8 
6.5 
5; 7 

+/4+/3+ 
2+ 

+/3+ 
L. acidophilus NK1 GalNAc- 

Man(6-P)- 
8 

6;6.5;7 
2+ 

+/2+/+ 
(SDS+МE)-treated 
proteins of concentrate 
fractions 

   

Acilact GalNAc- 
Man(6-P)- 

4.5-5.5;5.8;6.3 
5.5-6.5 

3+/3+2+ 
2+/3+/2+ 

L. acidophilus 100ash GalNAc- 
Man(6-P)- 
Gal(3-Sulfate)- 

5.8;6.2 
6-7 
5; 7 

+/+ 
2+/+ 
+/3+ 

L. acidophilus NK1 GalNAc- 
Man(6-P)- 

4.5-5;5.7;6.2 
5;6-6.8;7-8 

3+/2+/+ 
2+/2+/4+ 

*Isoelectric points (pI) according to isoelectric focusing in PAA gel in gradient of pH 4 - 8; ** in scale “+” - “4+” (relative 
chemiluminescence of complex PBL-b—Streptavidin-Peroxidase in the presence of chemiluminescent substrate of 
peroxidase). *** strain from chicken gut. SDS: sodium dodecyl sulfate, ME: 2-mercaptoethanol.  

Table 3. Identified PBL of different types [20].  

The main physicochemical and biochemical properties of PBL are presented in Table 2. As it 
can be seen from the Table 2, PBL are relatively hydrophobic proteins and can be presented 
in aggregated forms with partially exposed aromatic aminoacid residues (especially 
controlled for Tyr and Trp). Protein stability of PBL needed the presence of cocktail of 
protease inhibitors (“Complete”, R & D). Increased disappearance of bBL upon storing in 
glass tubes (compared to polypropylene tubes) for a long time was observed (increased 
sorption on glass walls is possible). PBL contained cations of metals. For example, major 



 
Probiotics 420 

No Species*, strains Previous names 
Probiotics in Russia including s 

train as ingredient 
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2 L. casei/paracasei  
                 K3III24 
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4 L. plantarum 8RA-3 L. plantarum 8RA-3 Lactobacterin 

5 B. longum MC-42 B. adolescentis MC-42 Bifidin  

6 B. bifidum N1 B. bifidum N1 Bifidok, Bifidumbacterin  

*[46, 47]. 

Table 1. Probiotic lactobacillar and bifidobacterial strains (ingredients of probiotics) used in our work 

 

       General properties: 
 Original localization in ordered complexes within cell surface layers; facilitated 

desorption into surroundings  
 Molecular masses within 52-80 kD  
 System forms: acidic [a] (within pI 3.7-4.5), slowly acidic (within рI 5.1-6), neutral 

(within рI 6.5-7.5) and basic [b] (pI  7.6-8)  
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and aBL), Trp (preferentially in BL, Phe (some differences between aLL and aBL)  
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Table 2. Physicochemical and biochemical properties of PBL [5, 20, 22]   

 
Lectin Systems Imitating Probiotics: Potential and Prospects for Biotechnology and Medical Microbiology 421 

Sources of PBL Specificity to 
polymeric GC 

Positions of PBL 
bands, pI* 

Intensity of 
PBL** 

Protein concentrates    
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4.5-5.5;5.8;6.3 
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*Isoelectric points (pI) according to isoelectric focusing in PAA gel in gradient of pH 4 - 8; ** in scale “+” - “4+” (relative 
chemiluminescence of complex PBL-b—Streptavidin-Peroxidase in the presence of chemiluminescent substrate of 
peroxidase). *** strain from chicken gut. SDS: sodium dodecyl sulfate, ME: 2-mercaptoethanol.  

Table 3. Identified PBL of different types [20].  

The main physicochemical and biochemical properties of PBL are presented in Table 2. As it 
can be seen from the Table 2, PBL are relatively hydrophobic proteins and can be presented 
in aggregated forms with partially exposed aromatic aminoacid residues (especially 
controlled for Tyr and Trp). Protein stability of PBL needed the presence of cocktail of 
protease inhibitors (“Complete”, R & D). Increased disappearance of bBL upon storing in 
glass tubes (compared to polypropylene tubes) for a long time was observed (increased 
sorption on glass walls is possible). PBL contained cations of metals. For example, major 
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forms of PBL of L. helveticus NK1 (strain as dominated contributors of LL into Acilact) 
contain approximately 2 Ca2+ in molecule. Fluorescent properties of PBL (especially in case 
of BL) are increased in PBL complexes including endogenic exopolymers.  

Aforementioned data allow preliminary classifications of PBL [5, 7, 16]. Currently, PBL can 
be considered as: originally surface proteins of recognition, Ca2+ (and other metal cation)-
containing and binding proteins, relatively (random structure)-organized (decreasing of 
randomly ordered structure in complexes as refolding recognition process), preferentially 
originally mono- or bivalent (one CBS in polypeptide) low sensitive haemagglutinins 
(similar to pan-agglutinins), with capability to create complexes, oligomeres and aggregated 
particles, members of functional superfamilies. 

2.2. Biological properties of PBL 

PBL imitate the following general main activities of probiotics: antimicrobial, 
immunocorrecting, ssupporting consortium, stabilizing healthy status in communicative 
directions “Microbes - Microbes” and “Microbes - Host”. In addition, PBL reveal unique 
properties which complete probiotics to synbiotics and extend spectrum of useful activities 
in combinations “Probiotics + PBL” (see below).  

PBL are represented by four LS (Table 1). Among them LL and LB (acidic and basic) were 
isolated and studied by us in detail. In addition, in case of slowly acidic LL it was suggested 
their potential cofunctioning to oxidase-reductase system within potential lactobacillus 
consortium of Acilact strains and L. plantarum 8RA-3 [21]. The role of such LL may be in 
regulation of protection of probiotic consortium in biotopes against peroxide stress. 
Examples of regulation of oxidoreductases with lectins are well documented [15]. Mean 
time, the role of neutral LL is still unclear.  

2.2.1. Interactions between PBL and GC [14, 17, 19, 20, 22-24]  

Major forms of soluble PBL are represented mainly as molecules and their complexes with 
one CBS. Such PBL forms needed hydrolase treated red cells for visualization of 
haemagglutination reaction. In haemagglutination reaction (Clostridium perfringens sialidase-
treated human AII-blood group erythrocytes) interaction between PBL and GC was as 
approximately equimolar (1 : 1, M/M).  

We identified different lectins secreted by lactobacilli and bifidobacteria using a panel of GC 
and mainly three methods including: a) dot-blotted supernatant concentrates on 
Immobillon-P membrane (Millipore), b) proteins blotted after isoelectric focusing 
supernatant concentrated protein fractions in polyacrylamide plate, c) proteins sorpted on 
sialidase (or trypsin)-treated human AII-red cells [5, 22 - 25].  

For identification of lectins among extended panel of lactobacilli and bifidobacteria strains 
we used GC (0.5-5 mkg/ml, PBS) containing multiply exposed side carbohydrate residues on 
biotynylated (b) or not polyacrylamide (PAA) chain (www.lectinity.com):  
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 Fucα1- [α-L-Fucan-like], 
 Galβ1- [β-D-Galactan-like], 
 Gal(3-Sulfate)β1- [3-HSO3Galβ1- ;β-D-Galactan-3-Sulfate polymer], 
 GaNAcα1- [Tn-like antigen containing polymer], 
 GalNAcα1,3Galβ1- [Adi as (AII-blood group substance)-like containing polymer], 
 GalNAcα1,3GalNAcβ1- [Fs as (Forssman antigen)-like containing polymer], 
 GalNAcα1,3GalNAcα1- , 
 Galα1,3GalNAcα1- [Tαα-like antigen containing polymer], 
 GalNAcβ1- [desialylated Mucin-like], 
 Galβ1,4GlcNAcβ1- [poly(LacNAc)-containing mucin-like], 
 GlcNAcβ1- [soluble linear Chitin-like], 
 Manα1- [α-D-Mannan-like], 
 Man(6-phosphate)α1- [6-H2PO3Manα1-polymer; α-D-PhosphoMannan], 
 (MurNAc-L-Ala-D-isoGln)β1- [MDP-; Muramyldipeptide containing polymer; bacterial 

Peptidoglycan-like], 
 Rhaα1- [α-L-Rhamnan-like]. 

The whole resulted chemiluminescent pictures of LL and BL separated by isoelectric 
focusing followed by blotting were distinct and needed individual optimized regimes of 
registration. It is seen from the Table 3 that: a) the pictures of PBL are unigue and depended 
on strain origin, b) dominated PBL types are revealed as mucin- and/or Mannan-binding; b) 
PBL of probiotic consortium include PBL of ingredient strains. Mannan-binding lectins of L. 
plantarum 8RA-3 possessed increased intensities of chemiluminescence [19]. These data were 
supported by study of PBL specificity to GC in haemagglutination reaction [5, 23]. 
Dissociation of PBL-(hydrolase-treated human AII-red cells) agglutinates was observed in 
the presence of 0.5-1 mkg/ml of GC. Effectivenes of GC was decreased in the order: 
poly(GalNAc) or Mannan > Galactan >> Chitin-like polymer (no influence).  

In other seria of experiments we extended panel of probiotic bacteria and extended panel of 
GC to identify new PBL types using dot-blotting technique [24, 25]. It was shown that PBL 
of lactobacilli and bifidobacteria are capable to discriminate GalNAc-containing GC 
(GalNAc residues as exposed, internal/masked, or dublicated) glycoantigens Adi-, Fs-, or Tn- 
depending on strain origin. No binding of PBL to Tαα was observed. PBL also discriminated 
artificial peptidoglycan, mannans and mucins. Due to PBL revealing as LS [16] when two or 
more PBL forms (major and minor ones) vary on specificity, similarity (identical part of 
mosaic of the same specificity) and differences (the whole mosaic as unique, ranging 
intensity of components with the same specificity, some components which simultaneously 
recognize two types of target GC) between recognizing potential of species and genus of 
lactobacilli and bifidobacteria can be established. 

Using dot-blotting technique, at least 7 types of LS were identified for extended panel of 
lactobacilli and bifidobacteria which occur in human gut. Among these, LS were 
represented by lectins which especially significantly recognized α–D-Mannan 
(phosphorylated or not; yeast-like), α-L-Fucan (algal-like), peptidoglycan (bacterial-like), 
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forms of PBL of L. helveticus NK1 (strain as dominated contributors of LL into Acilact) 
contain approximately 2 Ca2+ in molecule. Fluorescent properties of PBL (especially in case 
of BL) are increased in PBL complexes including endogenic exopolymers.  

Aforementioned data allow preliminary classifications of PBL [5, 7, 16]. Currently, PBL can 
be considered as: originally surface proteins of recognition, Ca2+ (and other metal cation)-
containing and binding proteins, relatively (random structure)-organized (decreasing of 
randomly ordered structure in complexes as refolding recognition process), preferentially 
originally mono- or bivalent (one CBS in polypeptide) low sensitive haemagglutinins 
(similar to pan-agglutinins), with capability to create complexes, oligomeres and aggregated 
particles, members of functional superfamilies. 

2.2. Biological properties of PBL 

PBL imitate the following general main activities of probiotics: antimicrobial, 
immunocorrecting, ssupporting consortium, stabilizing healthy status in communicative 
directions “Microbes - Microbes” and “Microbes - Host”. In addition, PBL reveal unique 
properties which complete probiotics to synbiotics and extend spectrum of useful activities 
in combinations “Probiotics + PBL” (see below).  

PBL are represented by four LS (Table 1). Among them LL and LB (acidic and basic) were 
isolated and studied by us in detail. In addition, in case of slowly acidic LL it was suggested 
their potential cofunctioning to oxidase-reductase system within potential lactobacillus 
consortium of Acilact strains and L. plantarum 8RA-3 [21]. The role of such LL may be in 
regulation of protection of probiotic consortium in biotopes against peroxide stress. 
Examples of regulation of oxidoreductases with lectins are well documented [15]. Mean 
time, the role of neutral LL is still unclear.  

2.2.1. Interactions between PBL and GC [14, 17, 19, 20, 22-24]  

Major forms of soluble PBL are represented mainly as molecules and their complexes with 
one CBS. Such PBL forms needed hydrolase treated red cells for visualization of 
haemagglutination reaction. In haemagglutination reaction (Clostridium perfringens sialidase-
treated human AII-blood group erythrocytes) interaction between PBL and GC was as 
approximately equimolar (1 : 1, M/M).  

We identified different lectins secreted by lactobacilli and bifidobacteria using a panel of GC 
and mainly three methods including: a) dot-blotted supernatant concentrates on 
Immobillon-P membrane (Millipore), b) proteins blotted after isoelectric focusing 
supernatant concentrated protein fractions in polyacrylamide plate, c) proteins sorpted on 
sialidase (or trypsin)-treated human AII-red cells [5, 22 - 25].  

For identification of lectins among extended panel of lactobacilli and bifidobacteria strains 
we used GC (0.5-5 mkg/ml, PBS) containing multiply exposed side carbohydrate residues on 
biotynylated (b) or not polyacrylamide (PAA) chain (www.lectinity.com):  
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 Rhaα1- [α-L-Rhamnan-like]. 

The whole resulted chemiluminescent pictures of LL and BL separated by isoelectric 
focusing followed by blotting were distinct and needed individual optimized regimes of 
registration. It is seen from the Table 3 that: a) the pictures of PBL are unigue and depended 
on strain origin, b) dominated PBL types are revealed as mucin- and/or Mannan-binding; b) 
PBL of probiotic consortium include PBL of ingredient strains. Mannan-binding lectins of L. 
plantarum 8RA-3 possessed increased intensities of chemiluminescence [19]. These data were 
supported by study of PBL specificity to GC in haemagglutination reaction [5, 23]. 
Dissociation of PBL-(hydrolase-treated human AII-red cells) agglutinates was observed in 
the presence of 0.5-1 mkg/ml of GC. Effectivenes of GC was decreased in the order: 
poly(GalNAc) or Mannan > Galactan >> Chitin-like polymer (no influence).  

In other seria of experiments we extended panel of probiotic bacteria and extended panel of 
GC to identify new PBL types using dot-blotting technique [24, 25]. It was shown that PBL 
of lactobacilli and bifidobacteria are capable to discriminate GalNAc-containing GC 
(GalNAc residues as exposed, internal/masked, or dublicated) glycoantigens Adi-, Fs-, or Tn- 
depending on strain origin. No binding of PBL to Tαα was observed. PBL also discriminated 
artificial peptidoglycan, mannans and mucins. Due to PBL revealing as LS [16] when two or 
more PBL forms (major and minor ones) vary on specificity, similarity (identical part of 
mosaic of the same specificity) and differences (the whole mosaic as unique, ranging 
intensity of components with the same specificity, some components which simultaneously 
recognize two types of target GC) between recognizing potential of species and genus of 
lactobacilli and bifidobacteria can be established. 

Using dot-blotting technique, at least 7 types of LS were identified for extended panel of 
lactobacilli and bifidobacteria which occur in human gut. Among these, LS were 
represented by lectins which especially significantly recognized α–D-Mannan 
(phosphorylated or not; yeast-like), α-L-Fucan (algal-like), peptidoglycan (bacterial-like), 
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mucins (mammalian gut-like); antigens Тn and Forssman, blood group AII substance. Such 
lectins were identified as mosaic within bacterial mainly acidic protein massive.  

Aforementioned data on interaction between PBL and GC indicate that PBL may serve as 
additional important functional characteristic. The latter can serve the basis to study biotope 
metabolic relationships involving probiotic bacteria as antagonistic to opportunistic 
microorganisms in keeping healthy biotope status; and to construct cofunctioning systems 
of PBL together with yeast and higher plant ingredients.  

Antimicrobial activities of PBL against clinical microbial strains [21, 26-32] included: 

- Growth inhibition; 
- Involving biodegradation (proteolysis) (LL > BL);  
- Synergistic action (LL + BL: against staphylococci [effectiveness: LL > BL]; BL + LL: 

against microfungi [effectiveness: BL > LL]; BL + antibiotics: against Candida species 
[possibility to decrease effective work doses of antibiotics]);  

- Action as cascades (action of aPBL followed by action of bPBL); 
- Concurent use of resources of pathogens during their different live cycle steps (wrong 

essembling of biofilms of pathogens, choice and switching of metabolome nets, 
increased degradation of pathogen constructions including their lysis). 

The following general comments on antimicrobial action of PBL should be noted. The action 
of PBL is directed against colorectal and urogenital clinical strains from human biotopes. 
PBL act as the members of new class of biofilm destructors [27]. Anti-Staphylococcus and 
anti-Candida action reveal multistep synergism in space (different regions of action of aLL 
and bLL, aBL and bBL, aLL and aBL, antibiotic-like and lytic actions) and in time (earlier 
action as antibiotic-like, later lytic action of aPBL followed by lysis by bPBL). It takes place 
multisynergism of anti-Candida action between PBL and antibiotics (azoles, amphotericin B, 
nystatin). Taken together, PBL imitate anti-Staphylococcus and anti-Candida activities of 
probiotic lactobacilli and bifidobacteria [33, 34] and can be potentially used for treatment of 
candidoses and staphylococcoses. 

It should be also noted that PBL possess advantages compared to other antimicrobials: 
prolonged action; cascade synergistic action, low subcytoagglutinating doses; non-
dependence on antibiotic types (upon therapy) [probiotics delivered can be inactivated by 
some antibiotics]. In addition, ketokonazol and some other antibiotics are poorly soluble in 
PBS that decreases their effectiveness and control. 

2.2.2. Activities of PBL in respect of potential probiotic compartment of biotope [35, 37, 38] 

PBL reveal a spectrum of activities in respect of populations of lactobacilli isolated from the 
same biotope. Results indicate that LL support healthy status of normoflora in biotope due 
to realization of supervisor signal functions of PBL. It is expected that when delivered, PBL 
increase synbiotic compartment of biotope against potential pathogenic compartment (in 
addition to other positive events in  direction “Microbiocenoses - Host”).  
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2.2.3. Other biological activities of PBL 

Activities of PBL in respect of cells of mammalian protection systems [22, 27]: 

- Inducing production of TNF-α by human periphery blood lymphocytes; 
- Modulation of peritoneal macrophage migration in manner which is differed from 

action of GC; 

Predicted PBL activities based on similarities to symbiotic bacterial lectins [16], other lectins 
and probiotics:  

- As possible ingredients of drug forms in cases of colorectal alterations (potential 
effectiveness: BL > LL), or urogenital alterations (potential effectiveness: LL > BL). 

- Direct antitumor action: against changed human cell systems similarly to PBL action 
against eukaryotic pathogens as xenoagents in organism (potential effectiveness: BL > 
LL); througph increased affinity of PBL to Poly(LacNac) as potential tumor antigens 
[14] (potential effectiveness: LL > BL); 

- Against protozoan pathogens (like action against another type of eukaryotic pathogens 
- microfungi); 

- Against viruses (like Acilact action against rotavirus infection of children; similar to 
Mannan-binding phytolectins possessing activity against HIV-1); 

- Intracellular sorting into organells and vesicules [due to capability of PBL to recognize 
poly(Man-6-P) within targets, similar to animal Man-6-P-binding lectins)]; 

- Biocompatibility and synergism of LL and/or BL together with other probiotic microbial 
lectins as antimicrobials; 

- Biocompatibility and synergism of PBL to other type antimicrobials possessing distinct 
mechanisms of action;  

- The possible forming additional antimicrobial pool as PBL fragments in the presence of 
host and microbial hydrolases of surroundings in biotopes. 

3. Conclusion 

All aforementioned data support wide potential of PBL for industrial and medical 
biotechnology.  

The following main prospects of applications of PBL can be underlined: 

For cell cultures [autostimulators, supporting probiotic bacterial cultures: mixed or not, in 
the presence of pathogen, etc.],  

In constructing bioadditives, anti-infectives and drug forms [system drugs of synergistic 
and selective action as antipathogenic agents, and as factors supporting probiotic 
compartment in biotopes];  

In diagnostics [microassays; for typing clinical pathogen strains; for detecting altered 
anormal surface and metabolome net of pathogenic significance] [28, 29, 32],  
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mucins (mammalian gut-like); antigens Тn and Forssman, blood group AII substance. Such 
lectins were identified as mosaic within bacterial mainly acidic protein massive.  
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It should be also noted that PBL possess advantages compared to other antimicrobials: 
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dependence on antibiotic types (upon therapy) [probiotics delivered can be inactivated by 
some antibiotics]. In addition, ketokonazol and some other antibiotics are poorly soluble in 
PBS that decreases their effectiveness and control. 
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PBL reveal a spectrum of activities in respect of populations of lactobacilli isolated from the 
same biotope. Results indicate that LL support healthy status of normoflora in biotope due 
to realization of supervisor signal functions of PBL. It is expected that when delivered, PBL 
increase synbiotic compartment of biotope against potential pathogenic compartment (in 
addition to other positive events in  direction “Microbiocenoses - Host”).  
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- Modulation of peritoneal macrophage migration in manner which is differed from 

action of GC; 
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- As possible ingredients of drug forms in cases of colorectal alterations (potential 
effectiveness: BL > LL), or urogenital alterations (potential effectiveness: LL > BL). 

- Direct antitumor action: against changed human cell systems similarly to PBL action 
against eukaryotic pathogens as xenoagents in organism (potential effectiveness: BL > 
LL); througph increased affinity of PBL to Poly(LacNac) as potential tumor antigens 
[14] (potential effectiveness: LL > BL); 

- Against protozoan pathogens (like action against another type of eukaryotic pathogens 
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- Against viruses (like Acilact action against rotavirus infection of children; similar to 
Mannan-binding phytolectins possessing activity against HIV-1); 

- Intracellular sorting into organells and vesicules [due to capability of PBL to recognize 
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- Biocompatibility and synergism of PBL to other type antimicrobials possessing distinct 
mechanisms of action;  

- The possible forming additional antimicrobial pool as PBL fragments in the presence of 
host and microbial hydrolases of surroundings in biotopes. 

3. Conclusion 

All aforementioned data support wide potential of PBL for industrial and medical 
biotechnology.  

The following main prospects of applications of PBL can be underlined: 

For cell cultures [autostimulators, supporting probiotic bacterial cultures: mixed or not, in 
the presence of pathogen, etc.],  
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In constructing of cascade biosensors based on LS-organization of PBL [for monitoring 
biotope healthy balance, for screening strains and their mixtures especially on solid surfaces 
like sensibilized membranes, polysterol or polypropelene;  

In constructing predictable lactobacilli- and bifidobacteria-based consortia as potentially 
probiotics-like, constructing synbiotic consortia [37, 38]: 

- keeping metabolome status; 
- switching (on/off) microbial nets and cascades;  
- controlling microbiocenosis functioning; providing cell teaching; 
- factors in constructing of beneficial microbiocenoses; 
- directed antipathogen action by changing ontogenesis of pathogens) [27]; 
- helpers in building cell and cytokine-like gradients [23];  
- synergistic and synbiotic factors in mixed cultures of microorganisms or in host 

biotopes [32];  
- stabilizers of poorly growth probiotic microorganisms [35, 36];  
- co-functioning with other PBL-like and non-PBL antimicrobials produced by probiotic 

compartment of biotope (bacteriocins, antimicrobial peptides and biosurfactants) [22, 39] 
- co-functioning with human cytokines (PBL as cytokine inducers), defensins, antibiotics 

(synergism), antibodies [9, 39, 40];  
- synergism of PBL signaling and signal proteinases/oligopeptidases and (oligo)peptides 

of surrounding; 
- screening, selection and typing of strains; 
- ingredients of both free cell drug ointments and cosmetic creams (improving formulas) 

[39, 41];  
- in recombinant lectin technologies [17]; 
- carriers for drug delivery, carriers of low molecular weight highly hydrophobic 

heterocyclic effectors (some antibiotics, chemotherapeutic antitumor agents, apoptose 
inducers, etc.) [3, 17];  

- ingredients of functional bioadditives [41]; 

Upon chemotherapy and radiotherapy of tumors to support healthy status of organism [36, 42] 

In system drug therapy when added PBL (LL and/or BL) will modulate whole spectrum of 
system drug activities;  

In landscape microecology and architectuire of microbiocenoses (PBL as the direct 
participants and organizers of landscapes) [32]. 

It is clear that solid or cell surfaces are of preferential importance for any directed 
assembling initiated by PBL (increased accumulated interphased concentrations of reactants, 
initiating or triggering assembling on immobilized first components of cascades, 
achievement of maximally long and asymmetric products). That is why PBL within  
pore PAA hydrophilic gels or membranes (Durapore membranes as [multi]layer 
microaccumulators), immobilized PBL on PVDF membranes (Immobillon P) or polysterene 
microplates and latex particles are of especial perspectiveness.  
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1. Introduction 

Necrotizing enterocolitis (NEC) is among the most common and devastating diseases that 
primarily afflicts preterm infants in neonatal intensive care units (NICU) (1). Despite recent 
advances in neonatal care, the incidence of necrotizing enterocolitis and the associated 
morbidity and mortality have remained unchanged because of the improved survival for 
smaller, more premature infants (2). Both medical and surgical management play critical 
role in the treatment of NEC once it occurs, but prevention is likely to have the most 
dramatic impact on overall morbidity and mortality.  

2. Epidemiology 

The incidence of NEC varies among NICUs worldwide, but ranges 3% and 28% with an 
average of 7% in infants born weighing less than 1500 g (3). NEC occurs more commonly in 
the smallest and most immature infants, with the incidence increasing inversely to 
gestational age and birth weight among appropriately grown preterm infants. Although 
NEC is almost exclusively a disease of prematurity, 5 % to 10 % of cases occur in infants 
born greater than or equal to 37 weeks gestation (4). Most of the infants in whom NEC 
develops are previously fed and the disease usually occurs in the second week of life after 
the initiation of enteral feeding (5). 

The estimated rate of death related with NEC ranges between 20 and 30 %, with the highest 
rate among infants requiring surgery (6). Beyond the mortality and gastrointestinal 
morbidities, NEC is also the harbinger of neurologic deficits and developmental  
delay (7). 
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3. Pathophysiology 

NEC is a disease with a multifactorial etiology leading to the one common final pathway of 
necrosis and inflammation of the neonatal intestine (8). Although the pathophysiology of 
NEC is incompletely understood, epidemiologic studies have identified multiple factors that 
increase an infant’s risk for the development of NEC, although prematurity, enteral feeding, 
intestinal ischemia/asphyxia and bacterial colonization are thought to play central roles in 
disease pathogenesis (9). 

Prematurity is the most consistent and important risk factor for NEC. Anand et al. (10) 
proposed major altered components of the intestinal barrier of preterm neonates such as 
disruption of the integrity of epithelial tight junctions, impaired peristalsis and deficiencies 
in components of the mucous coat that may contribute to the onset of NEC (11-13). 

Enteral feeding is a significant risk factor for disease in preterm infants, because most cases 
of NEC occur after feedings have been introduced. Although the precise relationship 
between enteral feeding and NEC remain poorly understood, studies have identified the 
importance of breast milk as opposed to formula, osmolality, volume and rate of feeding as 
important factors (14, 15). Breast milk appears to reduce the incidence of NEC in human 
studies and controlled animal models (16, 17). 

Intestinal ischemia is another risk factor in the development of NEC. There is a delicate 
balance between vasodilatation and vasoconstriction in neonatal circulation, mediated 
formerly by nitric oxide and the latter by endothelin-1. The basal intestinal vascular 
resistance is decreased by the predominance of nitric oxide. Pathologic states cause 
endothelial dysfunction which leads to endothelin-1 activation and resultant 
vasoconstriction, intestinal ischemia, and cellular injury (18). 

GI tract of the preterm infants are susceptible to abnormal bacterial colonization because of 
the immature immunologic defenses (9). The intestinal flora that is normally populated 
plays an important role in maintaining the intestinal barrier, and also has the ability to 
dampen the inflammatory response. Colonization of the intestine with pathogenic 
microorganisms, depending on the exposition to a variety of nosocomial bacteria in the 
NICUs and immature immune systems, may serve as predisposing factors in development 
of NEC in preterm infants (19). 

4. Diagnosis and management 

The clinical syndrome associated with NEC is nonspecific. Infants with NEC may exhibit 
several gastrointestinal signs including abdominal distention, increased gastric residuals, 
occult or gross blood in the stool, and abdominal wall erythema or ecchymosis. In addition 
to GI-specific signs, NEC infants may exhibit systemic signs such as lethargy, apnea, 
bradycardia and temperature instability (19). 

The diagnosis of disease continues to be made with the use of pathognomonic 
radiographic findings. The most specific signs, which still are the only "signs" that allow 
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the diagnosis to be confirmed prior to surgical inspection of the intestine, are 
pneumatosis intestinalis in most cases, hepatic portal venous gas or pneumoperitoneum 
in a minority of cases. A diagnosis requires one of the specific radiographic findings or 
direct inspection of the intestine in the clinical context (5, 20). As soon as the diagnosis of 
NEC is suspected, initial management should include bowel rest, decompression, 
cultures of blood, urine and sputum, administration of broad-spectrum antibiotics, 
appropriate fluid resuscitation, serial abdominal examinations and radiographs. Surgical 
intervention for NEC is required in 30% to 50% of cases reported; therefore close 
observation with serial examinations and radiographs is essential. Surgical intervention 
involving primer peritoneal drainage or laparatomy with the resection of affected bowel 
are generally required in infants with intestinal perforation or deteriorating clinical 
condition (20). 

5. Preventative strategies for NEC 

Based on the epidemiologic studies and understanding of the pathophysiology there have 
been several approaches attempted to prevent NEC in animal and human studies. 
Reduction of NEC has been shown with breast milk feeding, antibiotic prophylaxis, steroids, 
IgA supplementation, probiotics, epidermal growth factor, polyunsaturated fatty acids, 
platelet activating factor (PAF) antagonists, PAF-acetylhydrolase, trefoil factor, leukocyte 
depletion, and oxygen radical scavengers in animal models. In human studies, there 
remains no standard effective alternative for NEC prevention, although breast milk feeding 
is the best option that neonatologists have to offer. Besides breast milk feeding, strategies 
with the most evidence supporting their effectiveness are careful feeding advancement and 
prophylactic probiotics supplementation in at-risk neonates (4, 5). 

6. Probiotic prophylaxis in NEC 

The intestine of the newborn is devoid of bacterial flora at birth but is rapidly colonized 
thereafter (9). Although the maternal flora constitutes the main source of intestinal 
colonization, gestational age, the mode of delivery, the neonatal diet and genetic factors also 
influence the colonization (21). 

Colonization by commensal bacteria is required for the normal development and 
maturation of the newborn intestine. Lactobacilli and Bifidobacteria that are the principal 
kinds of probiotics bacteria predominate in the normal gut flora of healthy, breastfed, term 
neonates (22). In contrast, the intestine of the preterm infant tends to be colonized by 
different microorganisms, predominantly coliforms, enterococci and bacteroides species 
(23). Even among VLBW infants receiving breast milk, Sakata et al. (24) found that the 
Bifidobacteria were undetectable in the intestinal flora during the first 1 to 2 weeks after 
birth and did not predominate until after the third week of life. Hoy et al. (25) and Millar et 
al. (26) observed a decline in the variety of species and shift to a predominance of 
Enterobacteriaceae before the onset of NEC.  
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Intestinal microbiological flora is an important factor in the host-defense mechanism against 
bacterial infections. The combination of an increase in potentially pathogenic 
microorganisms together with a decrease "in normal flora" found in preterm infants is one of 
the factors that render these infants at increased risk of developing NEC (23, 27). It has been 
suggested that the growth of pathogens might be prevented by inducing the colonization of 
the intestine non-pathogenic bacteria (probiotics) of species normally resident in the gut of 
preterm and term infants (28). 

The identification of probiotics bacterial species involved in gut homeostasis and potential 
therapeutic benefits of probiotics have led to interest in their use in the prevention of NEC 
(29, 30). Probiotics compete with other microbes for binding sites and substrates in the 
bowel, enhance the IgA mucosal response, improve the mucosal barrier, reduce mucosal 
permeability, stimulate intestinal mucosal lactase activity, increase anti-inflammatory 
cytokines, and produce a wide range of antimicrobial substances such as bacteriocins, 
microcins, reuterin, hydrogen peroxide and hydrogen ions (20, 28). 

Gastrointestinal mucosa is the primary interface between the external environment and the 
immune system. Whenever intestinal microflora reduces, antigen transport is increased 
indicating that the normal gut microflora maintains gut defenses (31). The non-pathogenic 
probiotic bacteria interact with the gut epithelial cells and the immune cells to start the 
immune signals. These bacteria must interact with M cells in the Peyer’s patches, with gut 
epithelial cells, and with associated immune cells. Probiotic bacteria have been shown to 
modulate immunoglobulin production. Secretory IgA plays an important role in mucosal 
immunity, contributing to the barrier against pathogenic bacteria and viruses. The increase 
in the number of IgA producing cells was the most remarkable property induced by 
probiotic organisms (32, 33). 

Probiotic supplementation has resulted in a reduction in the incidence of NEC-like intestinal 
lesions in several animal models. Caplan et al. (34) demonstrated that Bifidobacteria 
supplementation resulted in intestinal colonization and subsequent reduction in NEC-like 
lesions in a neonatal rat model of intestinal ischemia/reperfusion. Butel et al. (35) showed in 
a NEC model in quail, that supplementation with Bifidobacteria prevented the development 
of cecal lesions reminiscent of NEC. 

Several studies have specially assessed the colonization pattern and the incidence of NEC in 
preterm infants supplemented with various probiotics (19, 36-38). (Table 1)  

A randomized controlled trial found that infants whose feed was supplemented with 
Bifidobacterium breve had higher rates of fecal bifidobacterial colonization at 2 weeks of age 
(73 vs. 12 %), improved weight gain and had feeding tolerance. However, the incidence and 
severity of NEC were not reported in this study (39). 

In a multicenter double-blind study, preterm infants with a gestational age of <33 weeks or 
birth weight of <1500 g, who survived 42 weeks, were randomized to receive either placebo 
or L. rhamnosus GG (LB-GG) once a day, starting with the first fed until discharged. The 
incidence of urinary tract infection, bacterial sepsis and NEC were examined as outcome 
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measures. There were no significant differences between the probiotics and placebo groups 
with regard to any of the outcome variables (28). 

Another study performed by Bin-Nun et al. (40) was conducted to test the hypothesis that 
normalizing the intestinal flora by administration of prophylactic probiotics would provide 
a natural defense, thereby reducing both the incidence and severity of NEC in preterm 
infants. Preterm infants ≤1500g birth weight were randomized to either receive a daily 
feeding supplementation with a probiotic mixture (Bifidobacteria infantis, Bifidobacteria 
bifidus, and Streptococcus thermophilus) of 109 cfu/day or to not receive feed supplements. 
In this study, probiotic supplementation had resulted in a reduction in the incidence and the 
severity of NEC in very low birth weight (VLBW) infants. 

In addition, Lin et al. (19) reported a decrease in NEC, NEC plus mortality and severity of 
NEC, following probiotics L. acidophilus and B. infantis (Infloran), prophylaxis in a 
prospective, randomized blinded study. They also recently reported a multicenter-blinded 
trial regarding who were randomized to receive Bifidobacterium bifidum and L. acidophilus 
for 6 weeks. The results showed a significant reduction in the incidence of death or NEC and 
no adverse effect, such as sepsis, flatulence or diarrhea (37). 

Similarly, Hoyos (36) reported a significant reduction in the incidence of NEC and NEC-
associated death in infants in the NICU after the prophylactic administration of probiotics in 
the form of Infloran-supplemented enteral feeding. However, infants were more mature and 
generally had higher birth weights; it is not a blinded trial and comparison was made with 
historical controls.  

The results of the study performed by Sari et al (38) suggested a trend toward lower 
incidence of NEC and, death or NEC, although the difference was not statistically 
significant. None of the L. sporogenes-supplemented fed infants died from NEC; they could 
not find significant difference in severity of NEC or in mortality rate attributable to NEC 
between the probiotics and control groups. The use of a single probiotics agent rather than 
two agents and utility of a relatively low dose of L. sporogenes may explain, at least in part, 
the smaller treatment effect in their study. Longer duration of umbilical venous 
catheterization in probiotics group also may be another cause in the lesser effect of L. 
sporogenes on NEC prevention. 

In a recent report by Manzoni et al. (41) routinely supplementation of probiotic LB-GG in a 
large, 6-year VLBW infants cohort was proved microbiologically safe and clinically well 
tolerated. 

Although some of the studies (19) predicated that probiotics may reduce the incidence of 
sepsis; literature did not confirm this association (42, 43). Sari et al. (38) also did not show 
that L. sporogenes reduced the incidence of sepsis in VLBW infants. Sepsis has a complex 
pathogenesis that is favored by many factors (that is, immune deficiencies of preterm 
infants, type and frequency of invasive procedures and so on) that cannot be influenced by 
probiotic administration. The main effect of orally administered probiotics is in the 
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Intestinal microbiological flora is an important factor in the host-defense mechanism against 
bacterial infections. The combination of an increase in potentially pathogenic 
microorganisms together with a decrease "in normal flora" found in preterm infants is one of 
the factors that render these infants at increased risk of developing NEC (23, 27). It has been 
suggested that the growth of pathogens might be prevented by inducing the colonization of 
the intestine non-pathogenic bacteria (probiotics) of species normally resident in the gut of 
preterm and term infants (28). 

The identification of probiotics bacterial species involved in gut homeostasis and potential 
therapeutic benefits of probiotics have led to interest in their use in the prevention of NEC 
(29, 30). Probiotics compete with other microbes for binding sites and substrates in the 
bowel, enhance the IgA mucosal response, improve the mucosal barrier, reduce mucosal 
permeability, stimulate intestinal mucosal lactase activity, increase anti-inflammatory 
cytokines, and produce a wide range of antimicrobial substances such as bacteriocins, 
microcins, reuterin, hydrogen peroxide and hydrogen ions (20, 28). 

Gastrointestinal mucosa is the primary interface between the external environment and the 
immune system. Whenever intestinal microflora reduces, antigen transport is increased 
indicating that the normal gut microflora maintains gut defenses (31). The non-pathogenic 
probiotic bacteria interact with the gut epithelial cells and the immune cells to start the 
immune signals. These bacteria must interact with M cells in the Peyer’s patches, with gut 
epithelial cells, and with associated immune cells. Probiotic bacteria have been shown to 
modulate immunoglobulin production. Secretory IgA plays an important role in mucosal 
immunity, contributing to the barrier against pathogenic bacteria and viruses. The increase 
in the number of IgA producing cells was the most remarkable property induced by 
probiotic organisms (32, 33). 

Probiotic supplementation has resulted in a reduction in the incidence of NEC-like intestinal 
lesions in several animal models. Caplan et al. (34) demonstrated that Bifidobacteria 
supplementation resulted in intestinal colonization and subsequent reduction in NEC-like 
lesions in a neonatal rat model of intestinal ischemia/reperfusion. Butel et al. (35) showed in 
a NEC model in quail, that supplementation with Bifidobacteria prevented the development 
of cecal lesions reminiscent of NEC. 

Several studies have specially assessed the colonization pattern and the incidence of NEC in 
preterm infants supplemented with various probiotics (19, 36-38). (Table 1)  

A randomized controlled trial found that infants whose feed was supplemented with 
Bifidobacterium breve had higher rates of fecal bifidobacterial colonization at 2 weeks of age 
(73 vs. 12 %), improved weight gain and had feeding tolerance. However, the incidence and 
severity of NEC were not reported in this study (39). 

In a multicenter double-blind study, preterm infants with a gestational age of <33 weeks or 
birth weight of <1500 g, who survived 42 weeks, were randomized to receive either placebo 
or L. rhamnosus GG (LB-GG) once a day, starting with the first fed until discharged. The 
incidence of urinary tract infection, bacterial sepsis and NEC were examined as outcome 
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measures. There were no significant differences between the probiotics and placebo groups 
with regard to any of the outcome variables (28). 

Another study performed by Bin-Nun et al. (40) was conducted to test the hypothesis that 
normalizing the intestinal flora by administration of prophylactic probiotics would provide 
a natural defense, thereby reducing both the incidence and severity of NEC in preterm 
infants. Preterm infants ≤1500g birth weight were randomized to either receive a daily 
feeding supplementation with a probiotic mixture (Bifidobacteria infantis, Bifidobacteria 
bifidus, and Streptococcus thermophilus) of 109 cfu/day or to not receive feed supplements. 
In this study, probiotic supplementation had resulted in a reduction in the incidence and the 
severity of NEC in very low birth weight (VLBW) infants. 

In addition, Lin et al. (19) reported a decrease in NEC, NEC plus mortality and severity of 
NEC, following probiotics L. acidophilus and B. infantis (Infloran), prophylaxis in a 
prospective, randomized blinded study. They also recently reported a multicenter-blinded 
trial regarding who were randomized to receive Bifidobacterium bifidum and L. acidophilus 
for 6 weeks. The results showed a significant reduction in the incidence of death or NEC and 
no adverse effect, such as sepsis, flatulence or diarrhea (37). 

Similarly, Hoyos (36) reported a significant reduction in the incidence of NEC and NEC-
associated death in infants in the NICU after the prophylactic administration of probiotics in 
the form of Infloran-supplemented enteral feeding. However, infants were more mature and 
generally had higher birth weights; it is not a blinded trial and comparison was made with 
historical controls.  

The results of the study performed by Sari et al (38) suggested a trend toward lower 
incidence of NEC and, death or NEC, although the difference was not statistically 
significant. None of the L. sporogenes-supplemented fed infants died from NEC; they could 
not find significant difference in severity of NEC or in mortality rate attributable to NEC 
between the probiotics and control groups. The use of a single probiotics agent rather than 
two agents and utility of a relatively low dose of L. sporogenes may explain, at least in part, 
the smaller treatment effect in their study. Longer duration of umbilical venous 
catheterization in probiotics group also may be another cause in the lesser effect of L. 
sporogenes on NEC prevention. 

In a recent report by Manzoni et al. (41) routinely supplementation of probiotic LB-GG in a 
large, 6-year VLBW infants cohort was proved microbiologically safe and clinically well 
tolerated. 

Although some of the studies (19) predicated that probiotics may reduce the incidence of 
sepsis; literature did not confirm this association (42, 43). Sari et al. (38) also did not show 
that L. sporogenes reduced the incidence of sepsis in VLBW infants. Sepsis has a complex 
pathogenesis that is favored by many factors (that is, immune deficiencies of preterm 
infants, type and frequency of invasive procedures and so on) that cannot be influenced by 
probiotic administration. The main effect of orally administered probiotics is in the 
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gastrointestinal tract, and so probiotics alone cannot overcome the invasive procedures 
including infection. 

Lactobacilli and Bifidobacteria are generally regarded as non-pathogenic, except a few 
reported cases of Lactobacillus bacteremia that seemed to occur in immunocompromised or 
extremely sick infants receiving high doses of Lactobacillus (44). Kunz et al. (45) described L. 
bacteremia in two preterm infants who received LB- GG, and both of those infants had 
short-gut syndrome. The other authors did not observe sepsis attributable to probiotics in 
the studies (28, 44, 45). Sari et al (38) observed no cases of sepsis or other adverse effects, 
such as diarrhea, flatulence attributable to probiotic supplementation. 

In 2011, Alfaleh et al. (29) performed a meta-analysis of randomized controlled trials, 
including some of those discussed here, to evaluate the efficacy of probiotics in the 
prevention of severe NEC and/or sepsis in preterm infants. Sixteen eligible trials 
randomizing 2842 infants were included. Included trials were highly variable with regard to 
enrollment criteria (i.e. birth weight and gestational age), baseline risk of NEC in the control 
groups, timing, dose, formulation of the probiotics, and feeding regimens. In a meta-
analysis of trial data, enteral probiotics supplementation significantly reduced the incidence 
of severe NEC (stage ≥2) (typical RR 0.35, 95% CI 0.24 to 0.52) and mortality (typical RR 0.40, 
95% CI 0.27 to 0.60). There was no evidence of significant reduction of nosocomial sepsis 
(typical RR 0.90, 95% CI 0.76 to 1.07). The included trials reported no systematic infection 
with probiotic supplemental organism. Author concluded that enteral supplementation of 
probiotics prevents severe NEC and all cause mortality in preterm infants. 

A recent systematic review performed by Mihatsch et al. (46) reported that there is 
insufficient evidence to recommend routine probiotics. However there is encouraging data 
which justifies the further investigation regarding the efficacy and safety of specific 
probiotics in circumstances of high local incidence of severe NEC. 

There is limited information about the long-term effects of probiotics supplementation in 
neonates. Chou et al. (47) reported the long-term neurodevelopmental outcomes of preterm 
infants in their trial of oral probiotics for NEC. A total of 83.1% of infants from their trial 
were assessed by Bayley infant developmental assessment tool (BSID-II) at 3 years’ 
corrected age; 1 of 153 and 4 of 148 had died after discharge. There were no significant 
differences in growth, neurodevelopmental and sensory outcomes at 3 years’ corrected age. 
Recently, a prospective follow-up study was conducted to evaluate growth and 
neurodevelopmental outcomes in a cohort of infants enrolled in a randomized controlled 
trial of oral probiotics for the prevention of NEC in VLBW infants. The authors concluded 
that administration of oral probiotics to VLBW infants in the early neonatal period had no 
adverse effects on growth, neuromotor, neurosensory, and cognitive outcomes at 18-22 
months' corrected age (48). Given the importance of this issue, it is critical that authors of 
all trials in this field report long-term neurodevelopmental outcomes of the enrolled 
infants.  
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Source GA/BW  
Probiotic
Agent(s) 

Dosage and 
Duration 

Type of 
milk 

Results 

Hoyos et al,  
(36) 1999  

<37 wk LB-A,BI 

LB-A 0.25x109 CFU, 
BI 0.25x109 CFU, once 
daily from first feed 
until discharge 

MM, DM, 
or FM 

Significant 
decrease in NEC 
and NEC 
associated 
mortality  

Dani et al,  
(28) 2002  

<33 wk or  
<1500 g 

LB-GG 
6x109 CFU once daily 
from first feed until 
discharge 

MM, DM, 
or FM 

Non-significant 
decrease in NEC, 
UTI and sepsis 

Bin-Nun et al, 
(40) 2005  

<1500 g BI, ST, BBB

BI 0.35x109 CFU, ST 
0.35x109 CFU, BBB 
0.35x109 CFU once 
daily from first feed 
to 36 wk corrected 
age 

MM or 
FM 

Significant 
decrease in NEC  

Lin et al,  
(19) 2005  

<1500 g LB-A, BI 

LB-A 1004356 and BI 
1015697 organisms 
twice daily from day 
7 until discharge 

MM or 
DM 

Significant 
decrease in NEC 
or death 

Lee et al,  
(49) 2007 

<37 wk LB-A 
108 CFU from first 
feed for 14 d  

MM or 
FM 

Non-significant 
decrease in NEC, 
improved 
feeding 
tolerance 

Lin et al,  
(37) 2008 

<34 wk and 
<1500 g 

LB-A, BBB 
2 x 109 CFU/d for 6 
wk  

MM or 
FM 

Significant 
decrease in NEC 
or death  

Samanta et al  
(50), 2009  

<34 wk and 
<1500 g 

BBB, BB-L,
BI, LB-A 

2.5x109 CFU/d until 
discharge 

MM or 
FM 

Significant 
decrease in NEC, 
death or sepsis  

Sari et al  
(38), 2011 

<33 wk or 
<1500 g 

LB-S 
0.35x109 CFU/d from 
first feed until 
discharge 

MM or 
FM 

Non-significant 
decrease in NEC 
or death, 
improved 
feeding 
tolerance  

Table 1. Studies examining effect of probiotic supplementation on incidence of NEC 
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gastrointestinal tract, and so probiotics alone cannot overcome the invasive procedures 
including infection. 

Lactobacilli and Bifidobacteria are generally regarded as non-pathogenic, except a few 
reported cases of Lactobacillus bacteremia that seemed to occur in immunocompromised or 
extremely sick infants receiving high doses of Lactobacillus (44). Kunz et al. (45) described L. 
bacteremia in two preterm infants who received LB- GG, and both of those infants had 
short-gut syndrome. The other authors did not observe sepsis attributable to probiotics in 
the studies (28, 44, 45). Sari et al (38) observed no cases of sepsis or other adverse effects, 
such as diarrhea, flatulence attributable to probiotic supplementation. 

In 2011, Alfaleh et al. (29) performed a meta-analysis of randomized controlled trials, 
including some of those discussed here, to evaluate the efficacy of probiotics in the 
prevention of severe NEC and/or sepsis in preterm infants. Sixteen eligible trials 
randomizing 2842 infants were included. Included trials were highly variable with regard to 
enrollment criteria (i.e. birth weight and gestational age), baseline risk of NEC in the control 
groups, timing, dose, formulation of the probiotics, and feeding regimens. In a meta-
analysis of trial data, enteral probiotics supplementation significantly reduced the incidence 
of severe NEC (stage ≥2) (typical RR 0.35, 95% CI 0.24 to 0.52) and mortality (typical RR 0.40, 
95% CI 0.27 to 0.60). There was no evidence of significant reduction of nosocomial sepsis 
(typical RR 0.90, 95% CI 0.76 to 1.07). The included trials reported no systematic infection 
with probiotic supplemental organism. Author concluded that enteral supplementation of 
probiotics prevents severe NEC and all cause mortality in preterm infants. 

A recent systematic review performed by Mihatsch et al. (46) reported that there is 
insufficient evidence to recommend routine probiotics. However there is encouraging data 
which justifies the further investigation regarding the efficacy and safety of specific 
probiotics in circumstances of high local incidence of severe NEC. 

There is limited information about the long-term effects of probiotics supplementation in 
neonates. Chou et al. (47) reported the long-term neurodevelopmental outcomes of preterm 
infants in their trial of oral probiotics for NEC. A total of 83.1% of infants from their trial 
were assessed by Bayley infant developmental assessment tool (BSID-II) at 3 years’ 
corrected age; 1 of 153 and 4 of 148 had died after discharge. There were no significant 
differences in growth, neurodevelopmental and sensory outcomes at 3 years’ corrected age. 
Recently, a prospective follow-up study was conducted to evaluate growth and 
neurodevelopmental outcomes in a cohort of infants enrolled in a randomized controlled 
trial of oral probiotics for the prevention of NEC in VLBW infants. The authors concluded 
that administration of oral probiotics to VLBW infants in the early neonatal period had no 
adverse effects on growth, neuromotor, neurosensory, and cognitive outcomes at 18-22 
months' corrected age (48). Given the importance of this issue, it is critical that authors of 
all trials in this field report long-term neurodevelopmental outcomes of the enrolled 
infants.  
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Source GA/BW  
Probiotic
Agent(s) 

Dosage and 
Duration 

Type of 
milk 

Results 

Hoyos et al,  
(36) 1999  

<37 wk LB-A,BI 

LB-A 0.25x109 CFU, 
BI 0.25x109 CFU, once 
daily from first feed 
until discharge 

MM, DM, 
or FM 

Significant 
decrease in NEC 
and NEC 
associated 
mortality  

Dani et al,  
(28) 2002  

<33 wk or  
<1500 g 

LB-GG 
6x109 CFU once daily 
from first feed until 
discharge 

MM, DM, 
or FM 

Non-significant 
decrease in NEC, 
UTI and sepsis 

Bin-Nun et al, 
(40) 2005  

<1500 g BI, ST, BBB

BI 0.35x109 CFU, ST 
0.35x109 CFU, BBB 
0.35x109 CFU once 
daily from first feed 
to 36 wk corrected 
age 

MM or 
FM 

Significant 
decrease in NEC  

Lin et al,  
(19) 2005  

<1500 g LB-A, BI 

LB-A 1004356 and BI 
1015697 organisms 
twice daily from day 
7 until discharge 

MM or 
DM 

Significant 
decrease in NEC 
or death 

Lee et al,  
(49) 2007 

<37 wk LB-A 
108 CFU from first 
feed for 14 d  

MM or 
FM 

Non-significant 
decrease in NEC, 
improved 
feeding 
tolerance 

Lin et al,  
(37) 2008 

<34 wk and 
<1500 g 

LB-A, BBB 
2 x 109 CFU/d for 6 
wk  

MM or 
FM 

Significant 
decrease in NEC 
or death  

Samanta et al  
(50), 2009  

<34 wk and 
<1500 g 

BBB, BB-L,
BI, LB-A 

2.5x109 CFU/d until 
discharge 

MM or 
FM 

Significant 
decrease in NEC, 
death or sepsis  

Sari et al  
(38), 2011 

<33 wk or 
<1500 g 

LB-S 
0.35x109 CFU/d from 
first feed until 
discharge 

MM or 
FM 

Non-significant 
decrease in NEC 
or death, 
improved 
feeding 
tolerance  

Table 1. Studies examining effect of probiotic supplementation on incidence of NEC 
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GA indicates gestational age; BW, birth weight; LB-A, Lactobacillus acidophilus; 
BI,Bifidobacteria infantis; LB-GG, Lactobacillus GG; ST, Streptococcus thermophilus; BBB, 
Bifidobacterium bifidus; BB-L, Bifidobacteria longum; LB-S, Lactobacillus sporogenes; CFU, 
colony forming unit; MM, mother’s milk; DM, donor milk; FM, formula milk; UTI, urinary 
tract infection 

7. Summary 

NEC is one of the commonest causes of acute morbidity and mortality in preterm infants as 
well as a cause of long term disability for older children. The pathogenesis is multifactorial 
but probably requires the classic triad of injury to the intestinal mucosa, presence of enteral 
food substrate and the presence of bacteria and bacterial products. Recent advances in 
neonatology have led to improved survival for younger and smaller infants, and a resultant 
increase in the disease burden of NEC. The morbidity and mortality rates for NEC have still 
remained constant, by contrast with the improvement in outcomes for many prematurity-
related diseases. There are several prosperous researches that could ultimately result in 
novel preventative or therapeutic options but there is currently no effective preventive 
strategy, and treatment options are limited. 

Although probiotics may be a promising approach for prevention and decreased severity of 
NEC, issues exist regarding the standardization of an appropriate probiotic supplement for 
neonates. Most studies have utilized various combinations of probiotic bacteria and 
amounts of culture-forming units for different lengths of time. These differences in 
methodology have created difficulties in elucidating the most beneficial probiotic 
supplement for the preterm population. Questions remain concerning the strains or 
combinations of strains that offer the best benefit. Potential exists for a significant difference 
in the magnitude of the benefit when administered to formula versus breast-fed neonates. 
There are also uncertainties over the optimal time to start probiotics in order to confer 
maximal benefit, possible adverse effects including probiotic-associated sepsis and tolerance 
of milk feeding and the long-term consequences of probiotic supplementation. So, before 
routine probiotic prophylaxis could be recommended to neonatologists, it would be 
important to have evidence in support of such use from large, prospective, single-protocol, 
randomized, double-blind trials. 
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NEC is one of the commonest causes of acute morbidity and mortality in preterm infants as 
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remained constant, by contrast with the improvement in outcomes for many prematurity-
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NEC, issues exist regarding the standardization of an appropriate probiotic supplement for 
neonates. Most studies have utilized various combinations of probiotic bacteria and 
amounts of culture-forming units for different lengths of time. These differences in 
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1. Introduction 

Bacterial vaginosis (BV) is the most common urogenital disease in women, affecting about 
19-24% of them in reproductive ages. 10-26% of pregnant women in the United States have 
been reported to suffer from BV. The prevalence of BV varies in different parts of the world 
and is higher in developing countries. The disease has been found in 12 to 25 percent of 
women in routine clinic populations, and accounts for 32 to 64 percent of women in clinics 
for sexually transmitted diseases; however, there is still some controversy about whether or 
not BV is a sexually transmitted disease (STD) in the “traditional” sense. Current data 
indicate that the overall prevalence of BV is much higher among STD clinic attendees and 
commercial sex workers [1]. BV is believed to occur as a result of an imbalance in the normal 
vaginal microbiota [2] when the normal Lactobacillus bacteria in the vagina are disrupted 
and subsequently replaced by predominantly anaerobic bacteria including Gardnerella 
vaginalis, Mycoplasma hominis, Prevotella, and Peptostreptococcus [3]. Other bacteria such 
as Escherichia coli from the rectum have also been shown to cause the disease. Lactobacilli 
bacteria, by producing a natural antibacterial, hydrogen peroxide, keep the healthy normal 
balance of vaginal microorganisms. Factors that upset this balance in the vagina are not 
well-understood. However, the activities or behaviours that have been related with BV 
incidence include having a new sex partner or multiple sex partners and douching [4, 5]. BV 
is mainly followed by irritating symptoms mainly foul, fish-like or musty odor which is 
sometimes stronger after a woman has sex, watery or foamy, white (milky) or gray vaginal 
secretions, itching on the outside of the vagina and Burning or discomfort during urination 
[6]. It is also known that BV is associated with potentially severe gynaecological and 
obstetric complications. Current data suggest a causal association between BV, pelvic 
inflammatory disease and tubal factor infertility [7]. Pregnant women with BV have a higher 
risk of adverse outcomes such as late miscarriage, chorioamnionitis, premature rupture of 
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membranes, preterm birth and postpartum endometritis; they are more susceptible to 
having babies of low birth weight as well [8, 9]. BV has been identified as a risk factor for 
herpes virus type 2 infections and increased viral shedding in infected women [10, 11]. It has 
also been suggested that the presence of BV increases the risk for human immunodeficiency 
virus infection [12]. It is noteworthy that many women with BV do not show any symptoms 
[13], pelvic inflammatory disease [14], infections following gynecological surgery [15] and 
pre-term birth. BV is not transmitted through toilet seats, bedding, swimming pools, or 
touching of objects. Women, who have not had sexual intercourse, hardly develop BV [16]. 

Typically, a cure for BV refers to resolution of symptoms and maybe a repeat BV-negative 
screen. We know from clinical studies that BV has both an unprompted resolution and 
repetition [13]. As many as 30 percent of women relapse within 1 month of treatment, with 
unprompted relapse occurring more commonly among women treated with topical compared 
with systemic antibiotics [17]. The most common oral treatment for BV in both pregnant and 
non-pregnant women is metronidazole and clindamycin [18]. The individual cure rate given a 
7-day, twice-daily course of 500 mg of metronidazole ranges from 84 percent to 96 percent, and 
the cure rate given a 2 g single dose of metronidazole is 54-62 percent [19]. The second systemic 
treatment for BV is oral clindamycin. The one known clinical trial conducted describing the 
efficacy of oral clindamycin reported that a 300-mg, twice-daily course of clindamycin for 7 
days resulted in a 94 percent cure rate [15]. The two topical treatments for BV include 
metronidazole 0.75 percent vaginal gel and clindamycin 2 percent vaginal cream [5].  

Probiotics have been documented to be beneficial in curing BV as well as reducing its 
recurrence and have been administered both orally and vaginally [20]. Oral administration 
introduces the beneficial bacteria directly into the vagina; probiotics consumed orally are 
believed to ascend to the vaginal tract after they are excreted from the rectum. Mechanism 
through which probiotics play a role in BV treatment include: [1] occupation of specific 
adhesion sites at the epithelial surface of the urinary tract; [2] maintenance of a low pH and 
production of antimicrobial substances like acids, hydrogen peroxide and bacteriocins; [3] 
degradation of polyamines; and [4] the production of surfactants with antiadhesive 
properties [21]. Probiotics have been shown to exert the beneficial effects both in foods such 
as yoghurt [22], ice cream [23, 24], and supplements [25]. However, foods may be preferred 
by patients since BV is not considered a disease by public and the affected women may not 
want to be prescribed supplements.  

The purpose of the present chapter is to review recent research into aspects influencing the 
impact probiotics have on bacterial vaginosis. All papers published between 1990 and 2011 
were searched in Pubmed and Science Direct, using probiotic, bacterial vaginosis and 
urinary tract infections (UTI) as key words; only clinical trials were included. 

2. Probiotics  

2.1. History 

The expression “probiotic” was probably first defined by Kollath in 1953, when he 
suggested the term to denote all organic and inorganic food complexes as “probiotics” in 
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contrast to harmful antibiotics, for the purpose of upgrading such food complexes as 
supplements [26]. In 1998, probiotics were described as “live microorganisms which, when 
ingested in adequate amounts, confer a health benefit”. The term “probiotic” is an 
etymological hybrid derived from Greek and Latin meaning “for life” [27]. The original 
observation of the positive role played by some selected bacteria is attributed to Eli 
Metchnikoff, who extolled the virtues of consuming fermented dairy products and 
postulated his "Longevity without aging" theory, in which he claimed that lactic bacteria by 
replacing the harmful bacteria indigenous to the intestines, prolong life. The Russian born 
Nobel Prize recipient, working at the Pasteur Institute at the beginning of the last century 
suggested that the dependence of the intestinal microbes on the food makes it possible to 
adopt measures to modify the flora in our bodies and to replace the harmful microbes by 
useful microbes [28].  

2.2. Definition 

Presently, there is general agreement that a ‘‘probiotic’’ refers to viable microorganisms that 
promote or support a beneficial balance of the autochthonous microbial population of the 
gastrointestinal tract [29, 30]. Probiotics are defined as live microorganisms which, when 
consumed in appropriate amounts, confer a health benefit on the host, by FAO/WHO [31]. 
When ingested, some of these probiotic microorganisms are able to resist the 
physicochemical conditions prevailing in the digestive tract [32]. The strains most frequently 
used as probiotics belong to the genera bifidobacterium and Lactobacillus [33]. Some of the 
species used in probiotic products are: 1) Lactic acid producing bacteria (LAB): 
Lactobacillus, bifidobacterium, streptococcus; 2) Non-lactic acid producing bacterial species: 
Bacillus, propionibacterium; 3) Nonpathogenic yeasts: Saccharomyces; 4) Non-spore 
forming and non-flagellated rod or coccobacilli [31]. 

2.3. Health benefits 

Some mostly documented health effects of probiotics are: relieving diarrhea, improving 
lactose intolerance, relief of respiratory and urinary tract infections and its 
immunomodulatory, anticarcinogenic, antidiabetic, hypocholesterolemic and hypotensive 
properties [25, 34, 35]. LAB also have some other advantageous effects such as vitamin 
synthesis, improvement of mineral and nutrient absorption, deprivation of antinutritional 
factors, and/or modulation of GI physiology and reduction of pain perception. Special 
probiotic strains may induce the expression of receptors on epithelial cells that locally 
control the transmission of nociceptive information to the GI nervous system [36]. By 
reducing inflammatory responses, probiotics have been shown to correct insulin sensitivity 
and reduce development of diabetes mellitus [34]. A beneficial effect of ‘‘lactic acid 
producing’’ microorganisms on vaginal microflora has also been suggested more than 100 
years ago [37]. There are differing degrees of evidence supporting the verification of such 
effects, and the consultation recognizes that there are reports showing no clinical effects of 
certain probiotic strains in specific situations [38].  
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contrast to harmful antibiotics, for the purpose of upgrading such food complexes as 
supplements [26]. In 1998, probiotics were described as “live microorganisms which, when 
ingested in adequate amounts, confer a health benefit”. The term “probiotic” is an 
etymological hybrid derived from Greek and Latin meaning “for life” [27]. The original 
observation of the positive role played by some selected bacteria is attributed to Eli 
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postulated his "Longevity without aging" theory, in which he claimed that lactic bacteria by 
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physicochemical conditions prevailing in the digestive tract [32]. The strains most frequently 
used as probiotics belong to the genera bifidobacterium and Lactobacillus [33]. Some of the 
species used in probiotic products are: 1) Lactic acid producing bacteria (LAB): 
Lactobacillus, bifidobacterium, streptococcus; 2) Non-lactic acid producing bacterial species: 
Bacillus, propionibacterium; 3) Nonpathogenic yeasts: Saccharomyces; 4) Non-spore 
forming and non-flagellated rod or coccobacilli [31]. 

2.3. Health benefits 

Some mostly documented health effects of probiotics are: relieving diarrhea, improving 
lactose intolerance, relief of respiratory and urinary tract infections and its 
immunomodulatory, anticarcinogenic, antidiabetic, hypocholesterolemic and hypotensive 
properties [25, 34, 35]. LAB also have some other advantageous effects such as vitamin 
synthesis, improvement of mineral and nutrient absorption, deprivation of antinutritional 
factors, and/or modulation of GI physiology and reduction of pain perception. Special 
probiotic strains may induce the expression of receptors on epithelial cells that locally 
control the transmission of nociceptive information to the GI nervous system [36]. By 
reducing inflammatory responses, probiotics have been shown to correct insulin sensitivity 
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producing’’ microorganisms on vaginal microflora has also been suggested more than 100 
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effects, and the consultation recognizes that there are reports showing no clinical effects of 
certain probiotic strains in specific situations [38].  
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3. Probiotic and bacterial vaginosis 

Since antimicrobial treatment of urogenital infections is not constantly effectual and 
problems remain due to bacterial and yeast resistance, recurrent infections as well as side 
effects, it is no wonder why alternative remedies are sought for, by patients and their 
caregivers [39, 40]. The basis for use of probiotics in BV treatment emerged in 1973, when 
healthy women with no history of UTI were reported to have lactobacilli in their vagina [39]. 
Lactobacillus organisms that predominate in the vagina of healthy women spread from their 
rectum and perineum and form a barrier to the entry of uropathogens from vagina into the 
bladder [41]. 

Probiotics are believed to protect the host against infections by means of several 
mechanisms including: [1] occupation of specific adhesion sites at the epithelial surface of 
the urinary tract; [2] maintenance of a low pH and production of antimicrobial substances 
like acids, hydrogen peroxide, and bacteriocins; [3] degradation of polyamines; and [4] the 
production of surfactants with antiadhesive properties [21, 42]. 

There are important issues to which a great attention must be paid regarding the effects of 
probiotics on BV treatment and prevention. Probiotics have been administered both orally 
and vaginally; however it is still not clear as to which route is more efficient. Foods and 
supplements have been used as carriers when oral administration was aimed; no studies 
have compared the efficacy of these two vehicles. Not all strains have exerted the desired 
effects in the patients; poor colonization of some strains in the vagina could be a reason [39, 
40, 43]. The most profitable dose and treatment duration must be taken into consideration as 
well.  

3.1. Route of administration 

Probiotics must colonize the vagina to confer the benefits claimed for them; therefore they 
have to reach the organ intact. Vaginal probiotic capsules have widely been used, by the 
means of which, the probiotic bacteria are directly introduced into the vagina; however, in 
an attempt to come up with a more practical route which could also prevent BV in healthy 
women as well as presenting the consumer with other health benefits of these beneficial 
microorganisms, probiotics were administered orally [41, 43]. Researchers assumed that, 
similar to pathogenic bacteria with colonic origin which cause urogenital disorders, 
probiotic bacteria must be capable of ascending to the vaginal tract after being excreted from 
the rectum (Figure 1). This application is also justified by observations that the normal 
vaginal microflora colonizes from an intestinal origin which means that microbial ascension 
is a natural process actually contributing to a the development of a healthy vaginal 
microflora in the host [39]; this has been shown by a number of clinical trials as well [41, 44]. 
Thus far, no clinical trials have compared the efficacy of probiotics when administered 
vaginally versus orally. In tables 1-2, clinical trials performed in this regard have been 
summarized. It appears that vaginal administration has no predominance to oral 
consumption of probiotics, when it comes to treating BV. 
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(1) occupation of specific adhesion 
sites at the epithelial surface 

(2) Decreasing pH and production 
of antimicrobial substances

(3) degradation of polyamines
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Figure 1. Capability of pathogenic and probiotic bacteria to ascend the vagina after being excreted from 
rectum 

Type Strain Dose Period Heath condition Effect Ref. 
Yoghurt Lactobacillus 

acidophilus 
 

1.0 × 108

CFU 
Once daily for 

2 month 
Bacterial 

vaginosis, 
candidiasis

Reduction in BV episodes at 1 mo was 
60% for probiotic yoghurt vs 25% for 

pasteurized

[45] 

Capsules 
 

Lactobacillus 
rhamnosus GR-1 plus 

Lactobacillus 
fermentum RC-14 or L. 

rhamnosus

108 CFU Each day for 
28 days 

 

Bacterial 
vaginosis 

 

Normal vaginal flora was restored using 
specific probiotic strains administered 

orally 

[41] 

Skim 
milk 

Lactobacillus 
rhamnosus GR-1 and 

Lactobacillus 
fermentum RC-14

109 CFU Given twice 
daily for 14 

days 

Bacterial 
vaginosis 

Treatment correlated with a healthy 
vaginal flora in up to 90% of patients 

[46] 
 

Capsule 1- L. rhamnosus GR-1  
L. fermentum RC-14 

2-L. rhamnosus 
GR-1  L. fermentum 

RC-14 
3-L. rhamnosus 

GR-1  L. fermentum 
RC-14

8 × 108

CFU 
1.6 ×109 

CFU 

 
6 × 109 
CFU 

Day orally
for 28 days 

 

History of
BV 

Through 6 weeks after treatment with 
probiotics, Nugent score decreased, 

indicative of BV resolution 

[43]  

Capsule 
 

L. rhamnosus
GR-1 + L. fermentum 

RC-14

>109 CFU
 

Once-daily for
60 days 

Bacterial 
vaginosis 

Probiotics colonized the vagina 
properly and the Nugent score 
normalized after the treatment 
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Capsules 
 

Lactobacillus rhamnosus 
GR-1 and Lactobacillus 

fermentum RC-14

109 CFU
 

60 days
 

Urogenital 
infections 

Lactobacilli counts increased while 
yeast and coliforms decreased 

significantly after supplementation 
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rhamnosus GR-1 
 

109 CFU
 

Twice daily 
from days 1 to 

30 
 

Bacterial 
vaginosis 

 

88% were cured in the 
antibiotic/probiotic group compared to 
40% in the antibiotic/placebo group [p < 
0.001]. High counts of Lactobacillus sp. 

Colonized the vagina properly

[49] 
 
 

Capsules 
 

Lactobacillus
rhamnosus GR-1 and 
Lactobacillus reuteri 

RC-14 

1.0 × 109

CFU 
 

BID
for 30, after 

500 mg 
metronidazole 
BID PO for 7 d

Bacterial 
vaginosis 

 

BV cure rate was 88% in probiotic group 
vs. 40% in placebo group 

 

[42] 
 
 

Capsules 
 

Lactobacillus 
rhamnosus GR-1 and 

Lactobacillus 
reuteri RC-14

2.5 × 109

CFU 
 

14 days
 

Bacterial 
vaginosis 

 

The median difference in
Nugent scores between baseline and the 

end of the study was 3 in the intervention 
group and 0 in the control group

[50] 
 

Table 1. The effects of oral administration of probiotics on BV, performed between 1990 and 2011 
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Type Strain Dose Period Heath 
condition

Effect Ref. 

10–15 mL 
yoghurt, vaginal 

douche 
 

L acidophilus 1.0×108

CFU 
BID for 7 d

 
 

First trimester 
of pregnancy 

with BV 
diagnosis

BV cure rate was 88% probiotic 
group at 4 and 8 w and 38% in 

control group 

[51] 
 
 

Vaginal tablets 
 

L acidophilus and 
oestriol 0.03 mg 

 

106 CFU
 

Once daily or 
twice daily for 

6 days 

Bacterial 
vaginosis 

 

Microbiological cure [Nugent 
criteria] and clinical cure were 

observed on days 15 and 
28 post intervention

[1] 
 

Tampons 
 

L.gasseri, L casei 
var rhamnosus & L 

fermentum

108 CFU
 

5 tampons 
during 

menstruation

Bacterial 
vaginosis 

Microbiological cure was 
observed based on Nugent score 

and Amsel criteria

[2] 

Vaginal tablet 
 

Lactobacillus
acidophilus, 0.03 

mg oestriol and 600 
mg lactose.

> 107 CFU Daily for 6 days
 

Vaginal 
infections 

 

Vaginal flora was enhanced 
significantly by the probiotic 

administration in combination 
with low dose oestriol

[52] 
 

Capsules L rhamnosus GR1, 
L reuteri RC14 

 

1× 109

CFU 
 

Bedtime for 5 
consecutive 

days 

Bacterial 
vaginosis 

 

Microbiological cure at days 6, 15 
and 30 and clinical cure at days 6, 

15, and 30 were reported 

[42] 
 

Vaginal tablet 
 

Lactobacillus
rhamnosus 

> 4×104

CFU 
Once a week at 

bedtime for 
two months 

Bacterial 
vaginosis 

Significant difference between 
the two treatment groups were 

seen at day 90

[53] 
 

Vaginal tablets 
 

L. brevis
L. salivarius subsp

salicinius , and 
L.plantarum

109 CFU
 

7 days
 

Bacterial 
vaginosis 

 

All of the patients in the probiotic 
group were free of BV, showing a 

normal or intermediate vaginal 
flora

[4] 
 

Vaginal 
application 

 

40 mg of 
Lactobacillus 
rhamnosus 

> 4×104 

CFU 
for 6 months

 
Prevent the 

recurrence of 
bacterial 
vaginosis

The vaginal administration of the 
probiotic allows stabilization of 

the vaginal flora and reduces BV 
recurrence

[54] 
 

Vaginal 
Capsules 

L gasseri LN40, 
Lactobacillus 

fermentum LN99, L. 
casei subsp. 

rhamnosus LN113 
and 

P. acidilactici LN23

Between 
108 and 

1010 CFU
 

Five days, after 
conventional 
treatment of 

bacterial 
vaginosis 

 

Bacterial 
vaginosis, 

vulvovaginal 
candidiasis 

LN had a good colonization rate 
in the vagina BV patients and 

women receiving LN were cured 
2-3 days after 

Administration 

[55] 
 
 
 

Vaginal capsule 
 

Lactobacillus 
rhamnosus, L 

acidophilus, and 
Streptococcus 
thermophiles

108 CFU
 

21 days, for 7 
days on 7 days 
off, and 7 days 

on. 

Prophylaxis 
bacterial 
vaginosis 

 

Probiotic prophylaxis resulted in 
lower recurrence rates for 

BV women 

[3] 
 

Table 2. The effects of vaginal administration of probiotics on BV, performed between 1990 and 2011 

3.2. Administration vehicles 

As for administration route, no studies by now have investigated the efficacy of foods 
versus supplements in exerting the benefits expected from the probiotics. Supplements 
have been used in a greater number of studies in BV patients and the number of studies in 
which foods were opted as probiotic vehicles are limited. Consumption of fermented milk 
containing lactobacilli has been found to reduce BV episodes [45]. Supplements have been 
used in a variety of forms including oral capsules, vaginal tablets and vaginal capsules. 
Clinical trials in which patients were administered oral capsules, reported a positive effect 
of the treatment on BV [39, 41-43, 49, 56]. Vaginal probiotic tablets were reported to be 
effective in alleviating BV symptoms and decreasing its recurrence [1, 4, 52, 53]. Vaginal 
capsules have also been reported to efficiently ease BV symptoms in some studies [3, 42, 
50, 55].  
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3.3. Appropriate strains for treatment of bacterial vaginosis 

Various in-vitro studies have shown that specific strains of lactobacilli inhibit the growth of 
bacteria causing BV by producing H2O2, lactic acid, and/or bacteriocins and/or inhibit the 
adherence of G. vaginalis to the vaginal epithelium [52]. According to a general theory a 
probiotic must have two criteria to be selected as an efficient strain in the treatment of 
urogenital infections: 1] It must be able to colonize the host without any adverse side effects 
and 2] It must be capable of inhibiting urogenital pathogens [57]. According to Reid and 
colleagues [43] different probiotic bacteria have varying capabilities to colonize the vagina 
of different patients; this indicates the importance of using a combination of strains in 
probiotic products. Oral administration of L. acidophilus, or intra-vaginal administration of 
L. acidophilus or L. rhamnosus GR-1 and L. fermentum RC-14, have been documented to 
most efficiently increase the numbers of vaginal lactobacilli, restore the vaginal microbiota 
to normal, and cure women of BV [52]. 

3.4. Appropriate dose for treatment of bacterial vaginosis 

Researchers have tried different dosages in their attempts to treat BV with probiotics, many 
of which have resulted in positive outcomes. There is strong evidence that BV is most 
appropriately treated when over 10^8 viable organisms per day is used [41]. However, the 
minimum dose which can generally confer the favored benefits in women must to be 
determined. 

3.5. Effect of treatment duration 

What BV patients and their caregivers are mostly looking for, is a treatment protocol to get 
them rid of the recurrence of the infection. Probiotics are a good option to fulfill this goal, 
provided that they are properly colonized in the vagina. Parent and colleagues [1] found 
that cure was more common, and the number of vaginal lactobacilli was significantly 
higher, in women with BV at both 2 and 4 weeks after the start of a 6-day treatment with L. 
acidophilus and oestriol, when compared to women with BV who received a placebo. 
However, most clinical trials have reported that 2 months of oral administration of L. 
acidophilus, Lactobacillus rhamnosus GR-1 and L. fermentum RC-14 can be more effective 
in preventing recurrences of BV and/or increasing vaginal colonization with lactobacilli, 
thus restoring the normal vaginal microbiota [58]. 

4. Conclusion 

This study confirms the potential efficacy of lactobacilli as a non-chemotherapeutic means to 
restore and maintain a normal urogenital flora, and shows that probiotic bacteria especially 
L. acidophilus, L. rhamnosus GR-1 and L. fermentum RC-14 when administered over 10^8 
CFU for 2 months can most appropriately normalize vaginal flora, help cure the existing 
infection and prevent recurrence of BV. Longer periods of probiotic administration may be 
useful for long term control of BV relapses after conventional therapy with metronidazole. 
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them rid of the recurrence of the infection. Probiotics are a good option to fulfill this goal, 
provided that they are properly colonized in the vagina. Parent and colleagues [1] found 
that cure was more common, and the number of vaginal lactobacilli was significantly 
higher, in women with BV at both 2 and 4 weeks after the start of a 6-day treatment with L. 
acidophilus and oestriol, when compared to women with BV who received a placebo. 
However, most clinical trials have reported that 2 months of oral administration of L. 
acidophilus, Lactobacillus rhamnosus GR-1 and L. fermentum RC-14 can be more effective 
in preventing recurrences of BV and/or increasing vaginal colonization with lactobacilli, 
thus restoring the normal vaginal microbiota [58]. 

4. Conclusion 

This study confirms the potential efficacy of lactobacilli as a non-chemotherapeutic means to 
restore and maintain a normal urogenital flora, and shows that probiotic bacteria especially 
L. acidophilus, L. rhamnosus GR-1 and L. fermentum RC-14 when administered over 10^8 
CFU for 2 months can most appropriately normalize vaginal flora, help cure the existing 
infection and prevent recurrence of BV. Longer periods of probiotic administration may be 
useful for long term control of BV relapses after conventional therapy with metronidazole. 
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Probiotics have been reported useful when used either vaginally or orally; foods and 
supplements have both been shown to be efficient vehicles as well; however, since BV is a 
common disorder for the prevention of which, the vaginal flora needs to be normal and 
devoid of pathogens by the help of beneficial bacteria, suggesting women to consume 
probiotic foods will not only protect them against BV, but will also reward them with other 
health benefits of probiotics. 
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1. Introduction 

1.1. Gut microbiota, health and diseases  

In humans there are a multitude of site-specific communities of bacteria localized on the 
skin, mucosal surfaces, and in the intestinal tract [1,2]. The total number of prokaryotic cells 
is estimated to be around 1014, ten times more than the number of eukaryotic cells. These 
microbial communities interact extensively with the host, a process which is crucial for host 
development and homeostasis. Most of the microbiota is located in the gastrointestinal (GI) 
tract, and progressively increase in number from the jejunum to the colon. In the colon, the 
levels of bacteria are as high as 1011 microorganisms per gram of luminal content with a very 
wide diversity. The composition of gut microbial communities was originally known 
through culture-based studies, which estimated that 400 to 500 different species are present 
in the adult human intestinal tract [3]. Through the most recent culture-independent 
analyses, gut microbiota is thought to comprise up to 1000 bacterial species per individual 
and over 5000 species in total [4]. The gut microbiota is dominated by only four phyla, i.e. 
Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria, although there are more than 
50 bacterial phyla on Earth [1].  

Although the gut microbiota community was mostly studied in terms of pathogenic 
relationships for several decades, it is now recognized that most microorganism-host 
interactions in the gut are, in fact, commensal or even mutualistic [1,2]. This complex 
ecosystem has many functions which contribute to major roles for the host, including 
metabolic functions, barrier effects, and maturation of the immune system [5,6]. Indeed, 
bacterial colonic fermentation of non-digestible dietary residues and endogenous mucus is 
an important metabolic process in humans. The metabolites produced by this bacterial 
fermentation are mostly short-chain fatty acids (SCFAs) which supply energy and nutritive 
products to the bacteria, and trophic functions on the intestinal epithelium [7]. However, 
bacterial fermentation of proteins and peptides can also generate potentially pathogenic 
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metabolites, such as phenol, amines, indols, and thiols [8]. The barrier effect refers to a 
resistance to colonization by exogenous or opportunistic bacteria that are at a low level in 
the gut [9]. Many mechanisms are thought to be responsible for this effect, including 
secretion of antimicrobial molecules, competition for nutrients, and attachment to ecological 
niches. These mechanisms also contribute to maintaining equilibrium in the microbial 
population of the gut. Finally, the gut microbial community has a major immune function 
[10].The intestinal immune system is separated from the gut microbiota by a single epithelial 
layer, which allows cross-talk between bacteria and the host. The commensal gut microbiota 
therefore profoundly influences the development of the intestinal adaptative immune 
system, being crucial for the development of gastrointestinal lymphoid tissue (GALT), 
homeostasis between T-helper 1 (Th1) and T-helper 2 (Th2) cell activity , as well as the 
acquisition of oral tolerance [10].  

As the gut microbiota is greatly involved in the intestinal homeostasis, any dysbiosis could 
lead to dysfunctions. Hence, several diseases have been associated with alterations in the 
composition of the gut microbiota such as inflammatory bowel diseases (IBD) [11,12], 
irritable bowel syndrome (IBS) [13], and allergic diseases [14].  

As IBD is concerned, although a direct pathogenic role for a specific agent has not been 
shown, there is evidence that autochthonous intestinal microbiota is involved (for review, 
see [15]). Several studies through culture-dependent and –independent analyses have 
reported differences in microbiota in patients suffering from IBD compared to healthy ones 
with less diversity in fecal microbiota [11] and higher numbers of mucosa-associated 
bacteria [16] in IBD patients. Indeed, IBD patients have fewer bacteria with anti-
inflammatory properties and/or more bacteria with proinflammatory properties [15]. 
Likewise, some clinical studies reported differences in the composition of bacterial 
communities compared to period without allergic symptoms [17,18].  

Irritable bowel syndrome (IBS) is defined by functional recurrent abdominal pain associated 
with abdominal distension and changes in bowel habits (constipation, diarrhea, or both). 
The etiology remains elusive; however, there is growing evidence of the role of gut 
microbiota in IBS [19].  

Some recent studies have also suggested that obese individuals have a higher abundance of 
Firmicutes at the expense of Bacteroidetes in their gut microbiota compared with lean people 
[20,21]. This increase was reversed by surgically-induced or diet-induced weight loss [20,22]. 
Type 2 diabetes seems also to be associated with changes in gut microbial composition, 
regardless of body weight [23,24]. However, such associations have not been found by all 
authors [25]. Differences in the composition of gut microbiota have also been linked with 
type 1 diabetes [26].  

Lastly, antibiotic courses have been shown to impact the microbiota with long term 
alterations [27,28]. Few studies investigated the health consequences of such alterations, but 
for Clostridium difficile colonization, responsible for antibiotic-associated diarrhea or 
pseudomembranous colitis [29].  
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These associations need to be confirmed in large studies. Moreover, it is still unclear 
whether the altered microbiota composition is a consequence rather than a cause of these 
disorders. Moreover, microbiota could promote disease in genetically susceptible hosts. 
Nevertheless, studies conducted to identify relationships between gut microbiota and 
diseases are a prerequisite to new approaches of therapeutics.  

2. Probiotics, prebiotics, tools for modulating the gut microbiota 

The associations of gut microbiota and diseases have given rise to the interest in 
manipulating gut microbiota as a new means of prevention or therapy. Indeed, some 
bacteria, mainly bifidobacteria and lactobacilli, have for a long time been thought to have 
beneficial health effects. They were firstly described by a few visionary scientists like 
Metchnikoff, Nissle, and Shirota about a century ago. This concept of “useful microbes” as 
written by Metchnikoff in his publication “On the prolongation of life” in 1907 [30] has led 
many years later to the use of “probiotic” strains to deliberately manipulate the microbiota. 
This concept has been forgotten during the expansion of the era of antibiotics and vaccines. 
However, research on the roles of the commensal microbiota gave a renewed interest for 
these beneficial microorganisms. Currently, probiotics are defined as “live microorganisms 
which when administered in adequate amounts confer a health benefit on the host” [31,32]. 
The most widely used probiotics include lactic acid bacteria, specifically Lactobacillus and 
Bifidobacterium species [33]. Although the efficacy of probiotics is sometimes debatable, they 
offer great potential benefits to health and are safe for human use, and their areas of interest 
are wide [34]. Effectiveness has been reported in the treatment and/or prevention of various 
gastrointestinal diseases, such as acute viral gastroenteritidis, antibiotic-associated diarrhea, 
pouchitis, and irritable bowel syndrome [33,35,36]. Some beneficial effects have also been 
reported in ulcerative colitis, ventilator-associated pneumonia, functional constipation, and 
reduction of cholesterol (see [34] for review).  

Their beneficial effects could be through the production of metabolites, such as short chain 
fatty acids or other small molecules, or the bacterial components, such as DNA or 
peptidoglycan. However, these effects are strain-specific and further work is still required to 
confirm their benefits to health. 

Modulation of the gut microbiota can be also achieved by the use of prebiotics. Prebiotics 
are defined as non-digestible dietary components that beneficially affects the host by 
selectively stimulating the growth and/or the activity of one or a limited number of bacteria 
in the colon, and thus improves host health [37]. They are mainly oligosaccharides, and 
bacteria mainly enhanced are bifidobacteria. Their potential interest lies in the fact that their 
effect is linked to a modification of the equilibrium of the autochthonous gut microbiota and 
not to a single or a limited number of exogenous strain(s) as for probiotics. Moreover, in 
terms of safety, they have not the side effect of probiotic supplementation, for which 
systemic translocation of the ingested live bacteria has been reported in some cases during 
probiotic uses [38]. Prebiotic supplementation has been less studied than probiotic 
supplementation. Although prebiotic supplementation leads constantly to an increase in gut 
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bifidobacteria levels, their effects in terms of health benefits of an early use of infant formula 
enriched with prebiotics appear with limited or unclear clinical significances [39]. Thus, the 
Committee on Nutrition of the European Society for Paediatric Gastroenterology, 
Hepatology, and Nutrition (ESPGHAN) did not recommend the routine use of prebiotic-
supplemented formula [39]. However, no adverse effects have been observed.  

The increase use of association of probiotics and prebiotics, named “synbiotic” is appealing. 
However, a very limited number of such supplementation has been studied in infants. An 
alternative option is the use formulas fermented with lactic acid-producing bacteria during 
the production process that are subsequently inactivated by heat or other means at the end 
of the process [40]. This leads to a probiotic/prebiotic activity likely related to both 
production of active bacterial metabolites such as transoligosaccharides and presence of 
bacterial components such as cell membrane and DNA [41,42]. The limited number of 
studies on this kind of formula does not allow general conclusions to be drawn on the use 
and effects of fermented formulae [40]. It is recommended that the observed effects should 
be assessed in further randomized controlled trials.  

Both uses of prebiotics and synbiotics in neonates are not included in the present review.  

3. Gut bacterial establishment 

The formation of the intestinal ecosystem starts rapidly during the neonatal stage of life (see 
[43,44] for review). Colonizing bacteria originate mainly from the mother; the gut microbiota 
is a major source. Other sources include the microbiota of the vagina, perineum, skin, and 
even breast milk [45,46]. The first colonizing bacteria are facultative anaerobes due to the 
abundance of oxygen in the gut. This decreases the redox potential in the gut lumen, 
creating a reduced environment that favors the establishment of obligate anaerobes [43]. 
However, little is known about the factors that lead to the establishment of specific bacterial 
strains. Then, during the infant stage of life, numerous bacteria are encountered in the 
environment including the skin microbiota of parents, siblings, nurses, and foods. Hence, 
over time, successively larger numbers of bacteria are established in the infant gut, and 
these are mainly comprised of obligate anaerobes. This leads to a high interindividual 
variability in the composition and patterns of bacterial colonization during the first weeks of 
life. By the end of the first year of life, the gut bacterial composition converges toward an 
adult-like microbiota profile [47].  

Various external factors can affect the pattern of bacterial colonization, i.e. mode of delivery, 
mode of infant feeding, and environment [43,44]. Infants born by cesarean section are 
deprived of contact with their mother’s gut and vaginal microbiota, which decreases 
bacterial diversity and colonization by obligate anaerobes such as bifidobacteria and 
Bacteroides [48,49]. The mode of infant feeding also strongly influences bacterial 
establishment, the hallmark being a dominant colonization by bifidobacteria in breastfed 
infants compared with formula-fed ones. However, improvements in infant formulas have 
led to only minor differences in colonization following each feeding method [43,44]. 
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Moreover, changes in the establishment of gut microbiota have been observed in modern 
Western infants, most likely due to improved hygiene and general cleanliness in Western 
countries, resulting in reduced bacterial exposure [43,44]. Finally, gestational age can also 
affect bacterial colonization. Preterm birth leads to a delayed and abnormal pattern of 
microbial colonization in the gut [50-53]. In particular, colonization by beneficial bacteria 
such as bifidobacteria, which are normally dominant in fullterm babies, is delayed especially 
in very and extremely preterm neonates [54].  

4. Gut microbiota and pediatric diseases: a rational for probiotic use in 
neonates  

The early bacterial pattern in the first weeks of life appears to be a crucial step in the 
establishment of the various functions of the gut microbiota. In fact, recognition of self– and 
non–self–antigens begins early in life, perhaps even in utero [55]. Maturation of the intestinal 
immune system is thought to be significantly affected by the sequential bacterial 
establishment [10,56]. Indeed, at birth, the lymphoid system is not yet mature even though it 
is developed and the fetus is in a Th2 immunological context, and Th1 responses are 
repressed in order to avoid its rejection [57]. Therefore, after birth, the newborn must 
quickly restore the Th1/Th2 balance. The existence of a rich microbial environment is 
thought to be important in this process, the first bacteria to colonize the infant’s gut being 
the first stimuli for post-natal maturation of the T-helper balance. The immature Th2-
dominant neonatal response undergoes environment-driven maturation via microbial 
contact during the early postnatal period resulting in a gradual inhibition of the Th2 
response and an increase of the Th1 response and prevention of allergic diseases which are 
Th2 linked, a basis of the so-called “hygiene hypothesis” [56].  

Late-onset diseases could be therefore associated with an impairment of this step, all the 
more as early impairment in bacterial establishment can have long term effects in terms of 
bacterial pattern [58] as well as in terms of immune maturation [49,59]. Indeed, a large 
number of studies have shown that an imbalance of the numbers of Th1 and Th2 cells may 
be at the origin of a great variety of disease processes.  

The first disease associated to this imbalance is allergy. Thus, the initial composition of the 
infant gut microbiota may be a key determinant in the development of atopic disease [60]. 
This hypothesis is consistent with the delayed colonization of the digestive tract associated 
with changes in lifestyle over the last 15 years in Western countries [43,44], where incidence 
of allergic diseases had sharply increased since a decade. Moreover, factors known to 
modify establishment of the gut microbiota, e.g. birth through caesarian section [61,62], 
prematurity [63], and exposure to antibiotics during pregnancy [64] have been associated 
with a higher risk of atopic disease. This hygiene hypothesis implicating a relationship 
between allergic diseases and gut microbiota is supported by several clinical studies which 
reported differences in the composition of the fecal microbiota between infants who live in 
countries with high or low prevalence of allergy, as well between infants with or without 
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bacterial pattern [58] as well as in terms of immune maturation [49,59]. Indeed, a large 
number of studies have shown that an imbalance of the numbers of Th1 and Th2 cells may 
be at the origin of a great variety of disease processes.  
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infant gut microbiota may be a key determinant in the development of atopic disease [60]. 
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allergic diseases. In fact, several reports have associated allergic diseases with abnormal 
bacterial pattern. Low diversity [65] and low levels of bifidobacteria have been associated 
with allergy development [66,67], as well as high levels of clostridia [14,66]. A recent study 
revealed differences in the abundance of Bifidobacterium and enterobacteria among 7 
cesarean-delivered infants with and without eczema over a 2 year-follow-up and preceding 
the apparition of the symptoms [68].  

Likewise, early alterations in the gut microbiota have been linked with the risk of later 
overweight or obesity associated with lower levels of bifidobacteria and higher levels of 
Staphylocccus aureus during the first year of life [69].  

For many years, a number of studies have documented differences between patients 
suffering from inflammatory bowel diseases and healthy persons, even if there is still debate 
about whether changes precede or follow the development of IBD [70]. For instance, a 
decreased prevalence of dominant members of the human commensal microbiota, i.e. 
Clostridium IXa and IV groups, Bacteroides, bifidobacteria and a concomitant increase in 
detrimental bacteria, i.e. sulphate-reducing bacteria and Escherichia coli has been reported 
[71]. A pilot study found differences in mucosa-associated bacteria in duodenal mucosa 
with higher number of aerobic and facultative-anaerobic bacteria and a decrease in 
Bacteroides, a strictly anaerobic genus in pediatric IBD patients compared to control patients 
[72]. This peculiar microbial profile, with higher diversity in duodenal mucosa from 
children suffering from celiac disease and the specific harmful role of Escherichia coli 
supported the idea of a disease associated with the gut microbiota environment [73,74]. 
Other studies reported decrease in fecal and duodenal bifidobacteria populations in celiac 
patients [75]. 

Lastly, associations between intestinal microbiota and autism have been reported such as 
the overgrowth of neurotoxin-producing clostridia [76]. Several reports indicate that certain 
clusters of clostridia are present in higher levels in fecal microbiota from autistic infants 
[77,78]. Overgrowth of Desulfovibrio sp may also lead to direct damage through interaction 
between the host and lipopolysaccharide and sulfate reduction [79].  

Hence, although a causal relationship has not been categorically established, there is 
emerging evidence that the initial gut bacterial colonization during the first weeks of life is 
of great importance for infant health. Perinatal determinants altering the colonization 
pattern could therefore lead to a higher risk of later diseases. For instance, as already 
mentioned, infants born through cesarean section and therefore colonized by an altered 
bacterial pattern as compared with vaginally delivered ones have been reported to be at 
higher risk of either allergic diseases [80-82], or celiac disease [83], or obesity [84-86], or type 
1 diabetes [87]. A prolonged breast-feeding over one year has been linked to a lower risk of 
overweight or obesity [88]. Likewise, changes in the establishment of gut microbiota 
observed in modern Western infants result in reduced bacterial exposure [43,44]. Thus, these 
infants lack of adequate bacterial stimuli, leading to a deviated maturation of their immune 
system likely responsible for a higher risk of allergic disease development or inflammatory 
bowel diseases [56].  
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5. Probiotics in fullterm neonates  

The potential benefits of the use of probiotics in pediatrics have been recently reviewed 
[89,90]. It mainly includes treatment acute viral gastroenteritis [91], prevention of antibiotic-
associated diarrhea [92,93], reduction of the inflammatory response in IBD patients [11]. 
Limited effects have been observed in colicky infants [94]. However, a recent study reported 
a clear improvement of the symptoms of colic within one week of Lactobacillus reuteri 
administration as compared with simethicone treated infants [95] linked to an antimicrobial 
effect against six species of gas-forming coliforms isolated from the colicky infants [96].  

Given the likely link between the early bacterial pattern and later health status reported, a 
very early administration of probiotics when the gut microbiota is not fully established is of 
great interest and we have focused this review on this approach. Many attempts of early 
probiotic supplementation have been made for a long time, and numerous studies related to 
the use of infant formula supplemented with probiotics strains have been recently published 
[39]. This early use is reported to have some beneficial effects in terms of prevention of late 
development of some diseases. Administration is often given soon after birth, and the 
duration is variable according to the study, but often prolonged over several weeks or 
months. Lastly, dosages varied, ranging from 106 to ~109 CFU/mL or/g. The most frequently 
studied probiotic strains were Bifidobacterium animalis subsp lactis, B longum, Lactobacillus 
rhamnosus, L reuteri, L johnsonii and Streptococcus thermophilus, used alone or in combination.  

Some studies have included the effects of such supplementation on growth. However, no 
significant effects have been shown on growth, but without any negative results [39]. 
Likewise, no reduction of gastrointestinal or respiratory infections, or reduction of antibiotic 
use have been reported, but a limited number of studies investigated such effect, avoiding to 
drawn final conclusions. Moreover, one difficulty to assess the health-promoting effects lies 
in the fact that the probiotics properties are strain-dependent and the use of different strains 
could explain the discrepancies between the observed effects. Second, mechanism(s) of 
action of the probiotics is not always well-established. Probiotics can have health-promoting 
effects related to their interaction with the gut microbiota, the barrier functions and the 
immune system. In particular, probiotic supplementations were shown to impact the 
intestinal maturation as reported with Bifidobacterium lactis supplementation of preterm 
infants which induced the maturation of the intestinal IgAs response [97]. Likewise, in 
fullterm neonates an infant formula containing two strains of probiotics allowed the 
preservation of high SIgA levels at 6 months compared to the control group [98]. 
Furthermore, such supplementation was suggested to have a synergistic effect on gut 
humoral immunity at 12 months of age, since it has shown that significant higher level of 
total IgM, IgA, and IgG titers was detected in infants who had been breastfed exclusively for 
at least 3 months and supplemented with probiotics compared with those breastfed 
receiving placebo [99]. Probiotic strains can also improve the intestinal barrier functions by 
inducing mucin production. Besides, they can interact directly with intestinal bacteria 
through secretion of bioactive factors preventing changes in tight junction proteins during 
inflammation [100]. 
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The prevention of allergy through such early administration of probiotics is appealing. 
Though evidence of their effect is conflicting, their administration to infants at high risk for 
atopy and/or to their mothers seems to be effective for preventing infants from developing 
atopic disease [101,102]. Four studies investigated probiotic supplementation begun during 
pregnancy. Administration of Lactobacillus GG to the mother during pregnancy and breast-
feeding appears to be a safe and effective method for enhancing the immunoprotective 
potential of breast milk and preventing atopic eczema in the infant [103,104], with a 
protective effect up to 7 years [105]. However, this preventive effect was not confirmed in a 
similar study by Kopp et al, may be due to differences in the study populations [106]. L 
reuteri supplementation in infants with a family history of allergic disease did not confirm a 
preventive effect against infant eczema but found a decreased prevalence of IgE-associated 
eczema during the second year [107]. Infants receiving L rhamnosus had a significantly lower 
risk of eczema than infants receiving placebo, but this was not the case for B animalis subsp 
lactis and there was no significant effect of these two strains on atopy [108]. Other trials 
consisting of supplementation with various probiotics strains only in infants from birth to 6 
months of life did not find any reduction of the risk of atopic disease in high-risk infants 
[109-111]. Discrepancies between the observed effects could be linked to the various 
probiotics strains used. Indeed, the mechanism of their action could be through the 
maturation of the immune system, as suggested by the study of Roze et al where low levels 
of IgAs in the control group has been associated with atopy [98].  

These data led the Nutrition Committee of ESPGHAN to conclude that there is too much 
uncertainty to draw reliable conclusions [39], confirmed through a recent review [112]. 
However, the Cochrane Database of Systematic Reviews claimed that there is a possible role 
a probiotics intervention in prevention of atopic dermatitis [113]. These promising results 
associated to the fact that the impact on the immune system has been shown to be strain-
dependant [114] highlighting the importance of the choice of the probiotic strain argue for 
further studies in this field.  

Identifying through animal studies and clinical studies a possible link between gut 
microbiota and obesity [69,84,86] may offer promising strategies through the gut 
modulation to prevent obesity. The intestinal microbiota may contribute to the development 
of inflammation and insulin resistance leading to overweight or obesity, either by its role in 
the regulation of energy homeostasis and fat storage or by the chronic inflammation it could 
induce, or both [21,115]. Reducing the susceptibility to obesity by early probiotics 
intervention would be a useful adjunct in strategies to alleviate the huge burden of 
childhood obesity which can be a risk factor for later diseases such as type 2 diabetes, 
hypertension and coronary heart disease [116]. The findings of early differences in 
microbiota of infants who later become overweight or obese [69] argues for an early 
intervention. Likewise, differences in obese and non obese children has been found [117,118]  

Up to now, only one study on the effects on obesity of early probiotics supplementation has 
been conducted [119]. Pregnant women (n=159) were randomized and double-blinded to 
receive L rhamnosus or placebo 4 weeks before expected delivery; the intervention extending 
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for 6 months postnatally. Anthropometric measurements were taken over 10 years. This 
perinatal probiotic administration appeared to moderate the initial phase of excessive 
weight gain, especially among children who later became overweight, but not the second 
phase of excessive weight gain, the impact being most pronounced at the age of 4 years. The 
effect of intervention was also shown as a tendency to reduce the birth-weight-adjusted 
mean body mass index at the age of 4 years. Another controlled trial has been performed 
but on children between 12 and 15 of age over a 12-week period [120]. The probiotics used 
was L salivarius and the objective was to investigate the effect of the probiotics 
supplementation on markers of inflammation and metabolic syndrome, showing no 
beneficial effects on these markers. This may be highlights again the usefulness of an early 
intervention before the onset of the clinical and/or biological signs.  

6. Probiotics in preterm neonates  

6.1. Gut bacterial establishment in preterm neonates 

The current more obvious interest of probiotics use in neonates is very likely for preterm 
infants. In fact, preterm infants, and particularly those who are born at a low or very low 
gestational age and/or birth weight experience a delayed and abnormal pattern of gut 
colonization, particularly with regard to bifidobacteria and lactobacilli, normally dominant 
in healthy full term infants. The first studies on the gut bacterial colonization in preterm 
infants, based on culture methods and performed in the 80s, described a delayed 
colonization by many of the bacteria found in healthy fullterm infants [121-123]. However, 
more recent studies reported a greater delay either by culture [124-126] or culture-
independent methods [50,124,126-130]. Recently, the use of a pyrosequencing-based method 
confirmed this aberrant pattern in low and very low birth weight infants [52].  

The predominant facultative bacterial species in the fecal microbiota of preterm infants 
undergoing intensive care are staphylococci. Enterobacteria (mainly Klebsiella sp and 
Enterobacter sp) and enterococci are slightly delayed. Clostridia are the most common 
anaerobes during the first weeks of life, often the dominant anaerobic microbiota 
[124,126,131]. In contrast, Bacteroides and in particular bifidobacteria – known for their 
potential beneficial effects – seldom colonize preterm infants by contrast with fullterm 
infants [50,54,124]. Moreover, gestational age appears a major factor influencing their 
establishment [50,54]. Finally, the hospital environment can influence the bacterial pattern 
[131].  

This bacterial establishment is the expression of colonization from the environment rather 
from maternal origin. A combination of more frequent birth through cesarean section, large 
antibiotic use, delayed initiation of enteral feedings, and exposure to the unusual 
microorganisms that populate the neonatal intensive care units may explain this abnormal 
pattern of colonization.  

This impaired intestinal colonization may predispose preterm infants to diseases. Indeed, 
they are at high risk to acquire recurrent bacterial infections during their first weeks of life. 
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Both the permanent exposure to microorganisms due to frequent invasive procedures and 
the immaturity of the newborn immune system are responsible for the increased 
susceptibility to severe nosocomial infections. Early-onset sepsis remain an important cause 
among very preterm infants [132], thought to be due – at least partly – to the gut microbiota, 
Gram negative bacilli being the most frequent bacteria encountered in sepsis by contrast 
with fullterm infants [132]. Recent studies have demonstrated the origin of gut bacteria in 
these infections [133,134]. Besides, necrotizing enterocolitis (NEC) remains an important 
cause of morbidity and mortality among very preterm infants. Despite many investigations, 
its pathogenesis remains unclear [135]. The hypothesis that intestinal microbes are necessary 
for the development of NEC is supported by several lines of evidence [136]. No specific 
bacteria or bacterial pattern has been causally associated with the development of NEC 
although bacterial colonization is recognized as an important factor [137-139]. Implication of 
bacteria is thought to be due to fermentation of non-hydrolyzed lactose, a consequence of 
the immaturity of the intestinal lactasic equipment in preterm infants [140-142]. The genus 
Clostridium seems to be important in the pathogenesis of NEC [139,143,144], but other 
genera could be involved [51,130,145]. A decrease in microbial diversity [130] or an increase 
in enterococci and Citrobacter gene sequences in NEC infants has been observed [51]. 

Lastly, the very abnormal pattern observed particularly in VLBW infants could lead to an 
abnormal maturation of the functions of the intestinal ecosystem. Indeed, it could be a factor 
to develop late-onset disease such as allergy, obesity, such as suggested with a higher risk of 
allergy in infants born with a very low birth weight (VLBW)[63].  

6.2. Probiotics in preterm neonates 

Feeding oral probiotic bacteria may be therefore an effective way to change the abnormal 
pattern of colonization of preterm infants, and to have the potential to prevent the 
occurrence of gastrointestinal disorders in preterm infants. A relatively small number of 
trials have studied the effects of probiotics in those preterm infants. However, numerous 
meta-analyses or reviews (with a higher number than clinical trials, highlighting the great 
interest in this approach) have shown the potential benefits of such supplementation, 
leading to a significant and somewhat impressive reduction of all-cause mortality and NEC 
by more than half [146-148]. As for an example, the metaanalyse from the Cochrane 
Collaboration included 16 studies with 1371 infants treated with probiotics and 1376 controls 
[146]. Various probiotic strains have been used, i.e. lactobacilli, bifidobacteria or a combination 
of 2 or 3 strains. The most frequent Lactobacillus used was LGG. For bifidobacteria, breve and 
longum were the most frequent species administered. One study used Saccharomyces boulardii. 
Conclusions of this metaanalyse are concordant with other ones, with a significant decrease in 
the incidence of severe NEC (stage II or more) and of mortality. As highlighted for other 
applications, the effect is certainly strain-dependent with studies that did not found any 
beneficial supplementation regarding the incidence of NEC [149]. 

Other beneficial effects have been reported as a shortened time to full feeds. By contrast, if 
there is a trend toward a reduction of nosocomial sepsis, it does not reach the significance.  
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These beneficial effects are less obvious in extremely preterm infants, born with a very low 
birthweight (1000g or less, VLBW infants) [146]. This could be related with the fact that the 
probability to be colonized by probiotic strains diminished with decreasing birth weight 
[126]. Hence, in this latter study the improvement of gastrointestinal tolerance to enteral 
feeding was only reported in infants born with a birthweight >1000g. As infants weighting 
1000g or less received antibiotic treatment more frequently, and had more frequent 
interruptions of enteral feeding than did infants weighing more than 1,000g, these findings 
suggest that these factors could prevent gut colonization by the probiotic strains, and, 
consequently, the capacity of probiotics to enhance intestinal function in extremely low birth 
weight infants [126].  

Conclusions of the numerous reviews and metaanalyses strongly suggest that the use of 
probiotics in preterm infants could prevent tens of thousands of deaths annually. Hence, 
some authors recommend that it is time to change practice and to adopt the use of 
probiotics as a standard care in preterm infants [146,150]. However, controversies have 
emerged because there are yet too many unknowns about probiotics use [151,152]. One 
aspect concerns the safety although no negative effects have been reported even in long 
term follow-up [153]. However, data on this latter aspect are very scarce. Infrequent, 
systemic translocation of probiotics has been reported [38,154] raising some concerns 
about this side effect in the high-risk groups of low and very low birth weight infants who 
are characterized by high intestinal permeability, making this potential powerful tool a 
double-edge weapon. Increased incidence of NEC following probiotic administration has 
been observed in a preterm piglet model, may be related to the specific strain, dose, and 
the very immature gut immune system.[155]. A study in a pediatric unit even reported a 
trend toward an increase in nosocomial throughout a probiotic supplementation [156] 
although a routinary supplementation of VLBW infants with a probiotics strains over a 6-
year period was safe [157].  

To conclude, although there is encouraging data for the use of probiotics in particular in 
terms of NEC prevention, it may be reasonable to stand back from a routine use of 
probiotics in preterm infants. As suggested by several authors, probiotics 
supplementation should be a local decision [158-161]. Several questions have been raised. 
What is the interest of probiotic supplementation in units with low incidence of NEC? 
What are the mechanisms of action, which are not elucidated, in particular due to the lack 
of gut microbiota analyses in most of the studies? What are the beneficial effects apart 
reduction of incidence and severity of NEC, in particular concerning sepsis, since some 
results are promising, but large clinical trials are needed, as the ongoing study in 
Australia and New Zealand [162]. What is the safety of the various strains? Which 
product(s) should be administered, at what dose, when, and for how long [163]? Lastly, 
no general recommendation can be done currently for the special group of the VLBW 
infants regarding the lack of benefits of probiotics supplementation [146,160]. Further 
studies are thus recommended in this target population.  
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of gut microbiota analyses in most of the studies? What are the beneficial effects apart 
reduction of incidence and severity of NEC, in particular concerning sepsis, since some 
results are promising, but large clinical trials are needed, as the ongoing study in 
Australia and New Zealand [162]. What is the safety of the various strains? Which 
product(s) should be administered, at what dose, when, and for how long [163]? Lastly, 
no general recommendation can be done currently for the special group of the VLBW 
infants regarding the lack of benefits of probiotics supplementation [146,160]. Further 
studies are thus recommended in this target population.  
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Lastly, no study had investigated the potential beneficial long-term effect of an early 
probiotics supplementation in terms of reduction of the risk of late-onset disease linked to 
an early dysbiosis such allergy and obesity for instance.  

The Committee on Nutrition of ESPGHAN concluded – in a commentary published in 2010 
– that there is not enough available evidence for a routine use of probiotics in preterm 
infants [164]. However, faced to some evidence of benefits of probiotics in preterm infants, 
guidelines have been proposed aiming at optimizing their use, emphasing that “routine” 
use does not equate “blind” use of probiotics, and raising the necessity to continue research 
in this field to provide answers to the current gaps [159].  

7. Conclusion  

The notion of “gut health” has become more and more popular. Currently, it is recognized 
that the gut microbiota contributes to the host health not only by assuming digestion and 
absorption of nutriments, but also by maturation of the immune system, defense against 
infection, signaling to the brain… 

This leads to not only study the gut microbiota communities in terms of pathogenic 
relationships, as it was done for several decades, but also to study the endogenous microbiota 
and to investigate microorganism-host interactions in the gut that are, in fact, commensal or 
even mutualistic. Hence, currently several disease, which clinical symptom can be late in the 
life, are linked to dysbiosis that often occurred in the early step of gut colonization.  

We need to learn more about the composition and functions of the gut microbiota and to the 
concept of early modulation of this microbiota. Thus, we are currently at the beginning of 
the era of probiotics which aim at counteracting deleterious effect of microorganisms with 
probiotics instead of using vaccines and antibiotics. This new field of medical microbiology 
is appealing and fascinating.  

The current review aimed at giving the rational of the use of probiotics for promotion of 
health and prevention of disease through their use early in life when the gut microbiota is 
not fully established.  

Several applications are claimed among them, some are appealing such as prevention of 
allergy. However, up to now, there are not enough data to recommend their routine use. But 
the potential interest in this field argues to do further research to validate the current 
beneficial results observed.  

The most clear potential interest of early probiotic supplementation lies in taking care of 
preterm neonates, who are often colonized by an aberrant microbiota leading to high risks 
of early or late-onset of disease. Probiotic supplementation has been demonstrated to have 
benefits in terms of prevention of NEC. However, too many questions remain unanswered 
to recommend their routine use. One major concern is the safety linked to the ingestion of 
live microorganisms by an immature host. Hence, once again further research is needed in 
this exiting field with potential of health benefits.  
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1. Introduction 

There is complex and ubiquitous interface between the probiotic and resident bacteria (human 
microbiota) at various mucosal sites and the mucosal immune system. The probiotic bacteria 
are normally exogenous and transient as the resident bacterial communities of the human 
body are relatively constant companions of the human body and the mucosal immune system. 
This interface may result in local and systemic immune responses thus contributing for the 
preservation of the biological individuality of the human macroorganism.  

2. Human microbiota  
The human microbiota is an aggregate of microorganisms that reside on the surface and in 
deep layers of skin, in the saliva and oral mucosa, in the conjunctiva, the urogenital, to some 
extend the respiratory and above all the gastrointestinal tract. They include mostly Bacteria, 
but also some Fungi and Archaea. All these body parts are offering a relatively stable habitat 
for the resident bacteria: constant nutrient influx, constant temperature, redox potential and 
humidity. The skin flora does not interact directly with the mucosal immune system so it 
would be excluded from the present book chapter.  

2.1. Oral microbiota  

The oral cavity shelters a very diverse, abundant and complex microbial community. Oral 
bacteria have developed mechanisms to sense their environment and evade or modify the 
host. Bacteria occupy the ecological niche provided by both the tooth surface and gingival 
epithelium. A varied microbial flora is found in the oral cavity, and Streptococcal anaerobes 
inhabit the gingival crevice. The oral flora is involved in dental caries and periodontal 
disease, which affect about 80 %. of the population in the Western world. Anaerobes in the 
oral flora are responsible for many of the brain, face, and lung infections that are frequently 
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manifested by abscess formation. Oral bacteria include Streptococci, Lactobacilli, Staphylococci, 
Corynebacteria and various anaerobes in particular Bacteroides. The oral cavity of the new-
born baby does not contain bacteria but rapidly becomes colonized with bacteria such as 
Streptococcus salivarius. With the appearance of the teeth during the first year colonization 
by Streptococcus mutans and Streptococcus sanguinis occurs as these organisms colonise the 
dental surface and gingiva. Other strains of streptococci adhere strongly to the gums and 
cheeks but not to the teeth. The gingival crevice area (supporting structures of the teeth) 
provides a habitat for a variety of anaerobic species. Bacteroides and Spirochetes colonize the 
mouth around puberty. However, a highly efficient innate host defense system constantly 
monitors the bacterial colonization and prevents bacterial invasion of human tissues. A 
dynamic equilibrium exists between dental plaque bacteria and the innate host defense 
system. [1, 2].  

2.2. Respiratory microbiota  

The nose, pharynx and trachea contain primarily those bacterial genera found in the normal 
oral cavity (for example, α-and β-hemolytic streptococci); however, anaerobes, Staphylococci, 
Neisseriae and Diphtheroids are also present. Potentially pathogenic organisms such as 
Haemophilus, Mycoplasmas and Pneumococci may also be found in the pharynx. Anaerobic 
organisms also are reported frequently. The upper respiratory tract is so often the site of 
initial colonization by pathogens (Neisseria meningitides, C. diphtheriae, Bordetella pertussis, 
etc.) and could be considered the first region of attack for such organisms. In contrast, the 
lower respiratory tract (small bronchi and alveoli) is usually sterile, because particles the 
size of bacteria do not readily reach it. If bacteria do reach these regions, they encounter host 
defense mechanisms, such as alveolar macrophages, that are not present in the pharynx [2]. 

2.3. Conjunctival microbiota  

The conjunctiva harbors few or no organisms. Haemophilus and Staphylococcus are among the 
genera most often detected [2].  

2.4. Urogenital microbiota  

The urogenital flora is comprised mostly by the bacteria in the anterior urethra and the 
genital tract in women. In the anterior urethra of humans, S. epidermidis, enterococci, and 
diphtheroids are found frequently; E. coli, Proteus, and Neisseria (nonpathogenic species) are 
reported occasionally (10-30 %). The type of bacterial flora found in the vagina depends on 
the age, pH, and hormonal levels of the host. Lactobacillus spp. predominate in female infants 
(vaginal pH, approx. 5) during the first month of life. Glycogen secretion seems to cease from 
about I month of age to puberty. During this time, diphtheroids, S. epidermidis, streptococci, 
and E. coli predominate at a higher pH (approximately pH 7). At puberty, glycogen secretion 
resumes, the pH drops, and women acquire an adult flora in which L. acidophilus, 
Corynebacteria, Peptostreptococci, Staphylococci, Streptococci and Bacteroides predominate. After 
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menopause, pH again rises, less glycogen is secreted, and the flora returns to that found in 
prepubescent females. Yeasts (Torulopsis and Candida) are occasionally found in the vagina 
(10-30 % of women); these sometimes increase and cause vaginitis [2].  

2.5. Intestinal microbiota  

The number of bacteria in the digestive system alone is at least as big as the number of the 
stars in our home galaxy – the Milky Way as it contains no less than 1011 stars [3], thus 
forming a specific bacterial microcosmos the human gut. The number of bacteria increases in 
a logarithmic progression along the digestive system: the stomach (101-103 colony-forming 
units per milliliter (cfu/ml)), duodenum (101-103 cfu/ml), distal small intestine (104-107 
cfu/ml) and above all the colon (1011-1012 cfu/ml). According to some authors the intestinal 
bacteria are forming the most densely populated ecosystem in the world [4]. The intestinal 
bacteria are really abundant when it comes to the various species and strains and their 
spatial distribution. The intestinal flora has a dynamic structure and is not isolated from the 
human host or the surrounding environment. There qualitative and quantitative variations 
in the gut flora depending on the diet, age, biotic and abiotic factors of the human 
environment, mucosal immune respose, presence or absence of organic disease of the host, 
intake of antibacterial medications, etc. The interface between the gut flora and the intestinal 
mucosal immune system is a perfect example for the interaction between the resident 
bacteria and the mucosal immune response. The gut flora is quite unique for each and every 
person and differs even in identical twins [5, 6]. The predominant bacterial genera and 
families inhabiting the human gut are presented on table 1 [4, 7-14]: 
 

 Facultative 
anaerobes 

Gram 
staining 

Obligate anaerobes Gram 
staining Location 

Duodenum and 
Jejunum  

Lactobacillus 
Streptococccus 
Enterobacteriaceae 

+ 
+ 
- 

Solitary Bacteroides - 

Ileum Lactobacillus 
Streptococccus 
Enterococcus 
Enterobacteriaceae 

+ 
+ 
+ 
- 

Bacteroides 
Clostridia 
Veillonella  

- 
+ 
- 
 

Colon Lactobacillus 
Streptococccus 
Enterococcus 
Enterobacteriaceae 

+ 
+ 
+ 
- 

Bacteroides  
Bacillus 
Clostridium 
Fusobacterium 
Peptostreptococcus 
Bifidobacterium 
Eubacterium  
Ruminococcus 

- 
+ 
+ 
- 
+ 
+ 
+ 
- 

Table 1. Predominant bacterial genera and families inhabiting the human intestine. 
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The intestinal flora may be divided to resident and transient. The resident bacteria can 
colonize and multiply successfully in the human gut for continuous periods of time as the 
transient microbial species can only do so for limited periods of time. The resident bacteria 
are able to adhere to specific molecules of the host or other adhesive bacterial species. Most 
of the transient bacteria are unable to do so or can only do it for a short time. The transient 
bacteria are usually ingested trough the mouth and belong to various genera and species 
[15].  

3. Probiotic bacteria  
The probiotic bacteria belong to the transient species as their presence in the human body is 
always a result of exogenous intake. There are numerous definitions for probiotics and they 
all correct in a way of their own. The concept for probiotics is constantly evolving, but 
essentially designates that they are “Living microorganisms which favorably influence the 
health of the host by improving the indigenous microflora”. This definition was given by R. 
Fuller back in 1989 [16] and is very distinct from the one of the World Health Organization 
given in the beginning of the 21st century – “Live microorganisms which when administered 
in adequate amounts confer a health benefit on the host” [17]. There are also many other 
definitions and they all speak of the “whats”, the “whos” and the “whens” but none speaks 
of the “hows”. So if one would wish to include the “hows” it may sound like “Living 
microorganisms which when administered in adequate amounts may change the balance 
and keep the human body move in the right direction…”. It does not say “favorable” as 
probiotics also have side effects and still it does not speak enough of “hows” so it can’t 
really become the universal definition for probiotics. The intake of probiotic bacteria can be 
reviewed not only from a therapeutic and immunological angle but also unraveled throught 
the prism of ecology and cognitive philosophy.  

The probiotic bacteria exert the unique quality to change the balance in a balanced way. 
They way they work is quite complex and fall pretty much into the witty remark of Albert 
Einstein “Life is like riding a bicycle – in order to keep your balance, you must keep 
moving” [18]. Indeed probiotic bacteria are alive and keep moving so as the human body. So 
when we want to understand probiotics everything comes to the balance between the outer 
and the inner cosmos of humans mediated by their mucosal surfaces. 

The majority of commercially available probiotic bacteria belong to the genera Lactobacillus and 
Bifidobacterium but also strains of E. coli, Streptococcus, Enterococcus and even Bacillus, Oxalobacter, 
etc. Some yeasts are also being used as probiotics – Saccharomyces, etc. All commercially 
available probiotic bacteria must exert 5 crucial technological and clinical properties (fig. 1). 

All these properties are equally important but the positive effect is by all means the most 
significant one: 

 Origin: bacteria descending from the human gastrointestinal tract (GIT) (preferably); 
 Safety: probiotic bacteria should be non-pathogenic and sensitive to the most commonly 

used antibiotics; 
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Figure 1. Main technological and clinical properties of the probiotic bacteria. 

 Resistance: the bacterial strains should be able to survive the action of the stomach acid, 
the bile acids and the protease enzymes; 

 Viability: these bacteria must survive the production process, proliferate in the small 
and/or large intestine, adhere to the gut epithelium and even colonize the small 
intestine and/or the colon for a finite time; 

 Positive effect: their intake should be beneficial for health of the human macroorganism.  

There is still conflicting evidence for the clinical efficacy of probiotic bacteria but yet they 
have been proven to be effective in infectious and antibiotic associated diarrhea [19, 20], 
urogenital infections [21, 22], immunologically mediated diseases such as inflammatory 
bowel disease (IBD) [23, 24] and atopic disease [25, 26], etc. Probiotic bacteria are being 
applied at various mucosal sites – orally, vaginally, as eye-drops, nasal sprays, etc. All 
mucosal sites are all connected in 3 different ways: anatomically, embryologically and most 
of all functionally.  

4. Mucosal ecology  
The intestinal flora is a specific blend of microorganisms, which have evolved and 
developed together with the macroorganism. These bacterial communities are highly 
variable and unique for all living persons. This is a result of time-limited migration of 
bacteria between humans in combination with their active interaction with the mucosal 
immune system, dietary and some genetic factors [27]. Human mucosal sites are classical 
habitats – they are normally populated by resident microorganisms. The human microbiota 
together with the mucosal surfaces of the human body form complex and dynamic 
ecosystems. All mucosal surfaces are directly exposed to the influence of environmental 
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immune system, dietary and some genetic factors [27]. Human mucosal sites are classical 
habitats – they are normally populated by resident microorganisms. The human microbiota 
together with the mucosal surfaces of the human body form complex and dynamic 
ecosystems. All mucosal surfaces are directly exposed to the influence of environmental 
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factors of the outer world – they are all located at the edge of the outer world and the inner 
cosmos of the human body. The edge effect in ecology is the effect of the juxtaposition or 
placing side by side of contrasting environments on an ecosystem. The highest diversity of 
species and the strongest influence of the living creatures over habitats are found on edges 
[28]. The abrupt changes in the microbial community and/or the habitat may alter the 
balance and alter the the delicate equilibrium between the resident flora and human host – 
the so called homeostasis. The exogenous introduction of probiotic bacteria is unique as in 
terms of ecology it can be considered both as an abiotic environmental factor and a biotic 
factor of the living matter. The mucosal surfaces with their indigenous microbial 
communities are also unique as they are the combining the role of a habitat and a part of a 
living organism at the same time. The probiotic bacteria may interact with the resident flora 
and the microorganism and alter the homeostasis. The probiotic bacteria however interact 
with the mucosal immune system like any other bacteria.  

5. Intestinal homeostasis  
In healthy individuals there is a tolerance towards the resident flora. Because of that 
tolerance normally there is no aggressive cellular or humoral immune response towards the 
indigenous flora. The tolerance towards the intestinal flora and numerous dietary 
compounds is called oral tolerance. The oral and other types of antigen specific tolerance are 
dependent also on the mucosal permeability and the antigen clearance of lamina propria. This 
delicate equilibrium may be disturbed in various ways and lead to the development of an 
active disease. An example of such a disease is the IBD, in which the local and systemic 
immune response are aiming for the resident intestinal bacteria. The mucosal immune 
system in IBD is trying to permanently eliminate the intestinal microbiota, thus leading to 
the development of a chronic inflammation [29]. The mucosal immune system plays a key 
role for the maintenance of the mucosal homeostasis.  

6. Mucosal immune response  
The complex and well-set interaction between the probiotic bacteria, the indigenous flora 
and the mucosal surfaces are all possible because of the mucosal immune system and 
particularly the mucosa associated lymphoid tissues (MALTs). The MALTs are dispersed 
aggregates of nonencapsulated organized lymphoid tissue within the mucosa, which are 
associated with local immune responses at mucosal surfaces. Human MALTs consist mainly 
of the lymphoid structures within the GIT, urogenital tract, respiratory tract, nasal and oral 
cavities, the salivary and lacrimal glands, the inner ear, the synovia and the lactating 
mammary glands. The three major regions of MALTs are the gut-associated lymphoid tissue 
(GALT), bronchus-associated lymphoid tissue (BALT) and nasal-associated lymphoid tissue 
(NALT) however, conjunctiva-associated lymphoid tissue (CALT), lacrimal duct-associated 
(LDALT), larynx-associated (LALT) and salivary duct-associated lymphoid tissue (DALT) 
have also been described [30-34]. The organization of the MALTs is similar to that of lymph 
nodes with variable numbers of follicles (B-cell area), interfollicular areas (T-cell area), and 
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efferent lymphatics although afferent lymphatics are lacking. The overlying follicle 
associated epithelium is typically cuboidal with variable numbers of goblet cells and 
epithelial cells with either microvilli or numerous surface microfolds (M-cells). In addition, 
single lymphocytes can be observed within the epithelium, mucosa and lamina propria. All 
MALTs are morphologically similar although there are might be some differences in the 
percentage of T- and B-cells [35]. 

The GALT is typically organized into discrete lymphoid aggregates within the mucosa, 
submucosa and lamina propria of the small intestine called Peyer's patches (PP), the 
appendix, the mesenteric lymph nodes (MLN) and the solitary follicles. These aggregates 
are typically multiple lymphoid follicles with diffuse lymphatic tissue oriented towards the 
mucosa [36]. 

In the respiratory tract the NALT is the first site of contact for most airborne antigens and 
mostly presented by the tonsils and the adenoids at the entrance of the aerodigestive tract. 
The NALT bears certain similarities to the PP [34, 36]. 

The BALTs are organized aggregates of lymphocytes that are located within the bronchial 
submucosa. These aggregates are randomly distributed along the bronchial tract but are 
consistently present around the bifurcations of bronchi and bronchioli and always lie 
between an artery and a bronchus [34, 36]. 

The mucosal immune system has 3 main functions: 

- protects the mucosa against pathogenic microorganisms; 
- prevents the uptake of foreign proteins derived from ingested food, airborne matter 

and indigenous microbiota; 
- prevents the development of potentially detrimental immune response to these antigens 

in case they reach the body interior – i.e. oral tolerance in the gut. 

In contrast with the systemic immunity, which functions in a sterile milieu and often 
responds vigorously to “invaders”, the MALT protects the structures that are replete with 
foreign matter. The MALT must economically select appropriate effector mechanisms and 
regulate their intensity to avoid bystander tissue damage. 

All MALTs have two basic structures: organized and diffuse lymphoid tissue. In the GALT 
the organized tissues are mainly the PP, MLN and the appendix as the diffuse ones are the 
intraepithelial lymphocytes (IEL). [37, 38]. The other MALTs are similarly organized. 

The mucosal immune response has 2 phases: 

- inductive phase; 
- effector phase. 

Inductive phase 

The antigen uptake in the intestinal mucosa (especially particular antigens) occurs either 
through the specialized sampling system represented by the M-cells overlying the PP or 
across normal epithelium overlying the lamina propria. The M-cells may transport various 
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soluble antigens and even whole bacterial cells from the surface of the epithelium to the PP. 
Below the epithelium there are dendritic cells (DCs). The DCs perform phagocytosis of 
various antigens and present them to various immunocompetent cells in the mucosal 
immune system. The DCs may present the antigen to: 

- T-lymphocytes in the PP; 
- T-lymphocytes in the MLN – the antigen-loaded DCs may migrate from the PP through 

the afferent lymph vessels to the MLN and present the antigen there. 

The cells, which present antigens are called antigen presenting cells (APC). Some MHC class 
II (+) enterocytes may also act as APC. The M-cells, DCs, PP and the MLN perform the 
antigen presentation and recognition, thus fulfilling the so called inductive phase of the 
immune response [39-41]. 

Effector phase 

The diffuse lymphoid structures are mostly presented by the intraepithelial lymphocytes 
(IEL) – mature T-lymphocytes, and IgA producing plasma cells (activated B-cells). The T-
lymphocytes are divided to CD4+ (helper or inducer) and CD8+ (suppressor or cytotoxic). In 
most cases the APC present the antigens to naïve CD4+ cells and activate them (fig. 2). The 
Т-lymphocytes in lamina propria are predominantly CD4+, whereas the IEL are mostly 
CD8+. The activated CD4+ cells leave the organized lymphoid structures and using the 
lymphatic system reach the systemic circulation through the thoracic duct. The activated 
mucosal B-cells produce secretory IgA (sIgA), which is the principal mucosal 
immunoglobulin. Secretory IgA is a dimeric form of IgA and the two IgA molecules are 
binded by a joining chain. Secretory IgA inhibits the bacterial adhesion to the mucosa, 
carries out the lactoperoxidase and lactoferrin to the cell surface, takes part in the clearance 
of immune complexes and activates the alternative complement pathway. The IEL perform 
the effector phase of the immune response [37; 40].  

The inductive and efector immune response are interdependent and sometimes overlapping.  

The activated CD4+ may interact with other efector cells such as activated B-cells, CD8+ 
lymphocytes, etc. After priming, memory B- and T-cells migrate to other efector sites, 
followed by active proliferation, local induction of certain cytokines and production of 
secretory antibodies (IgA). The migration to other mucosal surfaces is called lymphocyte 
homing and it is possible because of the so called addressin receptors. By using the homing 
mechanism the lymphocytes sensitized in one part of the MALTs can reach all other 
mucosal sites [42]. About 80 % of the activated B-cells are found in the intestinal lamina 
propria. This is the main source of mucosal antibodies in MALTs [39; 43]. After priming, 
memory B- and T-cells migrate to effector sites, followed by active proliferation, local 
induction of certain cytokines and production of sIgA. 

The intestinal epithelium and the GALT play a crucial role in the maintenance of the oral 
tolerance – antigen specific tolerance to orally ingested food and bacterial antigens [44]. All 
mucosal epithelial layers are a part of the innate immunity and serve as a first line of 
defense against numerous exogenous factors. The epithelial cells in the gut form a reliable 
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and highly selective barrier between the intraluminal content and the body interior. The 
disruption of this barrier could lead to the development of an inflammatory response. This 
would be a result of the direct interaction between the GALT and the intraluminal antigens. 
This has been confirmed in animal models – the mice with genetically determined 
alterations of the intestinal permeability are developing intestinal inflammation [45, 46]. 
Normally there is a constant interaction between the intestinal epithelium and GALT thus 
making possible the existence of the oral tolerance [47]. 

There is a complex relationship between the intestinal immune system and the resident and 
transient intestinal microbiota and it is crucial for the epithelial cells and the mucosal immune 
system to distinguish between pathogenic and non-pathogenic agents. Intestinal epithelial 
cells and some enteroendocrine cells are capable of detecting bacterial antigens and initiating 
and regulating both innate and adaptive immune responses. Signals from bacteria can be 
transmitted to adjacent immune cells such as macrophages, dendritic cells and lymphocytes 
through molecules expressed on the epithelial cell surface – the so called pattern-
recognitioning receptors (PRRs). There are numerous PRRs: major histo-compatibility complex 
I and II molecules and Toll-like receptors (TLRs). TLRs alert the immune system to the 
presence of highly conserved microbial antigens called pathogen-associated molecular 
patterns (PAMPs). They are present on most microorganisms. Examples of PAMPs include 
lipopolysaccharides (LPS), peptidoglycan, flagellin, and microbial nucleic acids [4, 48-50]. This 
is exactly how probiotic bacteria interact with the mucosal immune system – by their PAMPs.  

There are at least ten types of human TLRs. In humans, TLRs are expressed in most tissues, 
including myelomonocytic cells, dendritic cells and endothelial and epithelial cells. Interaction 
of TLRs and PAMPs results in activation of a complex intracellular signaling cascade, up-
regulation of inflammatory genes, production of pro- and anti-inflammatory inflammatory 
cytokines and interferons, and recruitment of myeloid cells. It also stimulates expression of co-
stimulatory molecules required to induce an adaptive immune response of APC [4, 50]. The 
colonic epithelium expresses mostly TLR3 but also TLR4, TLR5, and TLR7 [51], while cervical 
and vaginal epithelial cells have a higher expression of TLR1, TLR2, TLR3, TLR5 and TLR6 [52]. 
TLR4 recognises LPS [53, 54], a constituent of the cell wall of Gram-negative bacteria, while 
TLR2 reacts with a wider spectrum of bacterial products such as lipoproteins, peptidoglycans 
and lipoteichoic acid found both in Gram-positive and Gram-negative bacteria [55, 56]. 

There is another family of membrane-bound receptors for detection of proteins and they are 
different from the TLRs. They are called NOD-like receptors or nucleotide-binding domain, 
leucine-rich repeat containing proteins (NLRs). The best characterised NLRs are NOD1 and 
NOD2. NRLs are located in the cytoplasm and are involved in the detection of bacterial 
PAMPs that enter the mammalian cell. NRLs are especially important in tissues where TLRs 
are expressed at low levels [57]. This is the case in the epithelial cells of the GIT where the 
cells are in constant contact with the microbiota, and the expression of TLRs must be down-
regulated in order to avoid over-stimulation and permanent activation. However, if these 
intestinal epithelial cells get infected with invasive bacteria or bacteria interacting directly 
with the plasma membrane, they will come into contact with NLRs and will activate some 
certain defense mechanisms [58]. NLRs are also involved in sensing other endogenous 
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soluble antigens and even whole bacterial cells from the surface of the epithelium to the PP. 
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and highly selective barrier between the intraluminal content and the body interior. The 
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This has been confirmed in animal models – the mice with genetically determined 
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making possible the existence of the oral tolerance [47]. 
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system to distinguish between pathogenic and non-pathogenic agents. Intestinal epithelial 
cells and some enteroendocrine cells are capable of detecting bacterial antigens and initiating 
and regulating both innate and adaptive immune responses. Signals from bacteria can be 
transmitted to adjacent immune cells such as macrophages, dendritic cells and lymphocytes 
through molecules expressed on the epithelial cell surface – the so called pattern-
recognitioning receptors (PRRs). There are numerous PRRs: major histo-compatibility complex 
I and II molecules and Toll-like receptors (TLRs). TLRs alert the immune system to the 
presence of highly conserved microbial antigens called pathogen-associated molecular 
patterns (PAMPs). They are present on most microorganisms. Examples of PAMPs include 
lipopolysaccharides (LPS), peptidoglycan, flagellin, and microbial nucleic acids [4, 48-50]. This 
is exactly how probiotic bacteria interact with the mucosal immune system – by their PAMPs.  

There are at least ten types of human TLRs. In humans, TLRs are expressed in most tissues, 
including myelomonocytic cells, dendritic cells and endothelial and epithelial cells. Interaction 
of TLRs and PAMPs results in activation of a complex intracellular signaling cascade, up-
regulation of inflammatory genes, production of pro- and anti-inflammatory inflammatory 
cytokines and interferons, and recruitment of myeloid cells. It also stimulates expression of co-
stimulatory molecules required to induce an adaptive immune response of APC [4, 50]. The 
colonic epithelium expresses mostly TLR3 but also TLR4, TLR5, and TLR7 [51], while cervical 
and vaginal epithelial cells have a higher expression of TLR1, TLR2, TLR3, TLR5 and TLR6 [52]. 
TLR4 recognises LPS [53, 54], a constituent of the cell wall of Gram-negative bacteria, while 
TLR2 reacts with a wider spectrum of bacterial products such as lipoproteins, peptidoglycans 
and lipoteichoic acid found both in Gram-positive and Gram-negative bacteria [55, 56]. 

There is another family of membrane-bound receptors for detection of proteins and they are 
different from the TLRs. They are called NOD-like receptors or nucleotide-binding domain, 
leucine-rich repeat containing proteins (NLRs). The best characterised NLRs are NOD1 and 
NOD2. NRLs are located in the cytoplasm and are involved in the detection of bacterial 
PAMPs that enter the mammalian cell. NRLs are especially important in tissues where TLRs 
are expressed at low levels [57]. This is the case in the epithelial cells of the GIT where the 
cells are in constant contact with the microbiota, and the expression of TLRs must be down-
regulated in order to avoid over-stimulation and permanent activation. However, if these 
intestinal epithelial cells get infected with invasive bacteria or bacteria interacting directly 
with the plasma membrane, they will come into contact with NLRs and will activate some 
certain defense mechanisms [58]. NLRs are also involved in sensing other endogenous 
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warning signals which will result in the activation of inflammatory signalling pathways, 
such as nuclear factor-kappa B (NF-κB) and mitogen-activated protein kinases. Both NOD1 
and NOD2 recognise peptidoglycan moieties found in bacteria. NOD1 can sense 
peptidoglycan moieties containing meso-diaminopimelic acid, which primarily are 
associated to gram-negative bacteria. NOD2 senses the muramyl dipeptide motif that can be 
found in a wider range of bacteria, including numerous probiotic bacteria [59, 60]. The 
ability of NRLs to regulate, for example, nuclear factor-kappa B (NF-κB) signalling and 
interleukin-1-beta (IL-1β) production, indicates that they are important for the pathogenesis 
of inflammatory human diseases, such as IBD and especially Crohn’s disease. 

NOD2 are expressed mostly by DCs, granulocytes, macrophages and Paneth cells, as the 
TNFα and IFNγ up-regulate the expression of NOD2 in epithelial cells in intestinal crypts 
[59, 61, 62]. The overall expression of NOD1 and NOD2 increases in inflammation [63, 64].  

The microbiota alone can also predetermine the direction of this response with it’s PAMPs 
and their interaction with human PRRs. The NLRs and TLRs play a crucial role in the 
regulation of the inflammatory response towards indigenous and transient microbiota. The 
synthesis of various pro- and anti-inflammatory cytokines and/or activation of NF-kB may 
alter the direction of the immune response – from inflammation to anergy.  

The activation of the APC occurs after the binding of the PRRs with specific bacterial 
PAMPs. The types of PAMPs determine the selective activation of Th1, Th2, Th17 or Treg by 
the DCs (fig. 2).  

 
Figure 2. Interaction between the bacterial PAMPs, human PRRs, APCs, naïve CD4+ and activated 
CD4+ lymphocytes such as Th1, Th2, Th17 or Treg and their main cytokines.  
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The activated CD4+ lymphocytes may be divided in 2 groups:  

- effector (Th1, Th2 and Th17); 
- regulatory (Treg) 

Effector CD4+ lymphocytes 

- Th1-lymphocytes: they secrete IL-2, TNFα, IFNγ and GM-CSF. These lymphocytes take 
part mostly in the cell-mediated immune response, the normal functions of the 
macrophages and the delayed hypersensitivity reactions;  

- Th2-lymphocytes: they secrete IL-4, IL-5, IL-6, IL-13 and mediate the humoral immune 
response, the synthesis of IgE and atopic disease;  

- Th17-lymphocytes – some authors link them with the development of numerous 
autoimmune diseases. Their activation and functions are not fully studies and 
understood but they differ from the Th1- and Th2-lymphocytes. Their activation is 
mediated by TGF-β, IL-6, IL-21 and IL-23 but suppressed by IFNγ and IL-4. The Th17-
lymphocytes secrete IL-17, IL-17F and IL-22. 

Regulatory CD4+ lymphocytes 

- Treg-lymphocytes: they secrete the anti-inflammatory IL-10 and TGFβ and mediate the 
intensity and the direction of the immune response. The animals with inborn deficiency 
of IL-10 and TGFβ develop acute enterocolitis with fatal consequences. This is a result 
of a paradoxical inflammatory response towards the resident intestinal flora [65-71]; 

There are parts of the indigenous microbiota that are less prone to induce inflammation, and 
there may even be bacterial genera with the ability to counteract inflammation. This 
seemingly inflammation-suppressing effect can be a result of different actions. The 
inflammation-suppressing fractions of the bacterial flora may be able to:  

- counteract some of the inflammation-aggravating bacteria, which will decrease the 
inflammatory response;  

- improve the barrier effect of the mucosa, which will inhibit the translocation of 
inflammation-inducing luminal contents into the body;  

- directly interact with pro-inflammatory processes and cascades of the immune system. 

All three actions may work simultaneously. Currently, the most studied inflammation-
suppressing indigenous bacteria are certain species/strains of Lactobacillus and Bifidobacterium, 
and those are also the main bacteria used in the production of probiotics [72]. 

The inflammation alone can be a consequence of allergic reactions, infectious diseases and 
autoimmune diseases such as rheumatoid arthritis, diabetes type 1, multiple sclerosis and 
Crohn’s disease, but a low-grade systemic inflammation also characterises the metabolic 
syndrome and the ageing human body. The long-term inflammation increases the risk for 
atherosclerosis, cancer, dementia and non-alcoholic fatty liver disease. Diabetes type 2 and 
obesity are also characterised by a low-grade inflammation but it is still unclear if the 
inflammation is the cause of the condition or just a result of it. The indigenous flora of the 
human body may trigger inflammation, and so favourable influence on the composition of 
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warning signals which will result in the activation of inflammatory signalling pathways, 
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[59, 61, 62]. The overall expression of NOD1 and NOD2 increases in inflammation [63, 64].  

The microbiota alone can also predetermine the direction of this response with it’s PAMPs 
and their interaction with human PRRs. The NLRs and TLRs play a crucial role in the 
regulation of the inflammatory response towards indigenous and transient microbiota. The 
synthesis of various pro- and anti-inflammatory cytokines and/or activation of NF-kB may 
alter the direction of the immune response – from inflammation to anergy.  

The activation of the APC occurs after the binding of the PRRs with specific bacterial 
PAMPs. The types of PAMPs determine the selective activation of Th1, Th2, Th17 or Treg by 
the DCs (fig. 2).  
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- Th2-lymphocytes: they secrete IL-4, IL-5, IL-6, IL-13 and mediate the humoral immune 
response, the synthesis of IgE and atopic disease;  

- Th17-lymphocytes – some authors link them with the development of numerous 
autoimmune diseases. Their activation and functions are not fully studies and 
understood but they differ from the Th1- and Th2-lymphocytes. Their activation is 
mediated by TGF-β, IL-6, IL-21 and IL-23 but suppressed by IFNγ and IL-4. The Th17-
lymphocytes secrete IL-17, IL-17F and IL-22. 

Regulatory CD4+ lymphocytes 

- Treg-lymphocytes: they secrete the anti-inflammatory IL-10 and TGFβ and mediate the 
intensity and the direction of the immune response. The animals with inborn deficiency 
of IL-10 and TGFβ develop acute enterocolitis with fatal consequences. This is a result 
of a paradoxical inflammatory response towards the resident intestinal flora [65-71]; 

There are parts of the indigenous microbiota that are less prone to induce inflammation, and 
there may even be bacterial genera with the ability to counteract inflammation. This 
seemingly inflammation-suppressing effect can be a result of different actions. The 
inflammation-suppressing fractions of the bacterial flora may be able to:  

- counteract some of the inflammation-aggravating bacteria, which will decrease the 
inflammatory response;  

- improve the barrier effect of the mucosa, which will inhibit the translocation of 
inflammation-inducing luminal contents into the body;  

- directly interact with pro-inflammatory processes and cascades of the immune system. 

All three actions may work simultaneously. Currently, the most studied inflammation-
suppressing indigenous bacteria are certain species/strains of Lactobacillus and Bifidobacterium, 
and those are also the main bacteria used in the production of probiotics [72]. 

The inflammation alone can be a consequence of allergic reactions, infectious diseases and 
autoimmune diseases such as rheumatoid arthritis, diabetes type 1, multiple sclerosis and 
Crohn’s disease, but a low-grade systemic inflammation also characterises the metabolic 
syndrome and the ageing human body. The long-term inflammation increases the risk for 
atherosclerosis, cancer, dementia and non-alcoholic fatty liver disease. Diabetes type 2 and 
obesity are also characterised by a low-grade inflammation but it is still unclear if the 
inflammation is the cause of the condition or just a result of it. The indigenous flora of the 
human body may trigger inflammation, and so favourable influence on the composition of 
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the indigenous microbiota can be a strategy to mitigate inflammation. The use of probiotic 
bacteria can affect the composition of the resident flora, but probiotics may also have more 
direct effects on the immune system and the permeability of the mucosa. The better the 
barrier effect of the mucosa the smaller the risk of translocation of pro-inflammatory 
components originating from the mucosal microbiota [72]. 

7. Probiotics and mucosal immune response in clinical practice  
The polarization of the immune response is the reason why the oral intake of probiotic 
bacteria has been proven to be effective in allergic inflammation – atopic dermatitis, vernal 
keratoconjunctivitis but also in inflammatory bowel disease [23, 24]; infectious and antibiotic 
induced diarrhea [19, 20], urogenital infections [21, 22], atopic disease [25, 26]. Probiotic-
induced immune modulation at mucosal sites distant from the gut supports the ‘hygiene 
theory’ of allergy development [73]. The ‘hygiene theory’ links the recent increase in the 
prevalence of allergic disease with modern western lifestyle, through altered patterns of gut 
colonisation characterised by a skewing towards an IFN-γ mucosal cytokine response [74]. 
In addition some authors suggest that probiotics may have a place as adjunctive treatment 
in H. pylori infections and possibly in their prophylaxis [75].  

Based on the clinical evidence we could assume that the effects of probiotic bacteria over the 
mucosal immune response may be divided into local and systemic. Indeed the efficacy of 
probiotic bacteria in atopic disease speaks of some systemic effect. Another perfect example 
for potential systemic efficacy are the immunological changes in breast milk, occurring after 
oral intake of Lactobacillus bulgaricus - “I. Bogdanov patent strain tumoronecroticance B-51” - 
ATCC 21815 [76]. According to the authors this is possible because of the functional entero-
mammaric link and the functional redistribution of activated lymphocytes from the gut to 
the mammary gland and vice versa. In addition to this Dalmasso et al. [77] reported a novel 
biological property of probiotic bacteria: their capacity to affect immune cell redistribution 
by improving the competence of lymphatic endothelial cells to trap T lymphocytes. 

The facilitation of oral tolerance and innocent bystander suppression by probiotic bacteria 
[78, 79] support the fact that particular probiotics not only drive protection against infection 
throughout the mucosal immune system, but also regulate the effector response. It is likely 
that different bacterial species operate through different mechanisms, indicating the 
importance of screening assays when identifying new isolates for clinical testing. It is 
suggested that a new term ‘immunobiotics’, identifying those bacteria that promote health 
through activation of the mucosal immune apparatus, is a necessary evolutionary step as the 
foundation of our knowledge expand regarding the host–parasite relationships and their 
outcomes, as they relate to health and disease. Recognition of bacteria that promote mucosal 
T-cell function as ‘immunobiotics’ moves probiotic biology forward by focusing on a 
mechanism of outcome, i.e. immunomodulation at distant mucosal sites. The human 
understanding of the interaction between the ‘immunobiotic’ bacteria with the MALTs 
increases further and particular effector molecules and their receptor targets are being 
identified. A new focus in biotherapy can be expected to evolve. It still remains to convert 
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predictable shifts in mucosal immunity into practical health gains for the benefits of 
immunobiotic therapy to be realised [74].  

8. Conclusion  
The Roman Emperor and Stoic Philosopher Marcus Aurelius has said “Constantly regard 
the universe as one living being, having one substance and one soul; and observe how all 
things have reference to one perception, the perception of this one living being; and how all 
things act with one movement; and how all things are the cooperating causes of all things 
which exist; observe too the continuous spinning of the thread and the contexture of the 
web.” [80]. Indeed the probiotics, the resident flora and the mucosal immune system are 
extremely strongly related and act as a single equilibrium and should always be 
investigated and described together. There is a long way to go until we fully understand 
and manage to control the interaction between the probiotic bacteria and the mucosal 
immune system. 
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1. Introduction 
Probiotic bacteria are used in production of functional foods and pharmaceutical products. 
They play an important role in promoting and maintaining human health. In order, to 
produce health benefits probiotic strains should be present in a viable form at a suitable 
level during the product is shelf life until consumption and maintain high viability 
throughout the gastrointestinal tract. Many reports indicated that there is poor survival of 
probiotic bacteria in products containing free probiotic cells [1]. Providing probiotic living 
cells with a physical barrier to resist adverse environmental conditions is therefore an 
approach currently receiving considerable interest [2]. 

The encapsulation techniques for protection of bacterial cells have resulted in greatly 
enhanced viability of these microorganisms in food products as well as in the 
gastrointestinal tract. Encapsulation is a process to entrap active agents within a carrier 
material and it is a useful tool to improve living cells into foods, to protect [3, 4, 5, 6, 7], to 
extend their storage life and to convert them into a powder form for convenient use [8, 9, 10, 
11]. In addition, encapsulation can promote controlled release and optimize delivery to the 
site of action, thereby potentiating the efficacy of the respective probiotic strain. This process 
can also prevent these microorganisms from multiplying in food that would otherwise 
change their sensory characteristics. Otherwise, materials used for design of protective shell 
of encapsulates must be food-grade, biodegradable and able to form a barrier between the 
internal phase and its surroundings. 

2. Probiotics 

2.1. Definition 

Probiotics are defined as live microorganisms which, when administered in adequate 
amounts, confer health benefits to the host [12], including inhibition of pathogenic growth, 
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maintenance of health promoting gut microflora, stimulation of immune system, relieving 
constipation, absorption of calcium, synthesis of vitamins and antimicrobial agents, and 
predigestion of proteins [13]. Several health benefits have been proved for specific 
probiotic bacteria, and recommendations for probiotic use to promote health have been 
published [14]. 

The term ‘‘probiotic’’ includes a large range of microorganisms, mainly bacteria but also 
yeasts. Because they can stay alive until the intestine and provide beneficial effects on the 
host health, lactic acid bacteria (LAB), non-lactic acid bacteria and yeasts can be considered 
as probiotics. LAB are the most important probiotic known to have beneficial effects on the 
human gastro-intestinal (GI) tract [15]. 

The effects of probiotics are strain-specific [16, 17, 18] and that is the reason why it is 
important to specify the genus and the species of probiotic bacteria when proclaiming 
health benefits. Each species covers various strains with varied benefits for health. The 
probiotic health benefits may be due to the production of acid and/or bacteriocins, 
competition with pathogens and an enhancement of the immune system [19]. Dose levels 
of probiotics depend on the considered strain [20], but 106–107 CFU/g of product per day is 
generally accepted [21]. 

2.2. Health benefits 

There is evidence that probiotics have the potential to be beneficial for our health [22]. 
Multiple reports have described their health benefits on gastrointestinal infections, 
antimicrobial activity, improvement in lactose metabolism, reduction in serum cholesterol, 
immune system stimulation, antimutagenic properties, anti-carcinogenic properties, anti-
diarrheal properties, improvement in inflammatory bowel disease and suppression of 
Helicobacter pylori infection by addition of selected strains to food products [23, 24, 25, 26, 
27, 28, 29, 30, 31, 32, 33]. 

The beneficial effects of probiotic microorganisms appear when they arrive in the intestinal 
medium, viable and in high enough number, after surviving the above mentioned harsh 
conditions [34]. The minimum number of probiotic cells (cfu/g) in the product at the 
moment of consumption that is necessary for the fruition of beneficial pharmaceutical 
(preventive or therapeutic) effects of probiotics has been suggested to be represented by 
the minimum of bio-value (MBV) index [35]. According to the International Dairy 
Federation (IDF) recommendation, this index should be ≥107 cfu/g up to the date of 
minimum durability [36]. Also, various recommendations have been presented by different 
researchers such as >106 cfu/g by all probiotics in yogurt [37, 38] and >107 cfu/g in the case 
of bifidobacteria [39]. Apart from the MBV index, daily intake (DI) of each food product is 
also determinable for their probiotic effectiveness. The minimum amount of the latter 
index has been recommended as approximately 109 viable cells per day [35, 38, 40].The 
type of culture media used for the enumeration of probiotic bacteria is also an important 
factor for determination of their viability, as the cell recovery rate of various media are 
different [35, 41]. 
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Most existing probiotics have been isolated from the human gut microbiota. This microbiota 
plays an important role in human health, not only due to its participation in the digestion 
process, but also for the function it plays in the development of the gut and the immune 
system [42]. The mechanisms of action of probiotic bacteria are thought to result from 
modification of the composition of the endogenous intestinal microbiota and its metabolic 
activity, prevention of overgrowth and colonization of pathogens and stimulation of the 
immune system [43]. With regard to pathogen exclusion, probiotic bacteria can produce 
antibacterial substances (such as bacteriocins and hydrogen peroxide), acids (that reduce the 
pH of the intestine), block adhesion sites and be competitive for nutrients [44]. 

Recent studies have shown differences in the composition of the gut microbiota of healthy 
subjects [45], underlining the difficulties in defining the normal microbiota at microbial 
species level. Moreover, studies suggest that some specific changes in gut microbiota 
composition are associated with different diseases [46, 47]. This was confirmed by the 
comparison of the microbiome from healthy individuals with those of diseased individuals, 
allowing the identification of microbiota imbalance in human diseases such as inflammatory 
bowel disease or obesity [48, 49]. 

3. Encapsulation of probiotic living cells 

Encapsulation is often mentioned as a way to protect bacteria against severe environmental 
factors [50, 51].The goal of encapsulation is to create a micro-environment in which the 
bacteria will survive during processing and storage and released at appropriate sites (e.g. 
small intestine) in the digestive tract. The benefits of encapsulation to protect probiotics 
against low gastric pH have been shown in numerous reports [50] and similarly for liquid- 
based products such as dairy products [21, 52]. 

Encapsulation refers to a physicochemical or mechanical process to entrap a substance in a 
material in order to produce particles with diameters of a few nanometres to a few 
millimetres. So, the capsules are small particles that contain an active agent or core material 
surrounded by a coating or shell. Encapsulation shell materials include a variety of 
polymers, carbohydrates, fats and waxes, depending of the core material to be protected, 
and this aspect will be discussed below in the this section. 

The protection of bioactive compounds, as vitamins, antioxidants, proteins, and lipids may 
be achieved using several encapsulation technologies for the production of functional foods 
with enhanced functionality and stability. Encapsulation technologies can be used in many 
applications in food industry such as controlling oxidative reaction, masking flavours, 
colours and odours, providing sustained and controlled release, extending shelf life, etc. In 
the probiotic particular case, these need to be protected during the time from processing to 
consumption of a food product. The principal factors against them need to be protected are: 

 Processing conditions (temperature, oxidation, shear, etc.) 
 Desiccation (for dry food products) 
 Storage conditions (packaging and environment: moisture, oxygen, temperature, etc.) 
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 Degradation in the gastrointestinal tract (low pH in stomach and bile salts in the small 
intestine). 

Encapsulation technology is based on packaging of bioactive compounds in mili-, micro- or 
nano-scaled particles which isolate them and control their release upon applying specific 
conditions. The coating or shell of sealed capsules needs to be semipermeable, thin but 
strong to support the environmental conditions maintaining cells alive, but it can be 
designed to release the probiotic cell in a specific area of the human body. The scientific 
references related with probiotic encapsulation stress the degradation in the gastrointestinal 
tract, more than the processing conditions and the coating material usually employed can 
withstand acidic conditions in the stomach and bile salts form the pancreas after 
consumption. In this way, the protection of the biological integrity of probiotic bacteria is 
achieved during gastro-duodenal transit, achieving a high concentration of viable cells to 
the jejunum and the ileum. 

The selection of the best encapsulation technology for probiotics needs to consider 
numerous aspects in order to guarantee the survival of bacteria during the encapsulation 
process, in storage conditions and consumption, as well as the controlled release in the 
specific desired area of gut. So, there are two important problematic issues considering 
probiotic encapsulation: the size of probiotics which exclude the nanoencapsulation 
technologies and the difficulties to keep them alive. 

In this section the most common techniques used for microencapsulation of probiotics 
will be presented (Sect. 3.1), as well as the most usual microcapsule coating or shell 
materials (Sect. 3.2) and some marketing considerations for their application in food 
products (Sect. 3.3). 

3.1. Main techniques for microencapsulation of probiotics 

3.1.1. Spray-drying 

Spray-drying is a commonly used technique for food ingredients production because it is 
a well-established technique suitable for large-scale, industrial applications. The first 
spray dryer was constructed in 1878 and, thus, it is a relatively old technique compared 
with competing technologies [53]. This technique is probably the most economic and 
effective drying method in industry, used for the first time to encapsulate a flavour in the 
1930s. However, it is not so useful for the industrial production of encapsulated probiotics 
for food use, because of low survival rate during drying of the bacteria and low stability 
upon storage. 

Drying is an encapsulation technique which is used when the active ingredient is dissolve 
in the encapsulating agent, forming an emulsion or a suspension. The solvent is 
commonly a hydrocolloid such as gelatine, vegetable gum, modified starch, dextrin, or 
non-gelling protein. The solution that is obtained is dried, providing a barrier to oxygen 
and aggressive agents [54]. 
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In the spray-drying process a liquid mixture is atomized in a vessel with a single-fluid 
nozzle, a two-fluid nozzle or spinning wheel (depending of the type of spray dryer in use) 
and the solvent is then evaporated by contacting with hot air or other gas. Most of spray 
dryers used in food industry are concurrent in design, i.e. product enters the dryer flowing 
in the same direction as the drying air. The objective is to obtain a very rapid drying and to 
avoid that the temperature of the material dried exceeds the exit air temperature of the 
dryer (Figure 1). 

 
Figure 1. Schematic diagram of a spray-dry encapsulation process and image of a Mini Spray Dryer B-
290 (BÜCHI), available at TECNALIA. 

But also in a concurrent design, the conventional procedure requires to expose cells to high 
temperature and osmotic stresses due to dehydration witch results in relatively high 
viability and activity losses immediately after spraying and most likely also affects storage 
stability. However, some strains survive better than others. And parameters as drying 
temperature and time and shell material have also an important effect. 

Using gelatinised modified starch as a carrier material, O’Riordan obtained good results in 
Bifidobacterium cells encapsulation with an inlet temperature of 100 ºC and oulet 
temperature of 45 ºC. Inlet temperatures of above 60 °C resulted in poor drying and the 
sticky product often accumulated in the cyclone. Higher inlet temperatures (>120 °C) 
resulted in higher outlet temperatures (>60 °C) and significantly reduced the viability of 
encapsulated [55]. The logarithmic number of probiotics decreases linearly with outlet air 
temperature of the spray-drier (in the range of 50 ºC - 80 ºC) [56]. So, the optimal outlet air 
temperature might be as low as possible, enough to assure the drying of the product and to 
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avoid the sticky effect. Alternatively, a second draying step might be applied, using a fluid 
bed or a vacuum oven, for example, due to the optimal survival of probiotics is achieved 
with low water activity. 

The successful spray drying of Lactobacillus and Bifidobacterium have previously reported for 
a number of different strains, including L. paracasei [57, 58], Lactobacillus curvatus [59], L. 
acidophilus [60], L. rhamnosus [61] and Bifdobacterium ruminantium [8]. Specifically, Favaro-
Trindade and Grosso [6] used spray drying to encapsulate B. lactis and L. acidophilus in the 
enteric polymer cellulose acetate phthalate enriched with the fructooligosaccharide 
Raftilose1 (a prebiotic). In this work, the process was also appropriate, especially for B. lactis 
(Bb-12), since for entry temperature of 130 ºC and exit of 75 ºC, the counts in the powder and 
dispersion (feed) were similar; however, the L. acidophilus population showed a reduction of 
two log cycles. The atomization process and encapsulant agent cellulose acetate phthalate 
were effective in protecting these micro-organisms in acidic medium (hydrochloric acid 
solutions pH 1 and 2) during incubation for up to 2 h. In another study, B. longum B6 and B. 
infantis were encapsulated by spray drying, with gelatin, soluble starch, milk and gum 
arabic as encapsulating agents. Bifidobacteria in the encapsulated form showed a small 
reduction in their populations when exposed to acidic media and bile solutions when 
compared with those exposed in the free form. Among the encapsulants tested, gelatin and 
soluble starch were the most effective in providing protection to the micro-organisms in 
acidic medium and milk was the least effective [9]. Desmond and collaborators [57] 
encapsulated L. acidophilus in β-cyclodextrin and gum arabic. They used the spray drying 
process, in which entry and exit temperatures of 170 ºC and 90–85 ºC respectively, and 
observed a reduction of 2 log cycles in the microbial population. However, the 
microencapsulation process extended the shelf-life of the culture. 

On the other hand, the most typical materials used as carrier in probiotic bacteria 
encapsulation are proteins and/or carbohidrates, which may be in the glassy state at storage 
temperatures to minimize molecular mobility and thus degradation. The presence of some 
prebiotics in the encapsulating material show higher count after spray drying for 
Bifidobacterium, depending of the physical properties of the prebiotic compound selected 
(thermoprotector effect, crystalinity, etc.) [62, 63] and a similar effect occurs for Lactobacillus 
bacteria [61, 64]. Some researchers have proposed the addition of thermo-protectants as 
inputs before drying with the intention of improving the resistance to the process and 
stability during storage [65]. In the case of Rodríguez-Huezo and collaborators [63] used a 
prebiotic as encapsulant (‘aguamiel’) and a mixture of polymers composed of concentrated 
whey protein, ‘goma mesquista’ and maltodextrin. It is important to mention that not all the 
compound employees were efficient protectors. In fact, Ross and collaborators [66] reported 
that neither inulin nor polydextrose enhanced probiotic viability of spray-dried probiotics. 
In another study, it was also observed that when quercetin was added together with 
probiotics, the microencapsulation yields and survival rates were lower than for the micro-
organism without quercetin [67]. A lot of other studies have employed of spray-drying 
technology to encapsulate probiotic cells, as noted in the table 1. 
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Table 1. Examples of encapsulated probiotic bacteria by Spray-drying Technology. 

In summary, spray-drying technology offers high production rates at relatively low 
operating costs and resulting powders are stable and easily applicable [73]. However, most 
probiotic strains do not survive well the high temperatures and dehydratation during the 
spray-drying process. Loss of viability is principally caused by cytoplasmatic membrane 
damage although the cell wall, ribosomes and DNA are also affected at higher temperatures 
[74]. It was reported that the stationary phase cultures are more resistant to heat compare to 
cells in exponential growth phase [61].One approach used by a number of researchers to 
improve probiotic survival is the addition of protectants to the media prior to drying. For 
example, the incorporation of thermoprotectants, such as trehalose [75], non-fat milk solids 
and/ or adnitol [76], growth promoting factors including various probiotic/prebiotic 
combinations [77] and granular starch [78] have been shown to improve culture viability 
during drying and storage [79, 80]. 

Microencapsulation by spray-drying is a well-established process that can produce large 
amounts of material. Nevertheless, this economical and effective technology for protecting 
materials is rarely considered for cell immobilization because of the high mortality resulting 
from simultaneous dehydration and thermal inactivation of microorganisms.  
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3.1.2. Spray-cooling 

This process is similar to spray-drying described before in relation with the production of 
small droplets. The principal difference in the spray-cooling process is the carrier material 
and the working conditions related with him. In the case, a molten matrix with low melting 
point is used to encapsulate the bacteria and the mixture is injected in a cold air current to 
enable the solidification of the carrier material.  

It is interesting because the capsules produced in this way are generally not soluble in 
water. However, due the thermal conditions of the process, the spray-cooling is used rarely 
for probiotics encapsulation. As example of successful development, the patent US 5,292,657 
[81] present the spray-cooling of probiotics in molten lipid atomized by a rotary disk in a 
cooling chamber. In any case, the contact time of the probiotics with the melt carrier material 
should remain very sort. 

3.1.3. Fluid-bed agglomeration and coating 

The fluid-bed technology evolved from a series of inventions patented by Dr. Wurster and 
colleagues at the University of Wisconsin Alumni Research Foundation (WARF) between 
1957 and 1966 [82, 83, 84, 85]. These patents are based on the use of fluidising air to provide 
a uniform circulation of particles past an atomising nozzle. This nozzle is used to atomize a 
selected coating material (a melt product or an aqueous solution) which solidifies in a low 
temperature or by solvent evaporation. A proper circulation of the particles is recognised as 
the key to assure that all particles in the fluid-bed achieve a uniform coating. The most 
commonly used techniques are referred to as the bottom-spray (Wurster) fluid-bed process 
and the top-spray fluid-bed process (Figure 2); however, variations such as tangential-spray 
are also practised. 

 
Figure 2. Schematic Diagrams of two types of the most commonly used fluid-bed coaters. 
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The top-spray fluid-bed coater is characterized by placement of nozzle above a fluidising 
bed and spraying down ware into the circulating flow of particles. This technique is useful 
for agglomeration or granulation. As particles flow is spray direction countercurrent, 
collisions involving wet particles are more probable and these collisions agglomerate 
particles. Bur the particles agglomerate become heavier and have less fluidization, so this 
phenomenon selectively agglomerates smaller particles and promotes agglomerate 
uniformity. 

Placement of the nozzle at the bottom of a fluid bed provides the most uniform film on 
small particles and minimises agglomeration of such particles in the coating process 
compared with any other coating technique. This uniform coating is achieved because 
particles move further apart as they pass through the atomised spray from the nozzle and 
into an expansion region of the apparatus. This configuration allows the fluidising air to 
solidify or evaporate coating materials onto particles prior to contact between particles. A 
partition (centre tube) is used in Wurster fluid-bed coating to control the cyclic flow of 
particles in the process better than with de air distribution plate alone (Figure 3). 

 
Figure 3. Expansion chamber for a bottom-spray (Wurster) fluid-bed process and detail of air 
distribution plate (from Glatt available at TECNALIA). 

The most common coating material used for probiotics is lipid based, but proteins or 
carbohydrates can also be used [86]. This technique is among all, probably the most 
applicable technique for the coating of probiotics in industrial productions since it is 
possible to achieve large batch volumes and high throughputs. As example, Lallemand 
commercialize ProbiocapTM, and these particles are made in a fluid bed coating of freeze-
dried probiotics with low melting lipids [87]. 

Specifically, Koo and collaborators [88], reported that L. bulgaricus loaded in chitosan-coated 
alginate microparticles showed higher storage stability than free cell culture. Later, Lee and 
researchers [69] showed that the microencapsulation in alginate microparticules coating 
with chitosan offers an effective way of delivering viable bacterial cells to the colon and 
maintaining their survival during refrigerated storage. 
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Fluidized-bed drying was recently investigated by Stummer and collaborators [89] as 
method for dehydration of Enterococus faecium. This study concludes to use fluidized-bed 
technology as a feasible alternative for the dehydration of probiotic bacteria by layering the 
cells on spherical pellets testing different protective agents as glucose, maltodextrin, skim 
milk, trehalose or sucrose, preferably skim milk or sucrose. According with the described 
procedure, it is possible to combine two manufacturing steps: (1) cell-dehydration 
preserving the optima cell properties and (2) the processing into suitable solid formulation 
with appropriate physical properties (the spherical pellets improve the flowability for filling 
capsules or dosing in different formulations.) 

3.1.4. Freeze and vacuum-drying 

Freeze-drying is also named lyophilisation. This drying technique is a dehydration process 
which works by freezing the product and then reducing the surrounding pressure to allow 
the frozen water to sublimate directly from the solid phase to the gas phase. The process is 
performed by freezing probiotics in the presence of carrier material at low temperatures, 
followed by sublimation of the water under vacuum. One of the most important advantages 
is the water phase transition and oxidation are avoided. In order to improve the probiotic 
activity upon freeze-drying and also stabilize them during storage, it is frequent the 
addition of cryoprotectans. 

One of the most important aspects to decide is the choice of the optimal ending water 
content. This decision have to be a compromise between the highest survival rate after 
drying (higher survival rate with higher water content) and the lowest inactivation upon 
storage (better at low water activity, but not necessarily 0% of water content). According 
with King and collaborators [90], the loses in survival rates of freeze-dried probiotic bacteria 
under vacuum may be explained with a first-order kinetic and the rate constants can be 
described by an Arrhenius equation. But this equation might be affected by other factors as 
phase transition, atmosphere and water content. 

In any case, the lyophilisation or freeze-drying is a very expensive technology, significantly 
more than spray-drying [56], even if it is probably most often used to dry probiotics. 
However, most of freeze-drying process only provide stability upon storage and not or 
limited during consumption. Because of that, this technique is used as a second step of 
encapsulation process. The freeze-drying is useful to dry probiotics previously encapsulated 
by other different techniques, as emulsion [91] or entrapment in gel microspheres [92]. In 
this way it is possible to improve the stability in the gastrointestinal tract and optimize the 
beneficial effect of probiotic consumption. 

The Vacuum-drying is a similar process as freeze-drying, but it takes place at 0 - 40 ºC for 30 
min to a few hours. The advantages of this process are that the product is not frozen, so the 
energy consumption and the related economic impact are reduced. In the product point of 
view, the freezing damage is avoided.  
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3.1.5. Emulsion-based techniques 

An emulsion is the dispersion of two immiscible liquids in the presence of a stabilizing 
compound or emulsifier. When the core phase is aqueous this is termed a water-in-oil 
emulsion (w/o) while a hydrophobic core phase is termed an oil-in-water emulsion (o/w). 
Emulsions are simply produced by the addition of the core phase to a vigorously stirred excess 
of the second phase that contains, if it is necessary, the emulsifier (Figure 4). Nevertheless, 
even if the technique readily scalable, it produce capsules with an extremely large size 
distributions. Because of this limitation, there are several industrial efforts to achieve a narrow 
particle size distribution controlling the stirring and homogenization of the mixture. 

There are also double emulsions, such water-in-oil-in-water (w/o/w). The technique is a 
modification of the basic technique in which an emulsion is made in of an aqueous solution 
in a hydrophobic wall polymer. This emulsion is the poured with vigorous agitation, into an 
aqueous solution containing stabilizer. The loading capacity of the hydrophobic core is 
limited by the solubility and diffusion to the stabilizer solution. The principal application of 
this technology is in pharmaceutical formulations. 

Entrapment of probiotic bacteria in emulsion droplets has been suggested as a means of 
enhancing the viability of microorganism cells under the harsh conditions of the stomach 
and intestine. For example, Hou and collaborators [93] reported that entrapment of cells of 
lactic bacteria (Lactobacillus delbrueckii ssp. bulgaricus) in the droplets of reconstituted sesame 
oil body emulsions increased approximately 104 times their survival rate compared to free 
cells when subjected to simulated GI tract conditions. 

 
Figure 4. Probiotic cell encapsulation by water-in-oil and water-in-oil-in-water emulsions. 

Nevertheless, Mantzouridou and collaborators [94] have presented an study investigating the 
effect of cell entrapment inside the oil droplets on viable cell count over storage and under GI 
simulating conditions, according to the type of emulsifier used: egg yolk, gum arabic/xanthan 
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Fluidized-bed drying was recently investigated by Stummer and collaborators [89] as 
method for dehydration of Enterococus faecium. This study concludes to use fluidized-bed 
technology as a feasible alternative for the dehydration of probiotic bacteria by layering the 
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The Vacuum-drying is a similar process as freeze-drying, but it takes place at 0 - 40 ºC for 30 
min to a few hours. The advantages of this process are that the product is not frozen, so the 
energy consumption and the related economic impact are reduced. In the product point of 
view, the freezing damage is avoided.  
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mixture or whey protein isolate. The study was performed with Lactobacillus paracasei and 
their entrapment in the oil phase of protein-stabilized emulsions protected the cells when 
exposed to GI tract enzymes, provided that the emulsions were freshly prepared. Following, 
however, treatment of aged for up to 4 weeks emulsions under conditions simulating those of 
the human GI environment, the microorganism did not survive in satisfactory numbers. The 
probiotic cells survived in larger numbers in aged emulsions when the cells were initially 
dispersed in the aqueous phase of a yolk-stabilized dressing-type emulsion and their ability 
to survive enzymatic attack was further enhanced by inulin incorporation. 

Table 2. Examples of encapsulated probiotic bacteria by Emulsification Technology. 
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Lactobacillus rhamnosus has been encapsulated in a w/o/w emulsion. According to Pimentel-
González and collaborators [95] the survival of the entrapped L.rhamnosus in the inner water 
phase of the double emulsion increased significantly under low pH and bile salt conditions 
in an in vitro trial, meanwhile the viability and survival of control cells decrease significantly 
under the same conditions. 

In the table 2 details probiotic strains and carrier materials that have employed some 
researchers in the emulsification technology. 

The emulsion methods produce capsules sized from a few micrometres to 1mm, 
approximately, but with a high dispersion compared to other techniques, as extrusion ones. 
Moreover, even if the emulsion techniques described before are easily scalable, these 
techniques have an important disadvantage to be applied in an industrial process because 
are batch processes. Nevertheless, it exist another promising technique different to the 
turbine used. The static mixers are small devices placed in a tube consisting in static 
obstacles or diversions where the two immiscible fluids are pumped [118, 119]. This system 
improves the size distribution, reduce shear and allows keeping the aseptic conditions 
because it might be a closed system (Figure 5). For example, nowadays this technology is 
used in dairy industry for viscous products, as admixing fruit pieces or cultures to yoghurt 
or to process ice cream or curds. 

 
Figure 5. Schematic diagram of a static mixer system to make emulsions. 

3.1.6. Coacervation 

This process involves la precipitation of a polymer or several polymers by phase separation: 
simple or complex coacervation, respectively. Simple coacervation is based on “salting out” 
of one polymer by addition of agents as salts, that have higher affinity to water than the 
polymer. It is essentially a dehydration process whereby separation of the liquid phase 
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results in the solid particles or oil droplets (starting in an emulsion process) becoming 
coated and eventually hardened into microcapsules. With regard to complex coacervation, it 
is a process whereby a polyelectrolyte complex is formed. This process requires the mixing 
of two colloids at a pH at which both polymers are oppositely charged (i.e. gelatine (+) and 
arabic gum (-)), leading to phase separation and formation of enclosed solid particles or 
liquid droplets. 

The complex coacervation is one of the most important techniques used for flavour 
microencapsulation. But it is not the only use of this technique and the complex 
coacervation is also suitable for probiotic bacteria microencapsulation. And the most 
frequent medium used might be a water-in-oil emulsion [120]. 

Oliveira and collaborators [121] encapsulated B. lactis (BI 01) and L. acidophilus (LAC 4) 
through complex coacervation using a casein/pectin complex as the wall material. To ensure 
higher stability, the coacervated material was atomized. The process used and the wall 
material were efficient in protecting the microorganisms under study against the spray 
drying process and simulated gastric juice; however, microencapsulated B. lactis lost its 
viability before the end of the storage time. Specifically, microencapsulated L. acidophilus 
maintained its viability for a longer storage (120 days) at 7 and 37 ºC, B. lactis lost viability 
quickly. 

Advantages of coacervation, compared with other methods for the encapsulation of 
probiotics, are a relatively simple low-cost process (which does not necessarily use high 
temperatures or organic solvents) and allow the incorporation of a large amount of micro-
organisms in relation to the encapsulant. However, the scale-up of coacervation is difficult, 
since it is a batch process that yields coacervate in an aqueous solution. Therefore, to extend 
its shelf-life, an additional drying process should be applied, which can be harmful to cells. 

3.1.7. Extrusion techniques to encapsulate in microspheres 

The methods of bioencapsulation in microspheres include two principal steps: (1) the 
internal phase containing the probiotic bacteria is dispersed in small drops a then (2) these 
drops will solidify by gelation or formation of a membrane in their surface. Before this 
section, there are described emulsion systems and coacervation as different methods to 
obtain these drops and even the membrane formation, but also extrusion technology is 
useful in order to produce probiotic encapsulation in microspheres. There are different 
technologies available for this purpose and the selection of the best one is related with 
different aspects as desired size, acceptable dispersion size, production scale and the 
maximum shear that the probiotic cells can support. 

When a liquid is pumped to go through a nozzle, first this is extruded as individual drops. 
Increasing enough the flow rate, the drop is transformed in a continuous jet and this 
continuous jet has to be broken in small droplets. So, the extrusion methods could be 
divided in two groups, dropwise and jet breakage (Figure 6), and the limit between them is 
established according to the minimum jet speed according to this equation (eq. 1): 
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Regardless of the selected technique, the liquid obtained drops have to be solidifying by 
gelation or external membrane formation (Figure 6). The resulting hydrogel beads are very 
porous and a polymeric coating is usually applied in order to assure a better retention of the 
encapsulated probiotic bacteria. 

 
Figure 6. Classification of methods to make and solidify drops 

 Dripping by gravity 

This method is the simplest dripping method to make individual drops, but the size of the 
droplet will be determined by his weight and surface tension, as well as the nozzle 
perimeter. The typical diameter of a drop made by this technique is higher than 2 mm. 
Moreover, the flow is around several millilitres by hour and the method is not interesting 
for an industrial application. For example, in the Figure 7 is showed a cell immobilization 
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process carried out at TECNALIA using the method of dripping by gravity. The nozzle 
diameter is 160 μm and the final size of hydrogel bead (after solidification in a Calcium 
Chloride solution) is 2,4±0,15 mm. 

 
Figure 7. Cell encapsulation in an alginate matrix. Drop generation by gravity using a 160 μm nozzle. 

 Air o liquid coaxial flow and submerged nozzles 

Applying a coaxial air flow around the extrusion nozzle it is possible to reduce the 
microsphere diameter between a few micrometres and 1 mm. However, the flow rate is 
limited, less than 30 mL/h to avoid a continuous jet formation. The air flow might be 
replaced for a liquid one: with a suitable selection of the liquid flow the control of the 
surface tension is improved. Drops produced in air are generated as aerosols, while the 
drops produced, for example, in water are made as emulsions. The aerosol beads could be 
solidified using ionic gelation or hot air. The beads recovered as emulsion are usually 
extracted or the water is evaporated. 

The Spanish enterprise Ingeniatrics Tecnologías has patent an owner Flow Focusing® 
technology, valid to work with air and liquid flow, and also an user-friendly 
bioencapsulation device for biotechnological research and clinical microbiology able to 
encapsulate high molecular weight compounds, microorganisms and cells in homogeneous 
particles of predictable and controllable size based on Flow Focusing® technology named 
Cellena® distributed by Biomedal (Figure 8). 

Nevertheless, despite all the advantages, due to the mentioned low flow rate, this technique 
is not used in an industrial scale and also in a laboratory scale it is being replaced for the jet 
breakage techniques stated below. 
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Figure 8. Flow-Focusing technology to make droplets and Cellena® equipment from Ingeniatrics 
Tecnologías. 

The submerged nozzles usually are static, but they can be also rotating or vibrating to 
improve the droplet generation, but are always immersed in a carrier fluid. An example of 
the former consist of a static cup immersed in a water-immiscible oil such as mineral oil or 
vegetal oil and a concentric nozzle as is schematically showed in the Figure 9. Each droplet 
consist of core material being encapsulatd totally surrounded by a finite film of aqueous 
polymer solution, as gelatine, for example. The carrier fluid, a warm oil phase that cools 
after droplet formation, gels this polymer solution thereby forming gel beads with a 
continuous core/shell structure. The smaller diameter using this technique is typically 
around 1 mm. 

 
Figure 9. Schematic diagram of a submerged two-fluid static nozzle. 

An example of this technology is provided by Morishita Jintan Co. Ltd in Japan These 
capsules are composed of three layers: a core freeze-dried probiotic bacteria in solid fat, with 
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an intermediate hard fat layer and a gelatin-pectin outer layer [122]. However, the size of the 
capsules produced is quite large to be applied in food products (1.8-6.5 mm) and the 
technique is quite expensive for use in many food applications. 

 Electrostatic potential 

This technique is the last one of drop generation techniques. The droplet generation 
improves replacing the dragging forces by a high electrostatic potential between the 
capillary nozzle and the harvester solution. The electric forces help the gravity force in front 
of the surface tension.  

Even if the capsules size is appropriated and the size distribution is narrow enough, this 
technique is more expensive than other extrusion ones and it is not fast enough to be scaled. 

 Vibration technology for jet break-up 

Applying a vibration on a laminar jet for controlled break-up into monodisperse 
microcapsules is one among different extrusion technologies for encapsulation of probiotic 
bacteria. The vibration technology is based on the principle that a laminar liquid jet breaks 
up into equally sized droplets by a superimposed vibration (Figure 10). The instability of 
liquid jets was theoretically analysed for Lord Rayleigh [123]. He showed that the frequency 
for maximum instability is related to the velocity of the jet and the nozzle diameter (eq. 2 
and eq. 3). 
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Using this technology, it is possible to obtain monodisperse droplets which size can be 
freely chosen in a certain range depending on the nozzle diameter and the frequency of the 
sinusoidal force applied (eq. 4). The droplets made are harvested in an accurate hardening 
bath. To avoid large size distributions due to coalescence effects during the flight and the 
hitting phase at the surface of hardening solution the use of a dispersion unit with an 
electrostatic dispersion unit is essential (Figure 10). 
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Figure 10. Image of Inotech Encapsulator IE-50R and schematic diagram of jet destabilization and 
breakage for single and concentric nozzles. 

The Encapsulator BIOTECH (the updated version of IE-50R) from EncapBioSystems and 
Spherisator form BRACE GmbH are two different devices labels to produce 
microencapsuled probiotic bacteria using the vibration technology for jet breakage. The 
principal advantages of this technology are the low size dispersion (5-10%), a high flow rate 
(0.1-2 L/h) and is able to work in sterile conditions. The possibility of working with a wide 
range of materials (hot melt products, hydrogels, etc.) is also an important aspect to be 
considered, as well as the design with also concentric nozzles in the lab scale devices and 
with this kind of nozzles it is possible to produce capsules with a defined core region (solid 
or liquid) surrounded by a continuous shell layer. On the other side, the principal 
disadvantage of this technology is the limit in the viscosity for the liquid to be extruded. 

But may be one of the most important advantage of the vibration devices commercialized is 
that the scale up of this technology is relatively “simple” and it consist in the multiplication 
of the number of nozzles, developing multinozzle devices. The only challenge is that each 
nozzle of a multinozzle plant must operate in similar production conditions: equal 
frequency and amplitude, and equal flow rate. In this way, the scale up is direct from the lab 
to a pilot or industrial scale. 

 JetCutter technology 

The bead production by JetCutter (from geniaLab) is achieved cutting a jet into cylindrical 
segments by a rotating micrometric cutting tool. The droplet generation is based on a 
mechanical impact of the cutting wire on the liquid jet. Some techniques as emulsion, simple 
dropping, electrostatic-enhanced dropping, vibration technique or rotating disc and nozzle 
techniques have in common that the fluids have to be low in viscosity, and not all of them 
may be used for large-scale applications. On the contrary, the JetCutter technique is 
especially capable of processing medium and highly viscous fluids up to viscosities of 
several thousand mPas. 
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freely chosen in a certain range depending on the nozzle diameter and the frequency of the 
sinusoidal force applied (eq. 4). The droplets made are harvested in an accurate hardening 
bath. To avoid large size distributions due to coalescence effects during the flight and the 
hitting phase at the surface of hardening solution the use of a dispersion unit with an 
electrostatic dispersion unit is essential (Figure 10). 
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Figure 10. Image of Inotech Encapsulator IE-50R and schematic diagram of jet destabilization and 
breakage for single and concentric nozzles. 

The Encapsulator BIOTECH (the updated version of IE-50R) from EncapBioSystems and 
Spherisator form BRACE GmbH are two different devices labels to produce 
microencapsuled probiotic bacteria using the vibration technology for jet breakage. The 
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nozzle of a multinozzle plant must operate in similar production conditions: equal 
frequency and amplitude, and equal flow rate. In this way, the scale up is direct from the lab 
to a pilot or industrial scale. 

 JetCutter technology 

The bead production by JetCutter (from geniaLab) is achieved cutting a jet into cylindrical 
segments by a rotating micrometric cutting tool. The droplet generation is based on a 
mechanical impact of the cutting wire on the liquid jet. Some techniques as emulsion, simple 
dropping, electrostatic-enhanced dropping, vibration technique or rotating disc and nozzle 
techniques have in common that the fluids have to be low in viscosity, and not all of them 
may be used for large-scale applications. On the contrary, the JetCutter technique is 
especially capable of processing medium and highly viscous fluids up to viscosities of 
several thousand mPas. 
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For bead production by the JetCutter the fluid is pressed with a high velocity out of a nozzle 
as a solid jet. Directly underneath the nozzle the jet is cut into cylindrical segments by a 
rotating cutting tool made of small wires fixed in a holder (Figure 11). Driven by the surface 
tension the cylindrical segments form spherical beads while falling further down, where 
they finally can be harvested. The size of beads can be adjusted within a range between 
approximately 200 μm up to several millimetres, adjusting parameters as nozzle diameter, 
flow rate, number of cutting wires and the rotating speed of cutting tool. 

Bead generation by a JetCutter device is achieved by the cutting wires, which cut the liquid 
jet coming out of the nozzle. But in each cut the wire produce a cutting loss. The device is 
designed to recover these losses, but it is important to minimize de lost volume selecting a 
smaller diameter of the cutting wire and angle of inclination of the cutting tool with regard to 
the jet (Figure 11). According with Pruesse and Vorlop [124], a suitable model of the cutting 
process might help to operator in the parameters selection. One of the most important 
parameters is the ratio of the velocities of the fluid and cutting wire, necessary to determinate 
the proper inclination angle (eq. 5), but the fluid velocity is also related with the bead size (eq. 
6), while the diameter of the nozzle and wire determine the volume of cutting loses (eq. 7). 
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Regarding the advantages of the JetCutter technology, besides the capacity for work with 
medium and highly viscous fluids, there are the narrow bead size dispersion and the wide 
range of possible sizes, as well as the high flow rate (approx. 0.1-5 L/h). 

To scale up the JetCutter technology there are two ways. First, a multi-nozzle device can be 
used, in which nozzles are strategically distributed in the perimeter of the cutting tool. The 
second way is the increase of the cutting frequency, but this approach needs also a higher 
velocity of the jet and a too high speed of the beads might cause problems, as coalescence or 
deformation in the collection bath entrance. In order to overcome this problem, the droplets 
can be pre-gelled prior entering the collection bath using, for example, a tunnel equipped 
with nozzles spraying the hardening solution or refrigerating the falling beads. 

The extrusion technique is the most popular microencapsulation or immobilization technique 
for micro-organisms that uses a gentle operation which causes no damage to probiotic cells 
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and gives a high probiotic viability [21]. This technology does not involve deleterious 
solvents and can be done under aerobic and anaerobic conditions. The most important 
disadvantage of this method is that it is difficult to use in large scale productions due to the 
slow formation of the microbeads [15]. Various polymers can be used to obtain capsules by 
this method, but the most used agents are alginate, -carrageenan and whey proteins [125]. 

 
Figure 11. Schematic diagram of the JetCutter technology and representation of fluid losses due to the 
cutting wire impact. 

 
Figure 12. Examples of two bioencapsulation process carried out at TECNALIA changing the nozzle 
diameter, cutting tool and inclination angle to obtain different bead size necessaries for several 
applications. 

There are many studies with the extrusion techniques for probiotic protection and 
stabilization. In 2002, Shah and Ravula [126] encapsulated Bifidobacterium and Lactobacillus 
acidophilus in calcium alginate in frozen fermented milk-based dessert, and, in general, the 
survival of bacteria cells was improved by encapsulation. Some studies employed to 
encapsulate Bifidobacteria alginate alone and a mixture with other compounds and 
observed more resistant to the acidic medium than the free cells [5, 112, 127]. A similar 
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result was observed by Chávarri and collaborators [67], where chitosan was used as coating 
material to improve the stability of alginate beads with probiotics. In this study, with 
extrusion technique, they showed an effective means of maintaining survival under 
simulated human gastrointestinal conditions. In the table 3 details probiotic strains and 
carrier materials that have employed some researchers in the extrusion technology. 

Table 3. Examples of encapsulated probiotic bacteria by Extrusion Technology. 
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3.1.8. Adhesion to starch granules 

Starch is unique among carbohydrates because it occurs naturally as discrete particles called 
granules. Their size depends on the starch origin ranging from 1 to 100 μm. They are rather 
dense and insoluble, and hydrate only slightly in water at room temperature. The granular 
structure is irreversibly lost when the granules are heated in water about 80 ºC, and heat 
and mechanical energy are necessaries to totally dissolve the granules. 

Usually starches are partially or totally dissolved before they are used in food application, 
for example to be used as texturizing. Starch hydrolysates or chemically modified starches 
are used as microencapsulation matrices for lipophilic flavours [152, 153]. Partially 
hydrolysed and crosslinked starch granules were suggested to be suitable carriers for 
various functional food components [154]. To hydrolyse the starch granules, the use of 
amylases is the preferred way and corn starch seems to be the most suitable starch for his 
purpose. 

Some probiotic bacteria were shown to be able to adhere to starch and a few investigations 
about the utilisation of starch granules to protect these bacteria were reported. 

3.1.9. Compression coating 

This technique involves compressing dried bacteria powder into a core tablet or pellet and 
the compressing coating material around the core to form the final compact (Figure 13). The 
compression coating has received a renewed interest for probiotic bacteria encapsulation 
used with gel-forming polymers in order to improve the stabilization of lyophilized bacteria 
during storage [155]. The viability in process of the bacteria is affected by the compression 
pressure and to improve the storage survival the coating material has a significant effect. 

Due of the size of the final product obtained by compression coating, this technique is used 
for pharmaceutical and nutraceutical compounds development, but not for food ingredients 
obtention. 

 
Figure 13. Schematic diagram of compression coating of probiotics. 
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3.2. Shell or carrier encapsulation materials 

Microcapsules should be water-insoluble to maintain their structural integrity in the food 
matrix and in the gastrointestinal tract. The materials are used alone or in combination to 
form a monolayer. In this last case, coating the microcapsule with the double membrane can 
avoid their exposure to oxygen during storage and can enhance the resistance of the cells to 
acidic conditions and higher bile salt concentrations. 

3.2.1. Ionic hydrogels 

 Alginate  

Alginate is surely the biopolymer most used and investigated for encapsulation. Alginates 
are natural occurring marine polysaccharides extracted from seaweed, but also they occur as 
capsular polysaccharides in some bacteria [156]. Being a natural polymer, alginic acids 
constitute a family of linear binary copolymers of 1-4 glycosidically linked α-L-guluronic 
acid (G) and its C-5 epimer β-D-mannuronic acid. (M). Alginates are the salts (or esters) of 
these polysaccharides. They are composed of several building blocks (100-3,000 units) liked 
together in a stiff and partly flexible chain. The relative amounts of the two uronic units and 
the sequential arrangements of them along the polymer chain vary widely, depending of the 
origin of the alginate: three types of blocks may be found: homopolymeric M-blocks (M-M), 
homopolymeric G-blocks (G-G) and heteropolymeric sequentially alternating MG-blocks 
(M-G). This composition and block structure are strongly related to the functional properties 
of alginate molecules within an encapsulation matrix.  

Immobilisation or entrapment of probiotic bacteria in alginate it is possible due to it is a 
rapid, non-toxic and versatile method for cells. Dissolving alginate in water gives a viscous 
solution of which the viscosity will increase with the length of the macromolecule (number 
of monomeric units), and its solubility is also affected by the pH (at pH < 3 precipitate as 
alginic acid), the presence of counterions in water (alginate precipitates by crosslinking, 
gelling, with divalent ions such as Ca2+, Ba2+, Sr2+…) and the sequential arrangements of the 
monomers (the flexibility of the alginate chains in solution increases in the order 
MG<MM<GG). The gelling occurs when a cation as Ca2+ take part in the interchain binding 
between G-bloks giving rise to a three-dimensional network (Figure 14). 

The advantage of alginate is that easily form gel matrices around bacterial cells, it is safe to 
the body, they are cheap, mild process conditions (such as temperature) are needed for their 
performance, can be easily prepared and properly dissolve in the intestine and release 
entrapped cells. However, some disadvantages are attributed to alginate beads. For 
example, alginate microcapsules are susceptible to the acidic environment [136] which is not 
compatible for the resistance of the beads in the stomach conditions. Other disadvantage of 
alginate microparticle is that the microbeads obtained are very porous to protect the cells 
from its environment [157]. Nevertheless, the defects can be compensated by blending of 
alginate with other polymer compounds, coating the capsules by another compound or 
structural modification of the alginate by using different additives [21]. 
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Figure 14. Gelation of an alginate bead when the Ca2+ gelling ions diffuse into the alginate-containing 
system. 

 Chitosan 

Chitosan is a deacetylated derivative of chitin, which is widely found in crustacean shells, 
fungi, insects and molluscs. This polymer is a linear polysaccharide, which can be 
considered as a copolymer consisting of randomly distributed β-(1,4) linked D-glucosamine 
and N-acetyl-D-glucosamine. The functional properties of chitosan are determined by the 
molecular weight, but also by the degree of acetylation (DA), which represents the 
proportion of N-acetyl-D-glucosamine units with respect to the total number of units [158]. 
Chitosan is soluble in acidic to neutral media, but solubility and viscosity of the solution is 
dependent on the length of chains and the DA.  

As chitosan is a positively charged polymer, it forms ionic hydrogels by addition of anions 
such as pentasodium tripolyphosphate (TPP) and also by interaction with negatively 
charged polymers as alginate [67] or xanthan [159]. It is possible to obtain an hydrogel by 
precipitation in a basic medium or by chemical crosslinking with glutaraldehyde [160]. 

 
Figure 15. Chitosan microcapsules obtained by (left) TTP crosslinking using the IE-50R and size 
distribution of the particles, and (right) spray-dryer (TECNALIA). 
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Chitosan is biodegradable and biocompatible. Nevertheless, to be used in probiotic bacteria 
encapsulation it is necessary to consider the antibacterial activity of this polymer. Due the 
possibility of a negative impact in the viability of bacteria, and due that chitosan has a very 
good film-forming ability, chitosan is more used as external shell in capsules made with 
anionic polymers as alginate. This application of chitosan can improve the survival of the 
probiotic bacteria during storage and also in the gastrointestinal tract [67, 161, 162], and 
therefore, it is a good way of delivery of viable bacterial cells to the colon [67]. 

3.2.2. Thermal hydrogels 

 Gellan gum 

Gellan gum is a high molar mass anionic polyelectrolyte produced as an aerobic 
fermentation product by a pure culture of Pseudomonas elodea [163]. The chemical structure 
of gellan gum shows a tetrasaccharide repeating unit composed of one rhamnose, one 
glucoronic acid and two glucose units. It is possible to induce a thermo-reversible gelation 
upon cooling of gellan gum solutions and the gelation temperature will depend on the 
polymer concentration, ionic strength and type of counterions presents in the medium. The 
gels of gellan gums with low acyl content need the presence of divalent stabilizing cations 
[164]. 

Although gellan gum is able to generate gel-bead structure for microencapsulation, a 
disadvantage is that it is not used in this way for this purpose because of having a high gel-
setting temperature (80-90°C for about 1 h) which results in heat injuries to the probiotic 
cells [129]. 

 Xanthan 

Xanthan is a heteropolysaccharide with a primary structure consisting of repeated 
pentasaccharide units formed by two glucose units, two mannose units and one glucoronic 
acid unit. The polysaccharide is produced by fermentation of bacterium Xanthomonas 
campestris and posterior filtration or centrifugation. This polymer is soluble in cold water 
and hydrates rapidly. Even if xanthan is considered to be mainly non-gelling a mixture of 
both, xanthan and gellan gum has been used to encapsulate probiotic cells [19, 102] and 
contrary to alginate, the mixture presents high resistance towards acid conditions. 

In contrary with alginate, mixture of xanthan-gellan is resistant to acidic conditions. Also, as 
opposed to from carrageenan which needs potassium ions for structural stabilization (it is 
harmful for the body in high concentrations), this gum can be stabilized with calcium ions 
[165, 166]. 

 Carrageenan 

Carrageenans are a family of high molecular weight sulphated polysaccharides obtained 
from different species of marine red algae. The most frequently used is -carrageenan, 
opposite to - or -carrageenan. This polymer is largely used as thickening, gelling agent, 
texture enhancer or stabilizer on food, pharmaceutical and cosmetic formulations. His 
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primary structure is based on an alternating disaccharide repeating unit of α-(1,3)--
galactose-4-sulphate and -(1,4)-3,6-anhydro--galactose.  

-carrageenan requires high temperatures (60-90 ºC) for dissolution, especially when 
applied at high concentrations such as 2-5%. However, this material used for encapsulating 
probiotics requires a temperature comprised between 40 and 50 ºC at which the cells are 
added to the polymer solution. It forms thermoreversible gels by cooling in presence of K+ as 

stabilizing ions. The gelation with divalent cations as Ca2+ or Cu2+ is also possible, but not so 
often used and the thermal gelation is the most common method [167, 168]. 

The -carrageenan beads for probiotic encapsulation can be produced using several 
technologies described in the extrusion as well as emulsion techniques. 

The encapsulation of probiotic cells in -carrageenan beads keeps the bacteria in a viable 
state [96] but the produced gels are brittle and are not able to withstand stresses [19]. 

 Gelatin 

Gelatin is a heterogeneous mixture of single or multi-stranded polypeptides, each with 
extended left-handed proline helix conformations and containing between 300 and 4,000 
amino acid units. Gellatines generally have a characteristic primary structure determined by 
the parent collagen, because they are a irreversible hydrolysed form of collagen obtained 
from the skin, boiled crushed bones, connective tissues, organs and some intestines of 
animals. However they vary widely in their size and charge distribution and there are two 
types of gelatines depending on the treatment to obtain the gelatine: type-A gelatine is 
obtained from acid treated raw material and type-B gelatine is obtained from alkali treated 
one. 

Gelatine is water-soluble, but the solutions have high viscosity and it forms a thermal 
hydrogel who melts to a liquid when heated and solidifies when cooled again. Gelatine gels 
exist over only a small temperature range, the upper limit being the melting point of the gel, 
which depends on gelatine grade and concentration (but is typically less than 35 °C) and the 
lower limit the freezing point at which ice crystallizes.  

This material is useful to obtain beads using extrusion technologies or form a w/o emulsion 
by cooling, but to stabilize the gel the beads may need to be crosslinked using 
glutaraldehyde or salts of Chrome. In fact, it is largely used in complex coacervation 
technique combined with anionic polysaccharides such as arabic gum and others. The most 
important consideration is that both hydrocolloids have to be miscible at an appropriate pH 
to stabilize their charges and avoid the repulsion between similar charged groups. 

3.2.3. Milk protein gel 

Just like the gelatine, milk proteins are able to form gels in the suitable conditions. Proteins 
are chains of amino acid molecules connected by peptide bonds and there are may types of 
proteins due the high number of amino acids (22 units) and the different possibility of 
sequences. Among other proteins, milk proteins are very interesting as encapsulation 
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of gellan gum shows a tetrasaccharide repeating unit composed of one rhamnose, one 
glucoronic acid and two glucose units. It is possible to induce a thermo-reversible gelation 
upon cooling of gellan gum solutions and the gelation temperature will depend on the 
polymer concentration, ionic strength and type of counterions presents in the medium. The 
gels of gellan gums with low acyl content need the presence of divalent stabilizing cations 
[164]. 

Although gellan gum is able to generate gel-bead structure for microencapsulation, a 
disadvantage is that it is not used in this way for this purpose because of having a high gel-
setting temperature (80-90°C for about 1 h) which results in heat injuries to the probiotic 
cells [129]. 

 Xanthan 

Xanthan is a heteropolysaccharide with a primary structure consisting of repeated 
pentasaccharide units formed by two glucose units, two mannose units and one glucoronic 
acid unit. The polysaccharide is produced by fermentation of bacterium Xanthomonas 
campestris and posterior filtration or centrifugation. This polymer is soluble in cold water 
and hydrates rapidly. Even if xanthan is considered to be mainly non-gelling a mixture of 
both, xanthan and gellan gum has been used to encapsulate probiotic cells [19, 102] and 
contrary to alginate, the mixture presents high resistance towards acid conditions. 

In contrary with alginate, mixture of xanthan-gellan is resistant to acidic conditions. Also, as 
opposed to from carrageenan which needs potassium ions for structural stabilization (it is 
harmful for the body in high concentrations), this gum can be stabilized with calcium ions 
[165, 166]. 

 Carrageenan 

Carrageenans are a family of high molecular weight sulphated polysaccharides obtained 
from different species of marine red algae. The most frequently used is -carrageenan, 
opposite to - or -carrageenan. This polymer is largely used as thickening, gelling agent, 
texture enhancer or stabilizer on food, pharmaceutical and cosmetic formulations. His 
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primary structure is based on an alternating disaccharide repeating unit of α-(1,3)--
galactose-4-sulphate and -(1,4)-3,6-anhydro--galactose.  

-carrageenan requires high temperatures (60-90 ºC) for dissolution, especially when 
applied at high concentrations such as 2-5%. However, this material used for encapsulating 
probiotics requires a temperature comprised between 40 and 50 ºC at which the cells are 
added to the polymer solution. It forms thermoreversible gels by cooling in presence of K+ as 

stabilizing ions. The gelation with divalent cations as Ca2+ or Cu2+ is also possible, but not so 
often used and the thermal gelation is the most common method [167, 168]. 

The -carrageenan beads for probiotic encapsulation can be produced using several 
technologies described in the extrusion as well as emulsion techniques. 

The encapsulation of probiotic cells in -carrageenan beads keeps the bacteria in a viable 
state [96] but the produced gels are brittle and are not able to withstand stresses [19]. 

 Gelatin 

Gelatin is a heterogeneous mixture of single or multi-stranded polypeptides, each with 
extended left-handed proline helix conformations and containing between 300 and 4,000 
amino acid units. Gellatines generally have a characteristic primary structure determined by 
the parent collagen, because they are a irreversible hydrolysed form of collagen obtained 
from the skin, boiled crushed bones, connective tissues, organs and some intestines of 
animals. However they vary widely in their size and charge distribution and there are two 
types of gelatines depending on the treatment to obtain the gelatine: type-A gelatine is 
obtained from acid treated raw material and type-B gelatine is obtained from alkali treated 
one. 

Gelatine is water-soluble, but the solutions have high viscosity and it forms a thermal 
hydrogel who melts to a liquid when heated and solidifies when cooled again. Gelatine gels 
exist over only a small temperature range, the upper limit being the melting point of the gel, 
which depends on gelatine grade and concentration (but is typically less than 35 °C) and the 
lower limit the freezing point at which ice crystallizes.  

This material is useful to obtain beads using extrusion technologies or form a w/o emulsion 
by cooling, but to stabilize the gel the beads may need to be crosslinked using 
glutaraldehyde or salts of Chrome. In fact, it is largely used in complex coacervation 
technique combined with anionic polysaccharides such as arabic gum and others. The most 
important consideration is that both hydrocolloids have to be miscible at an appropriate pH 
to stabilize their charges and avoid the repulsion between similar charged groups. 

3.2.3. Milk protein gel 

Just like the gelatine, milk proteins are able to form gels in the suitable conditions. Proteins 
are chains of amino acid molecules connected by peptide bonds and there are may types of 
proteins due the high number of amino acids (22 units) and the different possibility of 
sequences. Among other proteins, milk proteins are very interesting as encapsulation 
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material by their physic-chemical properties. There are two major categories of mil protein 
that are broadly defined by their chemical composition and physical properties. The caseins 
are proline-rich, open-structured rheomorphic proteins which have distinct hydrophobic 
and hydrophilic parts and 95% of caseins are naturally self-assembled into casein micelles. 
Whey proteins primarily include α-lactalbumin, β-lactoglobulin, immunoglobulins, and 
serum albumin, but also numerous minor proteins, but whey proteins are globular ones. 

Milk proteins are natural vehicles for probiotics cells and owing to their structural and 
physico-chemical properties, they can be used as a delivery system [169]. For example, the 
proteins have excellent gelation properties and this specificity has been recently exploited 
by Heidebach and collaborators [170, 171] to encapsulate probiotic cells. The results of these 
studies are promising and using milk proteins is an interesting way because of their 
biocompatibility [169]. 

3.2.4. Starch 

Starch is a polysaccharide composed by α-D-glucose units linked by glycosidic bonds, 
produced by all green plants. It consist of two constitutionally identical but architecturally 
different molecules: amylose and amylopectin. The amylose is the linear and helical chains 
of glucose polymer, while the amylopectin is the highly branched chains. The content of 
each fraction depends of the starch origin, but in general it contains around 20-30% amylose 
and 70-80% amylopectin. 

 
Figure 16. Coloured maltodextrin microcapsules obtained by spray-drying (TECNALIA). 
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As it is described in the previous section, the probiotic bacteria can be encapsulated by adhesion 
to starch granules, but usually the starch is chemical or physically modified for different 
applications, even encapsulation as maltodextrins or cyclodextrins commonly used in 
combination with the spray-drying technology (Figure 16), fluid bed granulation, for examples. 

Starch granule is an ideal surface for the adherence of the probiotics cells and the resistant 
starch (the starch which is not digested by pancreatic enzymes in the small intestine) can 
reach the colon where it is fermented [172]. Therefore, the resistant starch provides good 
enteric delivery characteristic that is a better release of the bacterial cells in the large 
intestine. Moreover, by its prebiotic functionality, resistant starch can be used by probiotic 
bacteria in the large intestine [173, 174]. 
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1. Introduction 

Starter cultures provide a basis in the production of fermented foods. Probiotics are the most 
important group of bacterial starter cultures. Commercial starter cultures were initially 
supplied in liquid form prior to the production of concentrated starter cultures. Progress in 
biotechnology later led to the application of concentrated starter cultures in frozen and 
freeze dried forms for direct incorporation into the food formulation. Application of frozen 
or freeze-dried starter cultures eliminates in –plant sub-culturing, reduces the costs 
associated with bulk culture preparation and lowers the risk of bacteriophage infection 
(Desmod et al. 2002).  

Very low transportation and storage temperatures are the main commercial disadvantages 
of frozen starter cultures (Ghandi et al. 2012). Besides the risk of thawing, high 
transportation costs may limit the use of frozen starter cultures in distant areas or countries. 
Starters of probiotic bacteria are usually preserved by freeze thawing and lyophilization. In 
spite of being efficient methods, freezing and freeze drying have high manufacturing costs 
and energy consumption. For this reason, increasing attention has been paid on alternative 
dring processes such as spray drying, fluidized bed drying and vacuum drying. 

Majority of vegetative forms of microorganisms are characterized by poor thermostability. 
They exhibit considerably high rates of dying and loss of activity as a result of thermal 
inactivation at the range of temperatures from 40 to 60oC. With regard to microbial biomass, 
there is certain critical water content (depending on the object property) which, when 
exceeded, results in dehydration inactivation. This can be attributed to the fact that in the 
case of vegetative forms of microorganisms water does not only provide environment for 
their life but it also acts as a substrate for biochemical reactions and its removal below a 
certain level prevents maintenance of metabolic functions and, consequently, leads to the 
death of cells. Among dehydration methods which allow maintaining viability of microbial 
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biomass are: freeze-drying, sublimation drying, including fluidization drying using inert 
materials (carriers) and spray drying (Santivarangkna et al. 2008). 

Freeze drying is therefore more convenient and easier as it does not require freezing 
conditions during distribution. Although freeze drying is the conventional drying technique 
used commercially by starter culture manufactures, it is lengthy and more expensive than 
other drying processes (Fonseca et al 2001, Ampatzoglou et al. 2010, Morgan et al. 2006). 
Many attempts have been made to develop alternative drying processes at lower cost and 
some authors have reported reasonable cell viability after drying (Tymczyszyn et al. 2008). 

Spray drying is considered a good long-term preservation method for probiotic cultures. 
The spray drying of microorganisms dates to 1914 to the study of Rogers on dried lactic acid 
cultures. The concept of spray drying was first patented by Samuel Percy in 1872, and its 
industrial application in milk and detergent production began in the 1920s. The speed of 
drying and continuous production capability are very useful for drying large amounts of 
starter cultures. Since then, much research has been reported on the spray drying of bacteria 
without loss of cell activity in order to overcome the difficulties involved in handling and 
maintaining liquid stock cultures. 

Spray drying is a unique process in which particles are formed at the same time as they are 
dried. It is a very suitable for the continuous production of dry solids in powder, granulate 
or agglomerate form liquid feed stocks as solutions, emulsions and pumpable suspensions. 
The end product of spray drying must comply with precise quality standards regarding 
particle size distribution, residual moisture, bulk density, and particle shape. In the spray 
drying process, dry granulated powders are produced from a slurry solution, by atomizing 
the wet product at high velocity and directing the spray of droplets into a flow of hot air e.g. 
150-200C. The atomized droplets have a very large surface area in the form of millions of 
micrometer-sized droplets (10-200μm), which results in a very short drying time when 
exposed to hot air in a drying chamber (Sunny-Roberts, Knorr 2009). 

Spray drying involves atomization of a liquid feedstock into a spray of droplets and 
contacting the droplets with hot air in a drying chamber. The sprays are produced by rotary 
(wheel) or nozzle atomizers. Evaporation of moisture from the droplets and formation of 
dry particles proceed under controlled temperature and airflow conditions. Powder is 
discharged continuously from the drying chamber (Peighambardoust et al. 2011). 

Spray drying is a common industrial and economic process for the preservation of 
microorganisms and for the preparation of starter cultures that are used to prepare lactic-
fermented products. The survival of lactic acid bacteria is an important issue when spray 
drying is used for the preparation of microbial cultures. However biological activity of a 
lactic acid starter, which includes cell viability and physiological state, is a criterion for 
evaluating starter quality (Carvalho et al. 2004, Ananta et al. 2005). 

It has been shown that both the water evaporation rate and the temperature of droplets 
containing microbial cells have a significant effect on their survival during spray drying. 
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Since it is not yet possible to quantify the changes occurring in the bacterial cells and their 
survival in situ when they are subjected to spray drying, single droplet drying is used 
instead. Single droplet drying, in which a single droplet is suspended in moving and 
conditioned air, provides the closest experimental resemblance to the spray drying 
environment. Single droplet drying can be conducted in various ways, for example (a) a 
single or a stream or streams of droplets could be allowed to fall under gravity in a tower-
like dryer, (b) a droplet can be freely levitated using ultrasonic or aerodynamic fields, or (c) 
a droplet can be suspended on the tip of a fine glass filament. The first two method are not 
very popular as they are expensive and the heat and mass transfer rates in these 
environments are not close to the convective drying environment of spray drying. Li et al 
(2006) investigated the inactivation kinetics of two probiotic strains (Bifidobacterium infantis 
and S. thermophilus) in air temperature and relative humidity in the ranges of 70-100 C and 
3,7-0,5%, respectively, using single droplet drying in skim milk as a suspending medium. 
They reported that the inactivation mainly occurred at the early stage of the drying when 
the evaporation rate was high. The above studies do not offer a unanimous view whether 
the drying rate or the droplet temperature is the limiting factor of bacterial survival during 
drying. 

Freeze drying is a preferred drying method for thermally sensitive bacteria as it keeps their 
survival at a reasonably high level. However, freeze drying is a batch process with a 
considerably long drying time. It is also expensive due to high energy requirements. For 
drying of starter cultures, spray drying can be a viable alternative if the survival can be 
raised to make it economically attractive. This is because spray drying is relatively 
inexpensive, energy efficient, high throughput and a hygienic process (Papapostolou et al. 
2008, Carvalho et al. 2004). 

In order to minimise cell death, the effects of drying parameters (inlet and outlet air 
temperatures, air flow rate, relative humidity, residence time, protective agents) on the 
survival and vitality of bacteria have to be understood to a considerable depth. The drying 
process causes damage to the cell wall and cellular components, especially cytoplasmic 
membrane and proteins, which results in the loss of survival. This cellular injury leads to 
cell inactivation and negatively impacts the productivity and characteristics of dried culture, 
and hence the cellular injury has to be minimised. Protective agents such as carbohydrates, 
proteins, amino acids, gums and skim milk are used to minimise the bacterial inactivation 
during drying. It is reported that low molecular weight carbohydrates such as sugars 
stabilize the membrane and protein chains of cellular macromolecules in dry state through 
hydrogen bonding in lieu of water when the water molecules are removed through 
desiccation. Protein are capable of forming relatively stable intracellular glasses, and by 
doing so, they can be more effective a protective materials for bacterial culture than sugars. 
It is reported that the combination of different protectans (e.g. mixtures of sugar and 
protein) can have synergistic effect on cell viability rather than acting individually. It has 
been shown that both the water evaporation rate and the temperature of droplets containing 
microbial cells have a significant effect on their survival during spray drying. 
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Encapsulation of probiotics is employed in order to increase the bacteria resistance to 
freezing and freezing drying of the food. In most of the studies the probiotic bacteria were 
entrapped in a gel matrix of biological nature materials such as alginate, -carrageenan, and 
gellan/xanthan (Semyonov et al. 2010, Kanmani et al. 2011). The core and wall solution was 
turned into drops of desired size by an extrusion method, employing an emulsion or by 
transfer from organic solvents. One problem in the probiotic entrapment approach is that 
the gel beads technologies stabilize the bacteria mostly in liquid products, and are difficult 
to scale up. To extend storage shelf-life t is convenient to convert the micro-capsules into a 
dry powder by employing techniques such as spray drying, freeze drying, and/or fluidized 
bed drying. The spray drying is an economic and effective technology, however, it causes 
high mortality as a results of simultaneous dehydratation, thermal and oxygen stresses 
imposed to bacteria during the drying process. Freeze drying is considered one of the most 
adequate methods for drying biological materials and sensitive foods. However, when this 
method was employed for drying probiotic bacteria and other cells, undesirable effects such 
leakage of the cell membrane due to changes in the physical state of membrane lipids or 
changes in he structure of sensitive proteins in the bacteria cell occur. Protective solutes such 
as cryoprotectans (saccharides and polyols) and other compatible solutes like adonitol, 
betaine, glycerol and skim milk were used to increase bacteria’s viability and increase their 
survival during freeze-drying and subsequent storage. These studies lead to the conclusion 
that the effect of each protective agent on the viability of a specific lactic acid bacteria strain 
during or following the freeze-drying process have to be determined on a case-by-case basis 
(Heidebach et al. 2010, Krasaekoopt et al. 2003). 

As mentioned above, dried probotic micro-capsules can be coated by an additional layer 
(shell) in order to protect the bacterial core from the acidic environment of the stomach and 
to avoid the deleterious effect of bile salts on the cell’s membrane. This additional shell can 
help to release the bacterial core at a desired site in the GIT. In order to be further coated, 
bulk freezed powders are micronized to a narrow particle distribution. This process is 
complex, requires intensive energy, and decrease the viability of the dried cells. 

The pharmaceutical industry utilized recently the spray freeze drying for pharmaceutical 
powders preparation. This method combines the narrow article size distribution of an 
extrusion device and the freeze-drying process to prepare a dry powder of desired particle 
size and of the narrow distribution. Spray freeze drying basic principle is to spray a solution 
containing dissolved/suspended material (e.g. protein) by an atomization nozzle into a cold 
vapor phase of a cryogenic liquid, such a liquid nitrogen, so the droplets may start freezing 
during their passage through the cold vapor phase, and completely freeze upon contact with 
the cryogenic liquid phase. The frozen droplets are then dried by lyophilization (Lian et al. 
2002, Gardiner et al. 2002).  

Spray freeze drying powders have a controlled size, larger specific surface area and a better 
porous character than spray-dried powders. The particles retain their spherical and porous 
morphology and can be further coated with an enteric food grade biological polymer which 
is designed to desintegrate at specific loci in the GIT. 
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Recently this method was further developed and the solution is sprayed under adequate 
pressure via a needle directly in liquid nitrogen. The cooling rates in the spray freezing 
section are dependent on many factors and thus are also very difficult to estimate. However 
it was claimed that maximum cooling rates by freezing in liquid nitrogen are the order of 
300K/s, considered as upper boundary for the cooling rate. To the best of our knowledge the 
spray freeze drying method was not used yet to produce dry powder of probiotic cells. 

Vacuum drying has been described to be the most promissory method to reserve sensible 
biological material because of its acceptable cost-effectiveness balance. However, the 
conditions of vacuum drying (time, temperature) must be optimized to allow the best bacterial 
recovery after dehydratation-rehydratation, avoiding cellular damages (Tymczyszyn et al. 
2008). 

It has been proposed that bacterial death results from the inactivation of critical sites in the 
cells. Membranes, nucleic acids and certain enzymes have been identified as cellular targets 
of damage caused by dehydratation. It has been reported that after dehydratation-
rehydratation the microorganisms can be recovered even when the cellular membrane is 
damaged. In addition, it has also been observed that an increase in the absolute value of the 
zeta potential can be associated with an increase in the lag time. Changes in this parameter 
were correlated with a loss of the original orientation of the surface macromolecules and 
thus, the capacity to recover the surface properties after rehydratation. This indicates that 
there are other bacterial structural parameters besides the membrane integrity affecting the 
bacterial viability after dehydratation-rehydratation. In this sense, date obtained by 
Differential Scanning Calorimetry reveal that damage produced in membrane lipids, 
ribosomes and DNA are reversible, whereas damages produced in proteins are not. 

When applying vacuum drying, it is important to consider that a thermal stress takes place 
in parallel to the hydric stress, probably inducing irreversible damages. For this reason, the 
exposure of microorganisms to high temperatures should be as short as possible and the 
correct choice of times and temperatures of dehydratation is crucial to achieve the best 
vacuum drying conditions. 

The challenge of making vacuum drying a wide spread methodology for microorganisms’ 
preservation is the difficulty of defining standardized conditions that allow the comparison 
of results obtained in different laboratories. The reason of the difficulty is that the times and 
temperatures for the dehydratation processes are related with the drying conditions (i.e.: 
exposure surface, pressure of the vacuum system, weight or volume of the sample, etc.), 
which in general are dependent on the equipment used. Therefore, to make results 
comparable, it becomes necessary to refer the experimental conditions, to a parameter that is 
independent to these experimental conditions, for example, the water activity of the sample 
after dehydratation in a given condition.  

I consequence, considering that both time and temperatures of drying affect the final water 
activities of the samples, the definition of drying conditions in terms of the final water 
activity becomes important to define correlatable parameters with the state of dehydratation 
of the cells. This fact would help to attain the best conditions for the preservation processes. 
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Recently this method was further developed and the solution is sprayed under adequate 
pressure via a needle directly in liquid nitrogen. The cooling rates in the spray freezing 
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there are other bacterial structural parameters besides the membrane integrity affecting the 
bacterial viability after dehydratation-rehydratation. In this sense, date obtained by 
Differential Scanning Calorimetry reveal that damage produced in membrane lipids, 
ribosomes and DNA are reversible, whereas damages produced in proteins are not. 

When applying vacuum drying, it is important to consider that a thermal stress takes place 
in parallel to the hydric stress, probably inducing irreversible damages. For this reason, the 
exposure of microorganisms to high temperatures should be as short as possible and the 
correct choice of times and temperatures of dehydratation is crucial to achieve the best 
vacuum drying conditions. 

The challenge of making vacuum drying a wide spread methodology for microorganisms’ 
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exposure surface, pressure of the vacuum system, weight or volume of the sample, etc.), 
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activities of the samples, the definition of drying conditions in terms of the final water 
activity becomes important to define correlatable parameters with the state of dehydratation 
of the cells. This fact would help to attain the best conditions for the preservation processes. 
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Bifidobacteria benefit human health by improving the balance of intestinal microbiota and 
by strengthening mucosal defenses against pathogens. However, for probiotics to be 
therapeutically effective, it has been suggested that products should contain at least 6 log 
cfu/g of bacteria until the end of their shelf life. Although bifidobacteria are being 
increasingly recognized as probiotics that have advantageous properties, they are also 
fastidious, obligate anaerobes and, therefore, pose a technological challenge for the food 
industry. several factors have been claimed to affect the viability of bifidobacteria, including 
acidity, pH, time and temperature of storage, and oxygen content. 

Within this context, microencapsulation of probiotic bacteria is currently drawing more and 
more attention for being a method to improve the stability of probiotic organisms in 
functional food products. Microencapsulation may improve the survival of these 
microorganisms, during both processing and storage, and also during passage through the 
human gastrointestinal tract. Spray drying is regarded as a microencapsulation method and 
it has been investigated as a means of stabilizing probiotic bacteria in a number of food 
matrices, most often composed of proteins, polysaccharides, sugars, and combination 
thereof. The survival rate of the culture during spray drying and subsequent storage 
depends upon a number of factors, which may include the species and strain of the culture, 
the drying conditions and also the use of encapsulating agents. 

Reconstituted skim milk is an encapsulating agent that has shown a favorable effect on the 
improvement of cell survival during the spray drying process. Another approach to increase 
the viability of bifidobacteria is the use of prebiotics, which are nondigestible food 
ingredients that beneficially affect the host by selectively stimulating the growth and/or 
activity of bacteria in the colon. Inulin is a prebiotic whose degree of polymerization (DP) 
ranges between 10 to 60. It is extracted from chicory roots and consists of chains of fructose 
units. Oligofructose is obtained throught partial hydrolysis of inulin and therefore has a 
lower DP,, which range from 2 to 8. A mixture of oligofructose and inulin is known as 
oligofructose-enriched inulin. These prebiotics may potentially be exploited as carrier media 
for spray drying and may be useful for enhancing probiotic survival during processing. 
However, the use of different encapsulatin agents for production of microcapsules can result 
in different physical properties, depending on the structure and the characteristics of each 
agent. (Fritzen-Freire et al. 2012). 

The study was conducted to evaluate the viability and the physical properties of 
Bifidobacterium BB-12 microencapsulated by spray drying partial replacement of 
reconstitutet skum milk (RSM), as encapsulating agent with the prebiotics inulin, 
oligofructose, and oligofructose-enriched inulin (at ratio of 1:1, 200g/ total concentration). 
The viable cell counts of the microcapsules were determined during storage for 180 days at 
4C and at -18C. The partial replacement of RSM with inulin and the partial replacement of 
RSM with oligofructose-enriched inulin increased the initial count of bifidobacteria in the 
microcapsules. On the other hand, the microcapsules produced with oligofructose-enriched 
inulin and those produced with oligofructose showed better protection for the 
bifidobacterium during storage. The use of prebiotics did not affect the morphology of the 
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microcapsules. However, the capsules produced with oligofructose showed a smaller 
particle size. The inclusion of prebiotics decreased the moisture content and water activity in 
the microcapsules. The microcapsules produced with inulin showed the lowest dissolution 
in water, while the microcapsules produced with oligofructose were the most hygroscopic. 
The total color difference of the microcapsules was not considered obvious to the human 
eye. The results of the thermoanalyses suggest an increase in the stability of the 
microcapsules produced with prebiotics. Finally, the results showed that the oligofructose-
enriched inulin is the most appropriate prebiotic to be used as partial replacement of RSM to 
microcapsulate Bifidobacterium BB-12 by spray drying, with a great potentail as a functional 
ingredient to be applied in dairy foods. (Fritzen-Freire et al., 2012). 

Ultrasonic vacuum spray dryer was used to produce a dry powder of highly viable probiotic 
cell. The drying was performed through two stages: vacuum spray drying of the solution 
followed by fluidized-bed drying of the powder. The embedding matrix was a combination 
of trehalose and maltodextrin. The effect of external and internal variables on cell survival 
during the drying process and storage were investigated. The hypothesis was that by 
minimizing the oxidative and thermal stresses in the drying stages, in addition to adequate 
formulation choice, the cell viability during the drying and storage will increase. It was 
concluded that during the drying process the faster the embedding matrix reaches a glassy 
state the higher was the probiotic survival. Evaluating water activity and moisture limit of 
the glassy matrix concluded that maltodextrin DE5 is a better encapsulating matrix than 
maltodextrin DE19. Combining trehalose to maltodextrin in the encapsulating matrix 
resulted in a significant increase in the survival up to 70.6±6.2%. 

Higher temperatures used during spray drying may be detrimental to bacteria. However 
this is not the case for certain lactic acid bacteria. For example, similar survival rates were 
obtained on freeze-drying and spray-drying of concentrated cultures of Lactobacillus 
bulgaricus. cellular damage to probiotics may be reduced and viability preserved through 
control of drying parameters; specifically, by lowering the outlet temperature of spray 
dryers and the incorporation of appropriate carriers into the drying medium. The addition 
of sugars to the growth medium also influences the survival of dried probiotic preparations. 
The incorporation of glucose in formulations did not markedly influence the survival of 
probiotic during drying but had marked effects on Lactobacillus GG survival during 
subsequent long term storage. These results corroborate those of others who also found that 
although the survival of LGG during spray drying was not significantly affected when 
different media (reconstituted skim milk (RSM), RSM/polydextrose, RSM-Raftilose P95) 
were used, it did influenced survival of bacteria during long term storage. A similar result 
was reported, where the presence of sugars (fructose, trehalose or sucrose) or sugar alcohols 
(inositol, sorbitol) improved survival of Lactobacillus plantarum and L. rhamnosus during 
storage but not during the freeze-drying (Yang Ying et al. 2012).  

The glucose-containing formulations in the study, improved storage stability of spray-dried 
LGG microcapsules stored under similar environmental conditions although the glass 
transition temperature of these formulations was depressed in comparison to those of 
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the drying conditions and also the use of encapsulating agents. 

Reconstituted skim milk is an encapsulating agent that has shown a favorable effect on the 
improvement of cell survival during the spray drying process. Another approach to increase 
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oligofructose-enriched inulin. These prebiotics may potentially be exploited as carrier media 
for spray drying and may be useful for enhancing probiotic survival during processing. 
However, the use of different encapsulatin agents for production of microcapsules can result 
in different physical properties, depending on the structure and the characteristics of each 
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inulin and those produced with oligofructose showed better protection for the 
bifidobacterium during storage. The use of prebiotics did not affect the morphology of the 

 
Different Methods of Probiotics Stabilization 547 

microcapsules. However, the capsules produced with oligofructose showed a smaller 
particle size. The inclusion of prebiotics decreased the moisture content and water activity in 
the microcapsules. The microcapsules produced with inulin showed the lowest dissolution 
in water, while the microcapsules produced with oligofructose were the most hygroscopic. 
The total color difference of the microcapsules was not considered obvious to the human 
eye. The results of the thermoanalyses suggest an increase in the stability of the 
microcapsules produced with prebiotics. Finally, the results showed that the oligofructose-
enriched inulin is the most appropriate prebiotic to be used as partial replacement of RSM to 
microcapsulate Bifidobacterium BB-12 by spray drying, with a great potentail as a functional 
ingredient to be applied in dairy foods. (Fritzen-Freire et al., 2012). 

Ultrasonic vacuum spray dryer was used to produce a dry powder of highly viable probiotic 
cell. The drying was performed through two stages: vacuum spray drying of the solution 
followed by fluidized-bed drying of the powder. The embedding matrix was a combination 
of trehalose and maltodextrin. The effect of external and internal variables on cell survival 
during the drying process and storage were investigated. The hypothesis was that by 
minimizing the oxidative and thermal stresses in the drying stages, in addition to adequate 
formulation choice, the cell viability during the drying and storage will increase. It was 
concluded that during the drying process the faster the embedding matrix reaches a glassy 
state the higher was the probiotic survival. Evaluating water activity and moisture limit of 
the glassy matrix concluded that maltodextrin DE5 is a better encapsulating matrix than 
maltodextrin DE19. Combining trehalose to maltodextrin in the encapsulating matrix 
resulted in a significant increase in the survival up to 70.6±6.2%. 

Higher temperatures used during spray drying may be detrimental to bacteria. However 
this is not the case for certain lactic acid bacteria. For example, similar survival rates were 
obtained on freeze-drying and spray-drying of concentrated cultures of Lactobacillus 
bulgaricus. cellular damage to probiotics may be reduced and viability preserved through 
control of drying parameters; specifically, by lowering the outlet temperature of spray 
dryers and the incorporation of appropriate carriers into the drying medium. The addition 
of sugars to the growth medium also influences the survival of dried probiotic preparations. 
The incorporation of glucose in formulations did not markedly influence the survival of 
probiotic during drying but had marked effects on Lactobacillus GG survival during 
subsequent long term storage. These results corroborate those of others who also found that 
although the survival of LGG during spray drying was not significantly affected when 
different media (reconstituted skim milk (RSM), RSM/polydextrose, RSM-Raftilose P95) 
were used, it did influenced survival of bacteria during long term storage. A similar result 
was reported, where the presence of sugars (fructose, trehalose or sucrose) or sugar alcohols 
(inositol, sorbitol) improved survival of Lactobacillus plantarum and L. rhamnosus during 
storage but not during the freeze-drying (Yang Ying et al. 2012).  

The glucose-containing formulations in the study, improved storage stability of spray-dried 
LGG microcapsules stored under similar environmental conditions although the glass 
transition temperature of these formulations was depressed in comparison to those of 
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formulations without glucose. It has been suggested that the incorporation of small sugars 
improves survival of bacteria during drying because of their ability to replace water that is 
removed from proteins/enzymes within the cells and reduce the membrane phase transition 
temperature. Results suggest that the effect of glucose is more significant during storage 
than during drying, even though glucose containing formulations did not maintain its 
glassy state at different storage conditions. The results of the work are in line with those of 
others which show that a glassy state during storage alone is not sufficient for stabilization 
of dried bacterial preparations. 

Protectants which preserve the structural integrity of cell membranes, proteins and enzyme 
functions are required for improving viability during storage of dried probiotic 
preparations. These results suggest that a pre-requisite for LGG survival in the glassy state 
is the direct interactions between a low molecular weight sugar and cell components, which 
helps preserve cell functions during drying with subsequent beneficial effects on long term 
storage. Both the maintenance of a glassy state during storage and the incorporation of 
glucose or a low molecular weight sugar in the drying medium are required for optimal 
survival of probiotic powders during storage (Yang Ying et al. 2012). 

The process for the formation of dry-encapsulated probiotics, using ultrasonic vacuum 
spray drying (UVSD), and microcapsule matrix composed of maltodextrin and trehalose 
were studied. The results of this study demonstrate thet using UVSD brought the matrix 
repidly to a glassy state and provided high survival of the probiotic cells- 3.3 x109 cfu/g dm, 
that was achieved with maltodextrin DE-trehalose (1:1) 20%g/100g matrix and 7.0 x109 cfu/g 
dm initial L. paracasei concentration. It was found that MD DE5 was a better encapsulation 
matrix than MD DE19, probably due to the fact that DE5 matrix maintained its glassy state 
at a higher aw. The addition of trehalose increased the viability significantly during the 
drying and during storage of the dried powder. MD DE5-trehalose combination (1:1) 
resulted with the highest survival (70.6±6.2%). Evidently, further protection should be 
provided to the cells against oxidation, as storage in nitrogen was essential in order to gain 
storage stability. (Semyonov et al. 2011) 

Improved production methods of starter cultures, which constitute the most important 
element of probiotic preparations, were investigated. The aim of the presented research was 
to analyse changes in the viability of Lactobacillus. acidophilus and Bifidobacterium bifidum 
after stabilization (spray drying, liophilization, fluidization drying) and storage in 
refrigerated conditions for 4 months. The highest numbers of live cells, up to the fourth 
month of storage in refrigerated conditions, of the order of 107 cfu/g preparation were 
recorded for the B. bifidum DSM 20239 bacteria in which the N-Tack starch for spray drying 
was applied. Fluidization drying of encapsulated bacteria allowed obtaining a preparation 
of the comparable number of live bacterial cells up to the fourth month of storage with those 
encapsulated bacteria, which were subjected to freeze-drying but the former process was 
much shorter. The highest survivability of the encapsulated Lb. acidophilus DSM 20079 and 
B. bifidum DSM 20239 cells subjected to freeze-drying was obtained using skimmed milk as 
the cryoprotective substance. Stabilisation of bacteria by microencapsulation can give a 
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product easy to store and apply to produce dried food composition (Goderska, Czarnecki 
2008) . 
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formulations without glucose. It has been suggested that the incorporation of small sugars 
improves survival of bacteria during drying because of their ability to replace water that is 
removed from proteins/enzymes within the cells and reduce the membrane phase transition 
temperature. Results suggest that the effect of glucose is more significant during storage 
than during drying, even though glucose containing formulations did not maintain its 
glassy state at different storage conditions. The results of the work are in line with those of 
others which show that a glassy state during storage alone is not sufficient for stabilization 
of dried bacterial preparations. 

Protectants which preserve the structural integrity of cell membranes, proteins and enzyme 
functions are required for improving viability during storage of dried probiotic 
preparations. These results suggest that a pre-requisite for LGG survival in the glassy state 
is the direct interactions between a low molecular weight sugar and cell components, which 
helps preserve cell functions during drying with subsequent beneficial effects on long term 
storage. Both the maintenance of a glassy state during storage and the incorporation of 
glucose or a low molecular weight sugar in the drying medium are required for optimal 
survival of probiotic powders during storage (Yang Ying et al. 2012). 

The process for the formation of dry-encapsulated probiotics, using ultrasonic vacuum 
spray drying (UVSD), and microcapsule matrix composed of maltodextrin and trehalose 
were studied. The results of this study demonstrate thet using UVSD brought the matrix 
repidly to a glassy state and provided high survival of the probiotic cells- 3.3 x109 cfu/g dm, 
that was achieved with maltodextrin DE-trehalose (1:1) 20%g/100g matrix and 7.0 x109 cfu/g 
dm initial L. paracasei concentration. It was found that MD DE5 was a better encapsulation 
matrix than MD DE19, probably due to the fact that DE5 matrix maintained its glassy state 
at a higher aw. The addition of trehalose increased the viability significantly during the 
drying and during storage of the dried powder. MD DE5-trehalose combination (1:1) 
resulted with the highest survival (70.6±6.2%). Evidently, further protection should be 
provided to the cells against oxidation, as storage in nitrogen was essential in order to gain 
storage stability. (Semyonov et al. 2011) 

Improved production methods of starter cultures, which constitute the most important 
element of probiotic preparations, were investigated. The aim of the presented research was 
to analyse changes in the viability of Lactobacillus. acidophilus and Bifidobacterium bifidum 
after stabilization (spray drying, liophilization, fluidization drying) and storage in 
refrigerated conditions for 4 months. The highest numbers of live cells, up to the fourth 
month of storage in refrigerated conditions, of the order of 107 cfu/g preparation were 
recorded for the B. bifidum DSM 20239 bacteria in which the N-Tack starch for spray drying 
was applied. Fluidization drying of encapsulated bacteria allowed obtaining a preparation 
of the comparable number of live bacterial cells up to the fourth month of storage with those 
encapsulated bacteria, which were subjected to freeze-drying but the former process was 
much shorter. The highest survivability of the encapsulated Lb. acidophilus DSM 20079 and 
B. bifidum DSM 20239 cells subjected to freeze-drying was obtained using skimmed milk as 
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1. Introduction 

Probiotic as a term is a relatively new word meaning “for life” and it is currently used to 
describe a group of bacteria when administered in sufficient quantity, confer beneficial 
effects for humans and animals [1]. The concept of probiotic bacteria is very old, and is 
associated with the consumption of fermented foods by human beings, for thousands of 
years.  Since ancient times, man has made and eaten probiotic foods. The earliest types of 
probiotic food were cheeses and milks made by lactic acid bacterial (LAB) and fungal 
fermentation, and leavened bread fermented by yeasts fermentation [2]. Fermented food’s 
health benefit has also been long known. Hippocrates and other scientists in the early ages 
had observed that some disorders of the digestive system could be cured by fermented milk, 
also, Plinius, the Roman historian, stated that fermented milk products can be used for 
treating gastroenteritis [3].  

In the modern ages, the concern to understand the importance and mechanisms of action of 
probiotic bacteria to exert their beneficial effects has been raised. In the early 1900s, the 
Russian microbiologist Ilya Mechinikov, Nobel Prize laureate, attributed the good health 
and longevity of Bulgarian peoples to their high consumption of fermented probiotic foods. 
He not only identified the health-giving bacteria used to ferment these foods, he also 
concluded that the general human being’s health is function of the balance between 
beneficial "good" probiotic bacteria and disease-causing “bad” bacteria in human gut [4]. At 
this time Henry Tissier, a French pediatrician, observed that children with diarrhea had in 
their stools a low number of bacteria characterized by a peculiar, Y shaped morphology, and 
these “bifid” bacteria were abundant in healthy children. Also, Tissier found that these 
bifidobacteria are dominant in the gut flora of breast-fed babies. The isolated bacterium 
named Bacillus bifidus, and was later renamed to the genus Bifidobacterium. Accordingly, he 
suggested that these bacteria could be administered to patients with diarrhea to help restore 
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a healthy gut flora [2,3]. This claimed effect was due to bifidobacteria displacement of 
proteolytic bacteria causing the disease. The works of Metchnikoff and Tissier were the first 
scientific suggestions about the probiotic use of bacteria. However, In 1917, during sever 
shigellosis outbreak, the German professor Alfred Nissle isolated a nonpathogenic strain of 
Escherichia coli from the feces of a soldier who did not develop enterocolitis. Disorders of the 
intestinal tract were frequently treated with viable nonpathogenic bacteria to change or 
replace the intestinal microbiota. The E. coli strain Nissle 1917 is one of the few examples of a 
non-LAB probiotic. It was till 1960s, when the word "probiotic" was first proposed to 
describe substances produced by microorganisms and promote the growth of other 
microorganisms [5]. In 1989, Fuller, in order to point out the microbial nature of probiotics, 
redefined the word as "A live microbial feed supplement which beneficially affects the host 
animal by improving its intestinal balance" [6,7]. Another definition was proposed by [6] "a 
viable mono or mixed culture of bacteria which, when applied to animal or man, 
beneficially affects the host by improving the properties of the indigenous flora". A more 
recent, but probably not the last definition is "live microorganisms, which when consumed 
in adequate amounts, confer a health effects on the host beyond inherent basic nutrition 
[1,7]. 

As investigations continued in the probiotic field, its concept has been expanded to include 
bacteria from intestinal origin beside those bacteria isolated from fermented dairy products 
[8]. Nowadays, probiotic bacteria are available in a variety of food products, dietary 
supplements [9] and drugs [10]. Food products containing are almost dairy products – fluid 
milk and yogurt – due to the historical association of LAB with fermented milk. The most 
frequently used bacteria in these products include the Lactobacillus and Bifidobacterium 
species. Recently, new types of food products containing probiotic bacteria started to be 
introduced into the markets, including nondairy products, such as chocolate, cereals, 
beverages, fruits and vegetables products. In the near future wide range of nontraditional 
food products containing probiotic bacteria are expected to be introduced into the markets, 
as the researches in probiotic products development continue in both scientific and 
commercial centers around the world.  

2. Safety of probiotic bacteria 

Safety considerations of probiotic bacteria are of high importance, as most probiotic bacteria 
are marketed in foodstuffs or feed supplements. The safety of these microbes has been 
confirmed through a long experience of safe use in food as starter cultures [11-13]. Bacteria 
such as Lactobacillus, Leuconostoc, and Pediococcus species have long been involved in food 
processing throughout human history, and the ingestion of foods containing live dead 
bacteria, and metabolites of these bacteria has taken place for many centuries [14]. 
Generally, LAB are classified as generally recognized as safe (GRAS), and there were no 
reports of any harmful effects from the consumption of these bacteria through the long 
history of their use in the processing of many foods (i.e. fermented dairy, fermented 
vegetables …etc.) [15]. In an epidemiological study of lactobacilli bacteremia case reports, 
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[16] concluded that the increased usage of probiotic products of lactobacilli did not cause 
any increase in incidence or frequency of bacteremia in Finland. However, it was found that 
under certain conditions, some lactobacilli strains have been associated with adverse effects, 
such as rare cases of bacteremia [12]. Ecologically, bifidobacteria are the predominant 
bacteria in the intestinal tract of breast-fed infants and are believed to contribute to the good 
health of infants. Until now, the safety of the bifidobacteria has not been questioned, as the 
reports of a harmful effect of these microbes on the host are very rare. 
The concern of probiotic bacteria safety has been raised with the more recent use of 
intestinal isolates of bacteria delivered in high numbers to severely ill patients. Use of 
probiotic bacteria in ill persons is restricted to the strains and indications with proven 
efficacy. A multidisciplinary approach is necessary to assess the toxicological, 
immunological, gastroenterological, pathological, infectivity, the intrinsic properties of the 
microbes, virulence factors comprising metabolic activity, and microbiological effects of 
probiotic strains [1,17]. Conventional toxicology and safety evaluation is not sufficient, since 
a probiotic is meant to survive and/or grow in human colon in order to benefit humans. 
Several methods have been developed for evaluation the safety of LAB through the use of in 
vitro studies, animal studies, and human clinical studies [14]. Also, proposed studies on 
intrinsic properties and interactions between the host and probiotic bacteria can be used as 
means to assess the safety of probiotic bacteria [17,18]. Evaluation of the acute, sub-acute 
and chronic toxicity of ingestion of extremely large quantities of probiotic bacteria should be 
carried out for all potential strains. Such assessment may not be necessary for strains with 
established documented use.  

Thus, safety considerations of probiotic bacteria should include: 

1. Antibiotic resistance profiles. 
2. Infectivity in immune-compromised animal models 
3. Toxin production: probiotic bacteria must be tested for toxin production. One possible 

scheme for testing toxin production has been recommended by the EU Scientific 
Committee on Animal Nutrition. 

4. Hemolytic activity. 
5. Metabolic activities (D-lactate, bile salt de-conjugation). 
6. Genetic and pathological side effects. 
7. Epidemiological surveillance of adverse incidents in consumers (post market). 

2.1. Antibiotics resistance profiles of probiotic bacteria 

Most bacteria, including LAB and probiotic bacteria are resistant to some antibiotics. This 
resistance may be related to chromosomal, transposon or plasmid located genes [19]. 
However, data available on situations in which these genetic elements could be transferred 
is not sufficient, and whether the situation could arise to become a clinical problem is 
unknown yet. There is a concern over the use of probiotic bacteria that contain specific drug 
resistance genes in foods. Probiotic bacteria contain transferable drug resistance genes 
should not be used for human. So, there is an urgent need for the development of 
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unknown yet. There is a concern over the use of probiotic bacteria that contain specific drug 
resistance genes in foods. Probiotic bacteria contain transferable drug resistance genes 
should not be used for human. So, there is an urgent need for the development of 
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standardized methodology for the assessment of drug resistance profiles in lactobacilli and 
bifidobacteria. Due to the relevance of this problem, it has been suggested that further 
research is needed to assess the antibiotic resistance of these bacteria. When dealing with the 
selection of probiotic strains, it is recommended that probiotic bacteria should not harbor 
transferable genes encoding resistance to clinically used drugs. Also, research is needed 
concerning the antibiotic resistance of lactobacilli and bifidobacteria and the potential for 
transferring genetic elements to other intestinal and/or food borne bacteria. For example, 
some strains of Enterococcus display probiotic properties, but it was found that Enterococcus 
is emerging as an important cause of nosocomial infections and isolates are increasingly 
vancomycin resistant. Accordingly,  Enterococcus is not recommended as a probiotic for 
human use [14]. 

3. Regulatory issues of probiotic products 

As the global probiotic markets are expanding rapidly, the harmonization of national and 
international regulations and guidelines are becoming extremely important for evaluating 
the efficacy and safety of probiotic bacteria. Hence, there would always be a possibility of 
spurious and ineffective probiotic products with false claims being marketed, it becomes 
important that these products are standardized and fulfill essential prerequisite before being 
marketed. So far, there is no international harmonization of probiotic product regulations. 
Depending on the intended use of a probiotic, whether as a food/food ingredient, a dietary 
supplement, and/or a drug, regulatory requirements differ greatly among different 
countries [20]. For most countries, if a probiotic is to be used as a drug, then it must undergo 
the regulatory process as a drug, which is similar to that of any new therapeutic agent. The 
probiotic drug safety and efficacy for its intended use must be evaluated and approved 
before marketing. But, if a probiotic is to be used as a dietary supplement, it is considered as 
foods, and then these products do not need any evaluation or approval before being 
marketed. However, there is an urgent need for harmonization of these regulatory 
standards on probiotic bacteria at the international level to ensure the safety and efficacy of 
probiotic products for their effective utilization in different countries around the world. 
However, for most countries, probiotic bacteria are regulated under food and dietary 
supplements because most are taken orally as foods. These are differentiated from drugs in 
a number of ways, especially with respect to claims. Drug claims include efficacy in the 
treatment, mitigation or cure of a disease, whereas foods, feed additives and dietary 
supplements can only make general health claims, such as structure/function claim [21,22]. 
A ‘health claim’ is defined as “a statement, which characterizes the effect relationship of any 
substance to a disease or health-related condition, and these should be based upon well-
established scientific evidences from national or international public health bodies. 
Examples include ‘protects against cancer’. A structure/function claim is defined as “a 
statement of nutritional support that affects the structure or functioning of the human body, 
or characterizes the mechanism to maintain such structure or function. For example 
‘supports the immune system’ [23,24]. No therapeutic claim or disease-prevention is known 
to have been approved by the United States, EU, or Canada [23]. 
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3.1. FAO/WHO approach 

The Joint FAO/WHO Expert Consultation on Evaluation of Health and Nutritional 
Properties of Probiotic bacteria has developed and proposed guidelines for evaluating 
probiotic bacteria in food that could lead to the harmonization of regulations and standards 
of probiotic bacteria health claims [1,25]. The recommended guidelines included: 1) using a 
combination of phenotypic and genotypic tests to identify the genus and species of the 
probiotic strain, as clinical evidences suggested that the health benefits of probiotic bacteria 
may be strain specific, 2) in vitro testing to delineate the mechanism of the probiotic effect, 
and 3) substantiation of the clinical health benefit of probiotic agents with human trials. In 
addition, the manufacturer should take on the responsibility (albeit not required by law) of 
providing guidance to consumers or clinicians about the type and extent of safety 
assessments that have been conducted on its products. According to The Joint FAO/WHO 
Expert Consultation recommendations, even though, that in most countries, only general 
health claims are allowed on probiotic foods, it is recommended that specific health claims 
may be allowed on probiotic foods, where sufficient scientific evidence is available. Such 
specific health claims should be permitted on the label and promotional material. 

3.2. United states approach 

In the USA, depending on how probiotic bacteria are intended to be used, they may be 
regulated as a dietary supplement and/or a biological agent. Biological agents require pre-
market evaluation of the safety, purity and potency, as well as efficacy for approval by FDA, 
whereas, dietary supplements do not [25]. According to FDA, the determining factor as to 
whether a probiotic is a dietary supplement is whether it has been used as a food. A 
probiotic used for diagnosis, cure, mitigate, treat, or prevent disease is considered as a drug 
and/or a biological product. FDA’s Center for Biologics Evaluation and Research (CBER) 
regulates probiotic products when used for clinical indications. CBER’s Office of Vaccines 
Research and Review has regulatory jurisdiction over most probiotic products for clinical 
use [26]. Nevertheless, most probiotic bacteria are regulated as dietary supplements, which 
were regulated in 1994 by FDA via the Dietary Supplement and Health Education Act 
(DSHEA). According to DSHEA, probiotic dietary supplements may have a 
structure/function claim. It is the manufacturer responsibility to notify the FDA before 
marketing any probiotic product, and determine that the dietary supplements that it 
manufactures or distributes are safe, and that any claims made about them are substantiated 
by adequate evidence to show that they are not false or misleading. The manufacturer must 
also state on the label that the dietary supplement product is not intended to ‘diagnose, 
treat, cure or prevent any disease’ because only a drug can legally make such a claim. Unlike 
Canada and some European countries, the United States has no governmental standards for 
probiotics. As most probiotic bacteria are claimed to be GRAS, they are not subjected to any 
specific standards [22]. Currently there are no functional foods are regulated or marketed in 
the USA, and this is partly because there is no internationally accepted definition of a 
functional food [24]. The International Food information Council has suggested that 
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standardized methodology for the assessment of drug resistance profiles in lactobacilli and 
bifidobacteria. Due to the relevance of this problem, it has been suggested that further 
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countries [20]. For most countries, if a probiotic is to be used as a drug, then it must undergo 
the regulatory process as a drug, which is similar to that of any new therapeutic agent. The 
probiotic drug safety and efficacy for its intended use must be evaluated and approved 
before marketing. But, if a probiotic is to be used as a dietary supplement, it is considered as 
foods, and then these products do not need any evaluation or approval before being 
marketed. However, there is an urgent need for harmonization of these regulatory 
standards on probiotic bacteria at the international level to ensure the safety and efficacy of 
probiotic products for their effective utilization in different countries around the world. 
However, for most countries, probiotic bacteria are regulated under food and dietary 
supplements because most are taken orally as foods. These are differentiated from drugs in 
a number of ways, especially with respect to claims. Drug claims include efficacy in the 
treatment, mitigation or cure of a disease, whereas foods, feed additives and dietary 
supplements can only make general health claims, such as structure/function claim [21,22]. 
A ‘health claim’ is defined as “a statement, which characterizes the effect relationship of any 
substance to a disease or health-related condition, and these should be based upon well-
established scientific evidences from national or international public health bodies. 
Examples include ‘protects against cancer’. A structure/function claim is defined as “a 
statement of nutritional support that affects the structure or functioning of the human body, 
or characterizes the mechanism to maintain such structure or function. For example 
‘supports the immune system’ [23,24]. No therapeutic claim or disease-prevention is known 
to have been approved by the United States, EU, or Canada [23]. 
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3.1. FAO/WHO approach 

The Joint FAO/WHO Expert Consultation on Evaluation of Health and Nutritional 
Properties of Probiotic bacteria has developed and proposed guidelines for evaluating 
probiotic bacteria in food that could lead to the harmonization of regulations and standards 
of probiotic bacteria health claims [1,25]. The recommended guidelines included: 1) using a 
combination of phenotypic and genotypic tests to identify the genus and species of the 
probiotic strain, as clinical evidences suggested that the health benefits of probiotic bacteria 
may be strain specific, 2) in vitro testing to delineate the mechanism of the probiotic effect, 
and 3) substantiation of the clinical health benefit of probiotic agents with human trials. In 
addition, the manufacturer should take on the responsibility (albeit not required by law) of 
providing guidance to consumers or clinicians about the type and extent of safety 
assessments that have been conducted on its products. According to The Joint FAO/WHO 
Expert Consultation recommendations, even though, that in most countries, only general 
health claims are allowed on probiotic foods, it is recommended that specific health claims 
may be allowed on probiotic foods, where sufficient scientific evidence is available. Such 
specific health claims should be permitted on the label and promotional material. 

3.2. United states approach 

In the USA, depending on how probiotic bacteria are intended to be used, they may be 
regulated as a dietary supplement and/or a biological agent. Biological agents require pre-
market evaluation of the safety, purity and potency, as well as efficacy for approval by FDA, 
whereas, dietary supplements do not [25]. According to FDA, the determining factor as to 
whether a probiotic is a dietary supplement is whether it has been used as a food. A 
probiotic used for diagnosis, cure, mitigate, treat, or prevent disease is considered as a drug 
and/or a biological product. FDA’s Center for Biologics Evaluation and Research (CBER) 
regulates probiotic products when used for clinical indications. CBER’s Office of Vaccines 
Research and Review has regulatory jurisdiction over most probiotic products for clinical 
use [26]. Nevertheless, most probiotic bacteria are regulated as dietary supplements, which 
were regulated in 1994 by FDA via the Dietary Supplement and Health Education Act 
(DSHEA). According to DSHEA, probiotic dietary supplements may have a 
structure/function claim. It is the manufacturer responsibility to notify the FDA before 
marketing any probiotic product, and determine that the dietary supplements that it 
manufactures or distributes are safe, and that any claims made about them are substantiated 
by adequate evidence to show that they are not false or misleading. The manufacturer must 
also state on the label that the dietary supplement product is not intended to ‘diagnose, 
treat, cure or prevent any disease’ because only a drug can legally make such a claim. Unlike 
Canada and some European countries, the United States has no governmental standards for 
probiotics. As most probiotic bacteria are claimed to be GRAS, they are not subjected to any 
specific standards [22]. Currently there are no functional foods are regulated or marketed in 
the USA, and this is partly because there is no internationally accepted definition of a 
functional food [24]. The International Food information Council has suggested that 
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functional foods be defined as foods that provide health benefits beyond basic nutrition 
[24,25].  

3.3. European approach 

As in the international level, the different European countries have different national 
regulations for probiotics. For example in Germany, France, and Italy, the probiotic bacteria 
in capsule, tablet or powder form have the pharmaceutical products status, whereas, in 
Denmark, Finland Netherlands, and Sweden, same probiotic products are regulated as food 
and/or food supplements [24,28]. Food supplements do not require authorities’ notification 
or registration before marketing. In the EU, probiotic bacteria are legally regulated either as 
1) foods; for examples, yogurts, dairy drinks, fermented fish, meats & vegetables, and 
cheeses; 2) food supplements; for examples, tablets, pills, powders, capsules, liquid 
concentrates in vials, and soft gels; or 3) novel foods. Novel foods are defined as foods/food 
a ingredient that does not have a significant history of human consumption within the EU 
countries prior to 15th May 1997 (97/258/EC). According to the novel food regulations, if a 
probiotic does not have a history of safe use, safety and quality guidelines are laid down. To 
date, probiotic bacteria for human foods are not governed under specific EU regulatory 
frame works. Novel Food regulation EU 258/97 is to relevant probiotic in some specific 
cases. There is therefore a considerable need for harmonization of European legislation on 
probiotic bacteria considered as food supplements. In contrast with the situation in the USA, 
even though, that the level of awareness and acceptance of probiotic bacteria in Europe is 
advanced, neither a legal definition nor specific regulations governing functional foods 
exist. However, according to Food Supplements Directive 2002/46/EC ‘‘food supplements’ 
are defined as” foodstuffs the purpose of which is to supplement the normal diet and which 
are concentrated sources of nutrients or other substances with a nutritional or physiological 
effect, alone or in combination, marketed in dose form, namely forms such as capsules, 
pastilles, tablets, pills and other similar forms, sachets of powder, ampoules of liquids, drop 
dispensing bottles, and other similar forms of liquids and powders designed to be taken in 
measured small unit quantities”. Even though, that this directive has generally been 
elaborated for vitamins and minerals, also, it already states that specific regulations must be 
laid down for nutrients other than vitamins and minerals. Given that probiotic bacteria fall 
within this definition of food supplements as used in this Directive, regulation of this kind 
can help to guarantee the safety and quality of the probiotic products [24].  

3.4. Japanese approach 

Japan is the only country that have legally defined and regulated functional foods, including 
probiotics, under the “Foods for Specific Health Use” (FOSHU) system by the Japanese 
Ministry of Health and Welfare [27]. The FOSHU system allows several health claims for 
probiotic bacteria include: 1) colonizes the intestines alive, 2) Increases the intestinal 
beneficial bacteria, 3) Inhibits harmful bacteria, 4) Maintains the balance of the intestinal 
flora, 5) Maintains the intestines good health, and 6) Promotes the maintenance of a good 
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intestinal environment [28]. As a result, several probiotic products had received FOSHU 
approval in Japan [27]. FOSHU system requires the approval of the specific health claim 
prior to use, and this approval should be based on documented scientific evidences. FOSHU 
approved products are labeled for the specific health claim. In addition to approved FOSHU 
foods, many unapproved functional foods are available in Japan. These unapproved foods 
cannot carry an associated health claim but rely instead on consumer awareness of the 
probable health benefits of the ingredients [28]. 

3.5. Canadian approach  

Health Canada (HC) and Natural Health Product Directorate (NHPD) which became a law 
in 2004 are the responsible regulators for food label and health claims in Canada [24,30]. 
Natural Health Products (NHPs) are considered as a subset of drugs under the Food and 
Drugs Act, and require assessment and licensing before being marketed. NHPs must be 
substantiated by sufficient evidence of safety and efficacy under recommended conditions 
of use, and must be manufactured under Good Manufacturing Practices. For HC/ NHDP, a 
probiotic is limited to nonpathogenic microorganisms, and is defined “as mono or mixed 
culture of live micro-organisms that benefit the microbiota indigenous to humans”. Foods 
such as yogurt that contain ‘‘microbes’’ are controlled by the Food Products Directorate of 
HC. As with other food products regulated by HC, probiotic bacteria can carry a 
structure/function claim, a risk reduction claim, or a treatment claim. The amount and 
quality of the data to be supplied depend on the claim that is sought. The HC/NHPD 
regulations concerning probiotic bacteria have requirements related to toxicity and safety 
[23,31]. It is suggested to use a multidisciplinary approach to assess the pathological, 
genetic, toxicological, immunological, gastroenterological, and microbiological safety 
aspects of probiotic strains. Probiotic products in either capsule or liquid form as 
nutraceuticals’ or as functional foods can be found in the marketplace in Canada today. It is 
not known how many petitions HC has received from companies related to probiotics. 
However, since its inception in 2004, HC/NHPD has not issued an approved health claim for 
any probiotic product [30]. 

4. Labeling requirements 

Appropriate labeling and health claims are a pre-requisite for the consumer to make an 
informed choice. In addition to the general labeling requirements under the food laws of 
each country, necessary information should also be stated on the label [23,39]. Even though, 
that currently in most countries, only general health claims are labeled on foods containing 
probiotics, it is also recommended that specific health claims be allowed relating to the use 
of probiotics, where sufficient scientific evidence is available [22,25]. For example, the claim 
that a probiotic ‘reduces the incidence and severity of rotavirus diarrhea in infants’ would 
be more informative to the consumer than a general claim that probiotic bacteria’ improve 
gut health’. Such specific health claims should be permitted on the label and promotional 
material. Also, it is the responsibility of the product manufacturer that an independent third 
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functional foods be defined as foods that provide health benefits beyond basic nutrition 
[24,25].  

3.3. European approach 

As in the international level, the different European countries have different national 
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in capsule, tablet or powder form have the pharmaceutical products status, whereas, in 
Denmark, Finland Netherlands, and Sweden, same probiotic products are regulated as food 
and/or food supplements [24,28]. Food supplements do not require authorities’ notification 
or registration before marketing. In the EU, probiotic bacteria are legally regulated either as 
1) foods; for examples, yogurts, dairy drinks, fermented fish, meats & vegetables, and 
cheeses; 2) food supplements; for examples, tablets, pills, powders, capsules, liquid 
concentrates in vials, and soft gels; or 3) novel foods. Novel foods are defined as foods/food 
a ingredient that does not have a significant history of human consumption within the EU 
countries prior to 15th May 1997 (97/258/EC). According to the novel food regulations, if a 
probiotic does not have a history of safe use, safety and quality guidelines are laid down. To 
date, probiotic bacteria for human foods are not governed under specific EU regulatory 
frame works. Novel Food regulation EU 258/97 is to relevant probiotic in some specific 
cases. There is therefore a considerable need for harmonization of European legislation on 
probiotic bacteria considered as food supplements. In contrast with the situation in the USA, 
even though, that the level of awareness and acceptance of probiotic bacteria in Europe is 
advanced, neither a legal definition nor specific regulations governing functional foods 
exist. However, according to Food Supplements Directive 2002/46/EC ‘‘food supplements’ 
are defined as” foodstuffs the purpose of which is to supplement the normal diet and which 
are concentrated sources of nutrients or other substances with a nutritional or physiological 
effect, alone or in combination, marketed in dose form, namely forms such as capsules, 
pastilles, tablets, pills and other similar forms, sachets of powder, ampoules of liquids, drop 
dispensing bottles, and other similar forms of liquids and powders designed to be taken in 
measured small unit quantities”. Even though, that this directive has generally been 
elaborated for vitamins and minerals, also, it already states that specific regulations must be 
laid down for nutrients other than vitamins and minerals. Given that probiotic bacteria fall 
within this definition of food supplements as used in this Directive, regulation of this kind 
can help to guarantee the safety and quality of the probiotic products [24].  

3.4. Japanese approach 

Japan is the only country that have legally defined and regulated functional foods, including 
probiotics, under the “Foods for Specific Health Use” (FOSHU) system by the Japanese 
Ministry of Health and Welfare [27]. The FOSHU system allows several health claims for 
probiotic bacteria include: 1) colonizes the intestines alive, 2) Increases the intestinal 
beneficial bacteria, 3) Inhibits harmful bacteria, 4) Maintains the balance of the intestinal 
flora, 5) Maintains the intestines good health, and 6) Promotes the maintenance of a good 
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intestinal environment [28]. As a result, several probiotic products had received FOSHU 
approval in Japan [27]. FOSHU system requires the approval of the specific health claim 
prior to use, and this approval should be based on documented scientific evidences. FOSHU 
approved products are labeled for the specific health claim. In addition to approved FOSHU 
foods, many unapproved functional foods are available in Japan. These unapproved foods 
cannot carry an associated health claim but rely instead on consumer awareness of the 
probable health benefits of the ingredients [28]. 

3.5. Canadian approach  

Health Canada (HC) and Natural Health Product Directorate (NHPD) which became a law 
in 2004 are the responsible regulators for food label and health claims in Canada [24,30]. 
Natural Health Products (NHPs) are considered as a subset of drugs under the Food and 
Drugs Act, and require assessment and licensing before being marketed. NHPs must be 
substantiated by sufficient evidence of safety and efficacy under recommended conditions 
of use, and must be manufactured under Good Manufacturing Practices. For HC/ NHDP, a 
probiotic is limited to nonpathogenic microorganisms, and is defined “as mono or mixed 
culture of live micro-organisms that benefit the microbiota indigenous to humans”. Foods 
such as yogurt that contain ‘‘microbes’’ are controlled by the Food Products Directorate of 
HC. As with other food products regulated by HC, probiotic bacteria can carry a 
structure/function claim, a risk reduction claim, or a treatment claim. The amount and 
quality of the data to be supplied depend on the claim that is sought. The HC/NHPD 
regulations concerning probiotic bacteria have requirements related to toxicity and safety 
[23,31]. It is suggested to use a multidisciplinary approach to assess the pathological, 
genetic, toxicological, immunological, gastroenterological, and microbiological safety 
aspects of probiotic strains. Probiotic products in either capsule or liquid form as 
nutraceuticals’ or as functional foods can be found in the marketplace in Canada today. It is 
not known how many petitions HC has received from companies related to probiotics. 
However, since its inception in 2004, HC/NHPD has not issued an approved health claim for 
any probiotic product [30]. 

4. Labeling requirements 

Appropriate labeling and health claims are a pre-requisite for the consumer to make an 
informed choice. In addition to the general labeling requirements under the food laws of 
each country, necessary information should also be stated on the label [23,39]. Even though, 
that currently in most countries, only general health claims are labeled on foods containing 
probiotics, it is also recommended that specific health claims be allowed relating to the use 
of probiotics, where sufficient scientific evidence is available [22,25]. For example, the claim 
that a probiotic ‘reduces the incidence and severity of rotavirus diarrhea in infants’ would 
be more informative to the consumer than a general claim that probiotic bacteria’ improve 
gut health’. Such specific health claims should be permitted on the label and promotional 
material. Also, it is the responsibility of the product manufacturer that an independent third 
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party review by scientific experts in the field be conducted to establish that health claims are 
truthfully and not misleading labeled [20]. 

Hence, the following information must be displayed on the label: 

1. Genus, species and strain: To clarify the identity of a probiotic present in food the 
microbial species must be stated on the label. Genus, species and strain designation 
should follow the standard international nomenclature. If the selection process has been 
undertaken, the identity of the strain should also be included since all probiotic effects 
are strain specific. Strain designation should not mislead consumers about the 
functionality of the strain. 

2. Minimum viable numbers of each probiotic strain at the end of shelf life: The number of 
probiotic bacteria in food products should be clearly enumerated in order to include 
them on the label. The label should state the viable concentration of each probiotic 
present at the end of shelf life. The minimum efficacy level for each probiotic strain that 
to be maintained till the end of shelf life of product should be scientifically proven. 

3. The serving size that delivers the effective dose of probiotic bacteria related to the 
health claim.  

4. An accurate description of the physiological effect, as far as is allowable by law with the 
required scientific evidence. 

5. Proper storage conditions including the temperature at which the product should be 
stored. 

6. Corporate contact details for consumer information. 
7. Safety in the conditions of recommended use. 
8. Label information must not mislead the consumers to understand that consumption of 

the food, ingredient or nutrient of such food, can treat, relieve, cure or prevent a 
disease. 

5. Probiotic food products 

5.1. Dairy probiotic products 

Dairy foods, fermented and non-fermented, have played important roles in the diet of 
humans worldwide for thousands of years. Since the observations of Mechinikov, in the 
early 1900s, there has been an increasing interest in the benefits of certain microorganisms; 
i.e. LAB and probiotic gut flora, and their effect on human general health, body functions, 
and life longevity. Currently hundreds of probiotic dairy products are manufactured and 
consumed around the world; typical examples include pasteurized milk, ice-cream, 
fermented milks, cheeses and baby milk powder [31-35]. The overall pattern of consumption 
of all types of probiotic dairy products is steadily expanding in the majority of countries in 
the world. The beneficial health claims are the main reasons behind the popularity and high 
consuming rates of these products in different communities. Milk is an excellent medium to 
carry or generate live and active cultured dairy products. The buffering capacity of milk 
helps to improve the survival of probiotic flora in the GI tract [35]. However, fermented 
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foods remain the main vehicle to deliver probiotic bacteria [9,36]. Among the fermented 
milk products, yoghurt is by far the most popular and important vehicle for the delivery of 
probiotic bacteria [32,37]. Fermented dairy foods are well suited to promoting the positive 
health image of probiotic bacteria for several reasons: 1) fermented dairy foods already have 
a positive health image; 2) consumers have the fact that fermented foods contain living 
microorganisms (starter cultures); and 3) probiotic bacteria used as starter organisms 
combine the positive images of fermentation and probiotic cultures [38]. In probiotic 
fermented dairy products, viability of most of probiotic strains are affected as a result of 
antagonistic interaction between starter cultures and probiotic strains, as well as acid 
production in these cultured products [31,39]. As a result to these factors, a new trend in 
producing probiotic non-fermented dairy products has emerged. Wide range of probiotic 
non-fermented dairy products are produced and marketed by far, such as cheese, ice-cream, 
and fresh milk [31,33,40]. 

5.1.1. Fermented milks and yogurt (bio-yoghurt) probiotic products 

For the maximum probiotic bacteria viability and optimal therapeutic effects, different types 
of food products were proposed as a carrier for probiotic bacteria by which consumers can 
take large amounts of viable probiotic cells. Yogurt, as a fermented milk product, is one of 
the most popular food carriers for the delivery of probiotic. Yogurt has long been 
recognized as a product with many desirable effects for consumers, and it is also important 
that most consumers consider yogurt to be ‘healthy’, add to that incorporation of probiotic 
bacteria, such as L. acidophilus and B. bifidum, into yogurt may add extra nutritional-
physiological values [37,38]. Different types of yogurt and yogurt like products are 
manufactured around the world with different textures, including; natural-set yogurt, 
stirred yogurt, and drink yogurt, and these products differ greatly in their content of nonfat 
solids: 16–18%, 13–14%, and 11–12%, respectively [39]. 

Yogurt is a fermented milk product that has been prepared traditionally by allowing milk to 
ferment at 42–45◦C. Modern yogurt production is a well-controlled process that utilizes 
ingredients of milk, milk powder, sugar, fruit, flavors, colorings, emulsifiers, stabilizers, and 
standard pure cultures of LAB (Streptococcus thermophilus and L. bulgaricus) to conduct the 
fermentation process. S. thermophilus and L. bulgaricus exhibit a symbiotic relationship 
during fermentation process of yogurt, with the ratio between the species changing 
constantly. The pH of commercial yogurt is usually in the range of 3.7–4.3 [38]. Recently 
new yogurt products, known as “Bio-Yogurt”, have been manufactured by incorporating 
live probiotic strains in addition to the standard cultures, S. thermophilus and L. bulgaricus, 
into yogurt, since the recent discoveries in several aspects of bioscience support the 
hypothesis that, beyond nutrition, diet may modulate various functions in the body [32]. 
The Bio-Yogurt products have been formulated with different types of probiotic strains; 
mainly species of Lactobacillus and Bifidobacteria; include L. acidophilus; L. casei; L. gasseri; L. 
rhamnosus; L. reuteri;  B. bifidum; B. animalis; B. infantis; and B. longum [32,34,35,41-43] 
Therefore, Bio-Yogurt is a yogurt that contains live probiotic cultures, the presence of which 
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party review by scientific experts in the field be conducted to establish that health claims are 
truthfully and not misleading labeled [20]. 
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foods remain the main vehicle to deliver probiotic bacteria [9,36]. Among the fermented 
milk products, yoghurt is by far the most popular and important vehicle for the delivery of 
probiotic bacteria [32,37]. Fermented dairy foods are well suited to promoting the positive 
health image of probiotic bacteria for several reasons: 1) fermented dairy foods already have 
a positive health image; 2) consumers have the fact that fermented foods contain living 
microorganisms (starter cultures); and 3) probiotic bacteria used as starter organisms 
combine the positive images of fermentation and probiotic cultures [38]. In probiotic 
fermented dairy products, viability of most of probiotic strains are affected as a result of 
antagonistic interaction between starter cultures and probiotic strains, as well as acid 
production in these cultured products [31,39]. As a result to these factors, a new trend in 
producing probiotic non-fermented dairy products has emerged. Wide range of probiotic 
non-fermented dairy products are produced and marketed by far, such as cheese, ice-cream, 
and fresh milk [31,33,40]. 

5.1.1. Fermented milks and yogurt (bio-yoghurt) probiotic products 

For the maximum probiotic bacteria viability and optimal therapeutic effects, different types 
of food products were proposed as a carrier for probiotic bacteria by which consumers can 
take large amounts of viable probiotic cells. Yogurt, as a fermented milk product, is one of 
the most popular food carriers for the delivery of probiotic. Yogurt has long been 
recognized as a product with many desirable effects for consumers, and it is also important 
that most consumers consider yogurt to be ‘healthy’, add to that incorporation of probiotic 
bacteria, such as L. acidophilus and B. bifidum, into yogurt may add extra nutritional-
physiological values [37,38]. Different types of yogurt and yogurt like products are 
manufactured around the world with different textures, including; natural-set yogurt, 
stirred yogurt, and drink yogurt, and these products differ greatly in their content of nonfat 
solids: 16–18%, 13–14%, and 11–12%, respectively [39]. 

Yogurt is a fermented milk product that has been prepared traditionally by allowing milk to 
ferment at 42–45◦C. Modern yogurt production is a well-controlled process that utilizes 
ingredients of milk, milk powder, sugar, fruit, flavors, colorings, emulsifiers, stabilizers, and 
standard pure cultures of LAB (Streptococcus thermophilus and L. bulgaricus) to conduct the 
fermentation process. S. thermophilus and L. bulgaricus exhibit a symbiotic relationship 
during fermentation process of yogurt, with the ratio between the species changing 
constantly. The pH of commercial yogurt is usually in the range of 3.7–4.3 [38]. Recently 
new yogurt products, known as “Bio-Yogurt”, have been manufactured by incorporating 
live probiotic strains in addition to the standard cultures, S. thermophilus and L. bulgaricus, 
into yogurt, since the recent discoveries in several aspects of bioscience support the 
hypothesis that, beyond nutrition, diet may modulate various functions in the body [32]. 
The Bio-Yogurt products have been formulated with different types of probiotic strains; 
mainly species of Lactobacillus and Bifidobacteria; include L. acidophilus; L. casei; L. gasseri; L. 
rhamnosus; L. reuteri;  B. bifidum; B. animalis; B. infantis; and B. longum [32,34,35,41-43] 
Therefore, Bio-Yogurt is a yogurt that contains live probiotic cultures, the presence of which 
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may give rise to claimed beneficial health effects. Different types of Bio-Yogurts are 
produced by far, including, plain, stirred, flavored, and fruits added Bio-Yogurts. 

For the production of Bio-Yogurt, similar processing procedures of traditional yogurt are 
applied with the addition of live probiotic starter cultures. Heat treated, homogenized milk 
with increased protein content (3.6–3.8%) is inoculated with the standard starter cultures at 
45◦C and incubated for 3.5-5h [32]. The most common procedures of incorporation probiotic 
bacteria to Bio-Yogurt include: (1) addition of probiotic bacteria together with standard 
starter cultures; (2) two-step fermentation, which includes the fermentation of milk first with 
probiotic cultures to achieve high levels of viable cells, and then addition of standard starter 
cultures to complete fermentation; (3) two batches fermentation, in which two separate 
batches of pasteurized milk are fermented, one with probiotic cultures and the other with 
standard starter cultures, and then the two batches are mixed together; (4) the use of a 
probiotic alone as a starter culture. In this situation, the time of fermentation is generally 
higher than regular yogurt production using non-probiotic starter cultures [32,44]. 
However, the use of the probiotic bacteria alone in the production of yogurt was not 
sufficient to produce high quality product, where the pH values and the final characteristics 
(pH values 4.9-5.5, with poor curd formation) of yogurt manufactured by using probiotic 
species of Lactobacilli and Bifidobacteria, were unsatisfactory [32]. Probiotic bacteria 
generally tend to exhibit weak growth and acid production in milk, which invariably leads 
to long fermentation times and poor quality product. This may be due to the sensitive 
character of the microorganisms in these Bio-products, which adds to the usual difficulties 
encountered with novel food production (i.e. unusual palatability and consequent limited 
consumer acceptability) [45]. The poor quality and sensorial characteristics of Bio-Yogurt 
products are important challenges in probiotic industry [38]. To overcome the problem of 
the poor quality, two-step fermentation with mixed cultures of the probiotic bacteria and 
standard starter cultures was suggested. The use of the mixed cultures in the two-step 
fermentation resulted in yogurt with better acceptability and sensorial quality, and these 
include longer time for probiotic species to grow and multiply with making use of the 
traditional cultures to impart the traditional and favorable organoleptic characteristics [45]. 
Also, it is important to consider the effect of probiotic bacteria addition on the product 
sensorial characteristics, since metabolites produced by probiotic bacteria may lead to 
undesirable sensorial effects [46]. 

Different levels of probiotic bacteria in Bio-Yogurts have been recommended and specified, 
in order to exert the claimed health effects and considered as probiotic products. The 
National Yogurt Association (NYA) of the United States specifies that 108 cfu/mL of lactic 
acid bacteria at the time of manufacture, are required to use the NYA‘Live and Active 
Culture’ logo on the products containers [47]. In Japan, the Fermented Milks and Lactic Acid 
Bacteria Beverages Association has specified a minimum of 107 cfu/mL of bifidobacteria to 
be present in fresh dairy products as a standard [48]. Therefore, maintaining the probiotic 
bacteria viability and survivability during products manufacturing and storage is a very 
crucial factor for effective probiotic products. Different factors have been found to affect 
probiotic bacteria viability in Bio-Yogurt products, include, pH, oxygen residues, product 
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composition, storage temperature, antagonistic activity among probiotic strains and with 
standard starter cultures. For example, survival of L. acidophilus is affected by the low pH 
of the yogurt [43], also, the addition of any ingredients, such as fruits or fruits constituents, 
that lower pH in yogurt may contribute to reduce the survivability of L. acidophilus [34]. 
Rapid loss of viability of B. animalis subsp. lactis was reported with increasing percentage of 
fruit pulp added into yogurt base [49]. Yogurt with high fat content inhibited probiotic 
cultures, particularly B. bifidum BBI [39]. Also, as the probiotic bacteria are oxygen sensitive, 
oxygen residues in yogurt has an inhibition effect on probiotic bacteria viability [45]. 

Bio-Yoghurts supplementation with different substances has showed variable effects on 
probiotic bacteria viability. The supplementation of Bio-Yogurt with ascorbic acid improved 
the viability of L. acidophilus in yoghurts [45]. Oxygen scavenging effect of ascorbic acid is 
one of the possible mechanisms that may help to improve the viability of probiotic bacteria. 
Moreover, due to their buffering capacity, the addition of whey protein may enhance the 
viability of some probiotic bacteria, especially in yogurts with added fruit pulp. Also, the 
incorporation of prebiotics (indigestible carbohydrates, such as fructooligosaccharides and 
inulin) [40], and neutraceuticals combination (isoflavones, phytosterols and omega-3-fatty 
acids) [28, 35] in yoghurt formulations seemed to stimulate the viability and activity of 
probiotic bacteria. Generally, prebiotics selectively stimulate the growth and activity of 
probiotic bacteria [20]. It was reported that incubation period, incubation temperature and 
storage time of yogurts affect probiotic bacteria viability [60]. On the other hand, as a result 
to oxygen incorporation into yogurts during stirring fruit pulp into yogurt base, stirred-
yogurts have lower probiotic bacteria viability levels compared to plain-yogurts. Also, 
addition of cysteine at 250 and 500 mg/L to yogurt was associated with higher viability of L. 
acidophilus during manufacture and storage while viability of bifidobacteria was adversely 
affected by the same levels in different starter cultures, whereas, at level of 50 mg/L 
bifidobacteria demonstrated better viability. However, in mixed cultures Bio-Yogurt 
products, antagonistic and symbiotic interactions among probiotic cultures and between 
probiotic and standard starter cultures are very important factors affecting probiotic bacteria 
viability. The probiotic cultures must be compatible with each other and with the standard 
starter cultures, since these micro-organisms could produce inhibitory substances that 
damage each other and affect probiotic bacteria viability [40,51]. Different pattern of 
interactions have been demonstrated among different probiotic strains, include, strong, 
weak, and lack of inhibition [40]. Establishment of suitable combinations of mixed probiotic 
cultures, to guarantee the maximum probiotic bacteria viability and avoid any inhibitory 
effect during yogurt manufacturing and storage, requires the assessment of the pattern and 
the extent of interactions among the probiotic strains and the probiotic strains with the 
standard starter cultures. 

5.1.2. Ice-cream and frozen probiotic products 

Ice-cream is a frozen dairy product, consists of a mixture of components, include, milk, 
flavoring, sweeteners, stabilizers, and emulsifiers agents [52]. Several ice-cream related 
products, such as plain ice-cream, reduced fat, low fat, nonfat, fruit, and nut ice-creams, 
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may give rise to claimed beneficial health effects. Different types of Bio-Yogurts are 
produced by far, including, plain, stirred, flavored, and fruits added Bio-Yogurts. 

For the production of Bio-Yogurt, similar processing procedures of traditional yogurt are 
applied with the addition of live probiotic starter cultures. Heat treated, homogenized milk 
with increased protein content (3.6–3.8%) is inoculated with the standard starter cultures at 
45◦C and incubated for 3.5-5h [32]. The most common procedures of incorporation probiotic 
bacteria to Bio-Yogurt include: (1) addition of probiotic bacteria together with standard 
starter cultures; (2) two-step fermentation, which includes the fermentation of milk first with 
probiotic cultures to achieve high levels of viable cells, and then addition of standard starter 
cultures to complete fermentation; (3) two batches fermentation, in which two separate 
batches of pasteurized milk are fermented, one with probiotic cultures and the other with 
standard starter cultures, and then the two batches are mixed together; (4) the use of a 
probiotic alone as a starter culture. In this situation, the time of fermentation is generally 
higher than regular yogurt production using non-probiotic starter cultures [32,44]. 
However, the use of the probiotic bacteria alone in the production of yogurt was not 
sufficient to produce high quality product, where the pH values and the final characteristics 
(pH values 4.9-5.5, with poor curd formation) of yogurt manufactured by using probiotic 
species of Lactobacilli and Bifidobacteria, were unsatisfactory [32]. Probiotic bacteria 
generally tend to exhibit weak growth and acid production in milk, which invariably leads 
to long fermentation times and poor quality product. This may be due to the sensitive 
character of the microorganisms in these Bio-products, which adds to the usual difficulties 
encountered with novel food production (i.e. unusual palatability and consequent limited 
consumer acceptability) [45]. The poor quality and sensorial characteristics of Bio-Yogurt 
products are important challenges in probiotic industry [38]. To overcome the problem of 
the poor quality, two-step fermentation with mixed cultures of the probiotic bacteria and 
standard starter cultures was suggested. The use of the mixed cultures in the two-step 
fermentation resulted in yogurt with better acceptability and sensorial quality, and these 
include longer time for probiotic species to grow and multiply with making use of the 
traditional cultures to impart the traditional and favorable organoleptic characteristics [45]. 
Also, it is important to consider the effect of probiotic bacteria addition on the product 
sensorial characteristics, since metabolites produced by probiotic bacteria may lead to 
undesirable sensorial effects [46]. 

Different levels of probiotic bacteria in Bio-Yogurts have been recommended and specified, 
in order to exert the claimed health effects and considered as probiotic products. The 
National Yogurt Association (NYA) of the United States specifies that 108 cfu/mL of lactic 
acid bacteria at the time of manufacture, are required to use the NYA‘Live and Active 
Culture’ logo on the products containers [47]. In Japan, the Fermented Milks and Lactic Acid 
Bacteria Beverages Association has specified a minimum of 107 cfu/mL of bifidobacteria to 
be present in fresh dairy products as a standard [48]. Therefore, maintaining the probiotic 
bacteria viability and survivability during products manufacturing and storage is a very 
crucial factor for effective probiotic products. Different factors have been found to affect 
probiotic bacteria viability in Bio-Yogurt products, include, pH, oxygen residues, product 
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composition, storage temperature, antagonistic activity among probiotic strains and with 
standard starter cultures. For example, survival of L. acidophilus is affected by the low pH 
of the yogurt [43], also, the addition of any ingredients, such as fruits or fruits constituents, 
that lower pH in yogurt may contribute to reduce the survivability of L. acidophilus [34]. 
Rapid loss of viability of B. animalis subsp. lactis was reported with increasing percentage of 
fruit pulp added into yogurt base [49]. Yogurt with high fat content inhibited probiotic 
cultures, particularly B. bifidum BBI [39]. Also, as the probiotic bacteria are oxygen sensitive, 
oxygen residues in yogurt has an inhibition effect on probiotic bacteria viability [45]. 

Bio-Yoghurts supplementation with different substances has showed variable effects on 
probiotic bacteria viability. The supplementation of Bio-Yogurt with ascorbic acid improved 
the viability of L. acidophilus in yoghurts [45]. Oxygen scavenging effect of ascorbic acid is 
one of the possible mechanisms that may help to improve the viability of probiotic bacteria. 
Moreover, due to their buffering capacity, the addition of whey protein may enhance the 
viability of some probiotic bacteria, especially in yogurts with added fruit pulp. Also, the 
incorporation of prebiotics (indigestible carbohydrates, such as fructooligosaccharides and 
inulin) [40], and neutraceuticals combination (isoflavones, phytosterols and omega-3-fatty 
acids) [28, 35] in yoghurt formulations seemed to stimulate the viability and activity of 
probiotic bacteria. Generally, prebiotics selectively stimulate the growth and activity of 
probiotic bacteria [20]. It was reported that incubation period, incubation temperature and 
storage time of yogurts affect probiotic bacteria viability [60]. On the other hand, as a result 
to oxygen incorporation into yogurts during stirring fruit pulp into yogurt base, stirred-
yogurts have lower probiotic bacteria viability levels compared to plain-yogurts. Also, 
addition of cysteine at 250 and 500 mg/L to yogurt was associated with higher viability of L. 
acidophilus during manufacture and storage while viability of bifidobacteria was adversely 
affected by the same levels in different starter cultures, whereas, at level of 50 mg/L 
bifidobacteria demonstrated better viability. However, in mixed cultures Bio-Yogurt 
products, antagonistic and symbiotic interactions among probiotic cultures and between 
probiotic and standard starter cultures are very important factors affecting probiotic bacteria 
viability. The probiotic cultures must be compatible with each other and with the standard 
starter cultures, since these micro-organisms could produce inhibitory substances that 
damage each other and affect probiotic bacteria viability [40,51]. Different pattern of 
interactions have been demonstrated among different probiotic strains, include, strong, 
weak, and lack of inhibition [40]. Establishment of suitable combinations of mixed probiotic 
cultures, to guarantee the maximum probiotic bacteria viability and avoid any inhibitory 
effect during yogurt manufacturing and storage, requires the assessment of the pattern and 
the extent of interactions among the probiotic strains and the probiotic strains with the 
standard starter cultures. 

5.1.2. Ice-cream and frozen probiotic products 

Ice-cream is a frozen dairy product, consists of a mixture of components, include, milk, 
flavoring, sweeteners, stabilizers, and emulsifiers agents [52]. Several ice-cream related 
products, such as plain ice-cream, reduced fat, low fat, nonfat, fruit, and nut ice-creams, 
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puddings, variegated, mousse, sherbet, frozen yoghurt, besides other frozen products are 
manufactured and marketed around the world [53]. Smoothness and softness are among the 
important physical criteria of ice-cream, and these criteria are conferred by vigorous 
agitation during freezing to incorporate air into frozen product [54]. Ice-cream is a highly 
appreciated product by people belonging to all age groups, include children, adults, and the 
elderly public, and by all social levels. Also, the ice-cream low acidity results in increased 
consumer acceptance, especially by those who prefer mild products. 

During the last few decades, new type of the ice-cream products have been introduced to 
the markets, these products were developed by incorporating probiotic cultures into ice-
cream products. The incorporation of probiotic cultures into ice-cream resulted in adding 
value to the ice-cream product and being considered as a functional product, in addition to 
being a rich food from the nutritional point of view, containing dairy based material, 
vitamins and minerals in its composition [33,52]. As a result to the composition/structure, 
manufacturing procedures, and storage conditions, ice-cream and frozen dairy desserts 
demonstrated great potential for use as vehicles for probiotic cultures. The ice-cream 
freezing storage temperature and low risk of temperature abuse during storage has leaded 
to higher viability of probiotic bacteria [54,56]. The ice-cream composition, which includes 
milk proteins, fat and lactose, as well as other compounds, make ice-cream a good vehicle 
for probiotic cultures. Also, ice-cream relatively high pH values (5.5 to 6.5) lead to an 
increased survival of the probiotic bacteria upon storage. Several studies showed the 
suitability of ice-creams as a vehicle for probiotic bacteria [33, 53]. 

The general steps involved in probiotic ice-cream manufacturing are: mixing the ingredients 
involved (milk, milk powder, sugar, emulsifiers, stabilizers); pasteurizing; cooling to a 
temperature of around 37–40◦C, for the soured ice-cream, the freeze-dried starter cultures 
(usually yoghurt cultures) and the probiotic cultures is added; subsequent fermentation to a 
pH of 4.8–5.7, or the addition of a previously fermented inoculums containing both types of 
lactic cultures; cooling and keeping the mixture at 4◦C for 24h for the maturation. Ice-cream 
mix is produced at this point. The mix is subsequently beaten/frozen, in order to produce 
the final product, which is packaged and maintained frozen throughout transport, 
commercial distribution, and storage for consumption. During all these steps after freezing, 
the temperature of the frozen product should be strictly controlled [33,53]. 

During probiotic ice-cream development, the ultimate aim of processes optimization is to 
enhance and maintain the probiotic survivability, so as to guarantee the product functional 
efficacy [55,56]. This includes the consideration of all the challenges involved in the 
production of conventional ice-cream. These challenges include: the ingredients 
microstructure and colloidal properties and/or components used in the formulation; the 
control of the ice crystallization; the choice of appropriate stabilizers; control of the fat 
destabilization and the emulsifier functionality [53,55]. Also, the incorporation of probiotic 
bacteria into an ice-cream products must not affect the product quality criteria, including 
physico–chemical parameters, such as the melting rate, and the sensory features, which 
must to be the same or even better than a conventional ice-cream. Ice-cream beaten, 
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commonly known as overrun, is a process by which the air is incorporated into the product. 
Overrun is an intrinsic and compulsory step in the ice-cream processing, as it has a crucial 
impact on the physical properties and sensory acceptance of the ice-cream product, 
including, body lightness and the formation of a smooth structure, influencing 
characteristics such as the melt down and hardness properties. In fact, too little air gives the 
ice-cream a heavy, soggy body while too much air brings a fluffy body [57]. Therefore, 
overrun is a parameter that should be monitored in ice-cream formulations [58]. The 
overrun step, as a result to oxygen incorporation into the product, seems to affect the 
survival of probiotic cultures during processing and storage [33]. However, there is limited 
information about the effect of the overrun levels adopted during the processing of ice-
cream on the survival of probiotic bacteria as well as the sensory acceptance of this kind of 
product. Recent reports indicated that higher overrun levels negatively influenced probiotic 
cultures; therefore it was recommended that lower overrun levels should be adopted during 
the manufacture of ice-cream in order to maintain its probiotic viability through the shelf 
life [56]. 

A decrease in the viability of some probiotic species during manufacturing and freezing of 
probiotic ice-cream was reported as a result to cells damage by freezing and thawing, 
mechanical stresses of mixing and overrunning during manufacturing and thereby exert a 
negative effect on functional efficacy of probiotic bacteria in frozen products after ingestion 
[57]. Addition of inulin and oligofructose demonstrated higher viability of L. acidophilus and 
B. lactis in ice-cream due to prebiotic effect. It is also found that viability of these probiotic 
bacteria may vary depending on the sugar levels of ice-cream [59,60]. In probiotic ice-cream 
development, great attention should be given to the other ingredients that are used in the 
product formulation, especially fruit pulp/juice, which give the product the final flavor. 
Fruits or their derivatives with a pronounced acidic character should be avoided in ice-
creams containing probiotic cultures, since this attribute could influence their sensory 
acceptance and also decreased the viability of the cultures [61] as its addition decrease pH 
values. One of the strategies to ensure probiotic bacteria survivability in acidic products is to 
select acid resistant strains. A recent study suggests the addition of chemical compounds 
with buffering capacity – carbonate, and citrate salts – at acceptable levels before or during 
the incubation, in order to eliminate acidic stress [33]. However, fruits and/or flavorings 
additives with mild and low acidity ought to be used in ice-cream. 

5.1.3. Cheese probiotic products 

Cheese is the generic name for a group of fermented and non-fermented milk-based dairy 
products produced and consumed throughout the world in a great diversity of flavors, 
textures, and forms [62,63]. An essential part of the cheese making process is the curd 
formation, which involves the conversion of liquid milk into a solid mass that contains 
casein and fat of the milk. This is achieved by the addition of rennet or acid production by 
cheese starter cultures to coagulate the casein gel. Curd formation in rennet set cases is 
carried out through the action of chymosin on the k-casein steric stabilizing layer of the 
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puddings, variegated, mousse, sherbet, frozen yoghurt, besides other frozen products are 
manufactured and marketed around the world [53]. Smoothness and softness are among the 
important physical criteria of ice-cream, and these criteria are conferred by vigorous 
agitation during freezing to incorporate air into frozen product [54]. Ice-cream is a highly 
appreciated product by people belonging to all age groups, include children, adults, and the 
elderly public, and by all social levels. Also, the ice-cream low acidity results in increased 
consumer acceptance, especially by those who prefer mild products. 

During the last few decades, new type of the ice-cream products have been introduced to 
the markets, these products were developed by incorporating probiotic cultures into ice-
cream products. The incorporation of probiotic cultures into ice-cream resulted in adding 
value to the ice-cream product and being considered as a functional product, in addition to 
being a rich food from the nutritional point of view, containing dairy based material, 
vitamins and minerals in its composition [33,52]. As a result to the composition/structure, 
manufacturing procedures, and storage conditions, ice-cream and frozen dairy desserts 
demonstrated great potential for use as vehicles for probiotic cultures. The ice-cream 
freezing storage temperature and low risk of temperature abuse during storage has leaded 
to higher viability of probiotic bacteria [54,56]. The ice-cream composition, which includes 
milk proteins, fat and lactose, as well as other compounds, make ice-cream a good vehicle 
for probiotic cultures. Also, ice-cream relatively high pH values (5.5 to 6.5) lead to an 
increased survival of the probiotic bacteria upon storage. Several studies showed the 
suitability of ice-creams as a vehicle for probiotic bacteria [33, 53]. 

The general steps involved in probiotic ice-cream manufacturing are: mixing the ingredients 
involved (milk, milk powder, sugar, emulsifiers, stabilizers); pasteurizing; cooling to a 
temperature of around 37–40◦C, for the soured ice-cream, the freeze-dried starter cultures 
(usually yoghurt cultures) and the probiotic cultures is added; subsequent fermentation to a 
pH of 4.8–5.7, or the addition of a previously fermented inoculums containing both types of 
lactic cultures; cooling and keeping the mixture at 4◦C for 24h for the maturation. Ice-cream 
mix is produced at this point. The mix is subsequently beaten/frozen, in order to produce 
the final product, which is packaged and maintained frozen throughout transport, 
commercial distribution, and storage for consumption. During all these steps after freezing, 
the temperature of the frozen product should be strictly controlled [33,53]. 

During probiotic ice-cream development, the ultimate aim of processes optimization is to 
enhance and maintain the probiotic survivability, so as to guarantee the product functional 
efficacy [55,56]. This includes the consideration of all the challenges involved in the 
production of conventional ice-cream. These challenges include: the ingredients 
microstructure and colloidal properties and/or components used in the formulation; the 
control of the ice crystallization; the choice of appropriate stabilizers; control of the fat 
destabilization and the emulsifier functionality [53,55]. Also, the incorporation of probiotic 
bacteria into an ice-cream products must not affect the product quality criteria, including 
physico–chemical parameters, such as the melting rate, and the sensory features, which 
must to be the same or even better than a conventional ice-cream. Ice-cream beaten, 
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commonly known as overrun, is a process by which the air is incorporated into the product. 
Overrun is an intrinsic and compulsory step in the ice-cream processing, as it has a crucial 
impact on the physical properties and sensory acceptance of the ice-cream product, 
including, body lightness and the formation of a smooth structure, influencing 
characteristics such as the melt down and hardness properties. In fact, too little air gives the 
ice-cream a heavy, soggy body while too much air brings a fluffy body [57]. Therefore, 
overrun is a parameter that should be monitored in ice-cream formulations [58]. The 
overrun step, as a result to oxygen incorporation into the product, seems to affect the 
survival of probiotic cultures during processing and storage [33]. However, there is limited 
information about the effect of the overrun levels adopted during the processing of ice-
cream on the survival of probiotic bacteria as well as the sensory acceptance of this kind of 
product. Recent reports indicated that higher overrun levels negatively influenced probiotic 
cultures; therefore it was recommended that lower overrun levels should be adopted during 
the manufacture of ice-cream in order to maintain its probiotic viability through the shelf 
life [56]. 

A decrease in the viability of some probiotic species during manufacturing and freezing of 
probiotic ice-cream was reported as a result to cells damage by freezing and thawing, 
mechanical stresses of mixing and overrunning during manufacturing and thereby exert a 
negative effect on functional efficacy of probiotic bacteria in frozen products after ingestion 
[57]. Addition of inulin and oligofructose demonstrated higher viability of L. acidophilus and 
B. lactis in ice-cream due to prebiotic effect. It is also found that viability of these probiotic 
bacteria may vary depending on the sugar levels of ice-cream [59,60]. In probiotic ice-cream 
development, great attention should be given to the other ingredients that are used in the 
product formulation, especially fruit pulp/juice, which give the product the final flavor. 
Fruits or their derivatives with a pronounced acidic character should be avoided in ice-
creams containing probiotic cultures, since this attribute could influence their sensory 
acceptance and also decreased the viability of the cultures [61] as its addition decrease pH 
values. One of the strategies to ensure probiotic bacteria survivability in acidic products is to 
select acid resistant strains. A recent study suggests the addition of chemical compounds 
with buffering capacity – carbonate, and citrate salts – at acceptable levels before or during 
the incubation, in order to eliminate acidic stress [33]. However, fruits and/or flavorings 
additives with mild and low acidity ought to be used in ice-cream. 

5.1.3. Cheese probiotic products 

Cheese is the generic name for a group of fermented and non-fermented milk-based dairy 
products produced and consumed throughout the world in a great diversity of flavors, 
textures, and forms [62,63]. An essential part of the cheese making process is the curd 
formation, which involves the conversion of liquid milk into a solid mass that contains 
casein and fat of the milk. This is achieved by the addition of rennet or acid production by 
cheese starter cultures to coagulate the casein gel. Curd formation in rennet set cases is 
carried out through the action of chymosin on the k-casein steric stabilizing layer of the 
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casein micelle. In cheese making, curd formation is usually followed by several processes 
such as pressing, salting and ripening. Many cheeses, known as ripened cheeses, need an 
additional time to ripen under controlled environmental conditions to achieve their own 
sensory features, particularly flavor and aroma [64]. All cheeses, whether rennet or acid set, 
can be classified as soft, semi-soft (semi-hard), hard, or very hard cheeses according to 
moisture contents [63]. 

As a result to the cultural aspects and the technologies involved with fermented milks and 
yogurt production, include, relatively short fermentation time, low pH values, oxygen 
residues, and antagonistic activity of yogurt starter cultures against probiotic bacteria, these 
cultured products may not be the optimal food carriers for probiotic bacteria to human, as 
this evidenced by poor probiotic bacteria viability in commercial yogurts [43,51]. In this 
case, cheese provides a valuable alternative as a food vehicle for probiotic delivery. Cheese 
high protein content provides probiotic bacteria with a good buffering protection against the 
high acidic condition in the gastrointestinal tract, and thus enhances probiotic bacteria 
survival throughout the gastric transit. Moreover, the dense matrix and relatively high fat 
content of cheese may offer additional protection to probiotic bacteria in the stomach. Also, 
the relatively high pH values and lack of antagonistic effects of starter cultures, in rennet set 
cheese may exert optimal conditions to maintain probiotic bacteria viability during cheese 
making and storage [31]. Accordingly, several soft, semi soft (semi hard), and hard probiotic 
cheese products have been developed and marketed in the last few years. Jordanian 
probiotic soft cheese was developed from goat's milk using L. acidophilus and L. reuteri 
[31]. Cheddar-like cheese was produced by using B. infantis [65]; whereas, cheddar cheese 
was produced by using L. acidophilus, L. casei, L. paracasei and Bifidobacterium spp. [66]. Also, 
probiotic bacteria of Bifidobacterium, L. acidophilus and L. casei; and L. paracasei A13 were used 
to produce Argentinian Fresco Cheese, respectively [39,67]. Moreover, it was shown that 
cheddar cheese is a good carrier to deliver Enterococcus faecium into the gastrointestinal 
tract of human [68]. Viability of probiotic bacteria during cheese processing and storage is 
the major challenge associated with the development of probiotic cheese. Probiotic bacteria 
should be technologically suitable for the incorporation into cheese products so that to 
retain both viability and functional efficacy during processing on a commercial scale and 
throughout consumption [69]. Furthermore, from a food processing perspective, it is 
desirable that such strains are suitable for large-scale industrial cheese production and 
withstand the processing conditions [70]. With regard to the development of probiotic 
cheese, this means that such strains should be grown to high cell level before addition into 
the cheese and/or be able to maintain viability during the manufacturing and/or ripening 
step [31,64]. In addition, a probiotic cheese should have the same sensory and nutritional 
qualities as the conventional cheese; the addition of probiotic cultures should not cause any 
loss in cheese quality. In this context, the level of proteolysis and lipolysis must be the same 
or even better than cheese which does not have probiotic bacteria [31,66]. 

Most of the probiotic cheeses have been developed by the addition of probiotic bacteria into 
cultured cheese [67,71]. In such products, viability of most probiotic strains was affected due 
to the antagonistic interaction between cheese starter cultures and probiotic bacteria, as well 
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as acid production in these cultured products [64,69]. Compared to cultured type cheeses 
and due to its manufacturing process, fresh soft cheese seems to be ideally suited to serve as 
a carrier for probiotic bacteria as it is an un-ripened cheese, during storage it is submitted to 
refrigeration temperatures, and its shelf life is rather limited [31]. Fresh soft cheese is a semi-
hard cheese and is manufactured in the Middle East and along the shores of the 
Mediterranean Sea [62]. Most of the soft cheeses are usually made by addition of rennet 
enzymes to pasteurized milk with no addition of starter cultures. Its pH is almost the same 
of original milk pH (6.3- 6.5). Moreover, soft cheese is very popular in many parts of world, 
because of its soft texture and favorable organoleptical characteristics [31]. As a result of 
these characteristics, soft cheese represents a promising vehicle to deliver probiotic to 
human. A number of scientific papers reporting the development of fresh cheeses 
containing recognized and potentially probiotic cultures have been published, which 
described suitable viable counts and a positive influence on the texture and sensorial 
properties of these cheeses [31,67]. Method of addition of probiotic bacteria into cheese has a 
crucial effect in the probiotic viability and functional efficacy during cheese processing and 
storage. There are two options for the addition of probiotic bacteria during cheese 
processing. First, probiotic bacteria can be added before the fermentation, together with the 
starter culture; second, after fermentation. In the first option, the optimal initial inoculum of 
probiotic to be added and the amount of probiotic which are lost in the whey during its 
drainage must be evaluated according to the process. In the second option, cheese must be 
cooled directly after probiotic addition, as metabolic activities of starters and probiotic 
bacteria are drastically controlled and reduced at these low temperatures. However, other 
methods for the addition of probiotic bacteria in a semi-hard cheese are the freeze-drying 
and spray-drying methods. These methods enhanced probiotic viability during cheese 
processing and storage via the protecting probiotic bacteria against different undesirable 
conditions encountered cheese processing [72]. 

Even though there is no specified level of probiotic bacteria in foods that would guarantee 
the biological activity, but it is increasingly recommended to ingest 108 CFU/day [1]. Having 
in mind that portions of around 100 g of cheese are usually consumed daily, populations of 
about 106-7 CFU/g lead to an ingestion of 108-9 CFU/daily portion. Addition of prebiotic 
substances was one of the valuable measures taken to maintain and enhance probiotic 
viability in cheese products. For example, addition of oligofructose and/or inulin to petit-
suisse cheese enhanced the viability of both L. acidophilus and B. animalis subsp. Lactis, while 
addition of eucalyptus honey reduced the viability level of both probiotic bacteria in the 
same cheese. The low oligosaccharides content of honey may lead to poor growth and 
viability reported [73]. Moreover, inulin helps to improve the growth and viability of 
various probiotic species in a number of different products [50,73].  

Also, probiotic bacteria used in food products, such as Lactobacillus and Bifidobacterium 
species are: oxygen sensitive or anaerobic; and acid and bile sensitive in nature [74]. Hence, 
the presence of oxygen, acid and bile may represent a threat for their survival. Several 
techniques have been applied to enhance and maintain the viability of probiotic bacteria 



 
Probiotics 564 

casein micelle. In cheese making, curd formation is usually followed by several processes 
such as pressing, salting and ripening. Many cheeses, known as ripened cheeses, need an 
additional time to ripen under controlled environmental conditions to achieve their own 
sensory features, particularly flavor and aroma [64]. All cheeses, whether rennet or acid set, 
can be classified as soft, semi-soft (semi-hard), hard, or very hard cheeses according to 
moisture contents [63]. 

As a result to the cultural aspects and the technologies involved with fermented milks and 
yogurt production, include, relatively short fermentation time, low pH values, oxygen 
residues, and antagonistic activity of yogurt starter cultures against probiotic bacteria, these 
cultured products may not be the optimal food carriers for probiotic bacteria to human, as 
this evidenced by poor probiotic bacteria viability in commercial yogurts [43,51]. In this 
case, cheese provides a valuable alternative as a food vehicle for probiotic delivery. Cheese 
high protein content provides probiotic bacteria with a good buffering protection against the 
high acidic condition in the gastrointestinal tract, and thus enhances probiotic bacteria 
survival throughout the gastric transit. Moreover, the dense matrix and relatively high fat 
content of cheese may offer additional protection to probiotic bacteria in the stomach. Also, 
the relatively high pH values and lack of antagonistic effects of starter cultures, in rennet set 
cheese may exert optimal conditions to maintain probiotic bacteria viability during cheese 
making and storage [31]. Accordingly, several soft, semi soft (semi hard), and hard probiotic 
cheese products have been developed and marketed in the last few years. Jordanian 
probiotic soft cheese was developed from goat's milk using L. acidophilus and L. reuteri 
[31]. Cheddar-like cheese was produced by using B. infantis [65]; whereas, cheddar cheese 
was produced by using L. acidophilus, L. casei, L. paracasei and Bifidobacterium spp. [66]. Also, 
probiotic bacteria of Bifidobacterium, L. acidophilus and L. casei; and L. paracasei A13 were used 
to produce Argentinian Fresco Cheese, respectively [39,67]. Moreover, it was shown that 
cheddar cheese is a good carrier to deliver Enterococcus faecium into the gastrointestinal 
tract of human [68]. Viability of probiotic bacteria during cheese processing and storage is 
the major challenge associated with the development of probiotic cheese. Probiotic bacteria 
should be technologically suitable for the incorporation into cheese products so that to 
retain both viability and functional efficacy during processing on a commercial scale and 
throughout consumption [69]. Furthermore, from a food processing perspective, it is 
desirable that such strains are suitable for large-scale industrial cheese production and 
withstand the processing conditions [70]. With regard to the development of probiotic 
cheese, this means that such strains should be grown to high cell level before addition into 
the cheese and/or be able to maintain viability during the manufacturing and/or ripening 
step [31,64]. In addition, a probiotic cheese should have the same sensory and nutritional 
qualities as the conventional cheese; the addition of probiotic cultures should not cause any 
loss in cheese quality. In this context, the level of proteolysis and lipolysis must be the same 
or even better than cheese which does not have probiotic bacteria [31,66]. 

Most of the probiotic cheeses have been developed by the addition of probiotic bacteria into 
cultured cheese [67,71]. In such products, viability of most probiotic strains was affected due 
to the antagonistic interaction between cheese starter cultures and probiotic bacteria, as well 
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as acid production in these cultured products [64,69]. Compared to cultured type cheeses 
and due to its manufacturing process, fresh soft cheese seems to be ideally suited to serve as 
a carrier for probiotic bacteria as it is an un-ripened cheese, during storage it is submitted to 
refrigeration temperatures, and its shelf life is rather limited [31]. Fresh soft cheese is a semi-
hard cheese and is manufactured in the Middle East and along the shores of the 
Mediterranean Sea [62]. Most of the soft cheeses are usually made by addition of rennet 
enzymes to pasteurized milk with no addition of starter cultures. Its pH is almost the same 
of original milk pH (6.3- 6.5). Moreover, soft cheese is very popular in many parts of world, 
because of its soft texture and favorable organoleptical characteristics [31]. As a result of 
these characteristics, soft cheese represents a promising vehicle to deliver probiotic to 
human. A number of scientific papers reporting the development of fresh cheeses 
containing recognized and potentially probiotic cultures have been published, which 
described suitable viable counts and a positive influence on the texture and sensorial 
properties of these cheeses [31,67]. Method of addition of probiotic bacteria into cheese has a 
crucial effect in the probiotic viability and functional efficacy during cheese processing and 
storage. There are two options for the addition of probiotic bacteria during cheese 
processing. First, probiotic bacteria can be added before the fermentation, together with the 
starter culture; second, after fermentation. In the first option, the optimal initial inoculum of 
probiotic to be added and the amount of probiotic which are lost in the whey during its 
drainage must be evaluated according to the process. In the second option, cheese must be 
cooled directly after probiotic addition, as metabolic activities of starters and probiotic 
bacteria are drastically controlled and reduced at these low temperatures. However, other 
methods for the addition of probiotic bacteria in a semi-hard cheese are the freeze-drying 
and spray-drying methods. These methods enhanced probiotic viability during cheese 
processing and storage via the protecting probiotic bacteria against different undesirable 
conditions encountered cheese processing [72]. 

Even though there is no specified level of probiotic bacteria in foods that would guarantee 
the biological activity, but it is increasingly recommended to ingest 108 CFU/day [1]. Having 
in mind that portions of around 100 g of cheese are usually consumed daily, populations of 
about 106-7 CFU/g lead to an ingestion of 108-9 CFU/daily portion. Addition of prebiotic 
substances was one of the valuable measures taken to maintain and enhance probiotic 
viability in cheese products. For example, addition of oligofructose and/or inulin to petit-
suisse cheese enhanced the viability of both L. acidophilus and B. animalis subsp. Lactis, while 
addition of eucalyptus honey reduced the viability level of both probiotic bacteria in the 
same cheese. The low oligosaccharides content of honey may lead to poor growth and 
viability reported [73]. Moreover, inulin helps to improve the growth and viability of 
various probiotic species in a number of different products [50,73].  

Also, probiotic bacteria used in food products, such as Lactobacillus and Bifidobacterium 
species are: oxygen sensitive or anaerobic; and acid and bile sensitive in nature [74]. Hence, 
the presence of oxygen, acid and bile may represent a threat for their survival. Several 
techniques have been applied to enhance and maintain the viability of probiotic bacteria 



 
Probiotics 566 

under harsh conditions typical in cultured dairy products and cheeses, including the 
selection of probiotic strains tolerant to oxygen, acid and bile, the addition of amino acids 
and peptides [75]. Another strategy for enhancing bacterial tolerance to stress such as 
temperature, pH or bile salts is a prior exposure to sub-lethal levels of the given stresses. 
Stress responses may be used to enhance the survival of probiotic bacteria in stressful 
conditions and to improve their technological properties [76,77]. Moreover, another 
alternative for protecting probiotic bacteria to oxygen stress is the use of selected strains of 
S. thermophilus with high oxygen consumption rate as starter for the production of cheeses 
[75]. Salting of the curd, by immersing it in brine or rubbing salt on the surface is a common 
step in the manufacture of several varieties of cheeses. In several types of cheeses, specially 
ripened types, salt is added for preservative and sensorial purposes. However, this slat has 
an inhibition effect on the growth and the viability of probiotic bacteria in cheese [51]. It is 
well established that salt level is drastically reduce probiotic viability, especially when salt 
level is higher than 4% [78]. Therefore, processing of cheeses with high salt content should 
be optimized to minimize this inhibition effect of slat. Another option is to find ways to 
protect the probiotic bacteria from the hostile environment. One alternative is micro-
encapsulation or cell incubation under sub-lethal conditions [79]. 

The packaging system is another important factor that is affecting probiotic viability and 
stability, especially during cheese storage stage. In general, probiotic dairy foods, including 
cheese, are packaged in plastics films which have different levels of permeability to oxygen. 
This becomes an important factor because most of the probiotic strains used in food are 
either oxygen sensitive anaerobic in nature. Therefore, oxygen low permeability plastic films 
should be used to pack these functional products; alternatively, the practice of adopting 
other alternatives, such as the use of vacuum packaging can be followed [80].  

5.1.4. Kefir 

Kefir is a traditional popular beverage consumed for thousands of years in the Central Asia 
and Middle East countries. It originates in the Caucasus Mountains in Central Asia. Kefir 
can be considered as natural probiotic fermented milk. It is an acidic-alcoholic fermented 
milk product, with uniform creamy consistency and a slight sour taste.  Milk is fermented 
with kefir grains, small cluster of micro-organisms held together by a polysaccharide matrix 
named kefiran, and/or starter cultures prepared from grains [81]. Kefir grains look like 
pieces of coral or small clumps of cauliflower, which contain a complex mixture of lactic 
acid bacteria; Lactobacillus, Lactococcus, and Leuconostoc; acetic acid bacteria and yeast 
mixture [82]. Kefir grains usually contain lactose-fermenting yeasts; Kluyveromyces lactis, K. 
marxianus and Torula kefir; as well as non-lactose-fermenting yeasts Saccharomyces cerevisiae 
[81]. Yeasts are important in kefir fermentation because of the production of ethanol and 
carbon dioxide. L. kefiri is the dominant LAB in kefir, comprising about 80% of the LAB 
flora. The other 20% of the LAB flora in kefir comprises: L. paracasei subsp. paracasei, L. 
acidophilus, L. bulgaricus, L. plantarum, and L. kefiranofaciens [83].  
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The chemical and nutritional composition of kefir is variable and depends on the source and 
the fat content of milk, the composition of the grains or cultures and the technological 
process of kefir [84]. Kefir contains vitamins, minerals and essential amino acids that help 
the body with healing and maintenance functions and also contains easily digestible 
complete proteins. Kefir is rich in vitamins B1, B12, folic acid, vitamin K, and biotin, as well 
as calcium, magnesium, and phosphorus, beside essential amino acids such as tryptophan 
[83,84]. The benefits of consuming kefir in the diet are numerous. Kefir has frequently been 
claimed to be effective in improving several health and disease conditions, include cancer 
treatment, intestinal disorders, and promote bowel movement, constipation, flatulence, 
lactose intolerance [85]. Also, kefir antibacterial, anti-tumor, immunological, and 
hypocholesterolemic effects have been studied recently, and many reports indicated the 
efficacy of kefir products in possessing such effects [94,96-97]. 

Kefir beverages can be made from any type of milk; include, cow, goat or sheep, but 
commonly used is cow milk. Several substrates are produced in kefir aerobic fermentation 
includes lactic acid, acetic acid, CO2 alcohol (ethanol) and aromatic compounds. These 
substrates provide kefir with its unique sensorial characteristics: fizzy, acid taste, tart and 
refreshing flavors [83]. There are several methods of kefir production. The traditional and 
industrial processes are the commonly used methods. The traditional method of making 
kefir involves the direct addition of kefir grains into milk. The raw milk is boiled and cooled 
to 20-25◦C and inoculated with 2-10% (average of 5%) kefir grain. After 18-24h of 
fermentation, at 20-25◦C, the grains are separated from the milk by filtering with a sieve. 
Grains can be dried at room temperature and kept at cold temperature to be used in the next 
inoculation. Kefir milk is cooled before consumption [81, 83]. In the industrial process of 
kefir, different methods with the same principle are usually applied to produce kefir. The 
first step is milk homogenization to 8% dry matter, and heating at 90-95◦C for 5-10 minutes. 
Then cooling at 18-24◦C and inoculate with 2-8% kefir grains and /or kefir starters in tanks. 
Fermentation time is 18 to 24h. The coagulum is pumped and distributed in bottles. After 
maturing either at 12-14◦C or 3-10◦C for 24h, kefir is stored at 4◦C [81,83]. 

5.2. Non-dairy probiotic products 

As mentioned earlier, dairy products are the main food carriers for probiotic bacteria to 
human. Limitations of these products such as the presence of allergens, high lactose and 
cholesterol contents, and the requirement for cold storage facilities have created the need to 
look for new probiotic product lines based on non-dairy substrates [88, 98]. Furthermore, the 
increase in the consumer vegetarianism throughout the developed countries generated an 
increasing demand for the vegetarian probiotic products, as well as the demand for new 
foods and tastes have initiated a trend in non-dairy probiotic product development [88, 89]. 
Accordingly, several ranges of non-dairy probiotic products have been developed and 
marketed in the last two decades. The market available non-dairy probiotic products 
include: fruits and vegetable, juices, non-dairy beverages, cereal based products, chocolate 
based products, meat…etc [88, 90-93]. 
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under harsh conditions typical in cultured dairy products and cheeses, including the 
selection of probiotic strains tolerant to oxygen, acid and bile, the addition of amino acids 
and peptides [75]. Another strategy for enhancing bacterial tolerance to stress such as 
temperature, pH or bile salts is a prior exposure to sub-lethal levels of the given stresses. 
Stress responses may be used to enhance the survival of probiotic bacteria in stressful 
conditions and to improve their technological properties [76,77]. Moreover, another 
alternative for protecting probiotic bacteria to oxygen stress is the use of selected strains of 
S. thermophilus with high oxygen consumption rate as starter for the production of cheeses 
[75]. Salting of the curd, by immersing it in brine or rubbing salt on the surface is a common 
step in the manufacture of several varieties of cheeses. In several types of cheeses, specially 
ripened types, salt is added for preservative and sensorial purposes. However, this slat has 
an inhibition effect on the growth and the viability of probiotic bacteria in cheese [51]. It is 
well established that salt level is drastically reduce probiotic viability, especially when salt 
level is higher than 4% [78]. Therefore, processing of cheeses with high salt content should 
be optimized to minimize this inhibition effect of slat. Another option is to find ways to 
protect the probiotic bacteria from the hostile environment. One alternative is micro-
encapsulation or cell incubation under sub-lethal conditions [79]. 

The packaging system is another important factor that is affecting probiotic viability and 
stability, especially during cheese storage stage. In general, probiotic dairy foods, including 
cheese, are packaged in plastics films which have different levels of permeability to oxygen. 
This becomes an important factor because most of the probiotic strains used in food are 
either oxygen sensitive anaerobic in nature. Therefore, oxygen low permeability plastic films 
should be used to pack these functional products; alternatively, the practice of adopting 
other alternatives, such as the use of vacuum packaging can be followed [80].  

5.1.4. Kefir 

Kefir is a traditional popular beverage consumed for thousands of years in the Central Asia 
and Middle East countries. It originates in the Caucasus Mountains in Central Asia. Kefir 
can be considered as natural probiotic fermented milk. It is an acidic-alcoholic fermented 
milk product, with uniform creamy consistency and a slight sour taste.  Milk is fermented 
with kefir grains, small cluster of micro-organisms held together by a polysaccharide matrix 
named kefiran, and/or starter cultures prepared from grains [81]. Kefir grains look like 
pieces of coral or small clumps of cauliflower, which contain a complex mixture of lactic 
acid bacteria; Lactobacillus, Lactococcus, and Leuconostoc; acetic acid bacteria and yeast 
mixture [82]. Kefir grains usually contain lactose-fermenting yeasts; Kluyveromyces lactis, K. 
marxianus and Torula kefir; as well as non-lactose-fermenting yeasts Saccharomyces cerevisiae 
[81]. Yeasts are important in kefir fermentation because of the production of ethanol and 
carbon dioxide. L. kefiri is the dominant LAB in kefir, comprising about 80% of the LAB 
flora. The other 20% of the LAB flora in kefir comprises: L. paracasei subsp. paracasei, L. 
acidophilus, L. bulgaricus, L. plantarum, and L. kefiranofaciens [83].  
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The chemical and nutritional composition of kefir is variable and depends on the source and 
the fat content of milk, the composition of the grains or cultures and the technological 
process of kefir [84]. Kefir contains vitamins, minerals and essential amino acids that help 
the body with healing and maintenance functions and also contains easily digestible 
complete proteins. Kefir is rich in vitamins B1, B12, folic acid, vitamin K, and biotin, as well 
as calcium, magnesium, and phosphorus, beside essential amino acids such as tryptophan 
[83,84]. The benefits of consuming kefir in the diet are numerous. Kefir has frequently been 
claimed to be effective in improving several health and disease conditions, include cancer 
treatment, intestinal disorders, and promote bowel movement, constipation, flatulence, 
lactose intolerance [85]. Also, kefir antibacterial, anti-tumor, immunological, and 
hypocholesterolemic effects have been studied recently, and many reports indicated the 
efficacy of kefir products in possessing such effects [94,96-97]. 

Kefir beverages can be made from any type of milk; include, cow, goat or sheep, but 
commonly used is cow milk. Several substrates are produced in kefir aerobic fermentation 
includes lactic acid, acetic acid, CO2 alcohol (ethanol) and aromatic compounds. These 
substrates provide kefir with its unique sensorial characteristics: fizzy, acid taste, tart and 
refreshing flavors [83]. There are several methods of kefir production. The traditional and 
industrial processes are the commonly used methods. The traditional method of making 
kefir involves the direct addition of kefir grains into milk. The raw milk is boiled and cooled 
to 20-25◦C and inoculated with 2-10% (average of 5%) kefir grain. After 18-24h of 
fermentation, at 20-25◦C, the grains are separated from the milk by filtering with a sieve. 
Grains can be dried at room temperature and kept at cold temperature to be used in the next 
inoculation. Kefir milk is cooled before consumption [81, 83]. In the industrial process of 
kefir, different methods with the same principle are usually applied to produce kefir. The 
first step is milk homogenization to 8% dry matter, and heating at 90-95◦C for 5-10 minutes. 
Then cooling at 18-24◦C and inoculate with 2-8% kefir grains and /or kefir starters in tanks. 
Fermentation time is 18 to 24h. The coagulum is pumped and distributed in bottles. After 
maturing either at 12-14◦C or 3-10◦C for 24h, kefir is stored at 4◦C [81,83]. 

5.2. Non-dairy probiotic products 

As mentioned earlier, dairy products are the main food carriers for probiotic bacteria to 
human. Limitations of these products such as the presence of allergens, high lactose and 
cholesterol contents, and the requirement for cold storage facilities have created the need to 
look for new probiotic product lines based on non-dairy substrates [88, 98]. Furthermore, the 
increase in the consumer vegetarianism throughout the developed countries generated an 
increasing demand for the vegetarian probiotic products, as well as the demand for new 
foods and tastes have initiated a trend in non-dairy probiotic product development [88, 89]. 
Accordingly, several ranges of non-dairy probiotic products have been developed and 
marketed in the last two decades. The market available non-dairy probiotic products 
include: fruits and vegetable, juices, non-dairy beverages, cereal based products, chocolate 
based products, meat…etc [88, 90-93]. 
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Any new non-dairy probiotic food products should fulfill the consumer’s expectancy and 
demands for the products that are pleasant and healthy; accordingly, the development 
process would be increasingly challenging [90, 95]. According to [94], new product 
development is a constant challenge for both scientific and applied research, and it has been 
observed that food design is essentially a problem of optimization to generate the best 
formulation. For this purpose, industries need to determine the basic formulation for each 
product, and the optimum levels of each ingredient to obtain the best sensorial and 
physicochemical criteria, chemical stability and shelf life, and reasonable price. 

5.2.1. Fruits and vegetables probiotic products 

Fruits and vegetables are considered healthy foods, as they contain several beneficial 
nutrients, such as minerals, vitamins, dietary fibers, and antioxidants. Unlike dairy 
products, fruits and vegetables lack allergens, lactose, and cholesterol, which adversely 
affect certain segments of the population [96]. Moreover, recent technologies advances have 
made alterations to some structural characteristics of fruits and vegetables matrices by 
modifying food components in a controlled way such as pH modification, and fortification 
of culture media, that might make fruits and vegetables ideal substrates for probiotic 
bacteria delivery to human [97] Accordingly, several type of probiotic fruits and vegetables 
products have been developed and marketed, such as fruits and vegetables juices, dried 
fruits, fermented vegetables, and vegetarian deserts [88,96-98]. 

As result to their pleasant taste and flavor, as well as acceptability by all age and economic 
groups, fruit and vegetables juices became one of the most studied, developed and 
consumed probiotic fruit and vegetable products [96,99,100]. Therefore, it is believed that 
there is a great potential in developing a new generation of non-dairy probiotic products 
through successful candidates that are chilled fruit juices and fermented vegetable juices 
[99,100]. Wide range of probiotic strains, mainly species of Lactobacillus and Bifidobacteria, 
such as L. acidophilus, L. casei, L. paracasei, L. rhamnosus GG, L. plantarum, L. fermentum, and B. 
bifidum have been widely used in the development of many fruit and vegetable products, 
specially juice products, include orange, pineapple, cranberry, cashew apple, tomato, 
cabbage, beet and carrot juices. These products have been tested for the suitability as carrier 
for probiotic bacteria, and the sensory acceptability by the consumer [96,99-101]. In the 
industrial scale, probiotic bacteria have been incorporated directly and in cell free form into 
these products. This practice was accompanied with the direct exposure of probiotic bacteria 
to the acidic conditions of juices and to other unfavorable process conditions, and 
consequently loose viability. Therefore, a special direct liquid inoculation system, that 
allows food producers to add the probiotic bacteria directly to the finished product, such as 
the innovated technology of Tetra Pak’s aseptic dosing machine Flex Dos that allows the 
bacteria to be added to liquids just before they are filled into the cartons, is recommended to 
overcome the problems of direct inoculation [89]. This innovation is expected to significantly 
boost the market for the probiotic beverages, which have so far been restricted by the 
delicate nature of the ingredient and concerns over the contamination. Another challenge 
encountered the development and marketing of probiotic juices is the juices flavor and 
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aroma. For example, unpleasant perfumery and dairy aromas, as well as sour and savory 
flavors have been observed in juices inoculated with L. plantarum It has been suggested that 
the perceptible off-flavors of probiotic orange juice, that often contribute to consumer 
dissatisfaction, may be masked by adding 10% (v/v) of tropical fruit juices [99]. 

However, variable patterns of probiotic bacteria viability have been demonstrated in fruit 
and vegetable juices. It was observed that probiotic’s viability in different juices depends on 
the strains used, the characteristics of the substrate, the oxygen content and the final acidity 
of the product [45]. For example, when species of Lactobacillus and Bifidobacterium were 
added to orange, pineapple and cranberry juices, great differences were observed regarding 
the acid resistance, and all the strains survived for longer period in orange and pineapple 
juice compared to cranberry [96]. However, the micro-encapsulation technologies have been 
successfully applied using various matrices, such as agar, calcium pectate gel, chemically 
modified chitosan beads and alginates, to provide a physical barrier against unfavorable 
conditions to protect the probiotic cells from the damage caused by the external 
environment [100,102]. Vacuum impregnation is another technology applied to improve 
probiotic bacteria viability in fruit and vegetables products [103]. Using this technology, 
viability of L. casei was improved and sustained in dried apple slices for two months upon 
storage at room temperature. In this study, dried apple slices were immersed in probiotic 
cultures grown in liquid, usually natural juices, followed by applying a vacuum pressure of 
50 mbar for 10 min, and then atmospheric pressure was restored leaving samples under the 
liquid for an additional 10 min period [97]. Moreover, fresh apple slices supplemented with 
L. rhamnosus GG was reported to represent a good vehicle for probiotic bacteria, as the 
probiotic bacteria maintained viability for 10 days at 2-4◦C [104]. Also, fermented table olive 
represents a potential carrier for delivery of L. paracasei IMPC 2.1 [91]. 

5.2.2. Cereals and soya probiotic products 

Even though, that cereal nutritional quality, compared to milk and meat, is inferior because 
of their lower protein content, deficiency of certain essential amino acids (lysine), low starch 
availability, anti-nutrients substances (phytic acid, tannins and polyphenols) and the coarse 
nature of the grains, cereal grains are still considered as one of the most important food 
sources of protein, carbohydrates, vitamins, minerals and fiber for large segments of people 
all over the world [90]. Furthermore, cereal grains are good source of non-digestible 
carbohydrates that besides promoting several beneficial physiological effects can act as 
prebiotics that selectively stimulate the growth of Lactobacilli and Bifidobacteria in the colon 
[95]. Whole grains are also sources of many beneficial phytochemicals, including 
phytoestrogens, phenolic compounds, antioxidants, phytic acid and sterols [105].  

Usually cereals are consumed either in a fresh or fermented states. There are a wide variety 
of traditional non-dairy fermented beverages produced around the world, most of them are 
non-alcoholic cereal beverages  [101]. Even though, the non-dairy fermented cereal products 
have long been created throughout history for human nutrition, it just recently that 
probiotic characteristics of microorganisms involved in cereal foods fermentation have been 
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product, and the optimum levels of each ingredient to obtain the best sensorial and 
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of culture media, that might make fruits and vegetables ideal substrates for probiotic 
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products have been developed and marketed, such as fruits and vegetables juices, dried 
fruits, fermented vegetables, and vegetarian deserts [88,96-98]. 
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through successful candidates that are chilled fruit juices and fermented vegetable juices 
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bifidum have been widely used in the development of many fruit and vegetable products, 
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cabbage, beet and carrot juices. These products have been tested for the suitability as carrier 
for probiotic bacteria, and the sensory acceptability by the consumer [96,99-101]. In the 
industrial scale, probiotic bacteria have been incorporated directly and in cell free form into 
these products. This practice was accompanied with the direct exposure of probiotic bacteria 
to the acidic conditions of juices and to other unfavorable process conditions, and 
consequently loose viability. Therefore, a special direct liquid inoculation system, that 
allows food producers to add the probiotic bacteria directly to the finished product, such as 
the innovated technology of Tetra Pak’s aseptic dosing machine Flex Dos that allows the 
bacteria to be added to liquids just before they are filled into the cartons, is recommended to 
overcome the problems of direct inoculation [89]. This innovation is expected to significantly 
boost the market for the probiotic beverages, which have so far been restricted by the 
delicate nature of the ingredient and concerns over the contamination. Another challenge 
encountered the development and marketing of probiotic juices is the juices flavor and 
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aroma. For example, unpleasant perfumery and dairy aromas, as well as sour and savory 
flavors have been observed in juices inoculated with L. plantarum It has been suggested that 
the perceptible off-flavors of probiotic orange juice, that often contribute to consumer 
dissatisfaction, may be masked by adding 10% (v/v) of tropical fruit juices [99]. 

However, variable patterns of probiotic bacteria viability have been demonstrated in fruit 
and vegetable juices. It was observed that probiotic’s viability in different juices depends on 
the strains used, the characteristics of the substrate, the oxygen content and the final acidity 
of the product [45]. For example, when species of Lactobacillus and Bifidobacterium were 
added to orange, pineapple and cranberry juices, great differences were observed regarding 
the acid resistance, and all the strains survived for longer period in orange and pineapple 
juice compared to cranberry [96]. However, the micro-encapsulation technologies have been 
successfully applied using various matrices, such as agar, calcium pectate gel, chemically 
modified chitosan beads and alginates, to provide a physical barrier against unfavorable 
conditions to protect the probiotic cells from the damage caused by the external 
environment [100,102]. Vacuum impregnation is another technology applied to improve 
probiotic bacteria viability in fruit and vegetables products [103]. Using this technology, 
viability of L. casei was improved and sustained in dried apple slices for two months upon 
storage at room temperature. In this study, dried apple slices were immersed in probiotic 
cultures grown in liquid, usually natural juices, followed by applying a vacuum pressure of 
50 mbar for 10 min, and then atmospheric pressure was restored leaving samples under the 
liquid for an additional 10 min period [97]. Moreover, fresh apple slices supplemented with 
L. rhamnosus GG was reported to represent a good vehicle for probiotic bacteria, as the 
probiotic bacteria maintained viability for 10 days at 2-4◦C [104]. Also, fermented table olive 
represents a potential carrier for delivery of L. paracasei IMPC 2.1 [91]. 

5.2.2. Cereals and soya probiotic products 

Even though, that cereal nutritional quality, compared to milk and meat, is inferior because 
of their lower protein content, deficiency of certain essential amino acids (lysine), low starch 
availability, anti-nutrients substances (phytic acid, tannins and polyphenols) and the coarse 
nature of the grains, cereal grains are still considered as one of the most important food 
sources of protein, carbohydrates, vitamins, minerals and fiber for large segments of people 
all over the world [90]. Furthermore, cereal grains are good source of non-digestible 
carbohydrates that besides promoting several beneficial physiological effects can act as 
prebiotics that selectively stimulate the growth of Lactobacilli and Bifidobacteria in the colon 
[95]. Whole grains are also sources of many beneficial phytochemicals, including 
phytoestrogens, phenolic compounds, antioxidants, phytic acid and sterols [105].  

Usually cereals are consumed either in a fresh or fermented states. There are a wide variety 
of traditional non-dairy fermented beverages produced around the world, most of them are 
non-alcoholic cereal beverages  [101]. Even though, the non-dairy fermented cereal products 
have long been created throughout history for human nutrition, it just recently that 
probiotic characteristics of microorganisms involved in cereal foods fermentation have been 
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evaluated. Examples of the traditional non-dairy cereal- based fermented beverages include, 
Boza, Tarhana, Kishk, Chicha, Kisra, Kenkey…etc. [89]. 

Several studies were carried out to develop probiotic cereal products, especially beverage 
type. The development of cereal based probiotic products requires the evaluation of the 
suitability of cereals as growth medium for probiotic bacteria. Probiotic bacteria, especially 
the strains of Lactobacillus and Bifidobacteria, have been recognized as complex 
microorganisms with high nutritional requirement, such as fermentable carbohydrates, 
amino acids, B vitamins, nucleic acids and minerals [74]. As mentioned earlier, cereals are 
good source for proteins, carbohydrates, vitamins, and minerals, beside their prebiotic 
content. These constituents may make cereals a suitable medium for probiotic bacteria 
growth. Beside that, fermented cereals, as a result to the fermentation process, may have 
more available nutrients for probiotic bacteria growth, such as improved protein quality and 
level of lysine, some amino acids may be synthesized, decreased level of carbohydrates as 
well as some non-digestible poly and oligosaccharides, and increased availability of group B 
vitamins, optimum pH conditions for enzymatic degradation of phytate and release 
minerals such as manganese (which is an important growth factor of LAB), iron, zinc and 
calcium [90]. Therefore fermentation of cereals may represent a cheap way to obtain a rich 
substrate that sustains the growth of probiotic bacteria. However, in the fermented cereal-
based probiotic products, the antimicrobial activity of the LAB of the fermented cereals 
against added probiotic bacteria must also be considered and evaluated [92]. 

Several studies have been conducted to evaluate the suitability of different cereal grains to 
enhance probiotic bacteria growth and maintain their viability [88,92,108]. The oat-based, 
non-dairy products have been shown to enhance the survival of the probiotic strains L. 
reuteri, L. acidophilus and B. bifidum, all of human origin, upon storage at 6◦C up to 30 days. 
These products were fermented by the three strains with and without the commercial 
yogurt culture. Products fermented in presence of yogurt culture showed lower probiotic 
bacteria viability compared to product fermented with probiotic bacteria solely. Yosa, a new 
probiotic oat-based fermented food, similar to flavored yogurt or porridge, contains LAB 
and bifidobacteria [90]. Yosa is considered as a healthy food due to its content of oat fiber 
and probiotic LAB, which in combination with the effect of b-glucane might reduce 
cholesterol and the effect of LAB in maintaining and improving the environment in the 
intestinal balance of the consumer. Maize, one of the most important sources of food for 
millions of people, particularly in Latin America and Africa. A maize porridge made of 
maize flour and barley malt, with high energy density and low viscosity, was fermented 
with four probiotic strains L. reuteri, L. acidophilus (2 strains) and L. rhamnosus GG. All strains 
exhibited a strong growth upon fermentation and storage [88], suggesting that maize 
porridge supplemented with barely malt is a good medium for probiotic growth. Also, and 
as a result to the desirable fruity flavors of fermented maize foods, probiotic fermented 
maize products could have a good world-wide acceptance. Rice is the major cereal in Asia, 
and its products could be an economical and beneficial medium to develop probiotic foods. 
The growth of four probiotic bacteria (L. acidophilus, L. pentosus, L. plantarum and L. 
fermentum) was found to be higher in germinated rough rice powder (5%, w/w) mixed with 

 
Probiotic Food Products Classes, Types, and Processing 571 

water than in only rice powder with added NaCl. Germinated rice grains found to have an 
increased content of reducing sugars, total protein and vitamins, mainly B vitamin, which is 
a very important element required for the growth of L. plantarum [74]. 

Soybean, the most important legume in the traditional Asian diet, is rich in high-quality 
protein. The products of soybean play an important role in the prevention of chronic 
diseases such as menopausal disorder, cancer, atherosclerosis, and osteoporosis [107]. 
Experiments studying the survival of probiotics indicate that soy products, include, soymilk, 
soy-based yogurt, vegetarian frozen desert, fermented soy tempeh, and soy cheese, are a 
good substrate for the growth of probiotic bacteria [88,92,106,109]. Soy yogurts were 
prepared with a yogurt starter in conjunction with either the probiotic bacteria L. johnsonii, 
L. rhamnosus GG or human derived Bifidobacteria. Probiotic frozen vegetarian soy deserts 
were developed with the incorporation of L. acidophilus, L. rhamnosus, L. paracasei ssp. 
paracasei, Saccharomyces boulardii and B. lactis [108]. The neutral pH of the frozen soy dessert 
improved the probiotic survivability since some probiotic organisms are susceptible to 
inactivation when stored in acidic conditions [31]. Moreover, it was reported that soymilk 
fermentation with probiotic bacteria (strains of Lactobacillus and Bifidobacteria) increased the 
antioxidative activities of the fermented soymilk, and this further increases the potential of 
developing a probiotic diet adjunct with probiotic fermented soymilk [88]. Recently, a new 
probiotic soy based cheese was developed on the basis of Chinese sufu [106]. The soy cheese 
was made from soymilk fermented with soy cheese bacterial starter cultures and L. 
rhamnosus. The probiotic strain showed good growing pattern during soy cheese 
fermentation, and good survivability upon storage 

5.2.3. Meat probiotic products 

Meat is a highly nutritious food with a high degree of nutrients bioavailability and 
consumers have a high degree of preference for its taste, flavor, and texture. Meat had 
shown an excellent vehicle for probiotics as a result to meat composition and structure. 
Furthermore, meat was found to have a protection effect on LAB against the lethal action of 
bile [109]. One of the most studied and processed probiotic meat products is the dry 
fermented sausages without heating. Beside the high nutritional value, the characteristics of 
this type of meat product make it an ideal food matrix for probiotic delivery to human, as, it 
is a fermented product so the addition of probiotic bacteria will not alter the product 
sensorial characteristics, also, it is not heat treated, and so the viability of probiotic bacteria 
will not be reduced. These fermented products are prepared from seasoned, raw meat that is 
stuffed in casings and is allowed to ferment and mature by LAB starter cultures. The 
currently commonly employed LAB strains in meat starter cultures include L. casei, L. 
curvatus, L. pentosus, L. plantarum, L. sakei, Pediococcus acidilactici and P. pentosaceus [110]. The 
incorporation of microorganisms that have probiotic criteria is receiving increasing interest. 
However, few reports so far are available concerning the incorporation of probiotic bacteria 
into dry fermented sausages. L. gasseri JCM1131 has been demonstrated to be useful as a 
potential probiotic strain for application in meat fermentation and improving its safety 
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water than in only rice powder with added NaCl. Germinated rice grains found to have an 
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a very important element required for the growth of L. plantarum [74]. 

Soybean, the most important legume in the traditional Asian diet, is rich in high-quality 
protein. The products of soybean play an important role in the prevention of chronic 
diseases such as menopausal disorder, cancer, atherosclerosis, and osteoporosis [107]. 
Experiments studying the survival of probiotics indicate that soy products, include, soymilk, 
soy-based yogurt, vegetarian frozen desert, fermented soy tempeh, and soy cheese, are a 
good substrate for the growth of probiotic bacteria [88,92,106,109]. Soy yogurts were 
prepared with a yogurt starter in conjunction with either the probiotic bacteria L. johnsonii, 
L. rhamnosus GG or human derived Bifidobacteria. Probiotic frozen vegetarian soy deserts 
were developed with the incorporation of L. acidophilus, L. rhamnosus, L. paracasei ssp. 
paracasei, Saccharomyces boulardii and B. lactis [108]. The neutral pH of the frozen soy dessert 
improved the probiotic survivability since some probiotic organisms are susceptible to 
inactivation when stored in acidic conditions [31]. Moreover, it was reported that soymilk 
fermentation with probiotic bacteria (strains of Lactobacillus and Bifidobacteria) increased the 
antioxidative activities of the fermented soymilk, and this further increases the potential of 
developing a probiotic diet adjunct with probiotic fermented soymilk [88]. Recently, a new 
probiotic soy based cheese was developed on the basis of Chinese sufu [106]. The soy cheese 
was made from soymilk fermented with soy cheese bacterial starter cultures and L. 
rhamnosus. The probiotic strain showed good growing pattern during soy cheese 
fermentation, and good survivability upon storage 
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Meat is a highly nutritious food with a high degree of nutrients bioavailability and 
consumers have a high degree of preference for its taste, flavor, and texture. Meat had 
shown an excellent vehicle for probiotics as a result to meat composition and structure. 
Furthermore, meat was found to have a protection effect on LAB against the lethal action of 
bile [109]. One of the most studied and processed probiotic meat products is the dry 
fermented sausages without heating. Beside the high nutritional value, the characteristics of 
this type of meat product make it an ideal food matrix for probiotic delivery to human, as, it 
is a fermented product so the addition of probiotic bacteria will not alter the product 
sensorial characteristics, also, it is not heat treated, and so the viability of probiotic bacteria 
will not be reduced. These fermented products are prepared from seasoned, raw meat that is 
stuffed in casings and is allowed to ferment and mature by LAB starter cultures. The 
currently commonly employed LAB strains in meat starter cultures include L. casei, L. 
curvatus, L. pentosus, L. plantarum, L. sakei, Pediococcus acidilactici and P. pentosaceus [110]. The 
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However, few reports so far are available concerning the incorporation of probiotic bacteria 
into dry fermented sausages. L. gasseri JCM1131 has been demonstrated to be useful as a 
potential probiotic strain for application in meat fermentation and improving its safety 
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[111]. The efficacy of L. rhamnosus FERM P-15120 and L. paracasei subsp. paracasei FERM P-
15121 has also been reported, as potential probiotics in meat products [112]. A mixed culture 
of the traditional starter culture and a potential probiotic culture of L. casei LC-01 or B. lactis 
Bb-12 have been successfully employed in sausage production [113].  

The importance of using probiotic bacteria from the meat dominant strains supports the 
demand for higher numbers of viable cells at the time of consumption, which is a 
prerequisite for the probiotic to insure beneficial effects on the host. Furthermore, the use of 
a probiotic starter culture would prove superior in providing more safety, taste and health 
benefits, as compared to the traditional cultures [114]. LAB strains, include L. acidophilus, L. 
crispatus, L. amylovorus, L. gallinarum, L. gasseri, and L. johnsonii, were found to be suitable for 
meat fermentation and to enhance product safety [111]. Also, it has been reported that the 
selection of L. plantarum and L. pentosus isolated from Scandinavian-type fermented sausage 
as a promising probiotic meat starter cultures [121]. Moreover, L. plantarum and L. curvatus 
strains isolated from Greek dry-fermented sausages were resistant to 0.3% bile salts [116].  

Various studies have shown that probiotic organisms survive poorly in fermented foods 
[117]. Nonetheless, probiotic organisms may be encapsulated by the sausage matrix 
consisting of meat and fat. Alginate-microencapsulated probiotics (L. reuteri and B. longum) 
may be an option in the formulation of fermented meat products such as sausages with 
viable health-promoting bacteria; nevertheless, their inhibitory action against some 
pathogen organisms could be reduced [118]. B. longum and L. reuteri encapsulated in 
Alginate were a suitable option for this purpose. Recently, B. longum was successfully 
protected in-vivo and in-vitro by encapsulation in innovated encapsulation material of 
succinylated β-lactoglobulin tablets [119]. 

5.2.4. Chocolate probiotic products 

Chocolate is one of the most popular products all over the world, due to its delicious taste 
and flavor, high nutritious energy, fast metabolism and good digestibility. The presence of 
cocoa butter, milk and milk based materials, as well as sugar in its composition can be the 
warranty of an appropriate ingestion of proteins, carbohydrates, fats, minerals and vitamins 
[120]. Chocolate in its original form has long been known to lift mood, increase mental 
activity, to control appetite, and improve heart health. However, the high sugar content of 
conventional brands has raised concerns that their consumption is contributing to the 
current obesity epidemic, to osteoporosis development in older women, and the raising 
diabetes incidence in the Western industrialized nations. Nowadays, one of the most 
important trends in chocolate manufacturing is originated by the consumers’ demand of 
functional or health-promoting chocolate, i.e., chocolate that not only do not adversely 
consumer health, but also remedy or prevent illnesses such as heart disease, osteoporosis, 
cancer, diabetes…etc. [121,122] Chocolate itself is a functional food, as it contains sufficient 
polyphenolic antioxidants and flavonoids compounds. These beneficial compounds in 
chocolate have been attributed to chocolate health beneficial effects. However, it is now 
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possible for manufacturers to create functional foods by fortifying and enhancing their 
products to give them added health benefits have never been possible before, by 
incorporating probiotic bacteria to chocolate products [120] Developing a Probiotic 
chocolate product that is affordable and also nutritional for many more people is a 
challenge. The application of probiotic bacteria into chocolate could offer a good alternative 
to common dairy products, and allow broadening the health claims of chocolate based food 
products. Indeed, recent market research on functional food has shown that, in relation to 
chocolate, digestive health was one of the most important drivers of consumer acceptance 
[122,123]. 

The development of probiotic-containing chocolate involves a good understanding of the 
selected probiotic strains, the chocolate manufacturing process and the different critical 
points of the process for probiotic survival, as well as the application of specific protective 
technology [123]. Viability of probiotic bacteria in a product at the point of consumption is 
an important consideration for the efficacy, as they have to survive during the processing 
and shelf life of food and supplements, transit through high acidic conditions of the stomach 
and enzymes and bile salts in the small intestine [95]. Moreover, the sensorial acceptability 
of the product from the consumer is another limiting factor that determines the success of 
the product [124]. A few numbers of attempts were made to develop probiotic chocolate 
products so far. Recently, a chocolate mousse was developed by using probiotic and 
prebiotic ingredients. Probiotic and synbiotic chocolate mousses were supplemented with L. 
paracasei subsp. paracasei LBC 82, solely or together with the prebiotic ingredient inulin [122]  
It was shown that the chocolate mousse was an excellent vehicle for the delivery of L. 
paracasei, as it enhanced probiotic bacteria growth and viability during chocolate mousse 
processing and shelf life, and the prebiotic ingredient inulin did not interfere in its viability, 
as well as the addition of the probiotic microorganism and of the prebiotic ingredient did 
not interfere in the sensorial preference of the product. Moreover, another chocolate product 
was evaluated to support the growth and survivability of L. rhamnosus IMC 501 and L. 
paracasei IMC 502 mixed 1:1 (SYNBIO). The survival and viability of probiotics were 
determined during the product processing and shelf-life. The values of viable probiotic 
bacteria showed that this product could represent an ideal vehicle for probiotic bacteria to 
human [123].Furthermore, a chocolate product has been evaluated as a potential protective 
carrier for oral delivery of a microencapsulated mixture of L. helveticus CNCM I-1722 and B. 
longum CNCMI-3470 [124], the data in this study indicated that the coating of the probiotics 
in chocolate is an excellent solution to protect them from environmental stress conditions 
and for optimal delivery. 
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1. Introduction 

Several genera of bacteria and yeast have been reported as probiotics. The most used are of 
the genus Lactobacillus, Bifidobacteruin and Saccharomyces. Although the benefits of its use 
have been widely reported, the selection of probiotic strains with effective capacity has been 
a complex process that must take into account efficacy and safety conditions. In this way, 
the selection of strains can be divided into three stages: 

1. Selection and characterization of strains 
2. Capacity Assessment In vitro probiotic 
3. Capacity Assessment In vivo probiotic 

Strain selection includes sources of screening, identification, assessing growth conditions of 
biomass such as growth kinetics, substrates, pH and temperature allowing calculation 
appropriate kinetic parameters for comparing strains in order to establish the feasibility of 
industrial scale production. Also take into account the conditions of preservation and 
maintenance of microorganisms in stock collections to ensure genetic and metabolic stability 
of selected strains [1]. 

Some of the effects reported in vitro probiotics are the production of enzymes, vitamins and 
amino acids, adherence capacity, the antagonistic effect on pathogenic microorganisms, 
tolerance to bile salts, production of bacteriocins, resistance to gastric juices, the reduction of 
cholesterol levels and immune system stimulation among others. In general, probiotic 
characteristics depend on many aspects that usually does not have a single strain, it is often 
necessary to include characteristics of several strains in a single product. 

A probiotic is a preparation or a product that contains viable microorganisms in sufficient 
numbers, which alter the microflora (by implantation or colonization) in a compartment of 
the host provoking beneficial effects to that host’s health [2]. In general, the probiotic 
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characteristics depend on multiple aspects, which are generally not specific to a single 
strain. Some of the probiotic effects reported in vitro are the production of enzymes, 
vitamins, and amino acids, the capacity of adherence, the antagonistic effect on pathogenic 
microorganisms, tolerance to bile salts, production of bacteriocins, resistance to gastric 
juices, reduction of cholesterol levels, and stimulation of the immune system among others 
[3]. 

Lactic acid bacteria (LAB) belong to a group of bacteria that ferment sugars like glucose and 
lactose to produce lactic acid. This is important because it generates a decrease of pH and, 
hence, the inhibition of pathogenic and alteration microorganisms. Within this group, the 
existence of aerobic and anaerobic microorganisms and facultative anaerobes is recognized. 
The most representative LAB genre that have been used as probiotics are: Lactobacillus, 
Leuconostoc, Streptococcus, Bifidobacterium, and Pediococcus [4]. 

Lactic acid bacteria have effects that have been widely reported like the capacity to produce 
bacteriocins, which have antimicrobial activity against pathogens like Listeria monocytogenes, 
Escherichia coli, and Salmonella among others [5].  

Likewise, the role of Lactic acid bacteria has been evaluated in food allergies, specifically in 
milk proteins where it has been suggested that probiotics have immunoregulatory 
characteristics in pathologies where the immune system [6], is implied like atopic dermatitis 
[6,7], genitourinary tract infections [9,10], colon cancer prevention, and reduction of 
colonization by Helycobacter pylori among others [11,12]. 

Probiotics, especially those contained in fermented milk, play a very important role in the 
prevention and treatment of diarrhea, given that they produce local intestinal and systemic 
effects that aid in preventing and reducing post-antibiotic therapy intestinal infections. 

Several mechanisms exist by which a microorganism presents interaction against others; 
basically, three forms exist:  

1. Competition for space,  
2. Competition for nutrients,  
3. Production of antimicrobial compounds attributed to the accumulation of products of 

fermentation processes like lactic acid, hydrogen peroxide, and bacteriocins.  

Regarding yeasts, the probiotic capacity of S. cerevisiae var boulardii has been broadly 
studied; however, little is known about its action mechanism, given that research has 
focused on other microorganisms of greater use, mainly those from the group of the lactic 
acid bacteria previously mentioned [13] . This yeast has been reported as a supplement in 
the diets of monogastric animals like poultry, indicating that its use as a probiotic reduces 
some enteropathogens, produces favorable changes in the intestinal mucosa, and improves 
the productive behavior with rations low in protein [14]. It has also been recognized for 
promoting growth, increasing the production of vitamin B, helping in weight gain, 
improving the digestion of some foods, stimulating the immune system, improving the 
assimilation of nutrients, and correcting the microbial population balance. 
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In evaluating the probiotic capacity of strains it is important to verify their tolerance to the 
conditions of the gastrointestinal tract, recreating the intestinal conditions in in-vitro tests; 
thereafter, the effect should be evaluated in vivo [15]. 

2. Selection and screening of strains 

A reliable probiotic product requires correct identification of the bacterial species used and a 
statement on the label of the species actually present. This is important because quite often 
the identity of the microorganisms recovered does not always correspond to the information 
indicated on the product label [16]. 

The first step for the selection of a strain with probiotic capacity is the determination of its 
taxonomic classification, which can give an indication of the origin, habitat, and physiology 
of the strain. The classification of probiotics is based on comparing the highly conserved 
molecules, i.e., genes encoding ribosomal RNA (rRNA). Main progress in molecular biology 
methods has permitted sequencing the 16s and 23s rRNA subunits and, consequently, the 
generation of data bases of sequences of desired probiotic strains. Additionally, strains 
currently closely related have been distinguished by using methods based on molecular 
biology like plasmid profile, restriction enzyme analysis, ribotyping, random amplified 
DNA, and pulsed electrophoresis [17]. 

Once the taxonomic identification has taken place, a screening process is carried out by 
evaluating some physiological aspects or criteria like: [16] 

- Fermentation of carbohydrates and enzymatic activity 
- Adhesion to intestinal sites or areas that leads to colonization and favors equilibrium of 

intestinal microbiota, aids in intestinal permeability, inflammation relief, and 
strengthening of the barrier. 

- Production of metabolites with antimicrobial activity and/or with effects at epithelial 
level, which help to strengthen the barrier and regulate bowel movements. 

- Production of cytokines that reduce the risk of developing inflammation and generate a 
protection against deviations in the intestinal immune response. 

- Evaluation of the link to specific toxins like mycotoxins, cyanotoxins, heavy metals, and 
other diet and water contaminants. This leads to the protection of the intestinal integrity 
and reduction of the risk of induced deviations. 

- Characterization of the quorum sensing, based on detection and reaction against 
deviations in the diversity of intestinal tract microbiota, which favors the equilibrium of 
intestinal microbiota and immune response. 

- Safety properties like production of anti-inflammatory cytokines contrary to pro-
inflammatory cytokines and absence of antibiotic resistance genes. 

- Tolerance to gastrointestinal conditions like stability at acidic pH, and tolerance to bile. 

Additionally, in 2003, the FAO established some desirable key criteria for the selection of 
probiotics like: [12,18,19]  
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characteristics depend on multiple aspects, which are generally not specific to a single 
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effects that aid in preventing and reducing post-antibiotic therapy intestinal infections. 
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basically, three forms exist:  
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3. Production of antimicrobial compounds attributed to the accumulation of products of 

fermentation processes like lactic acid, hydrogen peroxide, and bacteriocins.  

Regarding yeasts, the probiotic capacity of S. cerevisiae var boulardii has been broadly 
studied; however, little is known about its action mechanism, given that research has 
focused on other microorganisms of greater use, mainly those from the group of the lactic 
acid bacteria previously mentioned [13] . This yeast has been reported as a supplement in 
the diets of monogastric animals like poultry, indicating that its use as a probiotic reduces 
some enteropathogens, produces favorable changes in the intestinal mucosa, and improves 
the productive behavior with rations low in protein [14]. It has also been recognized for 
promoting growth, increasing the production of vitamin B, helping in weight gain, 
improving the digestion of some foods, stimulating the immune system, improving the 
assimilation of nutrients, and correcting the microbial population balance. 
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In evaluating the probiotic capacity of strains it is important to verify their tolerance to the 
conditions of the gastrointestinal tract, recreating the intestinal conditions in in-vitro tests; 
thereafter, the effect should be evaluated in vivo [15]. 

2. Selection and screening of strains 

A reliable probiotic product requires correct identification of the bacterial species used and a 
statement on the label of the species actually present. This is important because quite often 
the identity of the microorganisms recovered does not always correspond to the information 
indicated on the product label [16]. 

The first step for the selection of a strain with probiotic capacity is the determination of its 
taxonomic classification, which can give an indication of the origin, habitat, and physiology 
of the strain. The classification of probiotics is based on comparing the highly conserved 
molecules, i.e., genes encoding ribosomal RNA (rRNA). Main progress in molecular biology 
methods has permitted sequencing the 16s and 23s rRNA subunits and, consequently, the 
generation of data bases of sequences of desired probiotic strains. Additionally, strains 
currently closely related have been distinguished by using methods based on molecular 
biology like plasmid profile, restriction enzyme analysis, ribotyping, random amplified 
DNA, and pulsed electrophoresis [17]. 

Once the taxonomic identification has taken place, a screening process is carried out by 
evaluating some physiological aspects or criteria like: [16] 

- Fermentation of carbohydrates and enzymatic activity 
- Adhesion to intestinal sites or areas that leads to colonization and favors equilibrium of 

intestinal microbiota, aids in intestinal permeability, inflammation relief, and 
strengthening of the barrier. 

- Production of metabolites with antimicrobial activity and/or with effects at epithelial 
level, which help to strengthen the barrier and regulate bowel movements. 

- Production of cytokines that reduce the risk of developing inflammation and generate a 
protection against deviations in the intestinal immune response. 

- Evaluation of the link to specific toxins like mycotoxins, cyanotoxins, heavy metals, and 
other diet and water contaminants. This leads to the protection of the intestinal integrity 
and reduction of the risk of induced deviations. 

- Characterization of the quorum sensing, based on detection and reaction against 
deviations in the diversity of intestinal tract microbiota, which favors the equilibrium of 
intestinal microbiota and immune response. 

- Safety properties like production of anti-inflammatory cytokines contrary to pro-
inflammatory cytokines and absence of antibiotic resistance genes. 

- Tolerance to gastrointestinal conditions like stability at acidic pH, and tolerance to bile. 

Additionally, in 2003, the FAO established some desirable key criteria for the selection of 
probiotics like: [12,18,19]  
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- Safety criteria: origin, pathogenicity, and infectivity, virulence factors (toxicity, 
metabolic activity, and intrinsic properties) 

- Technological criteria: genetically stable strains, long-term viability of processing and 
storage, good sensory properties, phage resistance, and large-scale production. 

- Functional criterion: tolerance to gastric juices and acids, tolerance to bile, adhesion to 
the surface of the intestinal mucosa, and effects on health validated and documented. 

- Desired physiological criteria: immunomodulation, antagonistic activity to 
gastrointestinal pathogens, anti-mutagenic and anti-carcinogenic properties, and 
metabolism of cholesterol and lactose. 

3. Conservation of strains 
Freeze – drying is commonly used for the long – term preservation and storage of 
microorganisms in stock collections as well as for the production of starter cultures for the 
food industry. The choice of an appropriate suspending medium is of primary importance 
to increase the survival rate of the lactic acid bacteria (LAB) and yeasts during and after 
freeze – drying although the success of the process also depends on several factors such as 
growth phase, extent of drying, rehydratation, suspension medium, cruoprotectors, and so 
forth. During freezing or freeze – drying, cellular damage may occur, resulting in a mixed 
population containing unharmed cells and dead cells as well as those sublethally injured. 
Damage may not lead directly to death since in a suitable environment the injured cells may 
repair and regain normal functions. 

LAB and yeasts can also be preserved for short – term storage. The techniques may be: 

3.1. Short term storage 

For daily or weekly use. Rich undefined media such as MRS broth (polypeptone 10g; meat 
extract 10g; yeast extract 10g; glucose 20g, ammonium citrate 2g; sodium acetate 5g; 
MgSO47H20 0,2g; MnSO44H2O 0,05g; KH2PO4 2g; Tween 80 1mL; the pH is adjusted to 6.4 
± 0.2 before autoclaving) [20] LAPTg broth (yeast extract 10g; universal peptone 10g; 
tryptone 16g; glucose 10g; Tween 80 1m; the pH is adjusted to 6.6 before autoclaving), [21] 
M17 broth (phytone peptone 5g; polypeptone 5g; yeast extract 5g; beef extract 2.5g; lactose 
5g; acorbic acid 0.5g; β – disodium glycerophosphate 19g; MgSO47H20 1mL; the pH is 
adjusted to 7.1 before autoclaving) [22], or Elliker broth (tryptone 20g; yeast extract 5g; 
gelation 2.5g; dextrose 5g; lactose 5g; sucrose 5g; sodium chloride 4g; sodium acetate 1.5g; 
ascorbic acid 0.5g; the pH is adjusted to 6.8 before autoclaving) [23] are commonly used for 
LAB. For the storage of yeasts, rich undefined media such as YPG (yeast extract 10g; 
peptone 20g; glucose 20g), YGC (yeast extract 5g; glucose 20g; chloramphenicol 0.1g). 

3.2. Storage on liquid medium 

Tubes of any of the broth media, as described previously. Inoculum: bacterial cells, grown 
for 16 h in any of the media described to approximately 108 – 109 CFU/mL or McFarland´s 
tube No. 3 
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3.3. Long – term storage 

Where inmediate acces is less important, but maintenance of the characteristics of the 
species and the strains is the primary objective.  

3.4. Lyophilization 

Cultures grown in any of the cultures media describe previously, for 16 h (overnight) at 
37°C. In the case of thermophilic species the optimum incubation temperature may be in the 
range 39 – 41°C. 

- Prepare outer vials by placing a small amount of silica gel granules (6 – 16 mesh) in the 
vial to cover about half of the bottom. Add a small cotton wad to cushion the inner vial 
and heat at 100° C overnight. The silica gel should be dark blue after heating; this 
serves as a moisture indicator during storage. Place vials in a dry box (<10% relative 
humidity) to cool. 

- Aseptically, mix equal amount of inoculum (washed) and suspending medium in a 
sterile tube or bottle. 

- Inoculation of the inner vial: Six drops of the mixture (0.2mL) are transferred to the 
bottom of each vial with a sterile Pasteur pipet.  

- Replace the cotton plug and trim it so the cotton is even with the rim of the vial. Place 
de inner vial in a pan, in racks, or in boxes in a freezer at – 60°C to – 70°C and let the 
sample freeze for 1 – 2 h.  

- Chamber – type freeze – dryer: The plates of the freeze dryers should be frozen as well. 
Let the condenser cool at – 60°C to – 70°C about 30 – 45 min and then place the frozen 
inner vials on the plates. Evacuate the system to below 30 µmHg. 

- Start the process in the afternoon and allow to run about 18 h. The system is monitored 
by a thermistor vacuum gage. When the vacuum sensor is placed between the product 
and the condenser, it will show an increase in pressure as drying occurs. However, 
when drying is complete, the pressure should return to below 30 µmHg. 

- When the cycle is complete, close the vacuum line between the chamber containing the 
plates with the dried samples and the condenser. Open the valve on the inlet port to 
admit air, allowing pressure in the cabinet to reach atmospheric pressure. 

- Insert the inner vials into the outer vials. Tamp at ¼ inch plug of glass fiber paper above 
the cotton – plugged inner vial. Heat the outer vial in an air/gas torch, rotating the vial 
and keeping the flame just above the glass fiber paper until the glass begins to constrict. 
Pull the top of the vial slowly with forceps until the constriction is a narrow capillary 
tube. Cools the vials in a dry cabinet. 

- Attach each vial to a port of a manifold. Each port has a single – holed rubber stopper 
that fits the open end of the vial. Evacuate the system to less than 50 µmHg. Seal the 
vials at the capillary using a double – flame air/gas torch. 

- Store vials at 2 – 8°C. To open the vials, heat the tip of the outer vial in a flame, then 
squirt a few drops of water on the hot tip to crack the glass. Strike with a file or pencil to 
remove the tip. Remove the fiber paper insulation and the inner vial. Use forceps to 
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- Safety criteria: origin, pathogenicity, and infectivity, virulence factors (toxicity, 
metabolic activity, and intrinsic properties) 
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freeze – drying although the success of the process also depends on several factors such as 
growth phase, extent of drying, rehydratation, suspension medium, cruoprotectors, and so 
forth. During freezing or freeze – drying, cellular damage may occur, resulting in a mixed 
population containing unharmed cells and dead cells as well as those sublethally injured. 
Damage may not lead directly to death since in a suitable environment the injured cells may 
repair and regain normal functions. 

LAB and yeasts can also be preserved for short – term storage. The techniques may be: 

3.1. Short term storage 

For daily or weekly use. Rich undefined media such as MRS broth (polypeptone 10g; meat 
extract 10g; yeast extract 10g; glucose 20g, ammonium citrate 2g; sodium acetate 5g; 
MgSO47H20 0,2g; MnSO44H2O 0,05g; KH2PO4 2g; Tween 80 1mL; the pH is adjusted to 6.4 
± 0.2 before autoclaving) [20] LAPTg broth (yeast extract 10g; universal peptone 10g; 
tryptone 16g; glucose 10g; Tween 80 1m; the pH is adjusted to 6.6 before autoclaving), [21] 
M17 broth (phytone peptone 5g; polypeptone 5g; yeast extract 5g; beef extract 2.5g; lactose 
5g; acorbic acid 0.5g; β – disodium glycerophosphate 19g; MgSO47H20 1mL; the pH is 
adjusted to 7.1 before autoclaving) [22], or Elliker broth (tryptone 20g; yeast extract 5g; 
gelation 2.5g; dextrose 5g; lactose 5g; sucrose 5g; sodium chloride 4g; sodium acetate 1.5g; 
ascorbic acid 0.5g; the pH is adjusted to 6.8 before autoclaving) [23] are commonly used for 
LAB. For the storage of yeasts, rich undefined media such as YPG (yeast extract 10g; 
peptone 20g; glucose 20g), YGC (yeast extract 5g; glucose 20g; chloramphenicol 0.1g). 

3.2. Storage on liquid medium 

Tubes of any of the broth media, as described previously. Inoculum: bacterial cells, grown 
for 16 h in any of the media described to approximately 108 – 109 CFU/mL or McFarland´s 
tube No. 3 
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3.3. Long – term storage 

Where inmediate acces is less important, but maintenance of the characteristics of the 
species and the strains is the primary objective.  

3.4. Lyophilization 

Cultures grown in any of the cultures media describe previously, for 16 h (overnight) at 
37°C. In the case of thermophilic species the optimum incubation temperature may be in the 
range 39 – 41°C. 

- Prepare outer vials by placing a small amount of silica gel granules (6 – 16 mesh) in the 
vial to cover about half of the bottom. Add a small cotton wad to cushion the inner vial 
and heat at 100° C overnight. The silica gel should be dark blue after heating; this 
serves as a moisture indicator during storage. Place vials in a dry box (<10% relative 
humidity) to cool. 

- Aseptically, mix equal amount of inoculum (washed) and suspending medium in a 
sterile tube or bottle. 

- Inoculation of the inner vial: Six drops of the mixture (0.2mL) are transferred to the 
bottom of each vial with a sterile Pasteur pipet.  

- Replace the cotton plug and trim it so the cotton is even with the rim of the vial. Place 
de inner vial in a pan, in racks, or in boxes in a freezer at – 60°C to – 70°C and let the 
sample freeze for 1 – 2 h.  

- Chamber – type freeze – dryer: The plates of the freeze dryers should be frozen as well. 
Let the condenser cool at – 60°C to – 70°C about 30 – 45 min and then place the frozen 
inner vials on the plates. Evacuate the system to below 30 µmHg. 

- Start the process in the afternoon and allow to run about 18 h. The system is monitored 
by a thermistor vacuum gage. When the vacuum sensor is placed between the product 
and the condenser, it will show an increase in pressure as drying occurs. However, 
when drying is complete, the pressure should return to below 30 µmHg. 

- When the cycle is complete, close the vacuum line between the chamber containing the 
plates with the dried samples and the condenser. Open the valve on the inlet port to 
admit air, allowing pressure in the cabinet to reach atmospheric pressure. 

- Insert the inner vials into the outer vials. Tamp at ¼ inch plug of glass fiber paper above 
the cotton – plugged inner vial. Heat the outer vial in an air/gas torch, rotating the vial 
and keeping the flame just above the glass fiber paper until the glass begins to constrict. 
Pull the top of the vial slowly with forceps until the constriction is a narrow capillary 
tube. Cools the vials in a dry cabinet. 

- Attach each vial to a port of a manifold. Each port has a single – holed rubber stopper 
that fits the open end of the vial. Evacuate the system to less than 50 µmHg. Seal the 
vials at the capillary using a double – flame air/gas torch. 

- Store vials at 2 – 8°C. To open the vials, heat the tip of the outer vial in a flame, then 
squirt a few drops of water on the hot tip to crack the glass. Strike with a file or pencil to 
remove the tip. Remove the fiber paper insulation and the inner vial. Use forceps to 
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gently remove the cotton plug and rehydratate with 0.3 – 0.4mL of appropriate broth 
medium. When suspended, transfer the content to 5 – 6mL of broth and incubate ate the 
selected temperature for 16 – 18 h.  

3.5. Freezing 

- Inoculum: washed bacterial cells obtained by centrifugation of cultures grown for 16 h 
in any of the media described, and takedn to half of the initial volume (approximately 
108 – 109 CFU/mL or McFarland´s tube No. 3) with sterile distilled water. 

- Inoculation into NFM: Harvest and wash once by centrifugation the cells rom a 10mL 
overnight culture. Resuspend the cell pellet into 1 – 2 mL 10% NFM supplemented with 
1% (w/v) glucose, 0.5% (w/v) yeast extract, and 10% (v/v) glycerol (final concentration) 
and store in a domestic freezer (- 20°C to – 30°C) or even better, at – 60°C to – 70°C. 

- Inoculation into glycerol solution: Take an aliquot of the washed pellet and make up to 
a glycerol concentration of 15 – 50%.  

- Transfer the mixture of the sterile cryovials, freeze, and store as described previously. 
- Routine transfers are made by scraping a little of the culture from the surface of the 

frozen medium and transferring to fresh medium. 
- Survival is for several years, cultures stored at – 70°C surviving longer than those kept 

at – 20°C. 
- For thawing, place the cryovials at room temperature or in water bath at 37°C and 

inoculate tubes containing 5 – 10mL of the proper liquid medium. Incubate the tubes at 
the selected temperature for 16 – 18 h. Make at least two or three transfers in fresh 
medium before using. 

3.6. Storage under liquid nitrogen 

- Inoculum: bacterial cells, grown at the selected temperature for 16 h in any of the liquid 
media described, to a cell density (approximately 108 – 109 CFU/mL or McFarland´s tube 
No. 3). 

- Mix equal quantities of inoculum (washed previously) and the glycerol 95% (v/v) 
solution (or other cryoprotectant) in a sterile tube, so that the final concentration of 
glycerol is 10% (v/v). Transfer 1mL of the mixture to each of the ampules. 

- Freeze the preparations in a domestic freezer or cooling bath, to – 30°C, at a rate of 
about 5°C/min and allow to dehydratate for 2h. 

- Transfer the frozen ampules, without thawing, to the liquid – nitrogen refrigerator. 
- Maintain the level of liquid nitrogen to where the ampules are completely submerged. 
- Cultures are revived by rapid thawing in a water bath at 37°C. 

4. Culture media for biomass production 

One of the biotechnological aspects of biomass production implies the design or selection of 
the culture medium. For the selection phase of strains, commercial culture media may be 
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used that favor growth of the biomass and rapid development of the exponential phase of 
the microorganism being evaluated. For said purpose, conditions must be established for the 
bioreactor operation, such as: temperature, oxygenation, agitation, volume and ideal carbon 
source to reach high concentrations of biomass (1012- 1014).  

After standardizing the production process in the commercial culture medium, evaluation 
of economic substrates must be carried out in the greater-scale production phase. For the 
production of yeasts with probiotic capacity, substrates have been evaluated with sugar 
cane molasses, which contributes necessary nutrients for growth and production of the 
strain under study [15]. These molasses have compounds that favor development of 
biomass like high contents of carbohydrates (sucrose, glucose, and fructose), proteins, fats, 
calcium, phosphorus, amino acids, and vitamins among others. Sugar cane molasses can be 
satisfactorily used as substrate; however [24], analyzed that for more demanding 
microorganisms it is necessary to supplement with certain free amino acids or ammonium 
sulfate that serve as a source of nitrogen and suggested controlling pH for the media with 
sugar cane molasses become excellent substrates for microbial fermentations. 

5. Growth kinetics 

5.1. Production of inoculum  

This stage seeks to diminish the adaptation phase of the microorganism in fermentation. For 
this, initially, an enriched culture medium must be prepared for the microorganism sought 
to be evaluated; for lactic acid bacteria an MRS broth [20] is used and for yeasts an YGC 
broth. Thereafter, the contents of a vial are added onto an agar plate, and then this is 
incubated at the necessary temperature and time for the growth of the characteristic 
colonies. During this stage of the process the macro and microscopic characteristics of the 
strain are evaluated. Then, a cell suspension in saline solution 0.85% (p/v) is conducted until 
obtaining a concentration corresponding to an absorbance of 0.5 to 540 nm for LAB or 620 
nm for yeasts. This suspension is added to the culture medium and it is incubated at the 
optimal growth temperature of the microorganism with constant agitation at 150 rpm, 
during 12 hours [15]. 

6. Discontinuous fermentation 

Discontinuous fermentation seeks to produce a high concentration of microorganisms in 
exponential phase; this must be quantified through specific techniques like 
spectrophotometry and dry weight or plate counts; likewise, the consumption of the 
substrate must be quantified during the time of fermentation. A volume corresponding to 
10% (v/v) of inoculum must be added to the sterile culture medium. The conditions of the 
culture must be kept at 150 rpm, 30 ºC during a maximum of 20 hours. Samplings are made 
every two hours to determine the concentration of biomass and concentration of residual 
substrate. Once the culture conditions have been established, discontinuous fermentations 
will be carried out at bioreactor scale [15]. 
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gently remove the cotton plug and rehydratate with 0.3 – 0.4mL of appropriate broth 
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- For thawing, place the cryovials at room temperature or in water bath at 37°C and 

inoculate tubes containing 5 – 10mL of the proper liquid medium. Incubate the tubes at 
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glycerol is 10% (v/v). Transfer 1mL of the mixture to each of the ampules. 

- Freeze the preparations in a domestic freezer or cooling bath, to – 30°C, at a rate of 
about 5°C/min and allow to dehydratate for 2h. 

- Transfer the frozen ampules, without thawing, to the liquid – nitrogen refrigerator. 
- Maintain the level of liquid nitrogen to where the ampules are completely submerged. 
- Cultures are revived by rapid thawing in a water bath at 37°C. 

4. Culture media for biomass production 

One of the biotechnological aspects of biomass production implies the design or selection of 
the culture medium. For the selection phase of strains, commercial culture media may be 
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used that favor growth of the biomass and rapid development of the exponential phase of 
the microorganism being evaluated. For said purpose, conditions must be established for the 
bioreactor operation, such as: temperature, oxygenation, agitation, volume and ideal carbon 
source to reach high concentrations of biomass (1012- 1014).  

After standardizing the production process in the commercial culture medium, evaluation 
of economic substrates must be carried out in the greater-scale production phase. For the 
production of yeasts with probiotic capacity, substrates have been evaluated with sugar 
cane molasses, which contributes necessary nutrients for growth and production of the 
strain under study [15]. These molasses have compounds that favor development of 
biomass like high contents of carbohydrates (sucrose, glucose, and fructose), proteins, fats, 
calcium, phosphorus, amino acids, and vitamins among others. Sugar cane molasses can be 
satisfactorily used as substrate; however [24], analyzed that for more demanding 
microorganisms it is necessary to supplement with certain free amino acids or ammonium 
sulfate that serve as a source of nitrogen and suggested controlling pH for the media with 
sugar cane molasses become excellent substrates for microbial fermentations. 

5. Growth kinetics 

5.1. Production of inoculum  

This stage seeks to diminish the adaptation phase of the microorganism in fermentation. For 
this, initially, an enriched culture medium must be prepared for the microorganism sought 
to be evaluated; for lactic acid bacteria an MRS broth [20] is used and for yeasts an YGC 
broth. Thereafter, the contents of a vial are added onto an agar plate, and then this is 
incubated at the necessary temperature and time for the growth of the characteristic 
colonies. During this stage of the process the macro and microscopic characteristics of the 
strain are evaluated. Then, a cell suspension in saline solution 0.85% (p/v) is conducted until 
obtaining a concentration corresponding to an absorbance of 0.5 to 540 nm for LAB or 620 
nm for yeasts. This suspension is added to the culture medium and it is incubated at the 
optimal growth temperature of the microorganism with constant agitation at 150 rpm, 
during 12 hours [15]. 

6. Discontinuous fermentation 

Discontinuous fermentation seeks to produce a high concentration of microorganisms in 
exponential phase; this must be quantified through specific techniques like 
spectrophotometry and dry weight or plate counts; likewise, the consumption of the 
substrate must be quantified during the time of fermentation. A volume corresponding to 
10% (v/v) of inoculum must be added to the sterile culture medium. The conditions of the 
culture must be kept at 150 rpm, 30 ºC during a maximum of 20 hours. Samplings are made 
every two hours to determine the concentration of biomass and concentration of residual 
substrate. Once the culture conditions have been established, discontinuous fermentations 
will be carried out at bioreactor scale [15]. 
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The culture in the bioreactor must keep the same conditions of inoculation preparation, 
agitation, aeration, temperature, and time established during the previous stage.  

 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 1. shows the growth kinetics results obtained by Ortiz et al., at bioreactor level with a 
concentration of 20% (p/v) of sugar cane molasses in which is noted increased concentration of S. 
cerevisiae biomass (strain A), during 14 hours, compared to the control strain (Strain B) at Erlenmeyer 
level [15]. 

Tiempo (horas)

0 2 4 6 8 10 12 14 16 18 20

B
io

m
as

a 
(g

/L
)

0

10

20

30

40

S
us

tra
to

 (g
/L

)
0

20

40

60

80

Biomasa g/L CEPA A 
Biomasa g/L CEPA  B 
Sustrato g/L CEPA  A 
Sustrato g/L CEPA  B 

Time (hours) 

B
io

m
as

s 
 g

ro
w

th
 (g

/L
) 

S
ub

st
ra

te
 c

om
ps

ut
io

n 
(g

/L
) 

 
Biotechnological Aspects in the Selection of the Probiotic Capacity of Strains 591 

The data obtained are generally evaluated with the calculation of kinetic parameters that 
permit comparing the behavior of strains and operating conditions. The  
biomass concentration obtained along the fermentation process are logarithmically 
transformed according to formula 1 with the prior elaboration of the biomass pattern 
curve (g/L). 
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Where:  

X0 represents the biomass (g/L) at the time 0 of the process (once inoculated). 

X represents the biomass (g/L) during each of the hours of the process. 

In addition, kinetic parameters are calculated like biomass/substrate yield Y(x/s) (g/g) 
(Formula 2); specific growth rate, mx (h-1) (Formula 3); and time of duplication, td (h) 
(Formula 4),  
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7. in-vitro tests to evaluate probiotic capacity 

7.1. Tolerance to bile salts  

Resistance to bile salts is a mechanism involving membrane proteins bound to ATP, which 
permit efficiently transporting bile acids. The presence of vesicles in yeasts has been found, 
similar to those found in mammals that can internalize salts, for their later degradation 
through catabolic enzymes [15,21]. 

Another mechanism by which yeast is resistant to high concentrations of bile salts is the 
accumulation of polyols and glycerol as elements to regulate cell osmotic pressure with the 
external environment. 

To evaluate tolerance to bile salts, an adequate culture medium is prepared for the 
microorganism to be evaluated and it is supplemented with bile salts (Bile Oxgall Difco®) to 
obtain different concentrations (0.05, 0.1, 0.15, 0.2, 0.25, and 0.3% (p/v)). Thereafter, it is 
inoculated with a previously obtained suspension of the microorganism equivalent to 108 
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cerevisiae biomass (strain A), during 14 hours, compared to the control strain (Strain B) at Erlenmeyer 
level [15]. 
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The data obtained are generally evaluated with the calculation of kinetic parameters that 
permit comparing the behavior of strains and operating conditions. The  
biomass concentration obtained along the fermentation process are logarithmically 
transformed according to formula 1 with the prior elaboration of the biomass pattern 
curve (g/L). 
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7. in-vitro tests to evaluate probiotic capacity 

7.1. Tolerance to bile salts  

Resistance to bile salts is a mechanism involving membrane proteins bound to ATP, which 
permit efficiently transporting bile acids. The presence of vesicles in yeasts has been found, 
similar to those found in mammals that can internalize salts, for their later degradation 
through catabolic enzymes [15,21]. 

Another mechanism by which yeast is resistant to high concentrations of bile salts is the 
accumulation of polyols and glycerol as elements to regulate cell osmotic pressure with the 
external environment. 

To evaluate tolerance to bile salts, an adequate culture medium is prepared for the 
microorganism to be evaluated and it is supplemented with bile salts (Bile Oxgall Difco®) to 
obtain different concentrations (0.05, 0.1, 0.15, 0.2, 0.25, and 0.3% (p/v)). Thereafter, it is 
inoculated with a previously obtained suspension of the microorganism equivalent to 108 
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cells/ml. The samples are incubated under ideal conditions for each microorganism. Upon 
completing the incubation period, the biomass is quantified via the plate count technique 
[15,25]. 

7.2. Tolerance to ph 

Tolerance to pH may be due to two types of Na+/H+ antiporters in yeast; Nha1p, found in 
the plasma membrane and Nhx1p, which is located in the pre-vacuolar/endosomal 
compartment. These proteins catalyze the exchange of monovalent cations (Na+ or K+) 
and H+ through the membranes, so that they regulate the concentrations of cations and 
pH at organelle and cytoplasmic levels [26,27]. Another of the possible regulation 
mechanisms is an ATPase located in the cytoplasmic membrane; it can create an 
electrochemical proton gradient that leads to the secondary transport of solutes and 
which is implied in keeping pH close to neutral [28]. The capacity to withstand pH 
ranges and concentrations of bile salts was demonstrated in combination with the 
capacity to grow at 37 °C, ensuring that these were selection criteria to evaluate the 
probiotic potential of strains [29]. 

Tolerance to pH was assessed adjusting the culture medium to different pH ranges (2.0, 
2.5, 3.0, 3.5, 4.0, 4.5, and 5.0) with concentrated HCl. Each tube was inoculated with a 
suspension of the microorganism to be evaluated at a previously obtained concentration of 
108 cells/mL. The samples were incubated at ideal conditions for each microorganism. Once 
done with the incubation period, plate counts were carried out via the plate count 
technique [25]. 

7.3. Determination of resistance to gastric juices  

Another test that shows the probiotic capacity of a strain is resistance to gastric juices. The 
gastric juice secreted has a pH ~2.0 and a concentration of salts ~ 0.5% (p/v) along with 
catabolic enzymes [30]. 

Tolerance to gastric juices was evaluated by preparing artificial gastric juice, for which 
NaCl (2 g/l) and pepsin (3.2 g/l) were added, adjusting to final pH from 2.0 - 2.3 with 
concentrated HCl. As control, artificial gastric juice was adjusted to neutral pH 6.5 – 7.0 
with NaOH 5N. Sterilization was conducted through filtration with 0.22-µm membrane. 
The artificial gastric juice and the control were inoculated with a suspension of the 
microorganism at a concentration of 108 cells/ml; these were incubated at 30 ºC, taking 
samples at different times (0, 1, 2, 3, 4, and 24 hours). Plate counts were carried out in each 
sampling [25]. 

7.4. Reduction of cholesterol in the presence of bile salts  

Cholesterol reduction is a desired characteristic, given that for humans the condition of 
hypercholesterolemia or increased levels of cholesterol in blood is considered the greatest 
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risk for the development of heart disease; and in animals lower presence of cholesterol 
generates high-quality meats and of great demand, given that they are fat free. The 
administration of probiotics has demonstrated that they can notably reduce cholesterol 
levels [31,32]. 

Cholesterol does not destabilize or precipitate in the medium due to its conjugation with 
bile salts, which is why it is possible that the microorganisms assimilate the cholesterol 
present in the medium to incorporate it to its cell membrane. Studies suggest that yeasts 
exposed to culture medium enriched with cholesterol were more difficult to lyse after 
being subjected to sonication than yeasts that did not grow in the medium enriched with 
cholesterol, which indicates a possible morphological change in the wall or in the cell 
membrane, given that upon the microorganism incorporating this sterol onto  
its structure, it becomes more resistant to cell lysis, compared to those not incorporating 
it [29]. 

It is important to add bile salts to the culture medium with added cholesterol to extract 
samples to elaborate the pattern curve. This is because the bile salts are present in the 
organism during activities of lipid emulsion, solubilization, and absorption in the intestine 
[33]. To evaluate the reduction of cholesterol, a culture medium was prepared 
supplemented with bile salts (Bile Oxgall Difco®). Thereafter, 224.2 g/ml of Lipids 
Cholesterol Rich (Sigma ®) were added. This medium was inoculated with 1% (v/v) of the 
suspension of the microorganism to be evaluated at a concentration of 108 cells/mL. The 
mixture was incubated for 12 hours at the adequate temperature according to the 
microorganism.  

To evaluate the reduction of cholesterol, a culture medium was prepared supplemented 
with bile salts (Bile Oxgall Difco®). Thereafter, 224.2 g/ml of Lipids Cholesterol Rich 
(Sigma®) were added. This medium was inoculated with 1% (v/v) of the suspension of the 
microorganism to be evaluated at a concentration of 108 cells/mL. The mixture was 
incubated for 12 hours at the adequate temperature according to the microorganism.  

The medium was centrifuged at 8000 x g for 15 minutes, 3 ml of ethanol at 95% (v/v) were 
added to the supernatant, followed by 2 ml of potassium hydroxide at 50% (v/v). 
Afterwards, the samples were heated to 60 ºC for 10 minutes, then 5 ml of hexane and 3 ml 
of distilled water were added agitating in vortex after adding each component. From the 
aqueous phase (hexane layer) 2.5 ml were transferred onto a tube; this was evaporated in a 
furnace at 60 ºC. The residue formed was resuspended in 4 ml of 0 – phthalaldehyde. After 
remaining at rest at room temperature for 10 minutes, 2 ml of concentrated sulfuric acid 
were added. Finally, absorbance at 550 nm was measured against the target reagent with 
prior elaboration of a pattern curve with a concentrated solution of 130 µg of 
cholesterol/mL.  

To evaluate the reduction of cholesterol, a culture medium was prepared supplemented 
with bile salts (Bile Oxgall Difco®). Thereafter, 224.2 g/ml of Lipids Cholesterol  
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cells/ml. The samples are incubated under ideal conditions for each microorganism. Upon 
completing the incubation period, the biomass is quantified via the plate count technique 
[15,25]. 

7.2. Tolerance to ph 

Tolerance to pH may be due to two types of Na+/H+ antiporters in yeast; Nha1p, found in 
the plasma membrane and Nhx1p, which is located in the pre-vacuolar/endosomal 
compartment. These proteins catalyze the exchange of monovalent cations (Na+ or K+) 
and H+ through the membranes, so that they regulate the concentrations of cations and 
pH at organelle and cytoplasmic levels [26,27]. Another of the possible regulation 
mechanisms is an ATPase located in the cytoplasmic membrane; it can create an 
electrochemical proton gradient that leads to the secondary transport of solutes and 
which is implied in keeping pH close to neutral [28]. The capacity to withstand pH 
ranges and concentrations of bile salts was demonstrated in combination with the 
capacity to grow at 37 °C, ensuring that these were selection criteria to evaluate the 
probiotic potential of strains [29]. 

Tolerance to pH was assessed adjusting the culture medium to different pH ranges (2.0, 
2.5, 3.0, 3.5, 4.0, 4.5, and 5.0) with concentrated HCl. Each tube was inoculated with a 
suspension of the microorganism to be evaluated at a previously obtained concentration of 
108 cells/mL. The samples were incubated at ideal conditions for each microorganism. Once 
done with the incubation period, plate counts were carried out via the plate count 
technique [25]. 

7.3. Determination of resistance to gastric juices  

Another test that shows the probiotic capacity of a strain is resistance to gastric juices. The 
gastric juice secreted has a pH ~2.0 and a concentration of salts ~ 0.5% (p/v) along with 
catabolic enzymes [30]. 

Tolerance to gastric juices was evaluated by preparing artificial gastric juice, for which 
NaCl (2 g/l) and pepsin (3.2 g/l) were added, adjusting to final pH from 2.0 - 2.3 with 
concentrated HCl. As control, artificial gastric juice was adjusted to neutral pH 6.5 – 7.0 
with NaOH 5N. Sterilization was conducted through filtration with 0.22-µm membrane. 
The artificial gastric juice and the control were inoculated with a suspension of the 
microorganism at a concentration of 108 cells/ml; these were incubated at 30 ºC, taking 
samples at different times (0, 1, 2, 3, 4, and 24 hours). Plate counts were carried out in each 
sampling [25]. 

7.4. Reduction of cholesterol in the presence of bile salts  

Cholesterol reduction is a desired characteristic, given that for humans the condition of 
hypercholesterolemia or increased levels of cholesterol in blood is considered the greatest 
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risk for the development of heart disease; and in animals lower presence of cholesterol 
generates high-quality meats and of great demand, given that they are fat free. The 
administration of probiotics has demonstrated that they can notably reduce cholesterol 
levels [31,32]. 

Cholesterol does not destabilize or precipitate in the medium due to its conjugation with 
bile salts, which is why it is possible that the microorganisms assimilate the cholesterol 
present in the medium to incorporate it to its cell membrane. Studies suggest that yeasts 
exposed to culture medium enriched with cholesterol were more difficult to lyse after 
being subjected to sonication than yeasts that did not grow in the medium enriched with 
cholesterol, which indicates a possible morphological change in the wall or in the cell 
membrane, given that upon the microorganism incorporating this sterol onto  
its structure, it becomes more resistant to cell lysis, compared to those not incorporating 
it [29]. 

It is important to add bile salts to the culture medium with added cholesterol to extract 
samples to elaborate the pattern curve. This is because the bile salts are present in the 
organism during activities of lipid emulsion, solubilization, and absorption in the intestine 
[33]. To evaluate the reduction of cholesterol, a culture medium was prepared 
supplemented with bile salts (Bile Oxgall Difco®). Thereafter, 224.2 g/ml of Lipids 
Cholesterol Rich (Sigma ®) were added. This medium was inoculated with 1% (v/v) of the 
suspension of the microorganism to be evaluated at a concentration of 108 cells/mL. The 
mixture was incubated for 12 hours at the adequate temperature according to the 
microorganism.  

To evaluate the reduction of cholesterol, a culture medium was prepared supplemented 
with bile salts (Bile Oxgall Difco®). Thereafter, 224.2 g/ml of Lipids Cholesterol Rich 
(Sigma®) were added. This medium was inoculated with 1% (v/v) of the suspension of the 
microorganism to be evaluated at a concentration of 108 cells/mL. The mixture was 
incubated for 12 hours at the adequate temperature according to the microorganism.  

The medium was centrifuged at 8000 x g for 15 minutes, 3 ml of ethanol at 95% (v/v) were 
added to the supernatant, followed by 2 ml of potassium hydroxide at 50% (v/v). 
Afterwards, the samples were heated to 60 ºC for 10 minutes, then 5 ml of hexane and 3 ml 
of distilled water were added agitating in vortex after adding each component. From the 
aqueous phase (hexane layer) 2.5 ml were transferred onto a tube; this was evaporated in a 
furnace at 60 ºC. The residue formed was resuspended in 4 ml of 0 – phthalaldehyde. After 
remaining at rest at room temperature for 10 minutes, 2 ml of concentrated sulfuric acid 
were added. Finally, absorbance at 550 nm was measured against the target reagent with 
prior elaboration of a pattern curve with a concentrated solution of 130 µg of 
cholesterol/mL.  

To evaluate the reduction of cholesterol, a culture medium was prepared supplemented 
with bile salts (Bile Oxgall Difco®). Thereafter, 224.2 g/ml of Lipids Cholesterol  
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Rich (Sigma®) were added. This medium was inoculated with 1% (v/v) of the suspension 
of the microorganism to be evaluated at a concentration of 108 cells/mL. The  
mixture was incubated for 12 hours at the adequate temperature according to the 
microorganism.  

The medium was centrifuged at 8000 g for 15 minutes, 3 ml of ethanol at 95% (v/v) were 
added to the supernatant, followed by 2 ml of potassium hydroxide at 50% (v/v). 
Afterwards, the samples were heated to 60 ºC for 10 minutes, then 5 ml of hexane and 3 ml 
of distilled water were added agitating in vortex after adding each component. From the 
aqueous phase (hexane layer) 2.5 ml were transferred onto a tube; this was evaporated in a 
furnace at 60 ºC. The residue formed was resuspended in 4 ml of 0 – phthalaldehyde. After 
remaining at rest at room temperature for 10 minutes, 2 ml of concentrated sulfuric acid 
were added. Finally, absorbance at 550 nm was measured against the target reagent with 
prior elaboration of a pattern curve with a concentrated solution of 130 µg of cholesterol/mL 
[25]. 

7.5. Adherence test  

One of the important criteria for a probiotic strain is the ability to adhere to the mucous 
surface of the gastrointestinal tract, given that “in vivo” probiotic microorganisms adhere to 
enterocytes avoiding possible strains from effecting cell adherence as pathogenicity 
mechanism. Exclusion through the competition for adhesion sites and for substrate is one of 
the action mechanisms of yeasts used as probiotics. 

Cells can be used from the Caco-2 cell line from adenocarcinoma of human colon, which 
develops characteristics of mature enterocytes and provides a uniform population of 
differentiated cells, which can be used under conditions defined to quantify adhering 
microorganisms. According to the study in which adherence tests were conducted of Caco-2 
cells with several strains of Lactobacilli, it was determined that strains presenting an 
adherence count below 40 microorganisms in the 20 fields counted at random were 
considered as non-adhering, between 41 and 100 microorganisms as adhering and over 100 
microorganisms as strongly adhering [34].  

The Caco-2 cell line must be grown at 37 ºC in an environment with 5% CO2 by using the 
minimum essential medium (GIBCO ®) until observing a monolayer. Then, the cells were 
washed three times with sterile PBS (pH 7.0 ± 0.2). A total of 5 ml of culture was taken 
from the strains previously grown at culture conditions; then, they were centrifuged  
and washed with sterile PBS (pH 7.0 ± 0.2) and resuspended in minimum essential 
medium.  

The Caco-2 cells were inoculated with 0.8 ml of the culture of the previously treated 
microorganism. The mixture was incubated at 37 °C during 90 minutes in an environment 
with 5% CO2, and then four washes were carried out with sterile PBS (pH 7.0 ± 0.2). This 
was followed by Wright’s staining, which was observed in the inverted microscope 
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counting the number of microorganisms adhered to the Caco-2 cells in 20 random 
microscopic fields. Adherence capacity is expressed as the number of microorganisms 
adhered to 100 Caco-2 cells [34]. 

Figure 2 and 3 shows the behavior of two strains that adhered to the Caco-2 cell line, where 
it is observed that the strain of study isolated from sugar cane molasses (strain A) had 
greater adhesion than the control strain (strain B) [15]. 

 

 
 
Figure 2. Inverted microscope adherence analysis of Saccharomyces cerevisiae (strain A) to Caco-2 cells 
with Wright’s staining. 

 
 

 
 
Figure 3. Inverted microscope adherence analysis of S. cerevisiae var. boulardii (strain B) to Caco-2 cells 
with Wright’s staining. 
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[25]. 
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counting the number of microorganisms adhered to the Caco-2 cells in 20 random 
microscopic fields. Adherence capacity is expressed as the number of microorganisms 
adhered to 100 Caco-2 cells [34]. 

Figure 2 and 3 shows the behavior of two strains that adhered to the Caco-2 cell line, where 
it is observed that the strain of study isolated from sugar cane molasses (strain A) had 
greater adhesion than the control strain (strain B) [15]. 
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1. Introduction 

In penaeid shrimps, Vibrio spp. is the main cause of bacterial diseases, such as V. 
parahaemolyticus, V. alginolyticus, V. harveyi (Garriques and Arevalo, 1995) and V. penaeicida 
(Aguirre-Guzmán and Ascencio-Valle, 2001). Possible mode of infection consists of three 
basic steps: (i) the bacterium penetrates the host cuticle or exoskeleton wound by means of 
chemotactic motility; (2) within the host tissues the bacterium deploys iron-sequestering 
systems; e.g., sidero-phores, to “steal” iron from the host; and (3) the bacterium eventually 
damages the organisms by means of extracellular products, e.g. hemolysins and proteases 
(Thompson et al., 2004).  Containing high loads of either Vibrio parahaemolyticus or V. harveyi 
induced the rounding up and detachment of epithelial cells from the basal lamina of the 
midgut trunk. Epithelial cell detachment of epithelial was not seen in the presence of non-
pathogenic bacteria (probiotics) (Chen et al., 2000; Martin et al., 2004). Pathogens like Vibrio 
spp., which cause detachment of the epithelium in the midgut trunk, can affect high 
mortality in shrimp by eliminating 2 layers that protect the shrimp from infections: the 
epithelium and the peritrophic membrane it secretes. In addition, loss of the epithelium may 
affect the regulation of water and ion outtake into the body (Mykles 1977, Neufeld and 
Cameron 1994). 

Prevention and control of diseases had led to increase the use of antibiotics developing drug 
resistant bacteria, which are difficult to control and eradicate. An alternative to antibiotic 
treatment is the use of probiotics or beneficial bacteria that control pathogens. Probiotics are 
generally defined as viable microorganisms that, when to human or animals, beneficially 
affect the health of the host by improving the indigenous microbial balance (Fuller, 1989; 
Havenaar et al., 1992). Generally, probiotic strains have been isolated from indigenous and 
exogenous microbiota of aquatic animals (Vine et al., 2004). Probiotics may protect their host 
from pathogens by producing metabolites that inhibit the colonization or growth of other 
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microorganisms or by competing with them for resources such as nutrients or space (Vine et 
al. 2004). Studies of probiotics to improve growth or survival in crustacean larvae are scarce. 
Recently, methods for improving water quality of hatcheries and application of probiotics 
has gained momentum (Balcázar et al., 2007a; Gómez et al., 2008; Guo et al., 2009; Van Hai et 
al., 2009). Daily administration of probiotics based on Bacillus spp. during hatchery and 
farming stages leads to higher feed conversion ratios, improved specific growth rates, and 
higher final shrimp biomass than controls (Guo et al., 2009; Liu et al., 2009a). Metamorphosis 
improved with administration of the probiotic B. fusiformis (Guo, et al., 2009). Zhou et al. 
(2009) found that B. coagulans SC8168, as a water additive at certain concentrations, 
significantly increased survival and some digestive enzyme activities of shrimp larvae. 
Bacillus spp. possesses adhesion abilities, produce bacteriocins, and provide 
immunostimulation (Ravi et al., 2007).  

The criteria of probiotic selection to be used in aquaculture systems has been discussed by 
some authors. Nguyen et al. (2007) suggest that the beneficial effect of the probiotics on the 
host has been wrongly attributed to what is found during in vitro observations, that in vivo 
physiology might be different from in vitro metabolic processes. Development of suitable 
probiotics is not a simple task and requires full-scale trials, as well as development of 
appropriate monitoring tools and controlled production (Decamp et al., 2008). In vitro and in 
vivo studies are needed to demonstrate antagonisms to pathogens and their effect on 
survival and growth of the host. The main purpose of using probiotics is to maintain or 
reestablish a favorable relationship between friendly and pathogenic microorganisms that 
constitute the flora of intestinal or skin mucus of aquatic animals. Since, successful probiotic 
is expected to have a few specific properties in order to certify a beneficial effect (Ali, 2000). 

Bacteria present in the aquatic environment influence the composition of the gut microbiota 
and vice versa. The genus present in the intestinal tract generally seems to be those from the 
environment or the diet that can survive and multiply in the intestinal tract (Cahill, 1990). 
Therefore, probiotic strains have been isolated from indigenous and exogenous microbiota 
of aquatic animals. Gram-negative facultative anaerobic bacteria such as Vibrio and 
Pseudomonas constitute the predominant indigenous microbiota of a variety of species of 
marine animals (Onarheim et al., 1994). On the other hand, the indigenous microbiota of 
freshwater animals tends to be dominated by members of the genera Aeromonas, Plesiomonas, 
representatives of the family Enterobacteriaceae, and obligate anaerobic bacteria of the genera 
Bacteroides, Fusubacterium, and Eubacterium (Sakata 1990). Lactic acid producing bacteria, 
which are prevalent in the mammal or bird gut, are generally sub-dominant in fishes and 
are represented essentially by the genus Carnobacterium (Ringo & Vadstein 1998). Ideally, 
microbial probiotics should have a beneficial effect and not cause any harm to the host. 
Therefore, all strains have to be non-pathogenic and non-toxic in order to avoid undesirable 
side-effects when administrated to aquatic animals (Chukeatirote, 2002). 

Some research and products talk about the multifactorial action of the probiotics (Gomez et 
al., 2007; Tuohy et al., 2003) on aquatic animals. However, the multifactorial effect is not 
agreed with evidence or is overestimate. Sometimes, this type of publicity about the 

 
Probiotics in Larvae and Juvenile Whiteleg Shrimp Litopenaeus vannamei 603 

potential of those products really affects the perspective of real probiotic designed for 
aquaculture industry.  

Different modes of action or properties are desire on the potential probiotic like antagonism 
to pathogens (Ringo and Vadstein, 1998), ability of cells to produce metabolities (like 
vitamins) and enzymes (Ali, 2000), colonization or adhesion properties (Olsson et al., 1992), 
enhance the immune systems (Perdigon et al., 1995) and others. On the other hand, a 
criterion to discard potential harmful bacteria is the ability to produce toxins that induce 
lysis of host cells (Zamora-Rodríguez, 2003) 

Various mechanisms have been proposed to explain their beneficial effects, including 
competition for adhesion sites, competition for nutrients, enzymatic contribution to 
digestion, improved water quality, and stimulation of the host immune response (Kumar 
Sahu et al., 2008). Selection of probiotics in aquaculture enterprises is usually based on 
results of tests showing antagonism toward the pathogens, an ability to survive and 
colonize the intestine, and a capacity to increase an immune response in the host. Adhesion 
of probiotic microorganisms to the intestinal mucus is considered important for many of the 
observed probiotic health effects (Ouwehand et al., 2000). Adhesion is regarded a 
prerequisite for colonization (Alander et al., 1999). 

The composition of the bacterial community in an aquaculture environment has a strong 
influence on the internal bacterial flora of farmed animals, which is vital for their 
nutrition, immunity and disease resistance (Luo et al. 2006). The intestinal microbiota of 
aquatic organisms in culture is an important factor in maintaining the healthy, either by 
preventing pathogen colonization, degradation of food, production of antimicrobial 
compounds, producing nutrients and maintaining normal mucosal immune (Escobar-
Briones et al., 2006). The interest in investigating the intestinal microbiota is based on the 
need for a better understanding of how probiotics can influence the bacterial composition. 
Another important function was to emerge in recent years suggesting that the effect of the 
commensal microbiota influence processes such as lipid metabolism and development of 
the host immune response. The inter-relationship between the microbiota and the host are 
clearly important in relation to health and the imbalance between these systems results in 
disease development. Several studies listed the benefits or these probiotics to culture 
organisms, however, few works that the type of modulation is performed to the intestinal 
microbiota and its effects on health of the host organism. The interest to investigated the 
intestinal microbiota is based on the need for a better understanding of how probiotics 
can influence the bacterial composition. Such studies have been widely performed in 
vertebrates (Brikbeck, 2005; Austin, 2006; Escobar-Briones et al., 2006; McKellep Bakke, 
2007), but in invertebrates is very limited. The intestinal microbiota of aquatic organisms 
has shown a high dependence of bacterial colonization during early development, 
environmental conditions and change in diet (Ringo et al., 1995, 2006; Ringo and Birkbeck, 
1999; Olafsen, 2001). For that to know the impact that probiotics in the modulation of 
intestinal microbita should be studied. We investigated the effect of Bacillus probiotics 
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was showed trait inhibitory to Vibrio and ability to adhere and grow, on intestinal mucus 
on the survival and rate of development of whiteleg shrimp L. vannamei larvae to 
understand mechanisms of how endemic Bacillus probiotic strains improve the health of 
larvae. Moreover, analyzed the composition of bacterial communities in the juvenile 
shrimp L. vannamei know the impact that probiotics in the modulation of intestinal 
microbiota.  

2. Antagonism test 

Antagonism in the world of bacteria is a highly prevalent phenomenon: one bacterium 
species suppresses the development or inhibits the growth of other microorganisms 
(Egorov, 2004). A common way to select probiotic is to perform in vitro antagonism test. 
Bacillus spp. produce polypeptides (bacitracin, gramicidin S, polymyxin, and tyrothricin) 
that are active against a broad range of Gram positive and Gram negative bacteria, which 
also explains the inhibitory effect on pathogenic Vibrio (Drablos et al., 1999; Morikawa et al., 
1992; Perez et al., 1993). The antagonism of Bacillus is due mainly to the production of 
antimicrobial proteins and antibiotics as well as chemical compounds synthesized by 
secondary metabolism pathways (Hu et al., 2010), competition for essential nutrients and 
adhesion sites. We scrutinized their ability to inhibit the growth of Vibrio species utilized the 
two-layer method described by Dopazo et al. (1988) (Figure 1), shows that only two isolates 
Bacillus tequilensis and B. amyloliquefaciens (YC5-2 and YC2-a) inhibited growth of V. campbelli 
(CAIM 333) and V. vulnificus (CAIM 157).  

 
Figure 1. A) Schematic from Antagonism test utilized the two-layer method described by Dopazo et al. 
(1988). B) Zone inhibition obtained by Bacillus amyloliquefaciens (strain YC2-a) and Bacillus tequilensis 
(strain YC5-2) against Vibrios parahaemolyticus.  
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The well diffusion test (Balcázar et al., 2007) showed that 24-h cultures of inactivated isolates 
YC5-2 (Bacillus tequilensis), YC2-a (B. amyloliquefaciens) YC3-b (B. endophyticus) and C2-2 (B. 
endophyticus) were able to inhibit V. parahaemolyticus (CAIM 170) and V. harveyi (CAIM 1793). 
V. alginolyticus (CAIM 57) showed sensitivity but no inhibition to these probiotic strains 
(Luis-Villaseñor et al., 2011) (Figure 1, Table 1). Bacillus strains isolated from shrimp 
inhibited vibriosis by a well-diffusion method. The antagonism test showed that probiotic 
strains were able to inhibit pathogenic strains of V. harveyi (CAIM 1793), V. parahaemolyticus 
(CAIM 170), V. campbelli (CAIM 333), V. alginolyticus (CAIM 57), and V. vulnificus (CAIM 
157). Similar results were obtained by Balcazar et al. (2007a), where B. subtilis UTM 126 was 
able to inhibit V. parahaemolyticus PS-107. Nakayama et al. (2009) found that cell-free 
supernatant from B. subtilis, B. licheniformis, and B. megaterium inhibited growth of one V. 
harveyi strain for 24 h. Decamp et al. (2008) administered B. subtilis and B. licheniformis to 
larval L. vannamei and Penaeus monodon and this inhibited growth of Vibrio strains and 
increased the survival rate of the shrimp. 
 

Isolate Gram Hemolytic activity Inhibition zone (mm) 

  Erythrocytes Hemocytes
V. 

parahaemolyticus 
CAIM 170 

V. harveyi 
CAIM 1793

V. campbelli
CAIM 333 

V. vulnificus 
CAIM 157 

V. alginolitycus 
CAIM 57 

YC5-2** +  NR 17.5±0.7 11±1.8 5±1.4 18±1.4 * 
YC2-a** +  NR 13.5±1.0 12±3.0 9±1.4 6.5±0.2 * 

C2-2 +  NR 21.5±1.1 11.5±2.1 NR NR * 
YC3-B +  NR 13.5±2.1 11±2.1 NR NR * 
YC1-A +  4.5±0.7 16.5±2.1 8.85±0.5 9±0.5 21.9±1.6 * 
YC3-C +  4.5±1.4 17.5±0.7 10±1.4 9.1±0.1 18.7±1.1 * 
YC3-A +  3.5±0.7 13.45±1.1 8±1.4 8.15±1.6 18.1±1.8 * 
YC2-B +  8.5±0.7 8.5±2.1 13±1 NR 4.6±0.8 * 
YC3-D +  8.7±0.3 9.5±0.7 11±1 NR 10.75±0.4 * 

** = Inhibitory effect for the two-layer method (Dopazo et al. 1988).  = Growth, but not hemolysis. NR = Negative to the test. 

Table 1. Test of antagonism of probiotics isolates against pathogenic Vibrio strains. * = Bacteriostatic effect. 

3. Hemolytic activity of Bacillus strains 

The principal purpose of the use of probiotics in to produce a proper relationship between 
useful microorganism and the pathogenic microflora and their environment. Probiotics should 
be of animal-species origin, this criteria is based on ecological reasons, and takes into 
consideration the original habitat of the selected bacterial (in intestinal flora) (Farzanfar, 2006). 
One of the most important features of a probiotic is that it does not harm the host (Kesarcodi-
Watson et al., 2008). Some Bacillus spp. produce hemolysins, which could be a health risk to 
the host (Liu et al., 2009b). Bernheimer and Grushoff (1967) demonstrated that B. cereus, B. 
alvei, B. laterosporus, B. subtilis contained streptolysin and lysins. To measure hemolytic activity 
of the various Bacillus strains on erythrocytes, nine isolated Bacillus probiotic strains were 
inoculated by streaking on plates containing blood-based agar supplemented with 5% (w/v) 
human sterile blood and 3% (w/v) NaCl. Plates were incubated at 37 °C for 24 h and results 
were determined, as described by Koneman et al. (2001), as: α-hemolysis (slight destruction of 
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The well diffusion test (Balcázar et al., 2007) showed that 24-h cultures of inactivated isolates 
YC5-2 (Bacillus tequilensis), YC2-a (B. amyloliquefaciens) YC3-b (B. endophyticus) and C2-2 (B. 
endophyticus) were able to inhibit V. parahaemolyticus (CAIM 170) and V. harveyi (CAIM 1793). 
V. alginolyticus (CAIM 57) showed sensitivity but no inhibition to these probiotic strains 
(Luis-Villaseñor et al., 2011) (Figure 1, Table 1). Bacillus strains isolated from shrimp 
inhibited vibriosis by a well-diffusion method. The antagonism test showed that probiotic 
strains were able to inhibit pathogenic strains of V. harveyi (CAIM 1793), V. parahaemolyticus 
(CAIM 170), V. campbelli (CAIM 333), V. alginolyticus (CAIM 57), and V. vulnificus (CAIM 
157). Similar results were obtained by Balcazar et al. (2007a), where B. subtilis UTM 126 was 
able to inhibit V. parahaemolyticus PS-107. Nakayama et al. (2009) found that cell-free 
supernatant from B. subtilis, B. licheniformis, and B. megaterium inhibited growth of one V. 
harveyi strain for 24 h. Decamp et al. (2008) administered B. subtilis and B. licheniformis to 
larval L. vannamei and Penaeus monodon and this inhibited growth of Vibrio strains and 
increased the survival rate of the shrimp. 
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YC5-2** +  NR 17.5±0.7 11±1.8 5±1.4 18±1.4 * 
YC2-a** +  NR 13.5±1.0 12±3.0 9±1.4 6.5±0.2 * 

C2-2 +  NR 21.5±1.1 11.5±2.1 NR NR * 
YC3-B +  NR 13.5±2.1 11±2.1 NR NR * 
YC1-A +  4.5±0.7 16.5±2.1 8.85±0.5 9±0.5 21.9±1.6 * 
YC3-C +  4.5±1.4 17.5±0.7 10±1.4 9.1±0.1 18.7±1.1 * 
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YC2-B +  8.5±0.7 8.5±2.1 13±1 NR 4.6±0.8 * 
YC3-D +  8.7±0.3 9.5±0.7 11±1 NR 10.75±0.4 * 

** = Inhibitory effect for the two-layer method (Dopazo et al. 1988).  = Growth, but not hemolysis. NR = Negative to the test. 

Table 1. Test of antagonism of probiotics isolates against pathogenic Vibrio strains. * = Bacteriostatic effect. 

3. Hemolytic activity of Bacillus strains 

The principal purpose of the use of probiotics in to produce a proper relationship between 
useful microorganism and the pathogenic microflora and their environment. Probiotics should 
be of animal-species origin, this criteria is based on ecological reasons, and takes into 
consideration the original habitat of the selected bacterial (in intestinal flora) (Farzanfar, 2006). 
One of the most important features of a probiotic is that it does not harm the host (Kesarcodi-
Watson et al., 2008). Some Bacillus spp. produce hemolysins, which could be a health risk to 
the host (Liu et al., 2009b). Bernheimer and Grushoff (1967) demonstrated that B. cereus, B. 
alvei, B. laterosporus, B. subtilis contained streptolysin and lysins. To measure hemolytic activity 
of the various Bacillus strains on erythrocytes, nine isolated Bacillus probiotic strains were 
inoculated by streaking on plates containing blood-based agar supplemented with 5% (w/v) 
human sterile blood and 3% (w/v) NaCl. Plates were incubated at 37 °C for 24 h and results 
were determined, as described by Koneman et al. (2001), as: α-hemolysis (slight destruction of 
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hemocytes and erythrocytes with a green zone around the bacterial colonies); β-hemolysis 
(hemolysin that causes a clean hemolysis zone around the bacterial colonies); and γ- hemolysis 
(without any change in the agar around the bacterial colonies. 

Hemolytic activity in shrimp hemocytes was tested, as described by Chin-I et al. (2000). Briefly, 
a 1-mL syringe was rinsed with EDTA buffer (450 mmol L–1 NaCl, 10 mmol L–1 5 KCl, 10 mmol 
L–1 EDTANa2, and 10 mmol L–1 HEPES at pH 7.3). After disinfecting the surface of the shrimp 
weighing ~20 g with 70% ethanol; hemolymph was drawn with a sterile needle from between 
the fifth pair of pereiopods; 1 mL hemolymph was immediately transferred to a sterilized tube 
containing 0.2 mL EDTA buffer and stained with 133 μL 3% (w/v) Rose Bengal dye (#R4507, 
Sigma St. Louis, MO) dissolved in EDTA buffer with gentle shaking to achieve complete 
mixing. Aseptically, 1 mL of the stained hemolymph preparation was added to 15 mL sterile 
basal agar medium containing (10 g L–1 Bacto 12 peptone (#211677, Difco), 5 g L–1 HCl, and 15 g 
L–1 Bacto agar (#214050, Difco) at pH 6.8) cooled to 45–50 °C, followed by gentle mixing and 
poured into Petri dishes. Shrimp blood agar plates with a rose red color were considered 
satisfactory because of the homogenously distributed stained hemocytes. When the hemocytes 
were destroyed by hemolytic bacteria, a clear zone (4 mm) appeared around the colonies. Four 
Bacillus strains isolated from the gut of adult L. vannamei (YC2-a, B. amyloliquefaciens; YC3-b, B. 
endophyticus; YC5-2, B. tequilensis and C2-2; B. endophyticus) exhibited type γ hemolytic 
activity(without any change in the agar around the bacterial colonies), three Bacillus strains (B. 
licheniformis strains YC1-a, YC3-a, and YC3-c) exhibited type α hemolytic activity (slight 
destruction of hemocytes around the bacterial colonies), and two Bacillus strains (YC3-d and 
YC2-b) having type β hemolytic activity (destruction of hemocytes, showed a clean zone 
around the bacterial colonies) (Luis-Villaseñor et al., 2011).  

4. Mucus adhesion assay and bacterial growth in mucus 

The intestinal epithelium is a natural barrier of the gastrointestinal tract providing defense 
against extrinsic invasions. The resident microflora, especially the beneficial ones, plays a 
crucial role in maintaining the host healthiness in numerous ways including; preserving the 
niche balance of intestinal microflora, reducing the colonization and invasion of pathogens, 
retaining the epithelial integrity and promoting immune function (Ouwehand et al., 1999; 
Herich and Levkut 2002).  The strains with the highest adhesion ability have the greatest effect 
on host healthiness and performance (Majamaa et al., 1995; Shornikova et al., 1997; Kirjavainen 
et al., 1998; Ouwehand et al., 1999). Mucus composition varies from site to site. Among its 
major components is a group of high molecular weight glycoproteins called mucins. 
Depending upon the location, mucus may also contain various electrolytes, sloughed epithelial 
cells, plasma proteins, immunoglobulins, lysozime, bacteria and their products, digested food 
material, digestive enzymes, epithelial cell membrane glycoproteins, and other components 
(Gibbons, 1982). The suggested functional properties of mucins are: Lubrication of epithelial 
surfaces; Diffusion barrier to nutrients, drugs, ions, toxins, and macromolecules; binding of 
bacteria, virus, parasites; Detoxification by heavy metal binding; Protection of mucosa against 
proteases; Interaction with immune surveillance system, and Interaction of membrane mucins 
with microfilaments (actins) (Forstner and Forstner, 1989). 
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The protective role of mucosal surfaces against potentially harmful substances such as acids, 
digestive enzyme, food lectins, toxins, bacterial and others infectious agents (Forstner and 
Forstner, 1989). The cell wall of Gram-positive bacteria is made up of a think, multilayered 
peptidoglycan sacculus (also called murein) containing teichoic acids, proteins and 
polysaccharides (Vinderola et al., 2004). Mucin and cell surface carbohydrate are usually 
considered to be highly hydrophilic, although like other oligosaccharides, they can probably 
adopt amphipathic configurations (Sundari et al., 1991) to present a hydrophobic surface for 
interactions with some bacterial structures (Forstner and Forstner, 1994). 

The ability to adhere to the intestinal mucus in considered one of the main criteria in the 
selection of potential probiotics as adhesion prolongs their permanence in the intestine and 
thus allows them to exert healthful effect (Apostolou et al., 2001). 

During characterization of potential probiotics, we scrutinized their ability to adhere and 
colonize the intestine of shrimp. The dot-blot assays described in the present report is based 
on the formation of a complex between adhesion promoting compounds from the cell 
surface of the bacteria and the enzymatically labeled receptor in gastrointestinal mucus, 
followed by the visualization of bound components on a solid phase matrix (Rojas et al., 
2002). Seven strains (YC2-a, YC3-b, YC5-2, C2-2, YC1-a, YC3-a and YC3-C) adhered to 
porcine gastric and crudes shrimp mucus (Fig 2). The seven isolates were able to grow in the 
mucus 24 h after inoculation; after 48 h viable cell counts were tower. These strains were 
examined for their ability to grown shrimp intestinal mucus. Sterility of mucus was 
confirmed on specific media. The number of viable cells decreased by ~50% at 48 h; strains22 
YC5-2, YC3-a, YC3-c, YC1-a, and YC2-a had viable cell counts between 18×106 UFC mL–1 
and 10×109 UFC mL–1 at 24 h, which decreased to between 1.3×106 UFC mL–1 and  0.126×106 
UFC mL–1 at 48 h; however, abundant free spores were observed in five strains with 
epifluorescence microscopy (Table 2). Strains YC3-b and C2-2 had viable cell counts between 
1.87×106 UFC mL and 4.14×106 UFC mL at 24 h, showing a decrease at 48 h with viable 
bacteria remaining about 0.18×106 UFC mL–1 for both strains.  Similar studies reported that 
strains of Bacillus spp. able to grow in water and colonize the digestive tract of shrimp. This 
ability is related to competitive exclusion. However, in vitro activity assays cannot be used 
to predict a possible in vivo effect (Balcázar et al., 2006).  
 

 CFU mL–1 
 Time (h) 

Bacterial Strains 24 48 
YC3-B 1.87 × 106 0.18 × 106 
C2-2 4.14 × 106 0.18 × 106 

YC5-2 >10  109 0.126 × 106 
YC2-a 18 ×106 1.3 × 106 
YC3-A >10  109 0.27 × 106 
YC3-C >10  109 0.84 × 106 
YC1-A >10  109 0.54 × 106 
Control 0 0 

Table 2. Growth of bacterial in mucus of shrimp Litopenaeus vannamei 
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Figure 2. A) Testing of adhesion of bacterial isolates to shrimp mucus and mucin by the Dot-blot 
method,(-): negative control (Buffer Hepes-Hanks) Capacity: weak adhesion(+), moderate adhesion (++), 
strong adhesion (+++). B) Acridine orange staining of Bacillus spp. Adhered to mucus of shrimp 
observed by fluorescent microscope. 

The presence of Bacillus species, whether as spores or vegetative cells, within the gut could 
arise from ingestion of bacteria associated with soil. However, a more unified theory is now 
emerging in which Bacillus species exist in an endosymbiotic relationship with their host, 
being able temporarily to survive and proliferate within the GIT. In some cases though, the 
endosymbiont has evolved further into a pathogen, exploiting the gut as its primary portal 
of entry to the host (B. anthracis) or as the site for synthesis of enterotoxins (B. cereus, B. 
thuringiensis) (Jensen et al., 2005). 

5. Larval culture 

Previous studies showed that inoculation with a probiotic strain during cultivation of larval L. 
vannamei (nauplii stage V) prevented colonization by a pathogenic strain, because the probiotic 
succeeds in colonizing the gut of the larvae (Zherdmant et al., 1997; Gómez-Gil et al., 2000). In 
this study, the effects of the probiotic strains cultured alone or mixed in the larval culture were 
evaluated. Bacillus strains were tested on larval shrimp using a daily concentration of 1  105 

CFU mL–1, starting each bioassay at nauplii V and a density of 225 nauplii L1. Inoculations of 
four natural, commercial products and antibiotic oxytetracycline were added directly to the 
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water. Larvae inoculated with potential probiotic isolates at a density of 1×105 CFU mL–1 had 
significantly better survival than the control. The highest larval survival, compared to the 
control (4.9%) was inoculated with isolate YC5-2 (67.3%) and the commercial probiotic 
Alibio™ (57.4%). The low survival of the control shrimp (5%) in the second trial reinforced the 
view that probiotics are highly effective for increasing survival of larvae. Srinivas et al. (2010) 
showed that traditional practices (large exchange of water, application of disinfectants and 
antimicrobials, or both) are required to successfully complete the larval cycle; hence, the low 
survival rate in our control group in our bioassay was expected. 

The larvae were sampled to determine the effect of the potential probiotics on larval 
development and rate of development, using the index of development (ID) described by 
Villegas and Kanazawa (1979):  

ID = (Σ[i ni]) / n, 

Where i is the absolute value attributed to each larval stage (3 = ZIII; 4 = MI, 5 = MII; 6 = 
MIII, and 7 = PL1), ni is the total number of larvae at stage I, and n is the number of 
organisms measured. 

A mix of two strains induced the highest rate of development (7.00), followed by Alibio™ 
(6.35). Highest larval survival occurred with single-strain treatments, but the highest rate of 
larval development was obtained with the Bacillus mix. The onset of exogenous feeding by 
larvae of penaeid shrimp is a critical phase in survival, growth, and development because 
the larval gut is exposed to microbes at the transition from nauplii 5 to zoea I (Jones et al., 
1997). In our study, Bacillus tequilensis (strain YC5-2), B. endophyticus (strains C2-2 and YC3-
b), and B. amyloliquefaciens (strain YC2- a) significantly increased development of larvae 
(Luis-Villaseñor et al., 2011). Using probiotics, modification of bacterial communities in tank 
water improves cultivation of larval crustaceans (Balcazar et al.,2007b; Garriques and 
Arevalo, 1995; Gómez et al., 2008; Guo et al., 2009; Nogami and Maeda, 1992) and bivalves 
Douillet and Langdon (1993, 1994); Riquelme et al., 1996, 1997, 2001). Our study advances 
previous work demonstrating that probiotics maintain a balanced and natural bacterial 
community that improves production of shrimp larvae, which is also reflected in the rate of 
development, as demonstrated in our two bioassays with Bacillus spp. 
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Figure 2. A) Testing of adhesion of bacterial isolates to shrimp mucus and mucin by the Dot-blot 
method,(-): negative control (Buffer Hepes-Hanks) Capacity: weak adhesion(+), moderate adhesion (++), 
strong adhesion (+++). B) Acridine orange staining of Bacillus spp. Adhered to mucus of shrimp 
observed by fluorescent microscope. 
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water. Larvae inoculated with potential probiotic isolates at a density of 1×105 CFU mL–1 had 
significantly better survival than the control. The highest larval survival, compared to the 
control (4.9%) was inoculated with isolate YC5-2 (67.3%) and the commercial probiotic 
Alibio™ (57.4%). The low survival of the control shrimp (5%) in the second trial reinforced the 
view that probiotics are highly effective for increasing survival of larvae. Srinivas et al. (2010) 
showed that traditional practices (large exchange of water, application of disinfectants and 
antimicrobials, or both) are required to successfully complete the larval cycle; hence, the low 
survival rate in our control group in our bioassay was expected. 

The larvae were sampled to determine the effect of the potential probiotics on larval 
development and rate of development, using the index of development (ID) described by 
Villegas and Kanazawa (1979):  

ID = (Σ[i ni]) / n, 
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Decamp et al. (2008) administered B. subtilis and B. licheniformis to larval L. vannamei and 
Penaeus monodon and this inhibited growth of Vibrio strains and increased the survival rate of 
the shrimp. Inhibitory effects of Bacillus are attributed to various causes: alterations of the 
pH in growth medium, use of essential nutrients, and production of volatile compounds 
(Chaurasia et al., 2005; Gullian et al., 2004; Yilmaz et al., 2006). 

6. Modulation of microbiota 

Intestinal bacteria thrive in a stable, nutrient rich environment but serve beneficial function to 
the host including energy salvage of otherwise indigestible complex carbohydrates, vitamin 
and micronutrient synthesis, activation of immune response, development and competitive 
exclusion of pathogenic microorganisms (Neish et al., 2010). It is clear that bacterial species of 
the gut can influence the health and robustness of the host. One of the problems associated 
with evaluating Bacillus products (or indeed any probiotic product) for aquaculture is 
determining whether the observed effect is due to the action of the bacterium on the host gut 
or due to an indirect effect on water quality or antagonism of external pathogens . Regardless, 
sufficient evidence suggests that adding Bacillus as spores or vegetative cells to rearing ponds 
has a beneficial effect. It is important to know the origin of the probiotic strain in order to 
increase the probability of survives and colonize the gastrointestinal tract of the host (Vine et 
al., 2004). The interest in investigating the intestinal microbiota is based on the need for a better 
understanding of how probiotics can influence the bacterial composition. For instance, Oxley 
et al., 2002, examined the bacterial flora of healthy wild and reared P. mergulensis shrimp and 
found a high abundance of Vibrio, the authors also found that the bacterial floras of wild and 
reared penaeid shrimp are similar and suggested that shrimp may influence and/or select the 
composition of their gut microbiota. To study the intestinal microbiota composition, culture-
dependent methods are considered inadequate because more those 99% of all bacteria cannot 
yet be cultivated (Amann et al. 1995).  Composition of the aquatic bacterial community in 
ponds has a strong influence on the internal bacterial flora of farmed marine animals, which is 
vital for their nutrition, immunity, and disease resistance (Luo et al., 2006). At the same time, it 
also impacts, and is impacted by, the bacterial communities in the nearby marine 
environments that receive aquacultural effluents (Guo & Xu 1994). Intestinal microbiota of 
cultivated aquatic organisms is an important factor in maintaining health, either by preventing 
colonization by pathogens, decomposition of food, production of antimicrobial compounds, 
releasing nutrients, and maintaining normal mucosal immunity (Escobar-Briones et al., 2006). 

Single Strain Conformation Polymorphism (SSCP) is based on sequence-specific separation 
of polymerase chain reaction (PCR)-derived rRNA gene amplicons in polyacrylamide gels is 
used to study the diversity of microbes based on the sequence difference of PCR products of 
16S rDNA gene amplified from different microbes (Dohrmann and Tebbe, 2004). Our 
interest in intestinal microbiota is based on the need for understanding how probiotics 
influence bacterial composition. Similar studies have been performed in vertebrates 
(Brikbeck et al., 2005; Austin, 2006; Escobar-Briones et al., 2006; Bakke-McKellep, 2007; He et 
al., 2009;Nayak, 2010; Tapia-Paniagua et al., 2010). In invertebrates, studies are limited; they 
include Pacific white shrimp Litopenaeus vannamei (Johnson et al., 2008), Kuruma shrimp 
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Marsupenaeus japonicus (Liu et al., 2010), European lobster Homarus gammarus L. (Daniels 2 et 
al., 2010), and Chinese shrimp Fenneropenaeus chinensis (Liu et al., 2011). 

We used probiotic strains of Bacillus that are antagonistic to pathogenic strains of Vibrio, are 
not harmful to juvenile shrimp, and adhere to and grow on intestinal mucosa, which is an 
important factor in colonizing or at least remaining for a moderate amount of time in the 
shrimp gut (Luis-Villaseñor et al., 2011).In our study, SSCP analysis using universal primers 
targeting the V4 and V5 regions of the 16S rRNA gene were used to visualize the bacterial 
diversity and identify the dominant intestinal bacterial in juvenile shrimp L. vannamei (Fig. 
4). Tanks were stocked with 21 shrimp (8± 0.1 g each), and inoculated daily with one of the 
following treatments: 

1. Bacillus mix at a density of 0.1 × 106 CFU mL–1. 
2. Commercial probiotic Alibio®at 1×106 CFU mL–1. 
3. Control: Juvenile L. vannamei without probiotics. 

Each treatment and control was performed in quintuplicate and each replicate was 
represented by one tank. 

A total of 119 bands from four SSCP gels were registered, sequenced, and identified. 
Analysis of the SSCP fingerprints showed that the composition of the intestinal microbiota 
of juvenile L. vannamei exposed to a Bacillus mix was modified. The shrimp treated with 
Bacillus mix showed higher bacterial diversity than the control groups. Liu et al. (2010) 
reported that the addition of Bacillus spp. in feed of the shrimp Marsupenaeus japonicus 
increased individual variation and the total diversity of bacterial species.  

A comparison of the patterns obtained from shrimp gut samples inoculated with probiotics 
at 5 days showed uniformity in the composition of the microbiota and clustering with high 
similarity of 71.3% and71.21% for Bacillus mix and Alibio, respectively. However, both 
exhibited a lower similarity that control group by 23.7% (Fig. 5a). 

The dendrogram analysis at day 10 showed that SSCP pattern in samples from shrimp 
treated with Bacillus mix were clustered into one group was 62.3% for M1-M2 and 82.8% for 
M4-M5, whereas shrimps treated with Alibio were clustered into a different one had 
similarity of 72.7% (A1-A5). Results were heterogeneous in the Control group, with 
similarity of 50.6% for C1-C4 and 84.6% for C2-A4 (Fig. 5b). Similarity at day 15 had the 
highest homogeneity between treatments: 86.9% for the Bacillus mix treatments (M1-M3) 
and 93.2% (M2-M4) and 87.6% for the Alibio treatments (A1-A3) and 93.9% (A1-A5) (Fig. 
6a). Similar banding patterns occurred at day 20, reaching 89.9% to 98.5%. Variation in the 
communities with eachtreatment group did not vary greatly (Fig. 6b). 

In our study, most of the OTUs identified by SSCP gels treated with the probiotics belong to 
phylogenic groups class - and-proteobacteria, flavobacteria, shingobacteria, and 
fusobacteria, compared with other species of invertebrates, where the microbiota were 
represented by class α-, γ-, and ε-proteobacteria in fleshy prawn Fenneropenaeus chinensis 
(Lui et al., 2011),by fusobacteria and γ-proteobacteria in giant tiger prawn Penaeus monodon 
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(Chaiyapechara et al., 2011), and by derribacteres, mollicutes, γ- and ε-proteobacteria, small 
fractions of firmicutes, cytophaga-flavobacter-bacteroides, verricomicrobiae, β- and δ-
proteobacteria in vent shrimp (Durand et al., 2010).Furthermore, the gut content of shrimps 
inoculated with the Bacillus mix and Alibio had higher bacterial diversity, compared with 
the controls, supported by the total number of OTU´s. 

 
Figure 4. Schematic illustrating the process of Single strand conformation polymorphism (SSCP). 

The intestinal bacterial community shows a similar dominance of α-proteobacteria and 
flavobacteria at all times in shrimp treated with probiotics. The resident community 
included Maribius salinus and Donghicola eburneus (-proteobacteria) and Wandonia haliotis 
(flavobacteria) in all treatments. Dominance of -proteobacteria occurs in the intestinal 
community of other crustaceans, including Fenneropenaeus chinensis (Liu et al., 2011), ornate 
rock lobster Panulirus ornatus (Payne et al., 2007), Rimicaris exoculata (Durand et al., 2009), 
European lobster Homarus gammarus L. (Daniels et al., 2010), and Penaeus monodon 
(Chaiyapechara et al., 2011).  

Sequence analysis showed that at day 5, intestines of the shrimp were dominated by 
phylogenetic groups flavobacteria and -proteobacteria., At day 15, the Bacillus mix 
treatment had small populations of -proteobacteria and flavobacteria,the Alibio treatment 
led to the appearance of sphingobacteria and fusobacteria. At day 20, - and -
proteobacteria, sphingobacteria, and flavobacteria were present, with few variations 
between treatments. 
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Figure 5. Dendrogram illustrating the relationship (percent similarity) between bacterial communities 
in gut of shrimp at 5 d (a) and 10 d (b) inoculated with probiotics; M1–M5 (Bacillusmix), A1–A5 
(commercial probiotic), C1–C4 (without probiotics). Scale of dendrogram show similarity percent of 
clusters. The dendrogram was calculated with UPGMA and Pearson correlation. 



 
Probiotics 612 

(Chaiyapechara et al., 2011), and by derribacteres, mollicutes, γ- and ε-proteobacteria, small 
fractions of firmicutes, cytophaga-flavobacter-bacteroides, verricomicrobiae, β- and δ-
proteobacteria in vent shrimp (Durand et al., 2010).Furthermore, the gut content of shrimps 
inoculated with the Bacillus mix and Alibio had higher bacterial diversity, compared with 
the controls, supported by the total number of OTU´s. 

 
Figure 4. Schematic illustrating the process of Single strand conformation polymorphism (SSCP). 

The intestinal bacterial community shows a similar dominance of α-proteobacteria and 
flavobacteria at all times in shrimp treated with probiotics. The resident community 
included Maribius salinus and Donghicola eburneus (-proteobacteria) and Wandonia haliotis 
(flavobacteria) in all treatments. Dominance of -proteobacteria occurs in the intestinal 
community of other crustaceans, including Fenneropenaeus chinensis (Liu et al., 2011), ornate 
rock lobster Panulirus ornatus (Payne et al., 2007), Rimicaris exoculata (Durand et al., 2009), 
European lobster Homarus gammarus L. (Daniels et al., 2010), and Penaeus monodon 
(Chaiyapechara et al., 2011).  

Sequence analysis showed that at day 5, intestines of the shrimp were dominated by 
phylogenetic groups flavobacteria and -proteobacteria., At day 15, the Bacillus mix 
treatment had small populations of -proteobacteria and flavobacteria,the Alibio treatment 
led to the appearance of sphingobacteria and fusobacteria. At day 20, - and -
proteobacteria, sphingobacteria, and flavobacteria were present, with few variations 
between treatments. 

 
Probiotics in Larvae and Juvenile Whiteleg Shrimp Litopenaeus vannamei 613 

 
 
 
 
 

 
 
 
 
 
Figure 5. Dendrogram illustrating the relationship (percent similarity) between bacterial communities 
in gut of shrimp at 5 d (a) and 10 d (b) inoculated with probiotics; M1–M5 (Bacillusmix), A1–A5 
(commercial probiotic), C1–C4 (without probiotics). Scale of dendrogram show similarity percent of 
clusters. The dendrogram was calculated with UPGMA and Pearson correlation. 
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Figure 6. Dendrogram illustrating the relationship (percent similarity) between bacterial communities 
in shrimp gut at 15 d (a) and 20 d (b) inoculated with probiotics; M1–M5 (Bacillusmix), A1–A5 
(commercial probiotic), C1–C4 (without probiotics). Scale of dendrogram showed similarity percent of 
clusters. The dendrogram was calculated with UPGMA and Pearson correlation. 
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Figure 7. Composition of intestinal bacterial community of individual L. vannamei inoculated with 
probiotics Bacillus mix (M5-M20), Alibio (A5-A20), and Control (C5-C20) based on 16S rRNA. 
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Figure 7. Composition of intestinal bacterial community of individual L. vannamei inoculated with 
probiotics Bacillus mix (M5-M20), Alibio (A5-A20), and Control (C5-C20) based on 16S rRNA. 
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Dempsey et al., (1989) suggest that only one or two phylogenic groups dominate the shrimp 
gut and have very low diversity. The most common genera of gut microbiota in aquatic 
invertebrates are Vibrio, Pseudomonas, Flavobacterium, Micrococcus, and Aeromonas (Harris, 
1993). These reports of gut communities in shrimp were based mainly on culture dependent 
microbiological techniques. Comparisons with molecular techniques indicate that 10–50% of 
population is cultivable (Holzapfel et al., 1988; Wilson et al., 1996). Since the SSCP monitors 
the predominant bacteria in a sample, bands representing Bacillus probionts were not 
detected because the density of probiotic strains was <0.1 × 106CFU mL−1. Smalla et al., (2007) 
reported that DGGE and SSCP can contribute to the generation of the same bands, hence, 
leading to an underestimate of diversity. Likewise, Muyzer et al., (2003) shows that DGGE 
can only detect 1–2% of the microbial population representing the dominant species present 
in microbial communities. 

7. Conclusion 
Bacillus spp. exposed to L. vannamei increased survival, and development in larvae, and 
modulated the intestinal microbiota in juvenile shrimp.  This study demonstrated that the 
management the properly combinations of selected Bacillus isolates are a good option to 
improve health, rate of development, and survival in shrimp. The isolates we tested were 
antagonistic to pathogenic strains of Vibrio and were not harmful to the larvae. Their ability 
to adhere and grow in intestinal mucosa is an important factor in colonizing or at least 
remaining for short time periods in the gut of shrimp. More rapid development also 
occurred when the larvae were treated with mixtures of Bacillus strains. Treatment Mix-2 
increased survival and larval development, compared to the control group. Similar results 
were found by Guo et al. (2009), where B. fusiformis increased survival and accelerated 
metamorphosis of P. monodon and L. vannamei larvae. This study demonstrated that 
management that combines properly selected Bacillus isolates are a good option in 
larviculture to improve health, rate of development, and rate of survival of whiteleg shrimp. 

In summary, analysis of SSCP fingerprints demonstrated that the composition of the 
intestinal microbiota of shrimp inoculated with the Bacillus mix was distinctly different from 
the control group. The Bacillus mix significantly reduced species diversity and richness and 
increased similarity of the microbial communities within the probiotic replicates, reducing 
diversity compared to the control, predominantly consisting of -and -proteobacteria, 
fusobacteria, sphingobacteria, and flavobacteria. 

Author details 

I.E. Luis-Villaseñor, A.I. Campa-Córdova and F.J. Ascencio-Valle 
Centro de Investigaciones Biológicas del Noroeste S.C., México 

8. References 

Aguirre-Guzmán, G. Ascencio-Valle, F. 2001. Infectious diseases in shrimp species with  
aquaculture  potential.  Recent Research of Developmental Microbiology 4: 333-348. 

 
Probiotics in Larvae and Juvenile Whiteleg Shrimp Litopenaeus vannamei 617 

Alander, M., Satokari, R., Korpela, R. 1999. Persistence of colonisation of human colonic 
mucosa by a probiotic strains, Lactobacillus rhamnosus GG after oral consumption. 
Applied and Enviromental Microbiology 65:351-354. 

Ali, A. 2000. Probiotic in fish farming-Evaluation of a candidate bacterial mixture. Sveriges 
Lantbruks Universitet. Umea, Senegal. 

Amann, R. I., Ludwig, W., Schleifer, K.H., 1995. Phylogenetic identification and in situ 
detection of individual microbial cells without cultivation. Microbiol Rev 59, 143-169. 

Austin B, 2006. The bacterial microflora of fish, revised. Scientific World J 6:931−945 
Apostolou, E., Kirjavainen, P.V., Saxelin, M., Rautelin, H., Valtonen, V., Salminen, S., 

Ouwehand, A.C. 2001. Good adhesión properties of probiotics: a potential risk for 
bacteremia?.  FEMS Immunology and Medicine Mocrobiology 31: 35-39. 

Baake−McKellep AM, Penn MH, Salas S, Refstie S, Sperstad S, Landsverk T&Krogdahl A. 
2007. Effects of dietary soybean meal, insulin and oxytetracycline on intestinal 
microbiota and epithelial cell stress, apoptosis and proliferation in the teleost Atlantic 
Salmon (Salmosalar L.). Brit J Nutr 97:699−713 

Balcázar, J.L., Rojas-Luna, T., 2007a. Inhibitory activity of probiotic Bacillus subtilis UTM 126 
against vibrio species confers protection against vibriosis in juvenile shrimp 
(Litopenaeus vannamei). Curr. Microbiol. 55, 409–412. 

Balcázar, J.L., Ruíz-Zarzuela, I., Cunningham, D., Vendrell, D., Múzquiz, J.L., 2006. The role 
of probiotics in aquaculture. Vet. Microbiol. 114, 173–186. 

Bernheimer, A.W., Grushoff, P. 1967. Extracellular Hemolysins of Aerobic Sporogenic 
Bacilli. J. Bacteriol. 93 (5), 1541-1543. 

Birkbeck TH & Ringo E, 2005. Pathogenesis and the gastrointestinal tract of growing fish. In: 
Microbial Ecology in Growing Animals (ed. By W. Holzapfel& P. Naughton Biology in 
Growing Animals Series (ed by S.G. Pierzynowski& R. Zabielski). Elsevier 208234 

Cahill M.M. 1990. Bacterial flora of fishes: a review. Microbial Ecology19, 21-41. 
Chaiyapechara S, Rungrassamee W, Suriyachay I, Bacterial community associated with the 

intestinal tract of P. monodon in commercial farms. Microb ecol (2011), doi: 
10.1007/s00248-011-9936-2 

Chaurasia, B., Pandey, A., Palni, L.M.S., Trivedi, P., Kumar, B., Colvin, N., 2005. Diffusible 
and volatile compounds produced by an antagonistic Bacillus subtilis strain cause 
structural deformations in pathogenic fungi in vitro. Microbiol. Res. 160, 75–81. 

Chen, F.R., Liu, P.C., Lee, K.K. 2000. Lethal attribute of serine protease secreted by Vibrio 
alginolyticus strains in Kuruma Prawn Penaeus japonicas. Zool Natur for Sch 55:94-99. 

Chukeatirote E. 2002. Potential use of probiotics. Song J. Sci. Tech. 25: 275-282. 
Daniels CL, Merrifield DL, Boothroyd DP, Davies SJ, Factor JR & Arnold KE, 2010 Effect of 

dietary Bacillus spp. and mannan oligosaccharides (MOS) on European lobster 
(HomarusgammarusL.) larvae growth performance, gut morphology and gut 
microbiology and gut microbiota. Aquaculture 304: 4957 

Decamp, O., Moriarty, D.J.W., Lavens, P., 2008. Probiotics for shrimp larviculture: review of 
field data from Asia and Latin America. Aquac. Res. 39, 334-338. 

Dempsey AC, Kitting CI & Rosson RA, 1989. Bacterial variability individual panaeid shrimp 
digestive tracts. Crustaceana 56: 267278 



 
Probiotics 616 

Dempsey et al., (1989) suggest that only one or two phylogenic groups dominate the shrimp 
gut and have very low diversity. The most common genera of gut microbiota in aquatic 
invertebrates are Vibrio, Pseudomonas, Flavobacterium, Micrococcus, and Aeromonas (Harris, 
1993). These reports of gut communities in shrimp were based mainly on culture dependent 
microbiological techniques. Comparisons with molecular techniques indicate that 10–50% of 
population is cultivable (Holzapfel et al., 1988; Wilson et al., 1996). Since the SSCP monitors 
the predominant bacteria in a sample, bands representing Bacillus probionts were not 
detected because the density of probiotic strains was <0.1 × 106CFU mL−1. Smalla et al., (2007) 
reported that DGGE and SSCP can contribute to the generation of the same bands, hence, 
leading to an underestimate of diversity. Likewise, Muyzer et al., (2003) shows that DGGE 
can only detect 1–2% of the microbial population representing the dominant species present 
in microbial communities. 

7. Conclusion 
Bacillus spp. exposed to L. vannamei increased survival, and development in larvae, and 
modulated the intestinal microbiota in juvenile shrimp.  This study demonstrated that the 
management the properly combinations of selected Bacillus isolates are a good option to 
improve health, rate of development, and survival in shrimp. The isolates we tested were 
antagonistic to pathogenic strains of Vibrio and were not harmful to the larvae. Their ability 
to adhere and grow in intestinal mucosa is an important factor in colonizing or at least 
remaining for short time periods in the gut of shrimp. More rapid development also 
occurred when the larvae were treated with mixtures of Bacillus strains. Treatment Mix-2 
increased survival and larval development, compared to the control group. Similar results 
were found by Guo et al. (2009), where B. fusiformis increased survival and accelerated 
metamorphosis of P. monodon and L. vannamei larvae. This study demonstrated that 
management that combines properly selected Bacillus isolates are a good option in 
larviculture to improve health, rate of development, and rate of survival of whiteleg shrimp. 

In summary, analysis of SSCP fingerprints demonstrated that the composition of the 
intestinal microbiota of shrimp inoculated with the Bacillus mix was distinctly different from 
the control group. The Bacillus mix significantly reduced species diversity and richness and 
increased similarity of the microbial communities within the probiotic replicates, reducing 
diversity compared to the control, predominantly consisting of -and -proteobacteria, 
fusobacteria, sphingobacteria, and flavobacteria. 
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1. Introduction 

Microalgae are in global scale primary producers, they are involved in all marine and fresh 
waters ecosystems. The growth of microalgae is correlated directly with the chlorophyll a 
concentration, and the bacterial population, and both variables are tightly related with the 
number of planktonic cells [1, 2]. However, there are numerous studies completed at date 
about microalgae, often the associated communities of bacteria have not been considered. 
Recently it has been evidenced that there is not only a positive correlation between bacteria 
and microalgae concentration but there is also a positive correlation between the 
extracellular polymeric substances (EPS), which is bigger in bacteria-microalgae mixed 
cultures than in microalgae axenic cultures [3]. These bacterial communities play a critical 
role in modulating the population dynamic and the algal metabolism. The kinds of 
interactions between algae and symbiotic bacteria under photoautotrophic conditions may 
involve mutualism and commensalism [4]. The role of bacteria is important because they act 
as a source of inorganic nutrients, feeding, and in viral lysis in algal growth control, 
physiology, and events of cellular differentiation [5, 6]. Bacteria in microalgal phycosphere 
stimulate algal growth creating a favorable environment [figure 1; 7], regenerating organic 
and inorganic nutrients [8, 9], or producing growing factors, including trace metals, 
vitamins, phytohormones and chelates [10, 11]. Nevertheless, in some described cases 
microbiota can inhibit algal growth. Algaecide bacteria are investigated as a one of the key 
biological agents in the abrupt end of microalgae blooms [12]. Algaecide bacteria attack and 
kill directly the microalgae or produce special compounds to lyse these cells [13, 14, 15]. 
Other non-algaecide bacteria can inhibit the microalgal growth changing the 
microenvironment of the microalgae [16] or by competing with the microalgae for nutrients 
[17, 18]. 

Other described processes that occur between bacteria and microalgae involve various 
ecological relationships such as competence, parasitism and other important microbiological 
processes [19]. Thereby, the microalgae can inhibit and/or induce the bacterial growth due to 
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and microalgae concentration but there is also a positive correlation between the 
extracellular polymeric substances (EPS), which is bigger in bacteria-microalgae mixed 
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the production of organic exudates or toxic metabolites. Inversely, the bacteria can produce 
stimulating or inhibiting effects in microalgae through the production or absence of 
nutrients and/or stimulating or inhibiting substances which affect microalgae [20, 21, 22]. 
Delucca and McCracken (1977) [23] suggest that the interactions bacteria-algae are not 
randomly but highly specific. There are numerous data which report that the extracellular 
products from algae are capable to stimulate the growth of bacterial strains [21, 22] through 
the excretion of carbohydrates, organic acids, nitrogenous substances and vitamins [24]. 
Some studies in natural ecosystems have determined that organic substances derived from 
phytoplankton are used by bacteria as a substrate for growing. However, microalgae also 
inhibit bacterial growth by production of organic exudates or toxic metabolites. There are 
several reports suggesting a synergistic action between microalgae and its bacterial flora 
associated [figure 2; 25].  

Most part of microbial life develops in biofilm form, either in surface or aggregates. In this 
ecosystem, bacteria and microalgae are the predominant components and they are the basis 
of the trophic chain and of the organic matter recirculation. A biofilm is a microbial 
consortium associated with EPS and other molecules attached to a submerged surface. The 
formation of a biofilm begins with the accumulation of organic molecules over a submerged 
surface, this physicochemical event occurs in a few seconds or minutes after the immersion 
of any surface in a liquid. Few hours later of the establishment of a macromolecular film, the 
bacterial colonization starts [26]. 

A mature biofilm is capable to maintain the concentrations of ammonium and phosphate 
present in the surrounding medium at low levels. Thompson et al. (2002) [27] determined 
that the decline of the ammonium concentrations is related with the increase of the 
chlorophyll a in biofilms, determining that the ammonium was absorbed mainly by the 
microalgae to produce new biomass. In Thompson et al. (2002) [27] experiments, most of the 
ammonium ingest in biofilm occurs at 10-15 days after the beginning of the experiment, 
when the chlorophyll a concentration reaches 5 µgcm-2. In this case, the microalgae 
community is dominated by pennates diatoms (Amphora, Campylopyxis, Navícula, Sinedra, 
Hantschia and Cylindrotheca) and filamentous cyanobacteria (Oscillatoria and Spirulina). The 
fact that a biofilm effectively absorbs or transforms the ammonium present in the water 
column has important applications as probiotic for health of cultivable species such as 
juveniles of mollusks and crustaceans, including Farfantepenaeus paulensis, due to that 
shrimps tolerate high nitrate (>15000 µM) and nitrite (>1000 µM) concentrations [28], but 
ammonium in high concentrations is lethal, and can inhibit seriously the ingestion of food 
and growth [29, 30]. 

Mainly, the use of bacteria-microalgae biofilms would be applicable to tanks of intensive 
cultures in which there are a great accumulation of dissolved nitrogen, especially 
ammonium, as a result of addition of food and excretion of organisms maintained in high 
density, being one of the most important problems in intensive culture of shrimp and other 
mollusks, affecting the ingestion of food, growth and survival [28, 30]. One alternative to 
maintain a high water quality is the biological treatment, based in the use of pre-colonized 
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filters by microorganisms that absorb the excess of nutrients from water. A similar process 
occurs in nature, where biofilms associated with a matrix of EPS attached are responsible of 
many biogeochemical cycles in aquatic ecosystems, especially the one of the nitrogen [31]. 
The eutrophication process accelerates if the main form of nitrogen inputted in the 
ecosystem is ammonium. This happens due to that the primary producers use less energy to 
incorporate this source of N into the amino acids and proteins, while the nitrate form must 
be transformed inside the cells to ammonium, with a higher cost of energy. Therefore, 
autotrophic cells grow faster in presence of ammonium forms than nitrate [27]. Thus, the 
presence of biofilms could reduce the eutrophication in the water mass that receives the 
effluents of aquaculture rich in ammonium through the absorption of this. 

 
Figure 1. A,  Biofilm from bacteria Alteromonas sp. and microalga Navicula incerta. B, Biofilm from 
microalga Botryococcus braunii and bacteria Rhizobium sp. 

Nevertheless, a point to consider is that the biofilms have been thoughtful as reservoirs of 
pathogens bacteria, like Vibrio harveyi, which can affect crustacean’s cultures such as shrimp. 
Pathogens bacteria present in biofilms are difficult to eliminate through the use of 
antibiotics, due to the hardness of the access of these molecules into the biofilms [32]. 
However, the results of Thompson et al. (2002) [27] indicate that the ingestion and 
transformation of nitrogen by the biofilm may help to reduce the occurrence of pathogens 
bacteria, due to that this microorganisms normally are present in situations where 
nitrogenous compounds are extremely high [33]. On the other way, lots of microalgae 
present in biofilms are capable to produce antibiotics that prevent the growing of pathogens 
bacteria [34, 35]. Protozoa that inhabit biofilms could also control abundance of pathogenic 
bacteria through the grazing [36]. Avila-Villa et al. (2011) [37] evaluate the presence of 
pathogen bacteria in microalgae, determining that species of these kind of bacteria such as 
NHPB (necrotizing hepatic pancreatitis bacteria) don´t attach to the surface of any 
microalgae and besides, they don´t survive in presence of these species, confirming the 
production of antibiotic substances by these microalgae species [38]. Respect to the benthic 
microalgae Navicula sp., this can easily form biofilms, and some bacteria thrive there using 
the exudates of the microalgae and the excreted extracellular products (carbohydrated 
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the production of organic exudates or toxic metabolites. Inversely, the bacteria can produce 
stimulating or inhibiting effects in microalgae through the production or absence of 
nutrients and/or stimulating or inhibiting substances which affect microalgae [20, 21, 22]. 
Delucca and McCracken (1977) [23] suggest that the interactions bacteria-algae are not 
randomly but highly specific. There are numerous data which report that the extracellular 
products from algae are capable to stimulate the growth of bacterial strains [21, 22] through 
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Some studies in natural ecosystems have determined that organic substances derived from 
phytoplankton are used by bacteria as a substrate for growing. However, microalgae also 
inhibit bacterial growth by production of organic exudates or toxic metabolites. There are 
several reports suggesting a synergistic action between microalgae and its bacterial flora 
associated [figure 2; 25].  
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of the trophic chain and of the organic matter recirculation. A biofilm is a microbial 
consortium associated with EPS and other molecules attached to a submerged surface. The 
formation of a biofilm begins with the accumulation of organic molecules over a submerged 
surface, this physicochemical event occurs in a few seconds or minutes after the immersion 
of any surface in a liquid. Few hours later of the establishment of a macromolecular film, the 
bacterial colonization starts [26]. 

A mature biofilm is capable to maintain the concentrations of ammonium and phosphate 
present in the surrounding medium at low levels. Thompson et al. (2002) [27] determined 
that the decline of the ammonium concentrations is related with the increase of the 
chlorophyll a in biofilms, determining that the ammonium was absorbed mainly by the 
microalgae to produce new biomass. In Thompson et al. (2002) [27] experiments, most of the 
ammonium ingest in biofilm occurs at 10-15 days after the beginning of the experiment, 
when the chlorophyll a concentration reaches 5 µgcm-2. In this case, the microalgae 
community is dominated by pennates diatoms (Amphora, Campylopyxis, Navícula, Sinedra, 
Hantschia and Cylindrotheca) and filamentous cyanobacteria (Oscillatoria and Spirulina). The 
fact that a biofilm effectively absorbs or transforms the ammonium present in the water 
column has important applications as probiotic for health of cultivable species such as 
juveniles of mollusks and crustaceans, including Farfantepenaeus paulensis, due to that 
shrimps tolerate high nitrate (>15000 µM) and nitrite (>1000 µM) concentrations [28], but 
ammonium in high concentrations is lethal, and can inhibit seriously the ingestion of food 
and growth [29, 30]. 

Mainly, the use of bacteria-microalgae biofilms would be applicable to tanks of intensive 
cultures in which there are a great accumulation of dissolved nitrogen, especially 
ammonium, as a result of addition of food and excretion of organisms maintained in high 
density, being one of the most important problems in intensive culture of shrimp and other 
mollusks, affecting the ingestion of food, growth and survival [28, 30]. One alternative to 
maintain a high water quality is the biological treatment, based in the use of pre-colonized 
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filters by microorganisms that absorb the excess of nutrients from water. A similar process 
occurs in nature, where biofilms associated with a matrix of EPS attached are responsible of 
many biogeochemical cycles in aquatic ecosystems, especially the one of the nitrogen [31]. 
The eutrophication process accelerates if the main form of nitrogen inputted in the 
ecosystem is ammonium. This happens due to that the primary producers use less energy to 
incorporate this source of N into the amino acids and proteins, while the nitrate form must 
be transformed inside the cells to ammonium, with a higher cost of energy. Therefore, 
autotrophic cells grow faster in presence of ammonium forms than nitrate [27]. Thus, the 
presence of biofilms could reduce the eutrophication in the water mass that receives the 
effluents of aquaculture rich in ammonium through the absorption of this. 

 
Figure 1. A,  Biofilm from bacteria Alteromonas sp. and microalga Navicula incerta. B, Biofilm from 
microalga Botryococcus braunii and bacteria Rhizobium sp. 

Nevertheless, a point to consider is that the biofilms have been thoughtful as reservoirs of 
pathogens bacteria, like Vibrio harveyi, which can affect crustacean’s cultures such as shrimp. 
Pathogens bacteria present in biofilms are difficult to eliminate through the use of 
antibiotics, due to the hardness of the access of these molecules into the biofilms [32]. 
However, the results of Thompson et al. (2002) [27] indicate that the ingestion and 
transformation of nitrogen by the biofilm may help to reduce the occurrence of pathogens 
bacteria, due to that this microorganisms normally are present in situations where 
nitrogenous compounds are extremely high [33]. On the other way, lots of microalgae 
present in biofilms are capable to produce antibiotics that prevent the growing of pathogens 
bacteria [34, 35]. Protozoa that inhabit biofilms could also control abundance of pathogenic 
bacteria through the grazing [36]. Avila-Villa et al. (2011) [37] evaluate the presence of 
pathogen bacteria in microalgae, determining that species of these kind of bacteria such as 
NHPB (necrotizing hepatic pancreatitis bacteria) don´t attach to the surface of any 
microalgae and besides, they don´t survive in presence of these species, confirming the 
production of antibiotic substances by these microalgae species [38]. Respect to the benthic 
microalgae Navicula sp., this can easily form biofilms, and some bacteria thrive there using 
the exudates of the microalgae and the excreted extracellular products (carbohydrated 
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substances and with nitrogen, organic acids and lipids) as a source of nutrients [39]. Besides, 
it has been documented that predominant bacteria linked to biofilms of algae are -
proteobacteria and -proteobacteria [40]. Thus it is possible, on the contrary to the expected 
effect, that the elimination of a biofilm could increase the risk to develop pathogenic 
bacteria. Also, is important to note that biofilms are considered an important source of food 
for cultivable species such as Daphnia [41], Nile tilapia [42] and carpa [43]. Despite the low 
protein content measured in biofilms, the microorganisms in there can provide essential 
elements such as; polyunsaturated fatty acids, sterols, amino acids, vitamins and 
carotenoids [36]. Thus, the biofilm probably contribute to the increment of weight and total 
biomass of juvenile of crustaceans like F. paulensis [27]. On the other hand, biofilms are 
essential in crustacean´s cultures too like fresh water crab Cherax quadricarinatus, and also 
another kind of cultures, the presence of biofilms impact directly in water quality of 
cultures, increasing survival almost in 100% when they are feed with biofilms and also there 
is an increment in the growth of juveniles [44]. Different species of cultured crustaceans 
have improved their growth or survival when biofilms are used as a food source [27, 45, 46]. 
Moreover, water quality in culture systems is remarkably improved by the use of the biofilm 
[27, 47]. 

 
Figure 2. Interactions between microalgae and bacteria. 

2. Probiotic role 

Aquaculture is an important economic activity worldwide, in an attempt to improve the 
production of organisms it has been used a great quantity of antibiotics in an indiscriminate 
way for diseases control. Due to this, nowadays its use is questioned because the bacterial 
resistance generated and for the tons of antibiotics released to the biosphere during the last 
60 years [48]. Recently, as an alternative for improve the growth of the cultured organisms, 
disease control and to improve the immune system it has been proposed the use of 
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probiotics [49, 50, 51, 52]. The term “probiotic” is defined as “live microorganisms 
administered in appropriated quantities as food or food supplement that have benefic 
effects in the intestinal microbiological equilibrium of the host” [53]. The benefits for the 
host consist in to optimize the degradation and absorption of the food, favoring the 
autochthonous microbiota balance [49] reducing the pathogenic load [50]. According to the 
literature, most of the probiotics proposed as agents of biological control in aquaculture are 
bacteria from genus Vibrio and Bacillus [50]. 

In natural habitats, most bacteria are associated to algae and can have both effects in the 
algal growth, beneficial or deleterious. The interaction between algae and bacteria are 
complex and include competition for resources [54], production of antimicrobial agents [55, 
56], stress protection through the production of extracellular polymeric substances, and the 
junction of metals or transformation through the production of exudates [57]. The algal cells 
can associate with a range of bacterial communities [58, 59] and this association vary from to 
share the general habitat, to a colonization of bacteria in the algal surface (epiphytic biofilm) 
and the endophytic association of bacteria inside de algal cells. There are reports that show 
that the presence of a large number and diversity of bacteria associated with algal cultures 
enhances the growth of algal species [table 1; 60]. This increase in growth rate suggests that 
the relationship between algae and bacteria in these cultures is beneficial to algae. Grossart 
et al. (2006) [59] also found that the cell density of Skeletonema costatum in the exponential 
phase of growth was significantly higher in the presence of bacteria. The ability of bacteria 
to increase algal growth depends on the growth phase of algae in which is added [59]. It has 
been determined that the cell densities of Thalassiosira rotula remain higher when is exposed 
to bacteria in the exponential phase of growth, but if is exposed in the stationary phase, the 
algal cell densities decrease rapidly. The response of the algae will then depend on the 
species of bacteria and the medium in which the algae obtain their nutrients and vitamins [5, 
61]. It has been observed that bacteria specifically isolated from the surface of marine 
diatoms have a greater positive effect on algal growth than those isolated from the ocean 
[54], suggesting that the spatial relationships between bacteria and algae can be important. 
Rier and Stevenson (2002) [62] suggest that bacteria tend to be effective competitors for 
resources because they have (i) rapid growth rate, (ii) a ratio of volume per surface area 
larger (iii) rapid rates of phosphorus intake. In the oligotrophic conditions of the open sea 
the algae-bacteria relationship is consolidated because the concentration of the non-algal 
dissolved organic matter is very low and bacteria prefer carbon derived from algae as an 
energy source. This was verified in laboratory bioassays in which dissolved organic matter 
decreases rapidly when bacteria are present, demonstrating that they have a rapid 
dissolution and decomposition of organic matter [59]. 

There are many studies reporting the growth promoter effect on microalgae by bacteria 
(table 1). Induction of bacterial growth in specific cultures has been reported for a few 
species of microalgae such as Chlorella vulgaris, C. sorokiniana and B. braunii, and growth 
promoter bacterial strains are mainly of Azospirillum spp and a Rhizobium sp. [63, 64, 65, 66, 
67]. Induction of growth in plants used in agriculture through the use of plant growth 
promoter bacteria (PGPB) [68] is an established fact, involving the use of different 
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substances and with nitrogen, organic acids and lipids) as a source of nutrients [39]. Besides, 
it has been documented that predominant bacteria linked to biofilms of algae are -
proteobacteria and -proteobacteria [40]. Thus it is possible, on the contrary to the expected 
effect, that the elimination of a biofilm could increase the risk to develop pathogenic 
bacteria. Also, is important to note that biofilms are considered an important source of food 
for cultivable species such as Daphnia [41], Nile tilapia [42] and carpa [43]. Despite the low 
protein content measured in biofilms, the microorganisms in there can provide essential 
elements such as; polyunsaturated fatty acids, sterols, amino acids, vitamins and 
carotenoids [36]. Thus, the biofilm probably contribute to the increment of weight and total 
biomass of juvenile of crustaceans like F. paulensis [27]. On the other hand, biofilms are 
essential in crustacean´s cultures too like fresh water crab Cherax quadricarinatus, and also 
another kind of cultures, the presence of biofilms impact directly in water quality of 
cultures, increasing survival almost in 100% when they are feed with biofilms and also there 
is an increment in the growth of juveniles [44]. Different species of cultured crustaceans 
have improved their growth or survival when biofilms are used as a food source [27, 45, 46]. 
Moreover, water quality in culture systems is remarkably improved by the use of the biofilm 
[27, 47]. 
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probiotics [49, 50, 51, 52]. The term “probiotic” is defined as “live microorganisms 
administered in appropriated quantities as food or food supplement that have benefic 
effects in the intestinal microbiological equilibrium of the host” [53]. The benefits for the 
host consist in to optimize the degradation and absorption of the food, favoring the 
autochthonous microbiota balance [49] reducing the pathogenic load [50]. According to the 
literature, most of the probiotics proposed as agents of biological control in aquaculture are 
bacteria from genus Vibrio and Bacillus [50]. 

In natural habitats, most bacteria are associated to algae and can have both effects in the 
algal growth, beneficial or deleterious. The interaction between algae and bacteria are 
complex and include competition for resources [54], production of antimicrobial agents [55, 
56], stress protection through the production of extracellular polymeric substances, and the 
junction of metals or transformation through the production of exudates [57]. The algal cells 
can associate with a range of bacterial communities [58, 59] and this association vary from to 
share the general habitat, to a colonization of bacteria in the algal surface (epiphytic biofilm) 
and the endophytic association of bacteria inside de algal cells. There are reports that show 
that the presence of a large number and diversity of bacteria associated with algal cultures 
enhances the growth of algal species [table 1; 60]. This increase in growth rate suggests that 
the relationship between algae and bacteria in these cultures is beneficial to algae. Grossart 
et al. (2006) [59] also found that the cell density of Skeletonema costatum in the exponential 
phase of growth was significantly higher in the presence of bacteria. The ability of bacteria 
to increase algal growth depends on the growth phase of algae in which is added [59]. It has 
been determined that the cell densities of Thalassiosira rotula remain higher when is exposed 
to bacteria in the exponential phase of growth, but if is exposed in the stationary phase, the 
algal cell densities decrease rapidly. The response of the algae will then depend on the 
species of bacteria and the medium in which the algae obtain their nutrients and vitamins [5, 
61]. It has been observed that bacteria specifically isolated from the surface of marine 
diatoms have a greater positive effect on algal growth than those isolated from the ocean 
[54], suggesting that the spatial relationships between bacteria and algae can be important. 
Rier and Stevenson (2002) [62] suggest that bacteria tend to be effective competitors for 
resources because they have (i) rapid growth rate, (ii) a ratio of volume per surface area 
larger (iii) rapid rates of phosphorus intake. In the oligotrophic conditions of the open sea 
the algae-bacteria relationship is consolidated because the concentration of the non-algal 
dissolved organic matter is very low and bacteria prefer carbon derived from algae as an 
energy source. This was verified in laboratory bioassays in which dissolved organic matter 
decreases rapidly when bacteria are present, demonstrating that they have a rapid 
dissolution and decomposition of organic matter [59]. 

There are many studies reporting the growth promoter effect on microalgae by bacteria 
(table 1). Induction of bacterial growth in specific cultures has been reported for a few 
species of microalgae such as Chlorella vulgaris, C. sorokiniana and B. braunii, and growth 
promoter bacterial strains are mainly of Azospirillum spp and a Rhizobium sp. [63, 64, 65, 66, 
67]. Induction of growth in plants used in agriculture through the use of plant growth 
promoter bacteria (PGPB) [68] is an established fact, involving the use of different 
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mechanisms between plants and bacteria, in which the final product of these many 
associations is to improve a characteristic of the plant, usually depending on the uses of the 
plant for human consumption [69]. On the other hand, induction of aquatic microalgae by 
bacteria, although it was discovered decades ago, is an emerging field in which the majority 
of studies have been performed in recent years [65, 70,71]. The main interest in this artificial 
association between algae and bacteria is due to obtaining a community associated with 
better characteristics than the microalgae alone [73] for applications such as removal of 
contaminants from wastewater [8], or use as food [74] or as a probiotic. The mechanisms by 
which growth-promoter bacteria in plants (PGBP) [68] affect the growth of plants vary 
widely. PGPB directly affect the metabolism of plants giving substances that are usually of 
low availability. These bacteria are capable of fixing atmospheric nitrogen, solubilize 
phosphorus and iron, and produce plant hormones such as; auxins, giggerelins, cytokinins, 
ethylene, nitrite and nitric oxide. Additionally, they improve stress tolerance in plants 
(drought, high salinity, metal toxicity and the presence of pesticides). One or more of these 
mechanisms may contribute to increase the growth and development of plants, higher than 
normal in standard culture conditions [69, 75]. Most PGPB are Bacillus spp. that work by 
diseases control [76], however some species of Bacillus promote the absence of disease by 
stimulating the immune system [77]. Possible interactions between Bacillus spp. with 
microalgae are unknown. Thereby, Azospirillum is one of the few genera of bacteria known 
to promote the growth of microalgae (Microalgae growth promoter bacteria, MGPB) [65]. 
Azospirillum is the most studied PGPB in agriculture [77]. Its habitat is the rhizosphere, N2-
fixing bacteria that is very versatile in its nitrogen transformations. In addition to fix N2 

under microaerobic conditions, act as denitrifying under anaerobic or microaerobic 
conditions, and can assimilate NH4+, NO3-, o NO2- and acts as a general PGPB for many 
species of plants, including the microalgae Chlorella [65]. Azospirillum spp. significantly alters 
the metabolism of microalgae, mainly producing indole-3-acetic acid (IAA) [78] and 
increasing the nitrogen cycle enzymes in these algae [73]. Although several studies 
described that inoculation of marine phytoplankton and freshwater bacteria sometimes 
increase their productivity [74], these studies are descriptive and exploratory and there is no 
mechanism described or demonstrated by which the phenomenon occurs. Despite the 
induction of microalgal growth by bacteria, not all interactions are positives; interaction of 
C. vulgaris with their associated bacteria Phyllobacterium myrsinacearum induces culture 
senescence [65, 79]. In a study by Hernández et al. (2009) [66] was employed the PGPB 
Bacillus pumilus Es4, originally isolated from the rhizosphere. This PGPB fix atmospheric 
nitrogen, produce IAA in vitro in the presence of tryptophan, besides to efficiently produce 
siderophores and increase growth in a cactus for long periods of time. B. pumilus Es4 also 
induces the growth of the microalga C. vulgaris acting as a MGPB, but this occurs only in the 
absence of nitrogen. Chlorella spp. is able to grow without nitrogen by a limited period of 
time, using ammonium that can be produced and recycled within the organism by a variety 
of metabolic pathways, such as photorespiration, phenylpropanoid metabolism, use of 
compounds of nitrogen transport, and amino acids catabolism [66, 80]. In this regard, 
Chlorella growth in the absence of other microorganisms can be explained by the differential 
activity of the enzyme glutamate dehydrogenase. This enzyme serves as a bond between the 
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nitrogen and carbon metabolism due to its ability to assimilate ammonium to glutamate or 
to deaminate the glutamate to 2-oxoglutarate and ammonium under stress conditions [80, 
81]; thus, the ammonium may be re-absorbed by Chlorella and used to a limited growth.  

De Bashan and Bashan (2008) [78], proposed and studied a model of microalgae and bacteria 
immobilized in alginate to analyze and evaluate their possible interactions. In their study 
described the following sequence of events occurring during the interaction between the 
two microorganisms. Randomly immobilization of Chlorella spp. occurs first with a PGPB 
strain within a matrix and nutrients are in the surrounding medium that diffuses freely. In a 
given time (from 6 to 48 hours), depending on the bacteria-microalgae combination, both 
microorganisms are in the same cavity of the sphere, mainly in the periphery [79]. Here the 
bacteria secrete indole-3-acetic acid (IAA) and other undefined signal-molecules, possibly 
near the microalgal cells. At this stage, the activity microalgal enzyme (glutamine synthetase 
and glutamate dehydrogenase) does not increase. In the next phase of interaction, after 48 h 
occurs the increment of the enzymatic activity, production of photosynthetic pigments, and 
nitrogen and phosphorus intake. It also occurs releasing of oxygen as a byproduct of 
photosynthesis [for review see 65]. The most notable effect is the increasing by 2 to 3% on 
growth of microalgae with PGPB on those without PGPB [65]. This model proposed by 
Bashan and Bashan (2008) [78] has been evaluated in various combinations of microalgae-
PGPB demonstrating the induction of growth in C. sorokiniana and B. pumilus, and others C. 
vulgaris and A. brasilense Sp6 [table 1; 78]. At cell and culture level there is an increase in the 
absorption of ammonium. The addition of exogenous tryptophan (precursor of the 
phytohormone IAA and the main mechanism by which Azospirillum affects the growth of 
Chlorella [64]) also induces a significant increase in the growth of microalgae. It also 
increases the activity of glutamate dehydrogenase, a key enzyme in ammonium assimilation 
in plants. Other PGPB such as B. pumilus and other microalgae, such as C. sorokiniana have 
been tested successfully (table 1). These options create opportunities for many combinations 
of microalgae and PGPB. Similarly, different alginates and derivatives from many 
macroalgae are commercially available [72] and to design the necessary combination and 
entrapment schemes. Because the immobilization of microorganisms is commonly used 
with other polymers [83], this model is not restricted to alginates, but each polymer has its 
advantages and disadvantages to be studied in future studies.  

The EPS (a heterogeneous mixture of polysaccharides, proteins, nucleic acids, lipids and humic 
acids [84]) have a key role in biofilms, recently defined as a stabilization mechanism in mixed 
biofilms of bacteria and microalgae and present in a significantly higher percentage only when 
microalgae are associated with bacteria [3]. Furthermore, EPS are also important for the 
recycling of trace metals in aquatic systems, favoring metal binding to bacterial and algal 
agglomerates, and colloidal material/EPS, allowing the removal from surface waters and large 
particles [57]. Bacterial colonization is superior in stressed algal cells more than in healthy algal 
cells [54], which can be related to the release of organic material from the cell after cell lysis as 
part of a process of senescence, or under conditions of induced stress, such as exposure to 
contaminant metals [60]. The inability to detect visually bacteria from axenic cultures may be 
due to a very close association of the bacteria in the algal phycosphere or in the cell wall, or 
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mechanisms between plants and bacteria, in which the final product of these many 
associations is to improve a characteristic of the plant, usually depending on the uses of the 
plant for human consumption [69]. On the other hand, induction of aquatic microalgae by 
bacteria, although it was discovered decades ago, is an emerging field in which the majority 
of studies have been performed in recent years [65, 70,71]. The main interest in this artificial 
association between algae and bacteria is due to obtaining a community associated with 
better characteristics than the microalgae alone [73] for applications such as removal of 
contaminants from wastewater [8], or use as food [74] or as a probiotic. The mechanisms by 
which growth-promoter bacteria in plants (PGBP) [68] affect the growth of plants vary 
widely. PGPB directly affect the metabolism of plants giving substances that are usually of 
low availability. These bacteria are capable of fixing atmospheric nitrogen, solubilize 
phosphorus and iron, and produce plant hormones such as; auxins, giggerelins, cytokinins, 
ethylene, nitrite and nitric oxide. Additionally, they improve stress tolerance in plants 
(drought, high salinity, metal toxicity and the presence of pesticides). One or more of these 
mechanisms may contribute to increase the growth and development of plants, higher than 
normal in standard culture conditions [69, 75]. Most PGPB are Bacillus spp. that work by 
diseases control [76], however some species of Bacillus promote the absence of disease by 
stimulating the immune system [77]. Possible interactions between Bacillus spp. with 
microalgae are unknown. Thereby, Azospirillum is one of the few genera of bacteria known 
to promote the growth of microalgae (Microalgae growth promoter bacteria, MGPB) [65]. 
Azospirillum is the most studied PGPB in agriculture [77]. Its habitat is the rhizosphere, N2-
fixing bacteria that is very versatile in its nitrogen transformations. In addition to fix N2 

under microaerobic conditions, act as denitrifying under anaerobic or microaerobic 
conditions, and can assimilate NH4+, NO3-, o NO2- and acts as a general PGPB for many 
species of plants, including the microalgae Chlorella [65]. Azospirillum spp. significantly alters 
the metabolism of microalgae, mainly producing indole-3-acetic acid (IAA) [78] and 
increasing the nitrogen cycle enzymes in these algae [73]. Although several studies 
described that inoculation of marine phytoplankton and freshwater bacteria sometimes 
increase their productivity [74], these studies are descriptive and exploratory and there is no 
mechanism described or demonstrated by which the phenomenon occurs. Despite the 
induction of microalgal growth by bacteria, not all interactions are positives; interaction of 
C. vulgaris with their associated bacteria Phyllobacterium myrsinacearum induces culture 
senescence [65, 79]. In a study by Hernández et al. (2009) [66] was employed the PGPB 
Bacillus pumilus Es4, originally isolated from the rhizosphere. This PGPB fix atmospheric 
nitrogen, produce IAA in vitro in the presence of tryptophan, besides to efficiently produce 
siderophores and increase growth in a cactus for long periods of time. B. pumilus Es4 also 
induces the growth of the microalga C. vulgaris acting as a MGPB, but this occurs only in the 
absence of nitrogen. Chlorella spp. is able to grow without nitrogen by a limited period of 
time, using ammonium that can be produced and recycled within the organism by a variety 
of metabolic pathways, such as photorespiration, phenylpropanoid metabolism, use of 
compounds of nitrogen transport, and amino acids catabolism [66, 80]. In this regard, 
Chlorella growth in the absence of other microorganisms can be explained by the differential 
activity of the enzyme glutamate dehydrogenase. This enzyme serves as a bond between the 
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nitrogen and carbon metabolism due to its ability to assimilate ammonium to glutamate or 
to deaminate the glutamate to 2-oxoglutarate and ammonium under stress conditions [80, 
81]; thus, the ammonium may be re-absorbed by Chlorella and used to a limited growth.  

De Bashan and Bashan (2008) [78], proposed and studied a model of microalgae and bacteria 
immobilized in alginate to analyze and evaluate their possible interactions. In their study 
described the following sequence of events occurring during the interaction between the 
two microorganisms. Randomly immobilization of Chlorella spp. occurs first with a PGPB 
strain within a matrix and nutrients are in the surrounding medium that diffuses freely. In a 
given time (from 6 to 48 hours), depending on the bacteria-microalgae combination, both 
microorganisms are in the same cavity of the sphere, mainly in the periphery [79]. Here the 
bacteria secrete indole-3-acetic acid (IAA) and other undefined signal-molecules, possibly 
near the microalgal cells. At this stage, the activity microalgal enzyme (glutamine synthetase 
and glutamate dehydrogenase) does not increase. In the next phase of interaction, after 48 h 
occurs the increment of the enzymatic activity, production of photosynthetic pigments, and 
nitrogen and phosphorus intake. It also occurs releasing of oxygen as a byproduct of 
photosynthesis [for review see 65]. The most notable effect is the increasing by 2 to 3% on 
growth of microalgae with PGPB on those without PGPB [65]. This model proposed by 
Bashan and Bashan (2008) [78] has been evaluated in various combinations of microalgae-
PGPB demonstrating the induction of growth in C. sorokiniana and B. pumilus, and others C. 
vulgaris and A. brasilense Sp6 [table 1; 78]. At cell and culture level there is an increase in the 
absorption of ammonium. The addition of exogenous tryptophan (precursor of the 
phytohormone IAA and the main mechanism by which Azospirillum affects the growth of 
Chlorella [64]) also induces a significant increase in the growth of microalgae. It also 
increases the activity of glutamate dehydrogenase, a key enzyme in ammonium assimilation 
in plants. Other PGPB such as B. pumilus and other microalgae, such as C. sorokiniana have 
been tested successfully (table 1). These options create opportunities for many combinations 
of microalgae and PGPB. Similarly, different alginates and derivatives from many 
macroalgae are commercially available [72] and to design the necessary combination and 
entrapment schemes. Because the immobilization of microorganisms is commonly used 
with other polymers [83], this model is not restricted to alginates, but each polymer has its 
advantages and disadvantages to be studied in future studies.  

The EPS (a heterogeneous mixture of polysaccharides, proteins, nucleic acids, lipids and humic 
acids [84]) have a key role in biofilms, recently defined as a stabilization mechanism in mixed 
biofilms of bacteria and microalgae and present in a significantly higher percentage only when 
microalgae are associated with bacteria [3]. Furthermore, EPS are also important for the 
recycling of trace metals in aquatic systems, favoring metal binding to bacterial and algal 
agglomerates, and colloidal material/EPS, allowing the removal from surface waters and large 
particles [57]. Bacterial colonization is superior in stressed algal cells more than in healthy algal 
cells [54], which can be related to the release of organic material from the cell after cell lysis as 
part of a process of senescence, or under conditions of induced stress, such as exposure to 
contaminant metals [60]. The inability to detect visually bacteria from axenic cultures may be 
due to a very close association of the bacteria in the algal phycosphere or in the cell wall, or 
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bacteria are in endophytic form in the algal cell, making it impossible to remove the bacteria 
from the algae using physical techniques. What's more, it appears that algal species benefit 
from the presence of bacteria, increasing their growth rate [60, 67]. The production of exudates 
of communities in bacteria/microalgae mixed biofilm increase in exposure to metals [85]. These 
exudates may be produced from algae or bacteria, but they are used as a mechanism of 
survival and resistance to stress for entire biofilm [60]. 
 

Type of study Microalga species Bacterial strain (s) Reference (s) 

Growth promotion Oscillatoria sp. Pseudomonas sp., Xanthomonas sp., 
Flavobacterium sp. 

23 

Growth promotion (dry wt, 
cell no., colony size, cell size) 

Asterionella 
gracilis 

Pseudomonas sp., Vibrio sp. 20 

Antibacterial activity Chattonella marina Pseudomonas 20 

Growth promotion 
Asterionella 

gracilis 
Flavobacterium NAST 20 

Antibacterial activity 
Skeletonema 

costatum 
Vibrio sp., Listonella anguillarum, 

Vibrio fisheri 
108 

Growth promotion Isochrysis galbana 
Vibrio sp. C33, Pseudomonas sp. 11, 

Arthrobacter sp. 77 
22 

Antibacterial activity Tetraselmis suecica
Listonella anguillarum, V. 

alginolyticus, V. salmonicida, V. 
vulnificus, Vibrio sp. 

34 

Growth promotion (dry wt, 
cell no., colony size, cell size) 

C. vulgaris 
A. brasilense Cd. Sp6, Sp245; A. 

lipoferum JA4 
65, 70 

Delayed senescence C. vulgaris A. brasilense Cd; P. myrsinacearum 79 
Population control C. vulgaris A. brasilense Cd; P. myrsinacearum 59, 79 
Lipids C. vulgaris A. brasilense Cd 126 
Modification of fatty acids C. vulgaris A. brasilense Cd 126 
Cell-cell interactions C. vulgaris A. brasilense Cd 126 
Mitigation of heat and 
intense sunlight 

C. Sorokiniana A. brasilense Cd 126 

Population dynamics C. vulgaris A. brasilense Cd 63 
Mitigation of tryptophan 
inhibition 

C. vulgaris A. brasilense Cd 63 

Mitigation of pH inhibition C. vulgaris A. brasilense Cd 8 

Photosynthetic pigments C. vulgaris 
A. brasilense Cd, Phyllobacterium 

myrsinacearum, B. pumilus 
8, 66, 72, 105, 

126 
Nutrient starvation C. Sorokiniana A. brasilense Cd 70 
Enzymes in the nitrogen 
cycle 

C. vulgaris A. brasilense Cd 70 

Hormones C. Sorokiniana A. brasilense Cd; B. pumilus 66, 70 

Absortion of nitrogen and 
phosphorus 

C. vulgaris, C. 
Sorokiniana 

A. brasilense Cd, Sp6, Sp245; 
FAJ0009, SpM7918; A. lipoferum 

JA4, JA4::ngfp15 
73 

Growth promotion 
Botryococcus 

braunii 
Rhizobium sp. 67 

Table 1. Studies of paired microalga-bacteria interactions. 
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3. Induction of larval settlement 

Benthic diatoms present in the biofilm plays an important role in the marine ecosystem not 
only serve as food for advanced stages of development of marine invertebrate larvae [86], 
but also with bacteria and other microorganisms, form an attractive site for larval settlement 
in the process of metamorphosis [87]. There are numerous studies which have determined 
the characteristics that make a substrate optimal for larval settlement, and which are the 
effects of various biofilms in controlling larval settlement events [87, 88, 89, 90]. In the 
natural environment, the development of a biofilm formed by diatoms and other organisms 
is preceded by primary colonization of bacteria [91] aided by the EPS which act as "glue" 
and work at the cellular and molecular level to establish a strong and irreversible binding to 
a given substrate [92]. This succession of microorganisms often precedes the subsequent 
stages in a substrate, in which the macroorganisms eventually begin to be dominant [26]. 

Avendaño-Herrera and Riquelme (2007) [87] showed how optimize the production of a 
biofilm formed by the diatom Navicula veneta and a bacterium of the genus Halomonas sp., 
proposed model for the use in the induction of larval settlement. When the strain of 
Halomonas spp. was added to the diatom occurs an acceleration of growth of N. veneta [87], 
this occurs only when adding live bacteria, indicating the requirement of precursors of 
extracellular products excreted by the bacteria. Without the presence of Halomonas the 
microalgal biomass obtained is 65% lower. Is important to note that the diatom-bacteria 
biofilm can be used efficiently to provide food for species such as, abalone or scallop 
juvenile stages, and/or to colonize substrates that are used for adhesion, favoring larval 
settlement and reducing production time in macroorganisms cultures [93]. In addition, 
phytoplankton cultures are widely used in the aquaculture industry for a variety of 
purposes; these cultures are described as "green water" because they contain high levels of 
phytoplankton species such as Nannochloropsis sp. and Chlorella sp. The "green water" is 
added to the tanks with fish larvae and to enrich zooplankton, and provide a direct and 
indirect nutrition for the larvae. Moreover, the "green water" reduces water clarity, 
minimizing larval exposure to light, which acts as a stressor [94]. According to this, the 
presence of phytoplankton improves water quality by reducing the ammonium ion 
concentrations and increasing concentrations of dissolved oxygen through photosynthesis. 
Notably, phytoplankton also produces antibacterial substances that can prevent disease 
outbreaks [95, 96, 97, 98]. Among these, important are some members of the Roseobacter 
clade (Alphaproteobacteria) such as Phaeobacter and Ruegeria that suppress the growth of the 
fish pathogen Vibrio anguillarum by producing tropodithietic acid (TDA) [98, 99, 100, 101]. 
Also the abundance of bacteria from Roseobacter clade is highly correlated with 
phytoplankton blooms [102]. 

4. Chemical signals in bacteria-microalgae biofilms 

According to the study of Sharifah and Eguchi (2011) [94] there is synergy and beneficial 
contribution by using bacteria belonging to the Roseobacter clade together with 
phytoplankton like N. oculata. In their study they used approximately between 11.4 to 13.2% 
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bacteria are in endophytic form in the algal cell, making it impossible to remove the bacteria 
from the algae using physical techniques. What's more, it appears that algal species benefit 
from the presence of bacteria, increasing their growth rate [60, 67]. The production of exudates 
of communities in bacteria/microalgae mixed biofilm increase in exposure to metals [85]. These 
exudates may be produced from algae or bacteria, but they are used as a mechanism of 
survival and resistance to stress for entire biofilm [60]. 
 

Type of study Microalga species Bacterial strain (s) Reference (s) 

Growth promotion Oscillatoria sp. Pseudomonas sp., Xanthomonas sp., 
Flavobacterium sp. 

23 

Growth promotion (dry wt, 
cell no., colony size, cell size) 

Asterionella 
gracilis 

Pseudomonas sp., Vibrio sp. 20 

Antibacterial activity Chattonella marina Pseudomonas 20 

Growth promotion 
Asterionella 

gracilis 
Flavobacterium NAST 20 

Antibacterial activity 
Skeletonema 

costatum 
Vibrio sp., Listonella anguillarum, 

Vibrio fisheri 
108 

Growth promotion Isochrysis galbana 
Vibrio sp. C33, Pseudomonas sp. 11, 

Arthrobacter sp. 77 
22 

Antibacterial activity Tetraselmis suecica
Listonella anguillarum, V. 

alginolyticus, V. salmonicida, V. 
vulnificus, Vibrio sp. 

34 

Growth promotion (dry wt, 
cell no., colony size, cell size) 

C. vulgaris 
A. brasilense Cd. Sp6, Sp245; A. 

lipoferum JA4 
65, 70 

Delayed senescence C. vulgaris A. brasilense Cd; P. myrsinacearum 79 
Population control C. vulgaris A. brasilense Cd; P. myrsinacearum 59, 79 
Lipids C. vulgaris A. brasilense Cd 126 
Modification of fatty acids C. vulgaris A. brasilense Cd 126 
Cell-cell interactions C. vulgaris A. brasilense Cd 126 
Mitigation of heat and 
intense sunlight 

C. Sorokiniana A. brasilense Cd 126 

Population dynamics C. vulgaris A. brasilense Cd 63 
Mitigation of tryptophan 
inhibition 

C. vulgaris A. brasilense Cd 63 

Mitigation of pH inhibition C. vulgaris A. brasilense Cd 8 

Photosynthetic pigments C. vulgaris 
A. brasilense Cd, Phyllobacterium 

myrsinacearum, B. pumilus 
8, 66, 72, 105, 

126 
Nutrient starvation C. Sorokiniana A. brasilense Cd 70 
Enzymes in the nitrogen 
cycle 

C. vulgaris A. brasilense Cd 70 

Hormones C. Sorokiniana A. brasilense Cd; B. pumilus 66, 70 

Absortion of nitrogen and 
phosphorus 

C. vulgaris, C. 
Sorokiniana 

A. brasilense Cd, Sp6, Sp245; 
FAJ0009, SpM7918; A. lipoferum 

JA4, JA4::ngfp15 
73 

Growth promotion 
Botryococcus 

braunii 
Rhizobium sp. 67 

Table 1. Studies of paired microalga-bacteria interactions. 
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3. Induction of larval settlement 

Benthic diatoms present in the biofilm plays an important role in the marine ecosystem not 
only serve as food for advanced stages of development of marine invertebrate larvae [86], 
but also with bacteria and other microorganisms, form an attractive site for larval settlement 
in the process of metamorphosis [87]. There are numerous studies which have determined 
the characteristics that make a substrate optimal for larval settlement, and which are the 
effects of various biofilms in controlling larval settlement events [87, 88, 89, 90]. In the 
natural environment, the development of a biofilm formed by diatoms and other organisms 
is preceded by primary colonization of bacteria [91] aided by the EPS which act as "glue" 
and work at the cellular and molecular level to establish a strong and irreversible binding to 
a given substrate [92]. This succession of microorganisms often precedes the subsequent 
stages in a substrate, in which the macroorganisms eventually begin to be dominant [26]. 

Avendaño-Herrera and Riquelme (2007) [87] showed how optimize the production of a 
biofilm formed by the diatom Navicula veneta and a bacterium of the genus Halomonas sp., 
proposed model for the use in the induction of larval settlement. When the strain of 
Halomonas spp. was added to the diatom occurs an acceleration of growth of N. veneta [87], 
this occurs only when adding live bacteria, indicating the requirement of precursors of 
extracellular products excreted by the bacteria. Without the presence of Halomonas the 
microalgal biomass obtained is 65% lower. Is important to note that the diatom-bacteria 
biofilm can be used efficiently to provide food for species such as, abalone or scallop 
juvenile stages, and/or to colonize substrates that are used for adhesion, favoring larval 
settlement and reducing production time in macroorganisms cultures [93]. In addition, 
phytoplankton cultures are widely used in the aquaculture industry for a variety of 
purposes; these cultures are described as "green water" because they contain high levels of 
phytoplankton species such as Nannochloropsis sp. and Chlorella sp. The "green water" is 
added to the tanks with fish larvae and to enrich zooplankton, and provide a direct and 
indirect nutrition for the larvae. Moreover, the "green water" reduces water clarity, 
minimizing larval exposure to light, which acts as a stressor [94]. According to this, the 
presence of phytoplankton improves water quality by reducing the ammonium ion 
concentrations and increasing concentrations of dissolved oxygen through photosynthesis. 
Notably, phytoplankton also produces antibacterial substances that can prevent disease 
outbreaks [95, 96, 97, 98]. Among these, important are some members of the Roseobacter 
clade (Alphaproteobacteria) such as Phaeobacter and Ruegeria that suppress the growth of the 
fish pathogen Vibrio anguillarum by producing tropodithietic acid (TDA) [98, 99, 100, 101]. 
Also the abundance of bacteria from Roseobacter clade is highly correlated with 
phytoplankton blooms [102]. 

4. Chemical signals in bacteria-microalgae biofilms 

According to the study of Sharifah and Eguchi (2011) [94] there is synergy and beneficial 
contribution by using bacteria belonging to the Roseobacter clade together with 
phytoplankton like N. oculata. In their study they used approximately between 11.4 to 13.2% 
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of bacteria in indoor cultures of N. oculata. These levels are comparable to the concentration 
of bacteria in coastal sea water (<1-25%) [102, 103]. Most of the cultivable bacteria in the 
Roseobacter clade corresponding to the genera Phaeobacter, Silicibacter, Sulfitobacter, 
Roseobacter and Roseovarius, which have potentially probiotic properties [99, 100, 102]. When 
these species are adding with phytoplankton to the tanks with fish larvae increased larval 
survival [95, 96, 97, 104] for growth inhibition of pathogenic bacteria. This process could be 
mediated by at least two possible mechanisms. The first one involves the preferential entry 
of nutrients or competition for nutrients, by bacteria. The second one, and more complex, 
involves a direct interaction between phytoplankton and microbes such as phytoplankton 
and pathogenic bacteria, probiotic bacteria and pathogenic bacteria, and phytoplankton-
probiotic bacteria and pathogenic bacteria. Regarding the first mechanism, competition for 
entry of nutrients, the abundance of the Roseobacter clade in the coastal sea is correlated with 
the release of organic substances from natural phytoplankton blooms such as 
dimethylsulfoniopropionate (DMSP) and amino acids [105, 106]. In turn N. oculata may also 
excrete some substances similar to DMSP or amino acids that support more optimally 
bacterial growth of the clade [94]. Referring to the second mechanism described above, 
involving complex interactions, there is no direct inhibition of fish pathogens by 
phytoplankton, in contrast to other studies [107, 108]. As there is no difference in the 
viability of V. anguillarum by using probiotic bacteria it was concluded that there is no direct 
inhibition on the viability of V. anguillarum. In contrast, a study of the diatom Skeletonema 
costatum and the macroalgae Ulva clathrata, they produce organic compounds that inhibit the 
growth of V. anguillarum directly [107, 108]. 

From this point of view, the Roseobacter clade is beneficial and acts as a probiotic to 
induce the spread of scallop [109] and larvae of turbot [110] by removing fish pathogens. 
Other studies show that bacterial cell density of the clade in the range of 106-109 CFUml-1 
is needed to reduce pathogenic bacterial population by 10% [94]. Added to this, the static 
conditions favor culture biofilm formation by allowing bacteria of the genera Phaeobacter, 
Silicibacter, Sulfitobacter, Roseobacter, Pseudoalteromonas and Roseovarius produce 
tropodithietic acid (TDA), antibacterial compound produced by Phaeobacter spp., 
Silicibacter sp. and Ruegeria sp. [100, 111]. Static culture conditions and the presence of a 
brown pigment are indicators of the production of TDA [100]. However, in the study of 
Sharifah and Eguchi (2011) [94] Roseobacter clade members produced different 
antibacterial compounds to TDA, and the cultures were incubated under agitation and 
did not produce brown pigment. Interestingly, the previous study demonstrated that 
agitated Roseobacter cultures are able to eliminate V. anguillarum only in the presence of 
substances excreted from phytoplankton, and none of these species belongs to 
Phaeobacter sp. previously described [101]. The Inhibitory activity of Sulfitobacter sp., 
Thalassobius sp., Rhodobacter sp. and Antarctobacter sp., is significantly affected by the 
thermostable substances excreted by N. oculata [94]. Microalgae N. oculata, N. granulata, 
N. oceanica and N. salina produce putrescine, a thermostable polyamine [112]. Moreover, 
N. oculata CCMP525 produces signaling molecules like low molecular weight n-acyl-
homoserine lactones which are produced by bacteria to the communication system cell-
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to-cell regulating gene expression [quorum sensing; 113]. The analogues of n-acyl-
homoserine lactones are thermostable. These compounds can be secreted by N. oculata 
and act as signaling molecules for communication with Sulfitobacter sp. RO3 resulting in 
growth inhibition of V. anguillarum. These results demonstrate that phytoplankton 
cultures used as "green water" for the production of fish larvae have a key role in 
enhancing the inhibitory effect of Roseobacter clade against V. anguillarum. A similar 
inhibitory effect was also observed in Chlorella sp., other marine microalgae used in 
aquaculture [94]. 

5. Other applications 

Immobilization of microorganisms on polymers because the production of different 
products and environmental and agricultural applications is well known and have 
increased in the last two decades [93, 114, 115]. The immobilization of microalgae is a 
common approach for many applications of bioremediation [66]. Immobilization in 
several substances provides to the microorganisms several advantages over free-living 
microorganisms. These advantages include: (i) a continuous source of nutrients without 
competition with other microorganisms [116] and (ii) protection against environmental 
stress [66, 117], bacteriophages, toxins, and UV irradiation [118]. A recently developed 
treatment for tertiary domestic wastewaters uses the green microalga Chlorella spp. and 
the plant growth promoter bacteria (PGPB) Azospirillum brasilense, both bound and 
immobilized in alginate beads [116]. Each unit in this technological model, a single 
polymer sphere, contains within cavities that serve as matrix for the folding of microalgae 
and bacteria [66, 78, 119]. Additionally, the entrapment of microorganisms may also be 
within the solid matrix polymer of the polymeric sphere. In some cases, microbial cells are 
on the surface or partially in or out of the gel matrix. During the formation of alginate 
spheres the number of organisms is higher outside than inside. However, this approach 
can be used in aquaculture as a feeding method for growing mollusks such as Haliotis 
rufescens [120]. 

The algae are the organisms most commonly used to assess metal contamination and 
bioavailability in aquatic systems, are highly sensitive to heavy metals such as Cu, Fe and 
Cd in environmentally relevant concentrations. Algae are primary producers and affect 
nutrient cycling in marine and fresh water ecosystems, and in aquaculture [121]. As such, 
the algae are considered ecologically significant organisms and the ideal candidates for 
ecotoxicological studies. However, algae are rarely isolated in the environment, but are part 
of complex planktonic communities and biofilms. The alteration of community structure 
may influence the overall function (e.g. respiration, photosynthesis) and community 
sensitivity to toxicants. Although the tests of toxicity for single-species used in microalgae 
are highly sensitive and reproducible, they do not have a realistic environment. Interactions 
between algae and associated bacteria, in plankton or in biofilms, may alter algal sensitivity 
to pollutants. Recent research has attempted to develop multi-species algal test in the 
evaluation of metals based on toxicity [122, 123]. These studies explored the toxicological 
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of bacteria in indoor cultures of N. oculata. These levels are comparable to the concentration 
of bacteria in coastal sea water (<1-25%) [102, 103]. Most of the cultivable bacteria in the 
Roseobacter clade corresponding to the genera Phaeobacter, Silicibacter, Sulfitobacter, 
Roseobacter and Roseovarius, which have potentially probiotic properties [99, 100, 102]. When 
these species are adding with phytoplankton to the tanks with fish larvae increased larval 
survival [95, 96, 97, 104] for growth inhibition of pathogenic bacteria. This process could be 
mediated by at least two possible mechanisms. The first one involves the preferential entry 
of nutrients or competition for nutrients, by bacteria. The second one, and more complex, 
involves a direct interaction between phytoplankton and microbes such as phytoplankton 
and pathogenic bacteria, probiotic bacteria and pathogenic bacteria, and phytoplankton-
probiotic bacteria and pathogenic bacteria. Regarding the first mechanism, competition for 
entry of nutrients, the abundance of the Roseobacter clade in the coastal sea is correlated with 
the release of organic substances from natural phytoplankton blooms such as 
dimethylsulfoniopropionate (DMSP) and amino acids [105, 106]. In turn N. oculata may also 
excrete some substances similar to DMSP or amino acids that support more optimally 
bacterial growth of the clade [94]. Referring to the second mechanism described above, 
involving complex interactions, there is no direct inhibition of fish pathogens by 
phytoplankton, in contrast to other studies [107, 108]. As there is no difference in the 
viability of V. anguillarum by using probiotic bacteria it was concluded that there is no direct 
inhibition on the viability of V. anguillarum. In contrast, a study of the diatom Skeletonema 
costatum and the macroalgae Ulva clathrata, they produce organic compounds that inhibit the 
growth of V. anguillarum directly [107, 108]. 

From this point of view, the Roseobacter clade is beneficial and acts as a probiotic to 
induce the spread of scallop [109] and larvae of turbot [110] by removing fish pathogens. 
Other studies show that bacterial cell density of the clade in the range of 106-109 CFUml-1 
is needed to reduce pathogenic bacterial population by 10% [94]. Added to this, the static 
conditions favor culture biofilm formation by allowing bacteria of the genera Phaeobacter, 
Silicibacter, Sulfitobacter, Roseobacter, Pseudoalteromonas and Roseovarius produce 
tropodithietic acid (TDA), antibacterial compound produced by Phaeobacter spp., 
Silicibacter sp. and Ruegeria sp. [100, 111]. Static culture conditions and the presence of a 
brown pigment are indicators of the production of TDA [100]. However, in the study of 
Sharifah and Eguchi (2011) [94] Roseobacter clade members produced different 
antibacterial compounds to TDA, and the cultures were incubated under agitation and 
did not produce brown pigment. Interestingly, the previous study demonstrated that 
agitated Roseobacter cultures are able to eliminate V. anguillarum only in the presence of 
substances excreted from phytoplankton, and none of these species belongs to 
Phaeobacter sp. previously described [101]. The Inhibitory activity of Sulfitobacter sp., 
Thalassobius sp., Rhodobacter sp. and Antarctobacter sp., is significantly affected by the 
thermostable substances excreted by N. oculata [94]. Microalgae N. oculata, N. granulata, 
N. oceanica and N. salina produce putrescine, a thermostable polyamine [112]. Moreover, 
N. oculata CCMP525 produces signaling molecules like low molecular weight n-acyl-
homoserine lactones which are produced by bacteria to the communication system cell-
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to-cell regulating gene expression [quorum sensing; 113]. The analogues of n-acyl-
homoserine lactones are thermostable. These compounds can be secreted by N. oculata 
and act as signaling molecules for communication with Sulfitobacter sp. RO3 resulting in 
growth inhibition of V. anguillarum. These results demonstrate that phytoplankton 
cultures used as "green water" for the production of fish larvae have a key role in 
enhancing the inhibitory effect of Roseobacter clade against V. anguillarum. A similar 
inhibitory effect was also observed in Chlorella sp., other marine microalgae used in 
aquaculture [94]. 

5. Other applications 

Immobilization of microorganisms on polymers because the production of different 
products and environmental and agricultural applications is well known and have 
increased in the last two decades [93, 114, 115]. The immobilization of microalgae is a 
common approach for many applications of bioremediation [66]. Immobilization in 
several substances provides to the microorganisms several advantages over free-living 
microorganisms. These advantages include: (i) a continuous source of nutrients without 
competition with other microorganisms [116] and (ii) protection against environmental 
stress [66, 117], bacteriophages, toxins, and UV irradiation [118]. A recently developed 
treatment for tertiary domestic wastewaters uses the green microalga Chlorella spp. and 
the plant growth promoter bacteria (PGPB) Azospirillum brasilense, both bound and 
immobilized in alginate beads [116]. Each unit in this technological model, a single 
polymer sphere, contains within cavities that serve as matrix for the folding of microalgae 
and bacteria [66, 78, 119]. Additionally, the entrapment of microorganisms may also be 
within the solid matrix polymer of the polymeric sphere. In some cases, microbial cells are 
on the surface or partially in or out of the gel matrix. During the formation of alginate 
spheres the number of organisms is higher outside than inside. However, this approach 
can be used in aquaculture as a feeding method for growing mollusks such as Haliotis 
rufescens [120]. 

The algae are the organisms most commonly used to assess metal contamination and 
bioavailability in aquatic systems, are highly sensitive to heavy metals such as Cu, Fe and 
Cd in environmentally relevant concentrations. Algae are primary producers and affect 
nutrient cycling in marine and fresh water ecosystems, and in aquaculture [121]. As such, 
the algae are considered ecologically significant organisms and the ideal candidates for 
ecotoxicological studies. However, algae are rarely isolated in the environment, but are part 
of complex planktonic communities and biofilms. The alteration of community structure 
may influence the overall function (e.g. respiration, photosynthesis) and community 
sensitivity to toxicants. Although the tests of toxicity for single-species used in microalgae 
are highly sensitive and reproducible, they do not have a realistic environment. Interactions 
between algae and associated bacteria, in plankton or in biofilms, may alter algal sensitivity 
to pollutants. Recent research has attempted to develop multi-species algal test in the 
evaluation of metals based on toxicity [122, 123]. These studies explored the toxicological 
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response of individual algal species when they are exposed in combination with one or 
other species of algae. 

Bacteria can have both positive and negative effects on algae in polluted environments. For 
example, the tolerance of the green macroalga Enteromorpha compressa to copper in a coastal 
environment in Chile attributed to an epiphytic bacterial community colonizing the surface 
[1]. Bacterial biofilms can mediate metal toxicity to the host organism by limiting the 
diffusion of toxins, protective effects of high concentrations of extracellular polymeric 
substances, protective effects of stored nutrients trapped, and effects due to a larger surface 
area (less toxic per cell). While the effects of metals in biofilms are widely reported [85, 124, 
125], there are few studies on the effects of metal toxicity to algae biofilms. 

6. Conclusions 

Since the first studies of bacteria-microalgae interactions decades ago, it has been elucidate 
and discovered several events in which the close connection between these two heterotrophs 
and autotrophs components is evidenced. Showing that the coupling of microalgae-bacteria 
produces changes in the excreted compounds in the surrounding environment, that affects 
positively or negatively to others organisms. 

Most of the interactions are strongly regulated by chemical signals. Although it has been 
described lots of phenomena in positive and negative interactions in biofilms, there are a 
few investigations that explore the chemical and molecular nature of chemical compounds 
involved in this interactions which are produced by microorganisms, this is why in the 
future will be required to deepen in the study of mechanisms involved in the growth of 
mixture biofilms.  

The use of this biofilms in nature can be easily developed in the laboratory; they can be 
used increasing and affecting some specific compounds which are useful for a third 
organism of commercial interest. As well, in phenomena like larval settlement, induction 
of growth and increment of biomass rich in lipids has revealed a great potential probiotic 
use, particularly in aquatic industry which require more attention to the involved 
mechanisms in the action of this beneficial biofilms. These uses will allow us to get a 
better understanding of the role of these microbial consortiums in nature, and also a 
biotechnological orientation could be spread for the production of these beneficial 
biofilms in a stable and standard form. 
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response of individual algal species when they are exposed in combination with one or 
other species of algae. 

Bacteria can have both positive and negative effects on algae in polluted environments. For 
example, the tolerance of the green macroalga Enteromorpha compressa to copper in a coastal 
environment in Chile attributed to an epiphytic bacterial community colonizing the surface 
[1]. Bacterial biofilms can mediate metal toxicity to the host organism by limiting the 
diffusion of toxins, protective effects of high concentrations of extracellular polymeric 
substances, protective effects of stored nutrients trapped, and effects due to a larger surface 
area (less toxic per cell). While the effects of metals in biofilms are widely reported [85, 124, 
125], there are few studies on the effects of metal toxicity to algae biofilms. 

6. Conclusions 

Since the first studies of bacteria-microalgae interactions decades ago, it has been elucidate 
and discovered several events in which the close connection between these two heterotrophs 
and autotrophs components is evidenced. Showing that the coupling of microalgae-bacteria 
produces changes in the excreted compounds in the surrounding environment, that affects 
positively or negatively to others organisms. 

Most of the interactions are strongly regulated by chemical signals. Although it has been 
described lots of phenomena in positive and negative interactions in biofilms, there are a 
few investigations that explore the chemical and molecular nature of chemical compounds 
involved in this interactions which are produced by microorganisms, this is why in the 
future will be required to deepen in the study of mechanisms involved in the growth of 
mixture biofilms.  

The use of this biofilms in nature can be easily developed in the laboratory; they can be 
used increasing and affecting some specific compounds which are useful for a third 
organism of commercial interest. As well, in phenomena like larval settlement, induction 
of growth and increment of biomass rich in lipids has revealed a great potential probiotic 
use, particularly in aquatic industry which require more attention to the involved 
mechanisms in the action of this beneficial biofilms. These uses will allow us to get a 
better understanding of the role of these microbial consortiums in nature, and also a 
biotechnological orientation could be spread for the production of these beneficial 
biofilms in a stable and standard form. 
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