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Preface

Food additives have currently become an integral part of the food sector all over the world. In
fact, continuously advancing food processing and preservation methods add much emphasis
on the need for food additives with diverse attributes. This book, consisting of three sections,
contributes significantly to the academic arena and food industry on food additives currently
used in the world. The three sections of this monograph are ‘Properties of food additives’,
‘Additives from plant origin’ and ‘Additives from microbial origin’.

The first section ‘Properties of food additives’ comprises the introductory chapter ‘Introduc‐
tion to Food Additives’ authored by the two editors. This chapter discusses the different
types of food additives according to their E-numbers (international numbering system). In‐
triguingly, this piece of writing indicates the various means of enhancing the properties of
the different types of food additives. While pointing out the newest trend of the inclination
towards natural food additives by the consumers mainly due to such natural food additives
exhibiting much less side effects to the human beings, this chapter highlights the effort taken
by the governing bodies worldwide to regularise the use of food additives mainly to miti‐
gate or eradicate the adverse effects of almost all food additives.

The second section is ‘Additives from plant origin,’ which comprises three chapters. This sec‐
tion begins with the chapter which elaborates the potency of beetroot formulations as a source
of, mainly, nitrate ions. The authors give a comprehensive account of the studies carried out so
far on the health effects of different beetroot formulations that may be utilised as food additives.
Also, this chapter provides information on other important bioactive agents, such as betalains,
phenolic compounds and saponins, not restricting its scope only to nitrate ions and their bene‐
fits. The authors of the second chapter focus on plant secondary metabolites and bioactive
agents as an entrée to the chapter. After bringing in the concept of ‘functional foods’, they
highlight the potential utility of fruit juices and herbal extracts, including those having negative
sensory attributes, in the food industry. This chapter expresses the significance of numerous
commonly used and highly valued herbs and spices such as peppermint, basil, rosemary,
thyme, nettle, elder flowers, cinnamon bark, cloves and liquorice. The discussion of each herb
or spice expands incorporating rigorous accounts of not only their antimicrobial activities but
also their uses, bioactive compounds and health benefits. The antimicrobial activity is emphas‐
ised with respect to the affected bacterial and fungal species. The chapter concludes with uses of
fruit juices from different berries as food preservatives and food colours. The bioactive com‐
pounds, health benefits and antimicrobial effects of these berries are elaborated. The antioxi‐
dant and flavouring properties of plant antimicrobials that benefit in preserving meat and
meat-based products are described in the third chapter. The authors focused on the effect of
these antimicrobial compounds on bacterial species such as Salmonella spp.,Campylobacter spp.,
Listeria monocytogenes, Escherichia coli and Staphylococcus aureus, found in meat and meat-based
products. Impressively, this chapter gives light to the mechanism of action and the factors
affecting the activity of plant-derived antimicrobials in addition to relating the active com‐
pounds to their target micro-organisms. Also, combined effects of some antimicrobials are em‐
phasised. Herbs and spices and fruits and vegetables are discussed as the sources of plant
antimicrobials. Interestingly, the authors then explain the use of antimicrobial edible coating in
meat products. The use of multiple methods of preservation of meat is also briefly discussed.



Clean labelling is a concept that the food manufacturers and sellers desire to adhere as a
consequence of the consumer preference for natural ingredients. In fact, the general public is
much knowledgeable about the health effects of both artificial and natural food additives
nowadays and, thus, shows much partiality to natural food additives. Discussing systemati‐
cally about different beetroot formulations, food preservatives from plants and natural anti‐
microbials, the three chapters of the second section of this book reveal much valuable
information, especially to the different parties in the food industry and academic world in
quest of knowledge on food additives from plant origin.

The third and the final section of this book is ‘Additives from microbial origin’. This section
begins with the chapter in which the writers give a brief yet informative account of lactic
acid bacteria including the methods of identification, physiology and metabolism at the very
beginning of the chapter. Applications of lactic acid bacteria (LAB) in the food industry are
discussed stressing that this additive has gained ‘Generally Recognized as Safe’ by the Food
and Agriculture Organization of the United Nations (FAO). The utility of LAB in fermented
food products including dairy and beverage is then explained. An account of the use of LAB
as probiotics, disease-suppressing agents and targeted delivery facilitators follows. Another
remarkable property of LAB is its antifungal properties that are stressed in this chapter. This
interesting chapter then elaborates the use of LAB in waste degradation to produce useful
products and recovery of useful components from different food processes. The last chapter
of the last section of this book commences with an informative overview of the reactions
occurring and the need for food additives in bread-making. Although categorised under this
section, this chapter discusses not only of microbially derived additives but also of other
food additives used in bread-making. The authors first talk about additives in bread-mak‐
ing, and they disclose, in general, their chemistry, the effects on the dough or bread-making
and the dosages. The writers write about ‘fermentates’ as microbially derived additives.
Next, the authors discuss enzymes used in bread-making including numerous enzymes
from microbes followed by a systematic discussion of the chemistry of the enzymes. In gen‐
eral, the third section is devoted to natural preservatives and, although not to the same ex‐
tent as the second section, caters to the need of ‘clean labelling’.

After an attractive introduction to the food additives, this book elegantly discusses signifi‐
cant areas of the topic under two sections—‘Additives from plant origin’ and ‘Additives
from microbial origin’. This book undoubtedly is a much useful resource to the food indus‐
try and academic arena.

Prof. Desiree Nedra Karunaratne
Department of Chemistry
University of Peradeniya

Peradeniya, Sri Lanka

Dr. Geethi Pamunuwa
Department of Horticulture and Landscape Gardening

Faculty of Agriculture and Plantation Management
Wayamba University of Sri Lanka

Makandura, Gonawila
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Chapter 1

Introductory Chapter: Introduction to Food Additives

Desiree Nedra Karunaratne and
Geethi Kaushalya Pamunuwa

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.70329

1. Preamble

Food additives are utilized in the preparation and processing of almost all types of food 
in order to give favorable attributes to the food we eat. Very simply, it is a substance which is 
added to food to enhance its flavor, appearance, or other favorable quality. In fact, the food 
protection  committee  of  the  US  national  research  council  defined  food  additives  as  “A 
substance or a mixture of substances other than a basic food stuff that  is present in a food 
as a result of an aspect of production, processing, storage, or packaging” [1]. According to US 
FDA (Food and Drug Administration), a food additive is “any substance, the intended use 
of which results or may reasonably be expected to result–directly or indirectly–in its becom-
ing a component or otherwise affecting the characteristics of any food” [2]. Although the term 
‘food additives’ has been used frequently at present, its utilization has been practiced since 
ancient times; and probably dating back to much earlier than the hunter-gatherer era. Even 
though food additives confer much benefit to all sectors, such as the manufacturers, retailers, 
and customers, utilization of food additives must be carried out extremely cautiously.

Additives,  for  the most  part,  are  synthetic  chemicals.  Present  day  consumers  are  turning 
to natural ingredients and bio-based additives due to adverse effects caused by some chemi-
cals. Therefore, plant-derived substances are gaining a foot hold as preservatives, colorants, 
flavors, and even as antibacterial agents [3, 4].

1.1. E numbers (international numbering system) of food additives

Almost  all  safe-to-use  food additives  are  given  ‘E numbers’  by  the European Food Safety 
Authority.  In order  to get  to  this  status,  the  food additive must pass all  the  safety checks. 
Following are the general categories of food additives and their E numbers. However, when 
one  food  additive  has more  than  one  function,  it  is  given  only  one  E  number.  Chemical 

© 2017 The Author(s). Licensee InTech. This chapter is 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.



compounds and other species are constantly added to the list of safe-to-use food additives 
as the food additives pass the safety checks. An up to date list of food additives and their E 
numbers could be obtained from official UK food standards agency web site https://www.
food.gov.uk/science/additives/enumberlist#toc-1. The general list of E numbers of food addi-
tives is given in Table 1 [5].

2. Colors

According to the US FDA, “A color additive is any dye, pigment, or substance, which when 
added or applied to a food, drug or cosmetic, or to the human body, is capable (alone or through 
reactions with other substances) of  imparting color” [2]. Food colors are used as food addi-
tives mainly to yield better sensory effects, specifically appearance contentment. The reasons 
for adding colors to food are manifold. First, color may be lost due to the processing and stor-
age conditions of food, and thus food colors are added to compensate such loss of color. Second, 
food items with natural colors may show a variation of color, and thus food colors are added 
to correct such variations in color. Third, food colors may be added to further improve the nat-
ural color of the food. Fourth, food colors are added to give color to food items with no color [2].

There  are  two  types  of  food  colors,  certified  colors  and  colors  exempt  from  certification. 
The certified colors are synthetic compounds. They are usually more effective than natural 
compounds and they do not introduce off-flavors to the foods. Colors derived from natural 
sources are exempt from certification. These compounds are more expensive than synthetic 
compounds. Yet, the colors exempt from certification may give off-flavors to the foods [2].

Health effects of  food colorants are a major concern among the consumers and regulatory 
bodies;  and  thus,  carrying  out  toxicity  studies  determining  health  effects  are  considered 
very significant today. A recent study revealed that Allura Red AC lacks genotoxicity after 

Block of numbers Food additives

E100-E199 Colors

E200-E299 Preservatives

E300-E399 Antioxidants and acidity regulators

E400-E499 Thickeners, stabilizers and emulsifiers

E500-E599 Anticaking agents

E600-E699 Flavor enhancers

E700-E799 Antibiotics

E900-E999 Glazing agents and sweeteners

E1000-E1599 Additional chemicals

Table 1. E numbers of food additives.

Food Additives4
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the European Food Safety Authority showed its concern on this matter [6]. In addition to tox-
icity studies, remedies for the adverse effects of food colorants are being evaluated. For exam-
ple, Rafati et al. demonstrated  that  the negative effects caused by  tartrazine  in mice could 
be mitigated by the simultaneous administration of vitamin E [7].

Although food colors are added to enhance organoleptic appeal of the foods, naturally occur-
ring food colors such as curcumin and riboflavin possess other beneficial health effects. In fact, 
curcumin exhibits numerous bioactivities such as antioxidant, antimicrobial, and anticancer 
[8, 9]. Riboflavin, also, acts as an antioxidant, and it is linked to several health benefits [10]. 
Numerous strategies have been explored to increase the stability of natural colorants due to ben-
eficial health effects or general lack of toxicity of these compounds [11, 12]. As expected, novel 
sources of natural colorants are being explored due to the positive attributes of natural col-
orants  [13].  In  addition,  encapsulation  techniques  and other  innovative methods  are  being 
explored in order to improve numerous properties of food colorants as opposed to directly 
add food colorants in food [14].

The list of colors usually used in food manufacturing is stated below [5].

List  of  colors:  Curcumin,  Riboflavin,  Riboflavin-5’-phosphate,  Tartrazine,  Quinoline  yel-
low, Sunset Yellow FCF, Orange Yellow S, Cochineal, Carminic acid, Carmines, Azorubine, 
Carmoisine, Amaranth, Ponceau 4R, Cochineal Red A, Erythrosine, Allura Red AC, Patent Blue 
V,  lndigotine,  Indigo Carmine, Brilliant Blue FCF, Chlorophylls and chlorophyllins, Copper 
complexes of chlorophyll and chlorophyllins, Green S, Plain caramel, Caustic sulphite caramel, 
Ammonia caramel, Sulphite ammonia caramel, Brilliant Black BN, Black PN, Vegetable car-
bon, Brown FK, Brown HT, Carotenes, Annatto, Bixin, Norbixin, Paprika extract, Capsanthin, 
Capsorubin, Lycopene, Beta-apo-8’-carotenal (C30), Ethyl ester of beta-apo-8’-carotenoic acid 
(C30), Lutein, Canthaxanthin, Beetroot Red, Betanin, Anthocyanins, Litholrubine BK.

3. Preservatives

Food preservatives have become an  indispensible part of  the  food  industry  today.  In  sim-
ple  terms,  a  food preservative  is  any  substance  that  hinders  food deterioration  caused by 
microbes,  enzymes, or any other  chemical  reaction. Millions of people  suffer  from hunger 
as a result of lack of enough food [15] and thus, the advantages of using food preservatives 
in  food  processing  are  plenteous.  Food  preservatives  along with  other  food  additives  are 
under strict control by numerous governing bodies. A short account of the governing system 
is given under Section 11.

Most artificial food preservatives impart negative health effects at high doses. For instance, 
in vitro studies have revealed that sodium benzoate and potassium benzoate exhibit geno-
toxic effects [16]. However, this issue can be dealt with by adhering to the acceptable daily 
intake (ADI) values of food additives (please refer Section 11). Interestingly, despite showing 
adverse effects at toxic levels, some artificial food preservatives show favorable health effects 
at nontoxic levels [17].
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Natural  preservatives  are  an  appealing  alternative  to  artificial  preservatives,  especially 
with respect to health effects. A novel trend is to explore and utilize essential oils such as clove 
essential oil and eugenol extracted from cloves, limonene extracted from citrus fruits, and essen-
tial oil extracted from cinnamon as food preservatives of numerous food items including fresh 
cut produce, juices, and fish [3, 18–20]. As expected, encapsulated natural food preservatives 
including thyme essential oil and curcumin have shown favorable properties such as sustained 
release and enhanced antioxidant and antimicrobial properties [21, 22]. In addition to natural 
products, fermented milk products have shown promise as food preservatives [23]. The rea-
sons for utilizing natural products and nonsynthetic products as food preservatives include 
imparting health benefits to the consumers and gaining “clean label” advantage.

Numerous  approaches  are  being  taken  to  find  novel  food  preservatives with  ameliorated 
properties.  For  instance,  peptides have  been used  successfully  as potential  food preserva-
tives [24]. Once a peptide food preservative is identified, mass production may be carried out 
using biotechnology. Combinations of food preservatives have also been studied to discover 
the combined effect and the possibility of substituting synthetic food preservatives by such 
combinations. For example, Cuminum cyminum L.  essential oil and nisin have shown  their 
ability to function as a hurdle against microbes [25].

Some food preservatives used in food manufacturing are listed below [5].

List of preservatives: Sorbic acid, Potassium sorbate, Calcium sorbate, Benzoic acid, Sodium 
benzoate, Potassium benzoate, Calcium benzoate, Ethyl p-hydroxybenzoate,  Sodium ethyl 
p-hydroxybenzoate,  Sodium methyl  p-hydroxybenzoate,  Sulfur  dioxide,  Sodium  sulphite, 
Sodium hydrogen sulphite, Sodium metabisulphite, Potassium metabisulphite, Calcium sul-
phite, Calcium hydrogen sulphite, Potassium hydrogen sulphite, Biphenyl; diphenyl, Nisin, 
Natamycin,  Hexamethylene  tetramine,  Dimethyl  dicarbonate,  Potassium  nitrite,  Sodium 
nitrite, Sodium nitrate, Potassium nitrate, Propionic acid, Sodium propionate, Calcium pro-
pionate, Potassium propionate, Boric acid, Sodium tetraborate; borax.

4. Antioxidants and acidity regulators

Antioxidants play a pivotal role in the food industry, combating oxidative stress on oxygen-
sensitive  species.  The  antioxidants  used  in  the  food  industry  are  either  hydrophilic,  lipo-
philic, or amphiphilic, protecting various types of ingredients. Certain antioxidants function 
also as acidity regulators. Examples include ascorbic acid and citric acid. Acidity regulators 
are also an essential group of food additives as lowering the pH of the food usually assists 
to retard microbial attack.

4.1. Antioxidants

Although antioxidants are deemed to confer numerous health benefits to the humans, synthetic 
antioxidants such as butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) have 
shown negative health effects [26]. On the contrary, some reports have shown chemoprevention 
properties of those synthetic carcinogenic antioxidants [27]. Again, the issue of toxicity is dealt 
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with by adhering strictly into the ADI published by the governing bodies worldwide including 
the US FDA. Although the results of synthetic antioxidants are inconsistent, numerous natural 
antioxidants have the ability  to  function as nontoxic anticarcinogenic compounds. Examples 
include ferulic acid, caffeic acid, curcumin, vitamin E, polyphenolic catechins, and carnosol [28].

As with other  food additives,  the  trend  is  to utilize  and  seek  for natural  food antioxidants. 
Both pure antioxidants and plant extracts are used and explored these days. Moreover, encap-
sulation of pure antioxidants and plant extracts showing antioxidant properties is carried out 
to obtain improved attributes such as improved stability and sustained release of those bioac-
tive compounds [29, 30]. The liposomal encapsulation of the Schumacheria castaneifolia methanol 
extract with antioxidant properties, which may be suitable for applications in the food sector, 
with high encapsulation efficiencies is an excellent example of encapsulating plant extracts [29].

A list of antioxidants used in food manufacturing is stated below [5].

List  of  antioxidants: Ascorbic  acid,  Sodium  ascorbate,  Calcium  ascorbate,  Fatty  acid  esters 
of ascorbic acid, Tocopherols, Alpha-tocopherol, Gamma-tocopherol, Delta-tocopherol, Propyl 
gallate,  Octyl  gallate,  Dodecyl  gallate,  Erythorbic  acid,  Sodium  erythorbate,  Tertiary-butyl 
hydroquinone  (TBHQ), Butylated hydroxyanisole  (BHA), Butylated hydroxytoluene  (BHT), 
Extracts of rosemary, 4-Hexylresorcinol.

4.2. Acidity regulators

Acidity regulators such as citric acid, tartaric acid, and phosphoric acid are numbered together 
with antioxidants  in  the E numbering  system  [5, 31]. This approach  is very  logical  as  cer-
tain acidity regulators, such as citric acid, exhibit antioxidant properties.  In fact, citric acid 
has imparted favorable effects on food, functioning as an acidity regulator and antioxidant 
simultaneously  [32]. What’s more,  food acidity regulators have shown advantageous com-
bined effects with other food additives on food. Antibrowning effect of citric acid together 
with ascorbic acid and nitrogen on banana smoothies is an example [33].

The list of acidity regulators commonly used in food manufacturing is stated below [5].

List of acidity regulators: Sodium lactate, Potassium lactate, Calcium lactate, Citric acid, Sodium 
citrates, Potassium citrates, Calcium citrates, Tartaric acid (L-(+)), Sodium tartrates, Potassium 
tartrates, Sodium potassium tartrate, Phosphoric acid, Sodium phosphates, Potassium phos-
phates,  Calcium  phosphates,  Magnesium  phosphates,  Sodium  malates,  Potassium  malate, 
Calcium malates, Metatartaric acid, Calcium tartrate, Adipic acid, Sodium adipate, Potassium 
adipate, Succinic acid, Triammonium citrate, Calcium disodium ethylene diamine tetra-acetate; 
calcium disodium EDTA.

5. Thickeners, stabilizers, emulsifiers, and gelling agents

Thickeners, stabilizers, emulsifiers, and gelling agents have become an integral part in the cur-
rent  food manufacturing  industry.  Thickeners  increase  the  volume,  change  the  viscosity, 
and increase the processability of the food items. Stabilizers, as the name implies, stabilize 

Introductory Chapter: Introduction to Food Additives
http://dx.doi.org/10.5772/intechopen.70329

7



the food products; sometimes through the utilization of fillers. Emulsifiers assist in the mis-
cibility of otherwise immiscible substances possible. For instance water-in-oil or oil-in-water 
emulsions used in the food industry are made utilizing emulsifiers. Gelling agents mainly 
contribute to  the viscosity  and  sensory properties  of  the  food products.  In  sum,  all  thick-
eners,  stabilizers, emulsifiers and gelling agents contribute  to  the stability and palatability 
of the food product.

This category of food additives also consist of natural and synthetic compounds. In fact, leci-
thin that assists in emulsification and stabilization for most food products is mostly extracted 
from soy bean, and thus it is a natural additive [34]. However, numerous studies are being 
conducted  evaluating  the  positive  effects  of  synthetic  lecithin  [35].  Alginate  functioning 
as both a thickener and gelling agent is another natural food additive in this group [36]. Apart 
from the natural compounds, synthetic emulsifiers such as polysorbates constitute an impor-
tant component of this group. Although considered food grade, several health concerns have 
arisen regarding such artificial emulsifiers [37].

A list of thickeners-stabilizers-emulsifiers-gelling agents used in food manufacturing is listed 
in Tables 2 and 3 [5].

List  of  thickeners-stabilizers-emulsifiers-gelling  agents:  Lecithins,  Alginic  acid,  Sodium 
alginate,  Potassium  alginate,  Ammonium  alginate,  Calcium  alginate,  Propane-1-2-diol 
alginate,  Agar,  Carrageenan,  Processed  eucheuma  seaweed,  Locust  bean  gum;  carob 
gum, Guar gum, Tragacanth, Acacia gum; gum Arabic, Xanthan gum, Karaya gum, Tara 
gum,  Gellan  gum,  Konjac,  Soybean  hemicellulose,  Cassia  gum,  Polyoxyethylene  sorbi-
tan monolaurate; Polysorbate 20, Polyoxyethylene  sorbitan mono-oleate; Polysorbate 80, 
Polyoxyethylene sorbitan monopalmitate; Polysorbate 40, Polyoxyethylene sorbitan mono-
stearate;  Polysorbate  60,  Polyoxyethylene  sorbitan  tristearate;  Polysorbate  65,  Pectins, 
Ammonium  phosphatides,  Sucrose  acetate  isobutyrate,  Glycerol  esters  of  wood  rosins, 
Cellulose,  Methyl  cellulose,  Ethyl  cellulose,  Hydroxypropyl  cellulose,  Hydroxypropyl 
methyl  cellulose,  Ethyl methyl  cellulose, Carboxy methyl  cellulose, Crosslinked  sodium 
carboxy methyl cellulose.

6. Anticaking agents

As the name implies, the role of anticaking agents is to prevent lumping or caking in food. 
These agents are added mostly for powders or granulated material. Among the numerous 
advantages  of  using  anticaking  agents  include:  sustenance  of  sensory  attributes,  easiness 
of packaging, efficient transportation, and simplicity to yield high quality products for con-
sumption. Depending on the food product involved, either water-soluble or organic solvent-
soluble anticaking agents are used.

Anticaking agents frequently used in food manufacturing are stated below [5].

List of anticaking agents: Calcium Aluminum Silicate, Calcium Phosphate tribasic, Calcium Sili-
cate, Calcium Stearate, Cellulose, Magnesium Carbonate, Magnesium Oxide, Magnesium Silicate, 
Magnesium  Stearate,  Microcrystalline  Cellulose,  Propylene  Glycol,  Potassium  Ferrocyanide, 
Trihydrate, Silicon Dioxide, Sodium Aluminum Silicate, Sodium Ferrocyanide, decahydrate.
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7. Flavors and flavor enhancers

Flavors  and flavor  enhancers  are of  extreme  importance  in  the  food  industry as  it  is what 
makes the food sensational. Flavor  is perceived by the taste and smell via chemical senses. 
Also, the chemical irritants perceived in the mouth and throat, temperature and texture are 
factors affecting the flavor of a food. Nowadays, both natural and artificial substances are used 
as food flavors Table 2. The basic universally recognized flavors include: sweet, sour, tangy, 
bitter, umami, hot, that can be perceived through the tongue. On the other hand, the number 
of sensations that can be perceived through the nose (smell) is limitless. As a result, the food 
industry  is  ever growing utilizing different  combinations of  taste  and  smell. What’s more, 
there  is another group of chemical substances  that do not  impart any flavor  in  to  the  food 
product but enhance the existing flavor in the food Table 3. These flavor enhances are highly 
valued  in  the  food  industry as  these substances contribute significantly  into cost  reduction 
in food manufacturing. Flavors and flavor enhancers frequently used in food manufacturing 
are stated [38].

Flavors and flavor enhances also are evaluated for their health effects by numerous scientists 
worldwide. Further, extraction of numerous novel natural flavors is being carried out around 
the globe as a result of the higher inclination of the customers to such natural compounds [39]. 
There has been much criticism on the health effects of glutamate—a much consumed flavor 
enhancer. However, mixed results have been published and there is no evidence to prove that 
glutamate possesses negative health effects, according to a recent report [40]. Like almost all 
other  food additives, encapsulation,  for  instance microencapsulation and emulsification,  is 
used as means of enhancing the properties of food flavors [41, 42].

Chemical Odor

Diacetyl, acetylpropionyl, acetoin Buttery

Isoamyl acetate Banana

Benzaldehyde Bitter almond, cherry

Cinnamaldehyde Cinnamon

Ethyl propionate Fruity

Methyl anthranilate Grape

Limonene Orange

Ethyl decadienoate Pear

Allyl hexanoate Pineapple

Ethyl maltol Sugar, cotton candy

Ethylvanillin Vanilla

Methyl salicylate Wintergreen

This table was obtained from: Wikipedia [38].

Table 2. Artificial flavoring agents and their flavors.
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8. Antibiotics

Antibiotics are being used in the food industry today to increase the shelf life of numerous food 
items, especially perishable food items including milk [43]. Although not directly added during 
food processing, nonvegetarian food may contain a certain amount of antibiotics since antibiot-
ics are frequently used in animal production. However, any antibiotic used for human therapeu-
tic purposes or for animal feed additive are banned for use in the food industry. Tetracycline is 
a classic example. Maximum permissible amounts of such antibiotic residues have been declared 
and much emphasis is given to regular monitoring of antibiotic residues in food [44]. Moreover, 
the antibiotics used in the food industry show slower activity than those used for therapeutic 
purposes [45]. Antibiotics frequently used in food manufacturing are stated below.

List of antibiotics: Nisin, Natamycin, Subtilin, Tylosin Phytoncides.

Phytoncides are antibiotics obtained from plants. Examples include: mustard oil, thyme, cin-
namaldehyde, eugenol, etc. [46].

Antibiotics permitted as food additives are being experimented heavily, especially to engineer 
more potent variants [47]. Further, encapsulation has become a common technique to enhance 
the desirable properties of antibiotics. For instance, coated liposomes encapsulating nisin has 
shown improved sustained release properties beneficial for applications in the food sector [48].

9. Glazing agents and sweeteners

Glazing  agents may be  either natural  or  synthetic.  They  are used mainly  for preservation 
of food items by forming a thin coat around it [49]. A list of glazing agents frequently used 
in food industry is stated below [5].

List of glazing agents: Stearic acid, Beeswax, Candelilla wax, Carnauba wax, Shellac, Micro-
crystalline wax, Crystalline wax, Lanolin, Oxidized polyethylene wax, Esters of colophonium, 
Paraffin.

Acid Description

Glutamic acid salts This amino acid’s sodium salt, monosodium glutamate (MSG), is one of the most 
commonly used flavor enhancers in food processing. Mono- and diglutamate salts are 
also commonly used.

Glycine salts Simple amino acid salts typically combined with glutamic acid as flavor enhancers.

Guanylic acid salts Nucleotide salts typically combined with glutamic acid as flavor enhancers.

Inosinic acid salts Nucleotide salts created from the breakdown of AMP, due to high costs of production, 
typically combined with glutamic acid as flavor enhancers.

5’-Ribonucleotide salts Nucleotide salts typically combined with other amino acids and nucleotide salts as flavor 
enhancers.

This table was obtained from: Wikipedia [38].

Table 3. Artificial flavor enhancers.
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The most commonly used sweetener used in the food industry is sucrose as it is readily avail-
able. Thus, the performance of other sweeteners is frequently measured against that of sucrose 
[50]. Glucose  is  also  frequently used  in  the  food  industry,  especially  in  the manufacturing 
of  confectionaries  [51].  However,  substitutes  for  common  sugars,  natural  or  artificial,  are 
in high demand due  to  the prevalence of diabetes mellitus among a significant proportion 
of people worldwide. Other  requirements  for  sugar substitutes  include weight  loss, dental 
care, and reactive hypoglycemia.  In addition, using sugar substitutes  is cost effective since 
the sugar substitutes are many times (sometimes more than 100 or even 1000 times) sweeter 
than sucrose [52]. A list of sweeteners frequently used in food manufacturing is stated below 
[5, 53].

List of sweeteners: Sorbitol, Sorbitol syrup, Mannitol, Acesulfame K, Aspartame, Cyclamic 
acid  and  its  Na  and  Ca  salts,  lsomalt,  Saccharin  and  its  Na  -  K  and  Ca  salts,  Sucralose, 
Thaumatin,  Neohesperidine  DC,  Steviol  glycoside,  Neotame  (as  a  flavor  enhancer),  Salt 
of aspartame-acesulfame, Maltitol, Maltitol syrup, Lactitol, Xylitol, Erythritol.

10. Additional chemicals

The European Food Safety Authority has grouped some food additives as ‘additional chemi-
cals’ as those chemicals cannot be grouped together with other food additives. As indicated 
in Table 1, these chemicals are numbered from E1000 to E1599. Even though these chemicals 
may function as other food additives, they have different properties and thus treated differ-
ently. For instance,  invertase having the number E1103 functions as emulsifiers-stabilizers-
thickeners-gelling agents but is in a special category.

A list of other chemicals frequently used in food manufacturing is stated below [5].

List  of  other  chemicals:  Polydextrose,  Polyvinylpyrrolidone,  Polyvinylpolypyrrolidone, 
Polyvinyl alcohol, Pullulan, Basic methacrylate copolymer, Oxidized starch, Monostarch phos-
phate, Distarch phosphate, Phosphated distarch phosphate, Acetylated distarch phosphate,  
Acetylated  starch,  Acetylated  distarch  adipate,  Hydroxyl  propyl  starch,  Hydroxy  propyl 
distarch phosphate, Starch sodium octenyl succinate, Acetylated oxidized starch, Starch alu-
minum Octenyl succinate, Triethyl citrate, Glyceryl triacetate; triacetin, Propan-1-2-diol; pro-
pylene glycol, Polyethylene glycol.

11. Regulation

Food additives are under strict control of numerous governing bodies. In the European Union, 
the  governing  bodies  are  the  European  Food  Safety  Authority  (EFSA)  and  the  European 
Commission,  Parliament  and  Council.  These  bodies  are  accountable  for  the  safety  assess-
ment, which  includes  toxicological  studies and dietary exposure assessment,  authorization 
which includes maintaining and publishing data bases of food additives permitted to be used 
in  the  EU,  and  control  which  is  involved  in  legislation  and  labeling  of  food  additives. 
The U.S. Food and drug administration (US FDA) is the main governing body of food addi-
tives in USA, and almost all other countries have their own governing bodies of food safety. 
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Food and Agriculture Organisation (FAO) and the World Health Organisation (WHO) work 
together in the international arena via a Joint Expert Committee on Food Additives (JECFA) 
[54–57].

Joint Expert Committee on Food Additives from 1961 has taken initiative of matters regard-
ing  the acceptable daily  intake  (ADI)  level.  “ADI  is  a measure of  the amount of  a  specific 
substance (originally applied for a food additive, later also for a residue of a veterinary drug 
or pesticide)  in  food or drinking water  that  can be  ingested  (orally)  on  a daily  basis  over 
a lifetime without an appreciable health risk”. “ADIs are expressed usually in milligrams (of 
the substance) per kilogram of body weight per day.” [58]

All of these food additives are used to fine tune the food items to yield a superb food prod-
uct having sensational attributes. In addition, the preservative effect that the food additives 
impart  is  of  utmost  importance.  Further,  food  safety  governing  bodies  worldwide  have 
set maximum levels to be used in the food industry for all approved food additives. Thus, 
health risk is at a low level. However, it is advisable to change ones diet time to time so that 
the subject is not exposed to the same food additives for lengthy periods of time. This practice 
also may not be essential  if  the  customer pays attention  to  the  recommended daily  intake 
of the ingredients.

12. Take home message

“Innovation is change that unlocks new value” according to Jamie Notter [59]. Adding food 
additives to enhance the attributes of food is an ancient concept of value addition of food prac-
ticed from as early as the hunter-gatherer era. In the modern era, the demand is greater than 
the  supply,  and  innovation  is  the  change  that  satisfies  the demand by  all  the  sectors,  such 
as the manufacturers, retailers, and customers. While using food additives to enhance the attri-
butes of food, it is of prime importance that guidelines by the relevant food safety authorities 
are  followed since  synthetic and natural  compounds with various health effects are widely 
used as additives. Deviations from food safety regulations may result in serious negative out-
comes. As a  result,  any party breaching  rules and guidelines  regarding  food additives will 
have to face serious consequences, including harsh court decisions against them. In sum, con-
sidering the health effects and regulations regarding food additives are extremely significant 
although utilizing food additives have enabled the beings to enjoy a plethora of various food 
products.
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Abstract

Beetroot possesses high nutritional value and is considered one of the main dietary 
sources of nitrate. Nitrate has increasingly attracted the interest of the scientific commu-
nity regarding new physiological, nutritional and therapeutic approaches with beneficial 
effects on the cardiovascular system. These effects can be explained by the possible effect 
of dietary nitrate in stimulating nitric oxide synthesis. Dietary nitrate can be reduced 
to nitrite in the oral cavity, which is then decomposed to nitric oxide and other bioac-
tive nitrogen oxides in the stomach. Beetroot administration can be conducted by several 
types of formulations, in order to provide a convenient and alternative source of dietary 
beetroot, such as beetroot juice or beetroot chips and powder. The challenge in providing 
a product which, in addition to being rich in nitrate, is attractive and easy to administer, 
while also being microbiologically safe, is increased by the limited scientific information 
available concerning the nutritional aspects of beetroot formulations. In this chapter, a 
brief review on the efficiency of different beetroot formulations on health indicators is 
conducted, emphasizing the effects following the intake of nitrate-enriched beetroot gel. 
The metabolic and hemodynamic effects of beetroot formulations in healthy and non-
healthy volunteers are also discussed.

Keywords: beetroot formulations, nitrate, nitric oxide, phenolic compounds

1. Introduction

Lifestyle and inadequate eating habits expose humans to a number of risk factors for the devel-
opment of chronic non-communicable diseases (CNCDs). Diets rich in saturated, trans-fats 

© 2017 The Author(s). Licensee InTech. This chapter is 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.



and simple sugars, poor in complex-carbohydrates and fibres and associated with smoking, 
alcoholism, stress and sedentary lifestyles have increased the number of diseases such as obe-
sity, diabetes, hypertension, osteoporosis and cardiovascular disorders, among others [1]. 
Therefore, the search for a healthy diet has been significantly emphasized worldwide [2].

Vegetables are important components of a balanced diet due to their constituents, mainly bio-
active compounds, fibres, vitamins and minerals. Epidemiological studies have shown that 
vegetables are useful protective foods against coronary heart disease and ischemia [3]. These 
and other findings have raised the hypothesis increasingly recognized and biologically plau-
sible, that inorganic nitrate (NO3

−) in certain vegetables can provide a physiological substrate 
for the production of nitric oxide (NO) and other products (NOx), which in turn cause vaso-
dilation, decrease blood pressure and support cardiovascular function [4].

Dietary NO3
− can be reduced to nitrite (NO2

−) in the oral cavity by commensal bacteria that 
express the enzyme nitrate reductase [4]. NO2

− then reaches the stomach where, in contact 
with gastric acid, it is non-enzymatically decomposed into NO and other bioactive nitrogen 
oxides through the NO3

−-NO2
−/NO pathway [5]. The theory that dietary NO3

− and NO2
− may 

stimulate the endogenous synthesis of NO has increasingly been noted, and a new physi-
ological, therapeutic and nutritional approach for these anions has arisen [6].

Dietary administration of beetroot, a vegetable NO3
− source, can be conducted through sev-

eral types of formulations, in order to provide a convenient and alternative source of beetroot, 
instead of consuming the whole vegetable. Some beetroot formulations must be offered in 
large amounts to reach effective NO3

− concentrations, making it difficult to convince individu-
als to adhere to certain proposed interventions [7–9]. In this context, this paper discusses the 
recent advances in beetroot administration, pointing out plant species, nutritional composi-
tion and the effect of the ingestion of different beetroot formulations on NO production and 
the ensuing effects on hemodynamic parameters.

2. Beetroot cultivation

The Beetroot species Beta vulgaris L. belongs to the Quenopodiaceae family and originated in 
regions of Europe and North Africa, where they are cultivated in mild to cold temperatures 
(10–20°C). Cultivation in climatic conditions with higher relative humidity and higher tem-
perature favours the development of pests and diseases, altering the internal colour and taste 
of the plant, making it less sweet, also reducing plant productivity by about 50% [10]. This 
plant species prefers soils rich in organic matter, with pH ranging from 5.5 to 6.2. The produc-
tion cycle can range from 60 to 100 days, in summer or winter, depending on the cultivar and 
cultivation mode [10, 11].

The plant has a root system composed of a main root and smaller roots reaching up to 60 cm 
in depth, with lateral branching. It also possesses a tuberous, purplish-red, part, globular in 
shape, with a sweet taste, which develops almost on the surface of the soil [12]. The beetroot 
plant is biennial, requiring a period of intense cold to go through the reproductive stage of the 
cycle. The appearance of elongated leaves around the stem and the tuberous part occurs in the 
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als to adhere to certain proposed interventions [7–9]. In this context, this paper discusses the 
recent advances in beetroot administration, pointing out plant species, nutritional composi-
tion and the effect of the ingestion of different beetroot formulations on NO production and 
the ensuing effects on hemodynamic parameters.

2. Beetroot cultivation

The Beetroot species Beta vulgaris L. belongs to the Quenopodiaceae family and originated in 
regions of Europe and North Africa, where they are cultivated in mild to cold temperatures 
(10–20°C). Cultivation in climatic conditions with higher relative humidity and higher tem-
perature favours the development of pests and diseases, altering the internal colour and taste 
of the plant, making it less sweet, also reducing plant productivity by about 50% [10]. This 
plant species prefers soils rich in organic matter, with pH ranging from 5.5 to 6.2. The produc-
tion cycle can range from 60 to 100 days, in summer or winter, depending on the cultivar and 
cultivation mode [10, 11].

The plant has a root system composed of a main root and smaller roots reaching up to 60 cm 
in depth, with lateral branching. It also possesses a tuberous, purplish-red, part, globular in 
shape, with a sweet taste, which develops almost on the surface of the soil [12]. The beetroot 
plant is biennial, requiring a period of intense cold to go through the reproductive stage of the 
cycle. The appearance of elongated leaves around the stem and the tuberous part occurs in the 

Food Additives22

vegetative phase, while floral tassel emission occurs with the production of seeds comprised 
of glomeruli during the reproductive stage [11].

According to some authors, Beta vulgaris L. beetroots can be divided into three subspecies: 
(a) Beta vulgaris ssp. adanesis, formed by a distinct group of semi-annual plants, with a great 
decline in auto-fertilization, with specific morphological characteristics; (b) Beta vulgaris ssp. 
maritima, formed by a large complex of morphological types that occur in a vast geographic 
area; (c) Beta vulgaris ssp. vulgaris, which groups all domesticated cultivars [13].

According to Lange et al. [13], subspecies Beta vulgaris ssp. Vulgaris cultivars can be subdi-
vided into four other groups: (1) Leaf Beet Group, a cultivar with edible leaves and peti-
oles and with roots with no significantly increased diameter; (2) Sugar Beet Group, a white 
coloured strain grown in the US and Europe for sugar production; (3) Fodder Beet Group, a 
cultivar intended for feeding herds and (4) Garden Beet Group, the only group cultivated in 
Brazil that has an edible tuberous part.

3. Nutritional composition of beetroot (Beta vulgaris L.)

The beetroot species Beta vulgaris L. is considered a good source of dietary fibre, minerals 
(potassium, sodium, iron, copper, magnesium, calcium, phosphorus and zinc), vitamins (reti-
nol, ascorbic acid and B-complex), antioxidants, betalains and phenolic compounds, and pos-
sesses high nutritional value due to its high glucose content, in the form of sucrose [5, 14, 15]. 
According to data presented by the United States Department of Agriculture (USDA) for mac-
ronutrients, 100 g of raw beetroot has an energy value of 43 kcal, 9.56 g of carbohydrates, 1.61 g 
of proteins, 0.17 g of total lipids, 2.8 g of total dietary fibre and 6.76 g of total sugars [15].

4. Bioactive beetroot compounds

Plants are generally considered important sources of substances that perform bioactive func-
tions, favouring human health, good organ function, disease control and contributing to lon-
gevity [16–19]. Insufficient intake of bioactive compounds from plant sources is considered an 
important risk factor for the development of chronic and non-communicable diseases.

Bioactive compounds may have different physiological targets and mechanisms of action, 
Many of these compounds show antioxidant action due to their potential for oxi-reduction of 
certain molecules, while others have the capacity to compete for active enzymatic and recep-
tor sites in various subcellular structures or may modulate the expression of genes encoding 
proteins involved in intracellular mechanisms of defence against oxi-degenerative processes 
of molecules and cellular structures [20].

4.1. Betalains

Beetroots are a major source of betalains, classified as one of the 10 plants with the highest anti-
oxidant activity, determined by the IC50 value, i.e. the extract’s ability to reduce low-density 
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Figure 1: General structures of betalamic acid (a), betacyanins (b) and betaxanthins (c). Betanin: R1 = R2 = H. R3 = amine 
or amino acid group. *Reproduced from Azeredo et al. [31].

lipoproteins (LDL) oxidation by 50%, as reported by Vinson et al. [21]. Betalains are present 
in the tuberous part of the plant, conferring its red-purple coloration, and act as antioxidant 
agents [12]. In addition, anti-inflammatory, hepatic protective and anti-cancer properties have 
also been attributed to this class of compounds [22, 23].

Betalains are heterocyclic compounds and water-soluble nitrogen pigments responsible for 
conferring various types of coloration in flowers, vegetables and fruits [24]. Betanin, a com-
pound belonging to one of the etalain classes, has excellent stability at pH 4 and 5 and rea-
sonable stability between pH 3 and 4 and pH 5 and 7. The stability of these molecules is 
affected by factors such as exposure to light, high temperature (i.e. cooking processes), high 
water activity and the presence of oxygen [23–27]. In addition, they can also be degraded 
by enzymes, such as polyphenoloxidases and peroxidases, released during food processing 
[28, 29]. Betanins are formed from a common precursor, betalamic acid, with more than 50 
structures identified so far. Furthermore, these pigments are present in acid form due to the 
presence of several carboxyl groups and, are, therefore not classified as alkaloids [30].

Betalains have a general structure that contains betalamic acid, accompanied by a radical 
R1 or R2, where the substituents may be simple hydrogen or a more complex radical. The 
variability of the substituent groups comes from the different sources of these pigments 
and determines their hue and stability. According to their chemical structure, betalains are 
divided into two subclasses: betaxanthins, responsible for orange-yellow colorations, such 
as vulgaxanthin I and II and indicaxanthin, and betacyanins, responsible for red-violet color-
ations, such as betanin, prebetanin, isobetanine, neobetanin, amaranthine,  gomphrenin and 
bouganvillein  [12, 24] (Figure 1).

Previous studies have shown that betacyanins and betaxanthins are capable of absorbing vis-
ible light [31–33], and the structural differences between these compounds reflect on their 
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light absorbing capacity. Approximately 50 types of betacyanins and 20 types of betaxanthins 
have been described. Beetroots contain both, approximately 75–95% betacyanin and 5–25% 
betaxanthine [24, 33]. The content of these pigments is present in higher concentrations on 
the vegetable skin, gradually decreasing towards the inner parts of the beet (pulp and crown) 
[25, 33, 34].

Betalains are widely used in the food industry as natural food dyes, and have shown in vitro 
and in vivo antioxidant capability, attributed mostly to betacyanins [33, 35, 36]. Previous stud-
ies have demonstrated that low concentrations of the betanin pigment, a beta-cyanine-like 
compound, present in beetroots, were able to inhibit in vitro oxidation of low-density lipopro-
teins (LDL) by H2O2-activatedmetamioglobin, as well as oxidizing agents, such as lipoxygen-
ases and cytochrome ‘c’ [37]. Motivated by this evidence, several studies have evaluated the 
intake of foods rich in this pigment for the prevention and treatment of diseases triggered by 
oxidative processes in humans [31, 37, 38]. For example, Cai et al. [35] observed that betalains 
obtained from plants belonging to the Amaranthaceae family presented higher antioxidant 
activity than that of ascorbic acid, a traditional antioxidant.

Several other studies have demonstrated the role of betalains in the protection of several cellu-
lar components against oxidative stresses [38–40]. For instance, Reddy et al. [41] evaluated the 
efficiencies of betanin, anthocyanin, lycopene, bixin, b-carotene and chlorophyll separately 
and combined in inhibiting lipid peroxidation, cyclooxygenase enzymes and in the prolifera-
tion of human tumour cells. The authors observed that among the tested pigments, betanin, 
lycopene and β-carotene were more efficient at inhibiting lipid peroxidation.

The antioxidant potential of betalains has been attributed to the molecular structure of these 
compounds, which reflect their ability to donate hydrogen to reactive species. Regarding 
betaxanthins, an increase in the number of hydroxyl and imino residues promotes the elim-
ination of free radicals, while glycosylation reduced activity and acylation increased anti-
oxidant potential in betacyanins [34]. The antioxidant activity of betalains can be increased 
according to the number and position of the amino and hydroxyl groups in the molecule, 
with the C-5 position of the hydroxyl group in the aglycone responsible for increasing their 
antioxidant activity [31, 35].

Beetroots are the main commercial source of betalains (concentrate or powder) in the food 
industry, with the use of betanin restricted as a natural dye added to different foods like 
gelatins, desserts in general, confectionery, dry mixes, dairy products and beef and chicken-
derived products [33]. Betalains are unstable and are degraded in the presence of light and 
oxygen and destroyed at high temperatures. The daily intake limit of betalains has not been 
established. In Brazil, current legislation dictates that the use of natural red dye obtained from 
beets is permitted in foods and beverages [33].

4.2. Phenolic compounds

Phenolic compounds present in plants are derived from the aromatic amino acid phenylala-
nine and are formed by two aromatic rings (A and B), linked by three carbon atoms that 
form an oxygenated heterocycle (ring C) [42, 43] (Figure 2). These compounds are secondary 
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metabolites in fruits and vegetables and are generally involved in the defence against patho-
gens and/or against ultraviolet radiation. In addition, many volatile phenolic compounds are 
responsible for the assignment of sensory characteristics, or flavour, in various foods com-
monly included in the human diet [44].

Beetroots are also an adequate source of phenolic compounds, and several studies have been 
carried out on the identification and evaluation of the antioxidant content and capacity of 
phenolic compounds present in this vegetable [45]. Previous studies have shown that beet-
root tuber juice is particularly rich in phenolic compounds and that these components remain 
active even after in vitro digestion trials [45, 46]. Kujala et al. [25, 36] reported the presence 
of ferulic acid, flavonoids and phenolic amides, mainly in beetroot skin, which confer strong 
antioxidant activity to this food.

Flavonoid concentrations and species present in beetroot formulations should be better evalu-
ated so that the intake of this vegetable in the human diet is as efficient as possible, since 
flavonoids can be lost in vegetable processing. In a recent study, Silva et al. [9] developed 

Figure 2: Chemical structure of the major flavonoids. *Reproduced from Crozier et al. [43].
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a beetroot gel formulation, obtained from beetroot juice and powder, enriched in flavonoid 
content. While the beetroot juice contained 0.42 mg of quercetin equivalents per gram (QE/g), 
phenolic compounds in the gel were three times higher, reaching 1.37 mg QE/g. Guldiken et 
al. [47] determined flavonoid concentrations in beetroots processed through different forms 
of cooking, such as oven drying, canning, puree, processed juice, jelly and fresh beetroots, and 
found values ranging from 1.26 to 2.61 mg of rutin equivalents (RE)/g. Kazimierczak et al. [48] 
reported average flavonoids values of 0.41–1.16 mg/g in beetroots obtained by conventional 
and organic planting, respectively.

Phenolic compound composition and concentrations also vary according to the cultivar. Kujala 
et al. [36] studied four distinct beetroot cultivars by high-performance liquid chromatography 
(HPLC) and  HPLC- electrospray ionisation-mass spectrometry (HPLC-ESI-MS) and NMR 
techniques and identified four flavonoids, betagarin, betavulgarin, cochliophilin A and dihy-
droisorhamnetin, whereas Georgiev et al. [49] identified the presence of catechin hydrate, 
epicatechin and rutin. The importance of flavonoids in the human diet has been ascribed to 
their horticultural effect, contributing to chemoprevention of DNA damage caused by several 
carcinogenic factors [49].

4.3. Saponins

These compounds vary extensively in structure and are widely distributed in plants. They 
are triterpene glycosides wherein the aglycone is covalently linked to one or two sugar chains 
through a glycosidic ester (C-28) or ether (to C-3) bond. Saponins exhibit several biological 
activities, such as anti-viral, anti-diabetic and anti-haemolytic properties, and have been, 
therefore, well studied [50].

Few studies are available regarding the evaluation of saponin content in beetroots. The occur-
rence of saponins in these species was characterized in a study conducted by Mroczek [51], 
where 11 saponins derived from oleanoic acids were identified using reverse phase liquid 
chromatography coupled with electrospray ionization mass spectrometry (LC-ESI/MS/MS). 
As with flavonoids, the content and species of saponins may vary according to the cultivar, 
with concentrations varying from 7.66 to 12.2 mg/g dry weight in three different beetroot cul-
tivars (Beta vulgaris L.). Oleanoic acid is of importance among the saponins identified in the 
beet, since it is capable of causing a marked hypoglycemic effect [52]. Saponin content may 
also vary according to beetroot processing. In the study conducted by Silva et al. [9], saponin 
content was almost three times higher in beetroot gel compared to juice, of 22 and 8.22 mg/g, 
respectively.

4.4. Dietary NO3
− and NO2

−

NO3
− and NO2

− are compounds formed by a single nitrogen bonded to three or two oxygen 
atoms, respectively. NO3

− is a nitric acid salt, while NO2
− is a nitrous acid salt, and both can be 

obtained from endogenous and/or exogenous sources. NO3
− are relatively inert but are trans-

formed into NO2
− by bacteria in the mouth of enzymatic pathways in the body. NO2

− can be 
metabolically converted into NO via the L-arginine/NO pathway. This pathway was discovered 
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in 1916 by Mitchell et al. [53] and confirmed by Green et al. [54] and Leaf et al. [55]. In addition, 
increased NO2

−-plasma concentrations have been derived from this pathway, with no contribu-
tion from dietary NO3

− intake. Vasconcellos et al. [7] and Baião et al. [8] confirmed this assertion 
by supplementing healthy and physically active volunteers with juice and beetroot gel, respec-
tively. The authors observed an increase in urinary NO2

− concentrations after juice and beetroot 
gel consumption, but no change was observed after consumption of a placebo (PLA, juice and 
beetroot gel with reduced NO3

− content).

After ingestion, dietary NO3
− is well absorbed in the upper gastrointestinal tract. About 25% 

of NO3
− absorbed via the dietary route is captured by the salivary glands. In the oral cavity, 

NO3
− is reduced to NO2

− by the enzyme NO3
−-reductase. Upon being swallowed, NO2

− formed 
from dietary NO3

− is decomposed non-enzymatically into NO, which is then rapidly oxidized 
to NO2

− [56]. Thus, an increase in urinary NO2
− concentrations after administration of beetroot 

juice or gel but not after ingestion of a PLA is expected. For this reason, many studies have 
used urinary or plasma NO2

− as the main marker for NO production.

The major dietary intake of NO3
− and NO2

− by the occidental population comes from veg-
etables (approximately 85%). The content of these anions in plants vary according to the veg-
etable tissues. For example, NO3

− in plant organs can be classified from highest to lowest, as 
petiole ˃ leaf ˃ stem ˃ root ˃ tuber ˃ bulb ˃ fruit ˃ seed [57]. In addition, environmental factors 
(atmospheric humidity, temperature, water content and exposure to sunlight and irradia-
tion), agricultural factors (type of crop, fertilization, soil conditions, herbicide use, amount of 
available nitrogen, availability of other nutrients, plant genotype and transport and storage 
conditions) also influence NO3

− levels in plants [58]. NO2
−, on the other hand, is not found nat-

urally in fruits and vegetables; it is unstable and rapidly oxidized to NO3
−. However, human 

exposure to NO2
− is about 70–80% derived from the additives used during food processing, 

such as meats, bakery products and cereals to improve taste and appearance, and to prevent 
the growth of foodborne pathogens and the secretion of toxins, such as the botulin toxin [59].

5. NO

NO is an endogenously produced molecule in the form of a gas with a very short half-life 
(5–10 s), low molecular weight (30.01 g/mol) and in standard temperature and pressure, mod-
erate solubility in water (1.9 mM, at 25°C). It has a better solubility in polar solvents and in 
biological systems, and is more concentrated in lipophilic environments (cell membranes and 
hydrophobic domains of proteins) [60, 61].

The physiological importance of NO is due to the fact that it exerts a second-messenger func-
tion, activating or inhibiting several molecules, regulating vascular tone, and acting as an 
effector of the immune system and neurotransmission. Unlike other intracellular messengers, 
NO depends on redox reactivity to associate with a receptor or enzyme, not on its molecular 
structure. In addition, NO is not stored in vivo as other neurotransmitters but rather is synthe-
sized on demand and rapidly diffuses into the target tissue and easily and quickly penetrates 
into other cells due to its small size and lipophilic characteristics [4, 61].
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NO has several health benefits. It participates in the regulation of vascular tonus and interacts with 
the iron of the prosthetic heme group of the soluble guanylate cyclase enzyme (GCs), activating 
the production of cyclic guanosine monophosphate (cGMP) and consequent relaxation of adja-
cent smooth muscle cells [62]. In the immune system, it shows cytotoxic and cytostatic effects pro-
moting the destruction of microorganisms, parasites and tumour cells [63]. This compound can 
also act as a neurotransmitter in the central and peripheral nervous system, facilitating the release 
of other neurotransmitters and hormones [64]. Other studies have reported that NO may also act 
on circulating blood cells (monocytes and platelets) for the maintenance of vascular homeostasis 
and control of smooth muscle cell proliferation and growth, as well as activation and aggregation 
of platelets, leukocytes and adhesion molecules present in the inflammatory process [65].

6. Production of different beetroot formulations

In the last few years, aiming at obtaining a convenient and alternative source of dietary NO3
−, 

different beetroot formulations have been tested, with different nutritional compositions, 
intending to promote beneficial health effects (Figure 3). The challenge is to provide a prod-
uct that, besides being rich in NO3

−, is attractive, easy to administer and microbiologically 
safe.

The first formulation described in several studies for dietary NO3
− supplementation was 

beetroot juice [8, 66–73]. For example, Baião et al. [8] produced beetroot juice by thoroughly 
washing the vegetables in tap water, sanitizing them in a chlorine solution (0.5%) as recom-
mended by the Brazilian Health Ministry legislation ANVISA (MS, Resolution RDC No. 216 
of 15/09/2004) and preparing them a food centrifuge processor. The beetroots were processed 
without adding any additional water.

Other authors have used water, fruit juice or other substances with low NO3
− content to offer 

the PLA solution to volunteers [66, 67, 72, 73]. To obtain free-NO3
− beetroot juice, Baião et al. 

[9] took the juice prepared in food processor centrifuge and transferred it to a sterile bottle 
containing an NO3

− specific anion–exchange resin. After 1 h, the juice was loaded into a sterile 
glass column and eluted with the aid of a vacuum pump. The free-NO3

− beetroot juice was 
similar in colour, taste, appearance and texture to the original. Both enriched and free-NO3

− 
beetroot juices were administered to volunteers in order to achieve the health benefits.

Kaimainen et al. [74] and Vasconcellos et al. [7] prepared beetroot powder after freeze-drying 
beetroot juice in a spray dried system. Vasconcellos et al. [7] also produced beetroot chips. To pro-
duce beet powder, beetroots were sanitized in a chlorine solution (0.5%) and after beetroot juice 
production, the juice was dried at respective inlet and outlet temperatures of 180 and 65 ± 3°C 
with a 0.7 mm nozzle and a 6 mL/min feed. Beetroot chips were obtained by cutting the beetroot 
vertically into slices of 3–8 cm wide and 2–4 mm thick, in order to obtain thin round slices. The 
slices were then frozen at −20°C for 48 h, and subsequently freeze-dried.

Recently, Silva et al. [9] developed a new formulation, a beetroot gel, mainly aimed at the 
administration of NO3

− to athletes during sports competitions. The gel was prepared from 
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sanitized vegetables washed in a chlorinated solution (0.5%), half of which was used for 
juice production, as described previously, and the other half frozen at −20°C for 48 h and 
then crushed in a portable blender to produce beetroot powder. The beetroot gel was for-
mulated with a mixture of beetroot juice, beetroot powder and carboxymethylcellulose at a 
90:17:3 ratio. This new beetroot-based gel presented pseudoplastic fluid characteristics, with 
decreased apparent viscosity as a function of increasing shear rate (deformation). This pseu-
doplastic behaviour can be a great advantage for the production and marketing of beetroot 
gel with respect to handling, packaging and yield, since the product flows smoothly, resulting 
in a suitable flow from the sachet into the mouth during gel ingestion. According to Rao [75], 
food rheology has an influence on taste and flavour perception, because of an effect related 
to the physical properties of the food (i.e. texture, viscosity), which affects the rate and extent 
to which the stimuli reach the taste buds. Colour is one of the most important food attributes, 
and is considered a quality indicator. The beetroot gel showed a low lightness, according to 
the CIE system scale ranging from 0 to 100. Visually, the produced gel had a low brightness 
(dark) red–violet colour, characteristic of raw beetroots, due to the characteristic colour of 

Figure 3: Different beetroot formulations and nutritional benefits.
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to the physical properties of the food (i.e. texture, viscosity), which affects the rate and extent 
to which the stimuli reach the taste buds. Colour is one of the most important food attributes, 
and is considered a quality indicator. The beetroot gel showed a low lightness, according to 
the CIE system scale ranging from 0 to 100. Visually, the produced gel had a low brightness 
(dark) red–violet colour, characteristic of raw beetroots, due to the characteristic colour of 

Figure 3: Different beetroot formulations and nutritional benefits.
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betanin, a water-soluble compound derived from betalamic acid. About 101 untrained panel-
ists comprising both males and females (using a 9-point hedonic scale: where one reflected 
extreme dislike and nine reflected the highest acceptability) evaluated the beetroot gel. The 
beetroot gel with orange flavouring received higher mean scores in all sensory attributes (fla-
vour, aroma, texture, and overall impression). It is possible that orange flavouring positively 
influenced the appraisal of the texture and overall impression attributes by the evaluators. 
Thus, the NO3

−-enriched beetroot gel presented advantageous rheological properties for oral 
administration and handling in the nutritional supplement industry. This encourages the test-
ing of beetroot gel in larger groups, such as physically active subjects.

In their most recent study, Vasconcellos et al. [76] produced a beetroot gel with reduced NO3
− 

content as previously described by Silva et al. [9] and supplemented 25 healthy runners, and 
also produced a PLA gel. The PLA was prepared by depleting the NO3

− from the beetroot 
juice by using an A-520E anion-exchange resin. Fuji apple (Malus pumila species) puree was 
prepared by liquefying apples in a portable blender. NO3

−-depleted beetroot juice, 16.8 g of 
apple puree (in substitution of beet chips), 2.8 g of carboxymethylcellulose and 1 mL of artifi-
cial orange flavour were then mixed to produce PLA gel.

Table 1 displays the centesimal composition and sugar content of the different beetroot-
based formulations in 100 g. Beetroot gel presented the highest protein, lipid and total 
dietary fiber contents when compared to the other formulations. It is important to note that 
lipid amount was extremely low in all formulations. Beetroot chips had the highest energy 
content (in the form of kcal), carbohydrates and total sugars when compared to beetroot 
juice and gel.

Although beetroot is considered one of the main sources for the acquisition of dietary NO3
− 

and of functional compounds with antioxidant activity, the contents of these substances 
vary significantly from one formulation to another. Table 2 displays the antioxidant poten-
tial, total phenolic compounds content, flavonoids, saponins, NO3

− and NO2
− contents of 

different beetroot formulations. Beetroot gel presented the highest total phenolic content 
(TPC), flavonoids, saponins and NO3

− content when compared to juice and chips. However, 
beetroot chips presented the highest values of the total antioxidant potential (TAP) when 
compared to the other formulations. Beetroot juice showed the lowest NO3

− concentra-
tions, while chips showed the lowest TPC, flavonoids and saponin levels when compared 
to the other formulations, indicating that beetroot processing leads to impoverishment of 
functional compounds. The NO2

− content of all formulations was considered insignificant 
(<1 mmol⋅100 g).

Although beetroot juice has become the most commonly used formulation for the dietary 
administration of NO3

−, beetroot gel showed significantly higher levels of NO3
−and bioactive 

compounds. Thus, beetroot gel seems to be the most effective formulation, providing a ready, 
easy to administer, attractive, NO3

−-rich food with the aim of promoting beneficial effects on 
the cardiovascular system.
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7. Effect of the ingestion of beetroot formulations on nitric oxide 
production and consequent health benefits

Due to its high NO3
− content, beetroots have been used as a dietary source of this anion for the 

production of NO, aiming at blood pressure lowering effects [77]. The first study conducted 
with beetroot juice (500 mL) was performed by Webb et al. [66]. The authors offered 500 mL of 
beetroot juice to 14 healthy volunteers (containing ≈ 22.5 mmol of NO3

−). Following ingestion, 
significant increases in NO synthesis (plasma NO3

− and NO2
−), stabilization of the endothelial 

function evaluated by the dilation of the brachial artery-mediated flow (DILA) and a signifi-
cant decrease of the systolic blood pressure (SBP) by up to 10 mmHg and diastolic blood pres-
sure (DBP) by up to 8 mmHg were observed. In addition, the decreases in SBP and DBP were 
correlated with increased NO synthesis. Subsequently, the juice was used in other studies 
that, in addition to healthy subjects, involved individuals with hypertension and associated 
morbidities [67, 71, 78]. Kapil et al. [78] supplemented 68 hypertensive subjects with 250 mL 
of beetroot juice (containing ≈ 6.4 mmol of NO3

−) for 4 weeks and evaluated endothelial func-
tion through DILA, plasma NO3

−, NO2
−, cGMP (other marker of NO synthesis) and monitored 

BP before and after the interventions. The authors observed an improvement in endothelial 
function through a significant increase in the mediated flow of the brachial artery and the con-
centration of NO3

− and NO2
− plasma after 4 weeks of beetroot juice ingestion. Significant SBP 

decreases by 7.7 mmHg and DBP by 2.5 mmHg were also observed after dietary NO3
− intake.

Baião et al. [8] acutely supplemented 40 healthy volunteers (20 men and women) with 1.6 mmol 
of NO3

− with100 mL beetroot juice. Significant increases in urinary NO3
−, NO2

− and NOx (NO3
− + 

NO2
−) concentrations after the ingestion of this small amount of beetroot juice were found, but 

no differences in the NO metabolites excretion responses between men and women. Regardless 
of gender and body mass, urinary excretion of NO metabolites after consumption of a dietary 
source of NO3

− increased in both men and women.

Table 3 shows studies that evaluated the effect of NO3
− supplementation through dif-

ferent beetroot formulations regarding their efficiency on NO production and the effect 

Beetroot 
formulations

TAP TPC Flavonoids Saponins NO3
− NO2

−

% GAE mg mg mg mmol mg mmol mg

Juice 79.13 ± 0.63c 1.01 ± 0.03b 0.42 ± 0.01b 8.22 ± 0.12b 1.6 ± 0.01c 217c 0.10 ± 0.02c 4.6c

Chips 95.70 ± 0.53a 0.75 ± 0.06b 0.31 ± 0.02b 6.37 ± 1.26c 4.5 ± 0.02b 279b 0.13 ± 0.02b 5.98b

Gel 87 ± 0.1b 1.98 ± 0.03a 1.37 ± 0.03a 22 ± 0.54a 6.3 ± 0.41a 390a 0.15 ± 0.0a 6.9a

The values are displayed as means ±SD. Different letters denote statistical significance between the samples at P < 0.05. 
TAP, total antioxidant potential; TPC, total phenolic content; GAE, gallic acid equivalents; NO3

−, nitrate content; NO2
−, 

nitrite content.
*Reproduced from da Silva et al.[9]; Vasconcellos et al. [7].

Table 2. Antioxidant potential, total phenolic compounds, bioactive compounds, NO3
− and NO2

− contents of different 
beetroots formulation (100 g).
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Study Beetroot 
formulations

NO3− 
concentration

Experimental 
population

Duration of 
administration 
(days)

Effect

Webb et al. 
[66]

Juice
(500 mL)

22.5 mmol 14 healthy 
males

Acute Increases NO3
− (≈16-fold) and NO2

− 
(≈2-fold) in plasma. Decreases of 
10.4 + 3 mmHg in SBP and after 24 
h (−6 mmHg), decrease of8.1 + 2.1 
mmHg in DBP.

Kapil et al. 
[67]

Juice
(250 mL)

5.5 mmol 9 healthy 
subjects

Acute Increases NO3
− (≈2-fold) and NO2

− 
(≈1.6-fold) in plasma. Decreases of 
5.4 ± 1.5 mm Hg in SBP. No effect 
on DBP.

Kenjale et al. 
[79]

Juice
(500 mL)

9.0 mmol 8 elderly 
subjects

Acute Increases plasma NO metabolites 
(NO3

− and NO2
−). There was an 

increase in 32 s in exercise time 
after beetroot juice consumption 
before subjects reported pain 
due to claudication. There was a 
reduction 48% after beetroot juice 
consumption (indicating that 
oxygen extraction was reduced) 
compared to PLA after exercise.

Coles and 
Clifton [72]

Juice + Apple
(500 g)

15.0 mmol/L 30 healthy 
subjects

Acute There was a non-significant 
reduction in SBP and DBP in men 
and women after beetroot juice 
consumption when compared to 
PLA.

Hobbs et al. 
[69]

Juice
(100 mL)
(250 mL)
(500 mL)

2.3 mmol
5.7 mmol
11.4 mmol

18 healthy 
males

Acute Increase in urinary NO. Dose-
dependent reduction with peaks of 
13.1, 20.5 and 22.2 mmHg in SBP 
and 16.6, 14.6 and 18.3 mmHg in 
DBP at doses of 100, 250 and 500 
mL, respectively.

Hobbs et al. 
[69]

Red and 
white 
beetroot 
bread (100 g)

1.6 mmol and
1.8 mmol, 
respectively.

14 healthy 
males

Acute Peak differences in SBP and DBP 
in the order of 19.3 and 23.6 
mmHg and 16.5 and 23.2 mmHg 
for breads enriched with white 
and red beetroot, respectively, in 
relation to the control.

Hobbs et al. 
(2013) [80]

Red beetroot 
bread (100 g)

1.1 mmol 24 healthy 
males

Acute Increases NO3
− (≈3-fold) and NO2

− 
(≈1-fold) in plasma. Decreases 
peaks of 7 mmHg in SBP. No effect 
on DBP.

Gilchrist et 
al. [71]

Juice
(250 mL)

7.5 mmol 27 
hypertensive 
and
diabetic 
type 2

15 Increases NO3
− (≈5-fold) and NO2

− 
(≈1.7-fold) in plasma. No effect on 
SBP and DBP

Bond Jr et al. 
[81]

Juice
(500 mL)

12.1 mmol 12 healthy 
women

Acute Increase plasma NO metabolite 
(NO2

−). Maximum decrease of 5.0, 
8.1, 6.5, 11.2 mmHg and 3.6, 2.1, 
0.4, 3.1 mmHg on SBP and DBP at 
rest and 40, 60 and 80% VO2peak in 
submaximal exercise, respectively.
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Study Beetroot 
formulations

NO3− 
concentration

Experimental 
population

Duration of 
administration 
(days)

Effect

Webb et al. 
[66]

Juice
(500 mL)

22.5 mmol 14 healthy 
males

Acute Increases NO3
− (≈16-fold) and NO2

− 
(≈2-fold) in plasma. Decreases of 
10.4 + 3 mmHg in SBP and after 24 
h (−6 mmHg), decrease of8.1 + 2.1 
mmHg in DBP.

Kapil et al. 
[67]

Juice
(250 mL)

5.5 mmol 9 healthy 
subjects

Acute Increases NO3
− (≈2-fold) and NO2

− 
(≈1.6-fold) in plasma. Decreases of 
5.4 ± 1.5 mm Hg in SBP. No effect 
on DBP.

Kenjale et al. 
[79]

Juice
(500 mL)

9.0 mmol 8 elderly 
subjects

Acute Increases plasma NO metabolites 
(NO3

− and NO2
−). There was an 

increase in 32 s in exercise time 
after beetroot juice consumption 
before subjects reported pain 
due to claudication. There was a 
reduction 48% after beetroot juice 
consumption (indicating that 
oxygen extraction was reduced) 
compared to PLA after exercise.

Coles and 
Clifton [72]

Juice + Apple
(500 g)

15.0 mmol/L 30 healthy 
subjects

Acute There was a non-significant 
reduction in SBP and DBP in men 
and women after beetroot juice 
consumption when compared to 
PLA.

Hobbs et al. 
[69]

Juice
(100 mL)
(250 mL)
(500 mL)

2.3 mmol
5.7 mmol
11.4 mmol

18 healthy 
males

Acute Increase in urinary NO. Dose-
dependent reduction with peaks of 
13.1, 20.5 and 22.2 mmHg in SBP 
and 16.6, 14.6 and 18.3 mmHg in 
DBP at doses of 100, 250 and 500 
mL, respectively.

Hobbs et al. 
[69]

Red and 
white 
beetroot 
bread (100 g)

1.6 mmol and
1.8 mmol, 
respectively.

14 healthy 
males

Acute Peak differences in SBP and DBP 
in the order of 19.3 and 23.6 
mmHg and 16.5 and 23.2 mmHg 
for breads enriched with white 
and red beetroot, respectively, in 
relation to the control.

Hobbs et al. 
(2013) [80]

Red beetroot 
bread (100 g)

1.1 mmol 24 healthy 
males

Acute Increases NO3
− (≈3-fold) and NO2

− 
(≈1-fold) in plasma. Decreases 
peaks of 7 mmHg in SBP. No effect 
on DBP.

Gilchrist et 
al. [71]

Juice
(250 mL)

7.5 mmol 27 
hypertensive 
and
diabetic 
type 2

15 Increases NO3
− (≈5-fold) and NO2

− 
(≈1.7-fold) in plasma. No effect on 
SBP and DBP

Bond Jr et al. 
[81]

Juice
(500 mL)

12.1 mmol 12 healthy 
women

Acute Increase plasma NO metabolite 
(NO2

−). Maximum decrease of 5.0, 
8.1, 6.5, 11.2 mmHg and 3.6, 2.1, 
0.4, 3.1 mmHg on SBP and DBP at 
rest and 40, 60 and 80% VO2peak in 
submaximal exercise, respectively.
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on blood pressure of healthy and hypertensive subjects. In the study conducted by Silva 
et al. [9], the NO3

− and antioxidant-enriched beetroot gel was administered acutely to 
five healthy subjects. About 60 min after a single-dose intake of 100 g of the beetroot gel 
containing ≈ 6.3 mmol of NO3

−, a 3-fold increase in plasma NO2
− was observed, followed 

by decreases in SBP and DBP of 6.2 mmHg in 60 min and 5.2 mmHg in 120 min, respec-
tively. In the recent study by Vasconcellos et al. [76], supplementation with NO3

−-enriched 

Study Beetroot 
formulations

NO3− 
concentration

Experimental 
population

Duration of 
administration 
(days)

Effect

Kim et al. 
[82]

Juice
(140 mL)

12.9 mmol 12 healthy 
men

Acute Increases plasma NO metabolites 
(NO3

− and NO2
−). There was no 

decrease in SBP and DBP after 
beetroot juice ingestion. There was 
a significant reduction in PWV 3 
h after beetroot juice consumption 
I was observed an increase of 
diameter of the brachial artery 
(mm) and FMD (%) through 
exercise intensity after beetroot 
and PLA juice consumption (there 
was no difference between the 
interventions).

Jajja et al. 
[83]

Juice
(70 mL)

6.45 mmol 24 
overweight 
subjects

21 Increases NO3
− in plasma and 

urine. There was no difference 
after the interventions beetroot 
and PLA juice in SBP and DBP.

Bondonno et 
al. [84]

Juice
(140 mL)

7 mmol 27 
hypertensive 
treated 
patients

7 Increases NO3
− (≈3-fold) and NO2

− 
(≈3-fold) in plasma. No effect on 
SBP and DBP

Kapil et al. 
[78]

Juice
(250 mL)

6.4 mmol 34 
hypertensive 
treated 
patients 
and 34 with 
hypertension

28 Increases NO3
− (≈5.5-fold) and 

NO2
− (≈2.7-fold) in plasma. 

Maximum decrease of 8.1 mmHg 
and 3.8 mmHg on SBP e DBP, 
respectively.

da Silva et 
al. [9]

Gel (100 g) 6.3 mmol five healthy 
subjects

Acute Increases NO2− in plasma. 
Decreases in SBP of 6.2 mmHg and 
in DBP 5.2 mmHg.

Vasconcellos 
et al. [76]

Gel
(100 g)

10 mmol 25 healthy 
runners

Acute Increase NO2− in urine. There was 
no improvement in VO2peak and 
time to fatigue. SBP and DBP did 
not differ significantly at any of the 
investigated time points.

NO3
−, nitrate; NO2

−, nitrite; NO, nitric oxide; DBP, diastolic blood pressure; SBP, systolic blood pressure; PLA, placebo; 
VO2peak, maxim oxygen volume; PWV, pulse wave velocity; FMD, mediated flow dilatation.
Beetroot results from the following references [7, 9, 66, 67, 69, 71, 72, 78–84].

Table 3. Studies evaluating the effect of the ingestion of different forms of beetroot on NO production and blood pressure 
in healthy and hypertensive individuals.
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beetroot gel (100 g containing ≈ 10 mmol of NO3
−) in 25 healthy and physically active 

individuals resulted in a significant increase in urinary NO3
− and NO2

−levels after 90 min. 
The study also demonstrated a decrease in hypoglycaemia, sustained even in the post-
recovery period, indicating that other significant metabolic changes appear to occur after 
NO3

− intake. In addition, the authors also indicated that physically trained individuals 
would not benefit from increased levels of NO, since no improvement in physical perfor-
mance was observed during aerobic submaximal exercise assessed by an aerobic exercise 
protocol on a treadmill (3 min warm-up of 40% peak oxygen consumption, 4 min to 90% 
of gas exchange threshold I and 70% (Δ) maximal end speed until volitional fatigue). 
However, no significant changes were observed in systolic and diastolic pressures or cor-
tisol and lactate levels after the ingestion of the beetroot gel.

8. Conclusions

The effects of beetroot intake on cardiovascular health with regard to NO production and 
blood pressure are well documented in the literature. The bioactive compounds and in 
vitro antioxidant capacity of the formulations point to the importance of the inclusion 
of this plant as a dietary component aimed at the prevention of cardiovascular diseases, 
which may also aid in the cellular response to oxidative stress. The present review high-
lighted the existence of different beetroot formulations, among which are gels enriched 
in NO3

− and bioactive/functional compounds formulated by our research group. Studies 
involving the effects of different forms of beetroot on a significant number of healthy indi-
viduals with cardiovascular problems, as well as in vivo effect in animal models, could 
boost the food industry in the elaboration of beetroot formulations as a food support for 
the population.
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beetroot gel (100 g containing ≈ 10 mmol of NO3
−) in 25 healthy and physically active 

individuals resulted in a significant increase in urinary NO3
− and NO2

−levels after 90 min. 
The study also demonstrated a decrease in hypoglycaemia, sustained even in the post-
recovery period, indicating that other significant metabolic changes appear to occur after 
NO3

− intake. In addition, the authors also indicated that physically trained individuals 
would not benefit from increased levels of NO, since no improvement in physical perfor-
mance was observed during aerobic submaximal exercise assessed by an aerobic exercise 
protocol on a treadmill (3 min warm-up of 40% peak oxygen consumption, 4 min to 90% 
of gas exchange threshold I and 70% (Δ) maximal end speed until volitional fatigue). 
However, no significant changes were observed in systolic and diastolic pressures or cor-
tisol and lactate levels after the ingestion of the beetroot gel.

8. Conclusions

The effects of beetroot intake on cardiovascular health with regard to NO production and 
blood pressure are well documented in the literature. The bioactive compounds and in 
vitro antioxidant capacity of the formulations point to the importance of the inclusion 
of this plant as a dietary component aimed at the prevention of cardiovascular diseases, 
which may also aid in the cellular response to oxidative stress. The present review high-
lighted the existence of different beetroot formulations, among which are gels enriched 
in NO3

− and bioactive/functional compounds formulated by our research group. Studies 
involving the effects of different forms of beetroot on a significant number of healthy indi-
viduals with cardiovascular problems, as well as in vivo effect in animal models, could 
boost the food industry in the elaboration of beetroot formulations as a food support for 
the population.
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Abstract

It has long been shown that phytochemicals protect plants against viruses, bacteria, fungi 
and herbivores, but only relatively recently we have learnt that they are also critical in pro‐
tecting humans against diseases. A significant amount of medicinal plants is consumed 
by humans. As food‐related products, they additionally improve human health and 
general well‐being. This chapter deals with plant‐derived food preservatives. Particular 
attention has been paid to the following berry fruits: cranberry (Vaccinium macrocarpon), 
bilberry (Vaccinium myrtillus), black currant (Ribes nigrum), elderberry (Sambucus nigra), 
cornelian cherry (Cornus mas) and açaí (Euterpe oleracea), as well as the following herbs 
and spices: peppermint (Mentha piperita), basil (Ocimum basilicum), rosemary (Rosmarinus 
officinalis), thyme (Thymus vulgaris), nettle (Urtica dioica), cinnamon (Cinnamomum zeyl‐
anicum) bark, cloves (Syzygium aromaticum) and licorice (Glycyrrhiza glabra) as alternative 
sources of natural antimicrobial and antibiofilm agents with potential use in food indus‐
try. Moreover, we present an overview of the most recent information on the positive 
effect of bioactive compounds of these plants on human health. This chapter is a collec‐
tion of essential and valuable information for food producers willing to use plant‐derived 
bioactive substances for ensuring the microbiological safety of products. 

Keywords: plant extracts, medicinal plants, antimicrobials, antiadhesives, food preservatives, 
food additives

1. Introduction

According to the ‘Plant List’—the first consolidated checklist of the world’s plants completed 
in 2010—there are up to 1 million plant species on Earth, of which around 350,000 have 
accepted names. Due to the fact that new species are still being identified, calculating any‐
thing like an accurate number is further complicated by many examples of the same species in 
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different areas being known by different names. It is estimated that the total number of plants 
is of the order of 400,000 species. Despite such a great biodiversity, only 80,000 are edible 
for humans and animals, of which 30 produce 95% of human calories [1, 2]. Furthermore, 
a significant number of known plants are not only a source of nutrients but also find use as 
remedies for health problems. For centuries, plants have been known as a sources of bioactive 
compounds usable to fight health issues. According to the World Health Organization report 
released in 2003, over 50% of the population of Europe, North America and other industrial‐
ized regions have used complementary or alternative medicine at least once. What is more, 
traditional herbal preparations account for 30–50% of the total medicinal consumption in 
China. Moreover, the global market of herbal medicines stands at over $ 60 billion annually 
and generates increasing interest [3].

2. Medicinal plants through ages

The importance of medicinal plants was acknowledged at least 50,000 years ago, as evidenced 
by numerous archaeological excavations. However, the oldest known medical document—the 
Ebers papyrus—is dated to the fifteenth century BC. This document contains more than 800 
recipes of various medicines from herbs: extracts, lotions and liniments [4, 5]. It is assumed 
that the oldest document describing medicinal plants used in China and the Far East is the 
Pent‐Sao book. A copy of this chapter, dated seventh century AD, describes nearly 400 herbs 
from which juices, infusions and ointments were produced. It is worth mentioning that one 
of the most respected plant materials was Chinese ginseng (Panax ginseng), considered to be 
a drug for immunity, strengthening and energizing [6]. India is also known for its traditional 
medical systems. One of them—Ayurveda—is found mentioned in the ancient Vedas. The 
Ayurvedic concept developed between 2500 and 500 BC. The name means ‘science of life’, and 
Ayurvedic is also called the ‘science of longevity’. The concept is based on the natural treat‐
ment methods to cure many common diseases such as food allergies. In general, Ayurvedic 
is a system based on health care and long life [7]. Herbal medicine in Europe was discovered 
much later, and the cradle of this field was Greece. Hippocrates of Kos is considered to be the 
father of phytotherapy, as his work Corpus Hippocratium, released after his death, contained 
information about the beneficial effects of more than 400 plants [8]. In later years (370–287 BC), 
Theophrastus of Eresos, considered to be the father of botany, described more than 500 plants. 
However, much more important, in this field, was a five‐volume work of Dioscorides—De 
Materia Medica (40–90 AD), considered as one of the most prominent books on herb treatment 
[9]. On the other hand, the most famous of the Romans was Claudius Galenus, called Galen 
(130–200 AD), who described 450 plants, claiming that the health effect depends on the form in 
which the medication is taken. Until the fifteenth century, medicine was based on the recipes 
described by Galen, and today, medications obtained by crushing and extraction of the plant 
material are called ‘galenic’ [10]. However, with the fall of the Roman Empire, the develop‐
ment of herbal medicine has been slowed down. In later centuries, the Arabs introduced new 
medicinal plants and forms of medicine such as spirit‐based syrups. They were the first one 
to begin using natural dyes and flavourings such as cloves, vanilla, camphor and nutmeg. 
Avicenna was considered to be the father of medicine of those times—the author of nearly 
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500 books, among them the Canon of Medicine which includes more than 700 herbal medicines 
[11]. Five centuries later, Paracelsus (1493–1541 AD) disagreed with the views of Hippocrates, 
Galen and Avicenna. In his opinion, life processes have the character of a chemical transfor‐
mation; thus, the whole plant is not needed in treatment of a disease, only the specific sub‐
stance. In that way, phytotherapy was divided in two directions: Galleons—based on extracts, 
ointments, juices and stocks—and Paracelsus—based on chemical compounds extracted from 
plants. As a result, a few centuries later, in 1804, the first alkaloid—morphine—was extracted. 
To this day, both directions are extremely important elements in medicine and daily life [12, 
13]. As a consequence, scientists worked not only on the separation of chemical compounds 
from plants but also on their chemical synthesis. For example, despite the fact that salicylic 
acid was obtained in a form of an extract from a bark of a willow, the component was syn‐
thesized in 1859 by Hermann Kolbe. His discovery is considered to be the beginning of the 
pharmaceutical industry [14].

The field of pharmaceutical drugs as we know today is based on the historical use of plants. 
Valuable sources of that are ancient and medieval texts written by explorers who had a 
combined interest in botany and medicine. The ethnopharmacological knowledge gained 
from indigenous peoples of a particular region is still used in the search for new medicines. 
Compounds originating from the plant kingdom of the world make up a framework from 
which novel drugs are developed. What is more, the importance of plants and the biodiversity 
also results from the fact that bioactive compounds found in the wild may not be reproducible 
in the laboratory [15]. The example of this strategy is the identification of artemisinin–anti‐
malarian agent for the discovery of which Tu Youyou received the Nobel Prize in Physiology 
or Medicine in 2015 [16]. Sweet wormtree (Artemisia annua)—the plant, from which the com‐
pound was extracted–has been well known in the Chinese medicine since 200 BC. A great 
number of traditional drugs commonly used in Western medicine are derived from plants, 
so it comes as no surprise that plants remain an important source of starting material for 
discovery and commercial use. What is more, plants have attracted scientific interest because 
60% of the antimicrobial drugs discovered in the past few decades are of natural origin [17].

It has long been shown that phytochemicals protect plants against viruses, bacteria, fungi and 
herbivores, but only relatively recently, we have learnt that they are also critical in protecting 
humans against diseases. Significant part of medicinal plants is consumed by humans, and as 
a food, it additionally improves human health and well‐being in general. It is well known that 
a diverse array of herbs, vegetables, fruits and grains, besides having nutrients, vitamins and 
minerals, also possess a large variety of biologically active compounds. These bioactive com‐
ponents as well as their sources as a functional food have recently gained much attention and 
publicity. The term ‘functional food’ was first introduced in Japan and refers to foods which, 
in addition to basic essential nutrients, also contain ingredients beneficial to human health 
that for example reduce the risk of chronic diseases, promote health and extend longevity [15]. 
Therefore, the primary function of food is not only to satisfy hunger and to provide the neces‐
sary nutrients but also to prevent diseases and to improve physical and mental well‐being. 
What is more, a growing number of consumers are becoming aware of functional foods and its 
beneficial properties. Therefore, it is considered that functional food is a long‐term trend with 
an important market potential, which is conditioned by the expectations of consumers. Taking 
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this into account, more and more recent innovations are increasingly being used. Food indus‐
try innovations can be classified as the following: (1) new food ingredients and materials, (2) 
innovations in fresh foods, (3) new food processing techniques, (4) innovations in food quality 
and (5) new packaging methods [18]. As a result, more and more completely new products 
based on natural additives, in the form of fruit juice or herbal extracts, previously considered 
as medicinal or unattractive in terms of sensory, are available on the market. Moreover, food 
manufacturers have realized that besides the fulfilment of health‐related consumer expecta‐
tions, they can use the natural source of bioactive compounds for their purposes [19]. With the 
increased negative attitudes of consumers to chemical food additives such as preservatives, 
acidity stabilizers or food colourings, fruit juices and herbs extracts have gained in impor‐
tance fulfilling all of these functions. The application of natural plant food preservatives with 
additional potential as health‐promoting agents is especially interesting [20]. What is more, 
natural plant‐origin, antimicrobial compounds have been investigated as alternatives to syn‐
thetic ones for preserving food quality, owing to their effectiveness against food spoilage and 
foodborne pathogens [21].

3. Bioactive compounds

Metabolites produced by each living cell can be generally divided into two groups: pri‐
mary metabolites (PMs) and secondary metabolites (SMs). PMs are the chemicals aimed at 
growth and development and include carbohydrates, amino acids, proteins and lipids. SMs 
are characterized as compounds believed to help plant to increase overall ability to survive 
and overcome local challenges by allowing them to interact with their surroundings. Most 
of bioactive compounds of plants are produced as secondary metabolites, giving plants 
their colour, flavour and aroma. The simplest definition of plant origin bioactive compound 
is ‘secondary plant metabolites eliciting pharmacological or toxicological effects in human 
and animals’. Bioactive compounds are present in all plant material: vegetables, grains, 
legumes, beans, fruits, herbs, roots, leaves and seeds. They are largely responsible for the 
medicinal properties and health benefits of herbs, but also for poisonous and toxic effects 
of others [22, 23].

Despite the fact that classification of bioactive compounds in different categories and sub‐
categories is still inconsistent, they can be divided into three main categories: (1) terpenes 
and terpenoids (25,000 types), (2) alkaloids (12,000 types) and (3) phenolic compounds (PC) 
(8000 types) [24]. Basing on unique structural characteristics, and thus on the way of their 
biosynthesis, as well as function, bioactive compounds belong to one of a number of families. 
There are four major pathways for biosynthesis of SM: (1) shikimic acid pathway; (2) malonic 
acid pathway; (3) mevalonic acid pathway and (4) non‐mevalonate pathway [25]. Alkaloids 
are generally produced by aromatic amino acids (shikimic acid pathway) and by aliphatic 
amino acids. PC are synthesized through two pathways: shikimic acid pathway and malonic 
acid pathway, while terpenes are synthetized through mevalonic and non‐mevalonate acid 
pathways [23]. The overall classification of bioactive compounds of plants with examples is 
shown in Figure 1.

Food Additives48



this into account, more and more recent innovations are increasingly being used. Food indus‐
try innovations can be classified as the following: (1) new food ingredients and materials, (2) 
innovations in fresh foods, (3) new food processing techniques, (4) innovations in food quality 
and (5) new packaging methods [18]. As a result, more and more completely new products 
based on natural additives, in the form of fruit juice or herbal extracts, previously considered 
as medicinal or unattractive in terms of sensory, are available on the market. Moreover, food 
manufacturers have realized that besides the fulfilment of health‐related consumer expecta‐
tions, they can use the natural source of bioactive compounds for their purposes [19]. With the 
increased negative attitudes of consumers to chemical food additives such as preservatives, 
acidity stabilizers or food colourings, fruit juices and herbs extracts have gained in impor‐
tance fulfilling all of these functions. The application of natural plant food preservatives with 
additional potential as health‐promoting agents is especially interesting [20]. What is more, 
natural plant‐origin, antimicrobial compounds have been investigated as alternatives to syn‐
thetic ones for preserving food quality, owing to their effectiveness against food spoilage and 
foodborne pathogens [21].

3. Bioactive compounds

Metabolites produced by each living cell can be generally divided into two groups: pri‐
mary metabolites (PMs) and secondary metabolites (SMs). PMs are the chemicals aimed at 
growth and development and include carbohydrates, amino acids, proteins and lipids. SMs 
are characterized as compounds believed to help plant to increase overall ability to survive 
and overcome local challenges by allowing them to interact with their surroundings. Most 
of bioactive compounds of plants are produced as secondary metabolites, giving plants 
their colour, flavour and aroma. The simplest definition of plant origin bioactive compound 
is ‘secondary plant metabolites eliciting pharmacological or toxicological effects in human 
and animals’. Bioactive compounds are present in all plant material: vegetables, grains, 
legumes, beans, fruits, herbs, roots, leaves and seeds. They are largely responsible for the 
medicinal properties and health benefits of herbs, but also for poisonous and toxic effects 
of others [22, 23].

Despite the fact that classification of bioactive compounds in different categories and sub‐
categories is still inconsistent, they can be divided into three main categories: (1) terpenes 
and terpenoids (25,000 types), (2) alkaloids (12,000 types) and (3) phenolic compounds (PC) 
(8000 types) [24]. Basing on unique structural characteristics, and thus on the way of their 
biosynthesis, as well as function, bioactive compounds belong to one of a number of families. 
There are four major pathways for biosynthesis of SM: (1) shikimic acid pathway; (2) malonic 
acid pathway; (3) mevalonic acid pathway and (4) non‐mevalonate pathway [25]. Alkaloids 
are generally produced by aromatic amino acids (shikimic acid pathway) and by aliphatic 
amino acids. PC are synthesized through two pathways: shikimic acid pathway and malonic 
acid pathway, while terpenes are synthetized through mevalonic and non‐mevalonate acid 
pathways [23]. The overall classification of bioactive compounds of plants with examples is 
shown in Figure 1.

Food Additives48

Phenolic compounds are widely distributed, and an important group of compounds occurs 
in plants. Polyphenol family contains about 8000 structurally different compounds, commonly 
found in fruits, vegetables, seeds, flowers and leaves. They are generally categorized as pheno‐
lic acids and derivatives, flavonoids, tannins, stilbenes, lignans, quinones and others based on 
the number of phenolic rings and of the structural elements that link these rings. Biosynthesis 
of mono and polyphenolic compounds is carried out from carbohydrates by way of shikimic 
acid, phenylpropanoid and flavonoid pathways [26]. Generally phenolic acids contain two 
distinguishing constitutive carbon frameworks: the hydroxycinnamic and hydroxybenzoic 
structures. The first group of phenolic acids includes ferulic, chlorogenic, sinapic, caffeic and 
p‐coumaric acids, while the second one contains gallic, syringic, protocatechuic and vanillic 
acids. Other polyphenols are also considered as phenolic acids: capsaicin, rosmarinic acid, 
gingerol, gossypol, ellagic acid and cynarin [27]. It is worth noting that caffeic, p‐coumaric, 
vanillic, ferulic and protocatechuic acids are widely distributed in nearly all plants. Red fruits, 
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Figure 1. General classification of bioactive compounds of plants.

Figure 2. Representatives of phenolic acids. A—4‐hydroxybenzoic acid; B—coumaric acid.
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addition to kaempferol, flavonols also include myricetin, quercetin, morin, galangin and isor‐
hamnetin and most commonly occur in the form of O‐glycosides (Figure 3). They are pres‐
ent in a wide range of food such as fruit (cherries, blueberries, apples), vegetables (broccoli, 
tomato), beverages (red wine), herbs and spices (caraway, cumin).

On the other hand, flavones appear in a limited number of raw plant materials and can be 
found in parsley, celery, thyme, tea, legumes and certain other herbs. The major flavones are 
apigenin, luteolin, baicalein, chrysin and their derivatives. Tangeretin, nobiletin and sinense‐
tin, the most hydrophobic of all of the flavonoids, also belong to this group [26]. Naringenin 
and hesperetin as well as their glycosides (naringin, hesperidin) are flavanones present 
mainly in citrus fruits (oranges, lemons), grapes, and medicinal herbs belonging to the family: 
Rutaceae, Rosaceae, and Leguminosae [30]. Another, very important group are flavanols which 
occur as simple monomers of (+)‐catechin or (‐)‐epicatechin, as well as in hydroxylated (gal‐
locatechins) and esterified (gallic acid) forms (Figure 4).

Figure 3. Typical flavonols: A—quercetin; B—kaempferol; C—myricetin.
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The most important among flavanols are catechin, epicatechin, epigallocatechin, epicatechin 
gallate and epigallocatechin gallate. They are present in tea (mainly green tea), apples, grapes, 
berries and cocoa. Anthocyanins, including cyanidin, delphinidin, malvidin, peonidin and 
pelargonidin as well as their glycosides, are widely distributed in fruits giving them a charac‐
teristic colour depended on their pH. Therefore, in addition to health properties, they arouse 
interest as food colourings [31] (Figure 5).

Figure 4. Structures of A—(+)‐ catechin; B—(‐)‐epicatechin.

Figure 5. Representatives of anthocyanins: A—cyanidin; B—delphinidin; C—malvidin; D—pelargonidin.
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Alkaloids are the next class commonly found in plants. General definition has been sug‐
gested in 1983 by Pelletier, and it was ‘cyclic compound containing nitrogen in negative oxi‐
dation state which is of limited distribution in organisms’. Despite the diversity of alkaloids, 
they show a similarity in the chemical structure: (1) alkaloids contain nitrogen, in most cases 
derived from several amino acids; (2) exhibit alkaline pH and (3) they have no basic forms like 
quaternary compounds and N‐oxides [32]. The most often used classification of alkaloids is 
so‐called (1) true alkaloids—atropine, nicotine and morphine; (2) protoalkaloids—adrenaline 
and ephedrine; and (3) pseudoalkaloids—caffeine, theobromine and theacrine. On the other 
hand, based on the biosynthesis, alkaloids can be divided into indole alkaloids (tryptophan 
derived, e.g. ergometrine), piperidine (lysine derived, e.g. lobeline), pyrrolidine (ornithine 
derived, e.g. hygrine), phenylethylamine (tyrosine derived) and imidazole (derived from his‐
tidine, e.g. pilocarpine). It is believed that about 14–20% of plant species contain alkaloids. 
Main representatives are plants belonging to the families: Solanaceae (e.g. Nicotiana tabacum 
and Datura stramonium), Papaveraceae (e.g. Papaver somniferum), Ranunculaceae (e.g. Hydrastis 
canadensis), Erythroxylaceae (e.g. Erythroxylum coca), Rubiaceae (e.g. Pausinystalia johimbe) and 
Campanulaceae (e.g. Lobelia inflate). Alkaloids in plants are considered to be a growth regu‐
lation factor, serve as a reserve substance as well as play an important role in plants [33]. 
Alkaloids are generally used in therapeutics and pharmacology. They show a wide range of 
biological properties: anti‐inflammatory, antidepressant, antitumor, antiviral, antihyperten‐
sive, but also antimicrobial and antimalarial [34].

Terpenes, also called terpenoids, are the most diverse class of natural bioactive compounds. 
It is believed that this class can count up to 40,000 different chemicals [35]. They can be clas‐
sified into many categories based on the number of carbon atoms as well as the presence of 
isoprene residues (IPR): (1) monoterpenes consist of 10 carbon atoms, or two IPR; (2) ses‐
quiterpenes contain 15 carbon atoms, or three IPR; in the composition of (3) diterpenes con‐
sist of 20 C atoms, or four IPR; (4) triterpenes consist of 30 C atoms, or six isoprene units, 
while in the composition of (5) tetraterpenes there are 10 more carbon atoms, or two more 
isoprenes. The last group polyterpenes are composed of large number of IPS. Although ter‐
penes are secondary metabolites, they have a well‐characterized function in plants growth. 
For example, gibberellins (diterpenes) are plant hormones, sterols (triterpene derivatives) 
are responsible for cell stabilization, while carotenoids show protective activities against 
photo‐oxidation. The best known among this class of compounds are carotenes and oxyca‐
rotenoids (xanthophylls) belonging to tetraterpene family. Carotenoids, such as β‐carotene, 
lutein, lycopene or zeaxanthin, are lipid‐soluble colour pigments occurring in vegetables 
and fruits, giving them a yellow, orange and even a red colour [26]. On the other hand, 
some terpenes are toxins and play important defensive roles against many insects and 
mammals. Pyrethroids and monoterpene esters, from Chrysanthemum spp., show strong 
insecticidal activities. However, it is believed that the most important from all of the ter‐
penes are volatile monoterpenes and sesquiterpenes known as essential oils (EOs). They 
occur mainly in herbs and spices, as well as some fruit, giving them a characteristic aroma. 
Peppermint (M. piperita), lemon (Citrus limon), basil (O. basilicum), cinnamon (C. zeylanicum) 
and rosemary (R. officinalis) are the examples of plants that are rich sources of essential 
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oils. EOs are well‐known bioactive compounds used in aromatherapy, microbiology and 
agroindustry. It has been shown that terpenes exhibit various pharmacological properties 
such as anti‐inflammatory, anticarcinogenic, antitumor, antibacterial, antimalarial, antivi‐
ral, antibacterial as well as hepatoprotective [24–26].

Saponins are a group of compounds which attract attention. Structurally, they can be 
divided into triterpenoids or steroids. They contain a triterpene or steroid aglycone and 
attached sugar chain(s), mainly consisting of rhamnose, xylose, arabinose, galactose and 
fucose. Their amphoteric nature results from the presence of hydrophobic aglycone and 
hydrophilic sugar chains [36]. These molecules are responsible for the unique properties of 
saponins: emulsifying, foaming and detergenic properties. The source of steroidal saponin in 
nature is Lilianae (monocotyledons), while triterpenoid is commonly found in Dicotyledoneae 
(dicotyledons). In plants, they accumulate mainly in the bark, roots and leaves of the plants 
belonging to Agavaceae, Leguminosae, Rosaceae, Caryophyllaceae and Umbelliferae families [37]. 
The main representatives of plants characterized by a rich composition of saponins are as 
follows: Chinese honey locust (Gleditsia sinensis), soapwort (Saponaria officinalis), Mongolian 
milkvetch (Astragalus propinquus), ginger (P. ginseng), Yucca (Yucca schidigera) and soapbark 
(Quillaja saponaria). The last two are traditionally used as detergents (Q. saponaria) or in ani‐
mal nutrition in order to reduce faecal odours (Y. schidigera). Saponins are compounds exhib‐
iting insecticidal, anthelmintic, molluscicidal as well as antiviral, antibacterial and antifungal 
activities in plants [38]. Saponins show anticancer properties, while these from Androsace 
umbellate are reported as inductors of cell apoptosis and inhibitors of cancer cells [39, 40]. 
What is more, saponins from Yucca show an inhibition of food‐spoilage yeast Debaryomyces 
hansenii, Pichia nakazawae, Zygosaccharomyces rouxii, Candida famata and Hansenula anomala 
[41]. In recent years, saponins sparked interest as a natural, environment friendly additives/
ingredients. For example, Y. schidigera are commonly used in Japan as an additive against 
yeasts contaminating cooked rice, pickled vegetables or fish meat [42]. Moreover, it was 
found that yeast treated with saponin extract from Q. saponaria showed increased cell mem‐
brane permeability, as a result facilitating the preparation of yeast salt‐free lysates much 
easier [43].

Due to the richness and variety of bioactive substances contained in plants and their posi‐
tive effects on human health, they constitute important raw materials used in a variety of 
industries. In view of their promoting properties, such as antioxidant, anti‐inflammatory, 
anticancer, antimutagenic, antiallergenic, antifungal, antibacterial and many others, research 
has been intensified towards fruit, vegetables, plants, herbs and spices which will provide an 
attractive and functional addition to food products.

4. Herbs and spices

Herbs and spices have been playing a key role in the daily life of mankind since the ancient 
times. They are derived from various parts of plants from all over the world. Herbs are 
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 generally fresh or dried leaves of plants, while spices are divided into four groups: (1) pungent 
species, (2) aromatic seeds, (3) aromatic barks and (4) coloured species [44]. It is considered 
that about 400 herbs and spices are commonly used around the world. It is speculated that a 
much larger proportion of human population uses herbs and spices as therapeutic remedies, 
compared to prescription pharmaceuticals. The characteristics of herbs are conditioned by 
their chemical composition, e.g. its aroma and flavour depend on the volatile oils such as 
monoterpenes [45, 46]. Among other things, these features made them recognized as a food, 
food additives and in the manufacturing of cosmetics and pharmaceuticals. What is more, 
global awareness of health and environmental issues, especially in the developed countries, 
caused increased demands for medical herbs and spices as well as food products containing 
these plant materials. Increasingly common are new herbs or mixtures of herbs designed to 
improve the health of consumers. Due to the popularity of functional and ecological foods, 
and as well as increasing consumer awareness about the impact of diet on human health, the 
pro‐healthy herbs are used in food production [46].

There is no doubt herbs and spices of natural origin show the extraordinary properties and 
advantages for human population. Due to their natural origin, they are generally considered 
as safe for consumption and thus can be used in food production. The consequence of rising 
consumer awareness is the demands for high‐quality foods. What is more, there are also con‐
cerns about microbiological food safety due to the occurrence of new food‐borne pathogens 
and spoilage microorganisms. Therefore, food manufacturers are aware of the limited use of 
synthetic preservatives, and they are looking for new sources of bioactive compounds that 
exhibit three roles: (1) meet the expectations of the new trends of healthy food; (2) will be 
characterized by antimicrobiological properties and (3) show other functions of food addi‐
tives (acidity stabilizers, dyes or other) [47]. Further part of the chapter provides an overview 
of the literature on the properties of selected herbs and spices, which are a potential source 
of food additives. Herbs have been chosen with regard to their antimicrobial properties and 
health benefits of their regular consumption.

4.1. Peppermint (M. piperita)

Description. Peppermint (M. piperita) is a natural hybrid of watermint (Mentha aquatic) and 
spearmint (Mentha spicata) belonging to family Lamiaceae. The herb is native to Europe, but 
nowadays, it is commonly found around the world and used as a pharmaceutic and cosmetic 
material, as well as a food additive, mainly in order to enrich the products in fresh, mint 
flavour and aroma. In traditional medicine, peppermint essential oils are commonly used. 
It is commonly found as one of the compounds of tea, but the extract of peppermint is also 
consumed [48]. M. piperita leaves are popularly known as refreshing additive in beverages. 
According to Food and Agricultural Organization of United Nations (FAO), world’s produc‐
tion of peppermint in 2010 reached more than 80,000 tons. The biggest global producer was 
Africa—89% of the amount [49].

Bioactive compounds M. piperita is mostly known for its essential oils, and, hence, volatile 
components, which are often used in cosmetics, pharmaceutics and food industry. It is con‐
sidered that major compounds of peppermint EOs are menthone (approximately 30%) and 
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menthol (25%). Other compounds like menthofuran, limonene, β‐phellandrene, isomenthone, 
menthol acetate, pulegone, β‐caryophyllene, neomenthol and germacrene D are encountered 
at much lower concentration [50, 51]. Phytochemicals detected in the M. piperita extracts 
are also rosmarinic acid, ferulic acid, gallic acid, vanillic acid, p‐coumaric acid, caffeic acid, 
syringic acid, (+)‐catechin, (‐)‐epigallocatechin gallate, eriocitrin, hesperidin and luteolin‐7‐O‐
rutinoside [48, 52]. Generally, 50% of all of the M. piperita bioactive compounds are flavo‐
noids, followed by about 42% phenolic acids, and 2.5% of lignans and stilbenes. According 
to Fecka and Turek, 2 g of peppermint can provide 88 mg of phenolic acids, but the value 
depends on the type of the product [53].

Health benefits Research on the health‐benefiting activities of peppermint showed that 
one in eight plants exhibits strong activity in suppressing the effect of okadaic acid which 
promotes tumour formation [54]. Extract of M. piperita suppresses mutagenicity of human 
carcinogens formed in cooked meat. What is more, methanol extract from peppermint is 
cytotoxic to L1210 cancer cells. Extract of mint also reduces lungs carcinogenicity and muta‐
genicity [55]. Other studies suggest that M. piperita can affect the bioavailability of certain 
drugs. Furthermore, flavonoids from this herb show antiallergic effects in research with rat 
peritoneal mast cells. It is believed that luteolin‐7‐O‐rutinoside is an especially potent com‐
pound. Both the aqueous extracts and peppermint oils exhibit potent antiviral properties 
towards herpes simplex virus (HSV), influenza, vaccinia virus, suppressing replicative ability 
of HSV‐1 [56]. It has been found that virulence of both herpes simplex virus 1 and 2 is inhib‐
ited by peppermint oil. It has also been shown that bioactive compounds contained in herbs 
are characterized by gastrointestinal activities (stimulating choleretic activity), antiallergenic 
actions inhibiting sneezing and with menthol from peppermint a significant enhancement of 
the nasal sensation [52].

Antimicrobial activity It has been documented that M. piperita extracts and EOs are charac‐
terized by broad spectrum of antibacterial activities against gram‐positive and gram‐negative 
pathogens as well as antifungal activities against yeasts and moulds. In the study of Singh et al., 
it was found that gram‐positive bacteria such as Staphylococcus aureus and Staphylococcus pyo‐
genes are more sensitive to essential oil compared to Escherichia coli. Authors also established that 
the growth inhibition was compared with gentamycin [57]. Mint oil also had bactericidal effect 
against Staphylococcus mutans, Salmonella typhimurium, Pseudomonas aeruginosa and Shigella spp. 
It has been confirmed that gram‐negative bacteria such P. aeruginosa are less sensitive to mint 
oil that other tested bacterial strains [58]. On the other hand, Pramila et al. noted that metha‐
nol extract of M. piperita showed stronger activity against E. coli compared to Staphylococcus 
and Acinetobacter strains [59]. Mint oil was also effective in inhibiting Salmonella enteritidis in 
cucumber salads, tzatziki yoghurts, as well as cod’s roe salad [60]. The M. piperita EOs and etha‐
nol extract showed antifungal activity against Candida spp.: Candida tropicalis, Candida albicans, 
Candida glabrate and Candida parapsilosis, but its infusion did not have any antifungal proper‐
ties not only to them but also moulds: Aspergillus niger, Aspergillus flavus, Aspergillus parasiticus, 
Rhizopus solani, Alternaria alternata [61]. What is more, peppermint oils and extract showed anti‐
adhesive and antibiofilm properties against food spoilage bacteria Asaia lannensis and Asaia bog‐
orensis as well as rods P. aeruginosa, bacilli Listeria monocytogenes and yeasts C. albicans, Candida 
dubliniensis [62–65].
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4.2. Basil (O. basilicum)

Description Another representative of a medical herb belonging to the family Lamiaceae is 
basil (O. basilicum), originating from the warm tropical climates of India, Africa, Asia as well 
as Mediterranean Europe. O. basilicum is one of the 150 species, widely cultivated worldwide, 
due to its use in cooking and folk medicine for treating headaches, coughs and kidney mal‐
functions. In everyday life, basil is a popular flavouring agent, an additive to medications, 
cosmetics, perfume and food products [66, 67].

Bioactive compounds Similar to peppermint (M. piperita), basil belongs to the aromatic 
plants, and therefore, the most common mixture of bioactive compounds derived from this 
plant is essential oils. EOs of O. basilicum mainly contain eugenol, estragol, methyl cinnamate, 
linalool, geranial and neral, but the composition can differ dependent upon harvest dates 
and growth condition. Other compounds identified in basil oils are E‐caryophyllene, aro‐
madendrene, α‐humulene, terpinen‐4‐ol, γ‐terpinene and camphor [66]. Typical methanolic 
basil extracts mainly contain: rosmarinic acid—as the dominant phenolic acid, chicoric acid—
recently discovered in basil leaves, and caffeic and caftaric acids—at lower concentrations 
[67, 68]. On the other hand, ethanolic extracts of basil, in addition to rosmarinic, chicoric and 
caftaric acids, contain chlorogenic, gentisic, ferulic and p‐coumaric acids, as well as β‐caro‐
tene and lutein‐zeaxanthin. In the study of Vlase et al., it was documented that the extract is 
a source of quercetin‐3‐glucoside, quercetin‐3‐rutinoside, quercetin‐3‐rhamnoside as well as 
luteolin [69].

Health benefits Due to the phenolic compounds as well as essential oils, basil is widely used 
as an anti‐inflammatory, insecticidal and nematicidal agent. Traditionally, decoction of O. 
basilicum root is used as a drink for stomach pains and as an enema in constipation. On the 
other hand, tea from basil leaves is commonly inhaled for nasal and bronchial catarrh, and as 
a sudorific and stomachic agent [66]. What is more, some scientific literature reports that basil 
shows antidiabetic, adaptogenic, cardioprotective, immunostimulatory, anticarcinogenic and 
hepatoprotective properties [70].

Antimicrobial activity The ethanolic extracts of O. basilicum showed stronger antibacte‐
rial activity against gram‐positive S. aureus than against gram‐negative L. monocytogenes, E. 
coli, S. typhimurium and yeasts C. albicans [71]. On the other hand, the results obtained for 
essential oils suggest that gram‐negative bacteria such E. coli and P. aeruginosa are character‐
ized by higher sensitivity to bioactive compounds from basil [71]. Sienkiewicz et al. docu‐
mented that basil oil exhibited strong antibacterial activity against clinical strains of E. coli, 
including β‐lactamase positive [72]. It is considered that mainly linalool and eugenol are 
responsible for the antibacterial activity of basil EOs. What is more, essential oils from basil 
show antifungal activity against common plant pathogens: Glomerella cingulata, Fusarium 
solani, A. alternata and Fulvia fulva [73]. Basil EOs were tested as a natural fungicide against 
Penicillium and Aspergillus strains isolated from sausage [74]. Antimicrobial activity of O. basi‐
licum essential oils was also shown against S. enteritidis both in vitro and in a food model 
by Rattanachaikunsopon and Phumkhachorn [75]. The results obtained by Carovic‐Stanko 
et al. indicated that Ocimum americanum shows antimicrobial activity, against E. coli 0157:H7, 
Enterobacter faecalis, Enterobacter faecium, Proteus vulgaris, S. aureus and Staphylococcus epidermis 
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as Mediterranean Europe. O. basilicum is one of the 150 species, widely cultivated worldwide, 
due to its use in cooking and folk medicine for treating headaches, coughs and kidney mal‐
functions. In everyday life, basil is a popular flavouring agent, an additive to medications, 
cosmetics, perfume and food products [66, 67].

Bioactive compounds Similar to peppermint (M. piperita), basil belongs to the aromatic 
plants, and therefore, the most common mixture of bioactive compounds derived from this 
plant is essential oils. EOs of O. basilicum mainly contain eugenol, estragol, methyl cinnamate, 
linalool, geranial and neral, but the composition can differ dependent upon harvest dates 
and growth condition. Other compounds identified in basil oils are E‐caryophyllene, aro‐
madendrene, α‐humulene, terpinen‐4‐ol, γ‐terpinene and camphor [66]. Typical methanolic 
basil extracts mainly contain: rosmarinic acid—as the dominant phenolic acid, chicoric acid—
recently discovered in basil leaves, and caffeic and caftaric acids—at lower concentrations 
[67, 68]. On the other hand, ethanolic extracts of basil, in addition to rosmarinic, chicoric and 
caftaric acids, contain chlorogenic, gentisic, ferulic and p‐coumaric acids, as well as β‐caro‐
tene and lutein‐zeaxanthin. In the study of Vlase et al., it was documented that the extract is 
a source of quercetin‐3‐glucoside, quercetin‐3‐rutinoside, quercetin‐3‐rhamnoside as well as 
luteolin [69].

Health benefits Due to the phenolic compounds as well as essential oils, basil is widely used 
as an anti‐inflammatory, insecticidal and nematicidal agent. Traditionally, decoction of O. 
basilicum root is used as a drink for stomach pains and as an enema in constipation. On the 
other hand, tea from basil leaves is commonly inhaled for nasal and bronchial catarrh, and as 
a sudorific and stomachic agent [66]. What is more, some scientific literature reports that basil 
shows antidiabetic, adaptogenic, cardioprotective, immunostimulatory, anticarcinogenic and 
hepatoprotective properties [70].

Antimicrobial activity The ethanolic extracts of O. basilicum showed stronger antibacte‐
rial activity against gram‐positive S. aureus than against gram‐negative L. monocytogenes, E. 
coli, S. typhimurium and yeasts C. albicans [71]. On the other hand, the results obtained for 
essential oils suggest that gram‐negative bacteria such E. coli and P. aeruginosa are character‐
ized by higher sensitivity to bioactive compounds from basil [71]. Sienkiewicz et al. docu‐
mented that basil oil exhibited strong antibacterial activity against clinical strains of E. coli, 
including β‐lactamase positive [72]. It is considered that mainly linalool and eugenol are 
responsible for the antibacterial activity of basil EOs. What is more, essential oils from basil 
show antifungal activity against common plant pathogens: Glomerella cingulata, Fusarium 
solani, A. alternata and Fulvia fulva [73]. Basil EOs were tested as a natural fungicide against 
Penicillium and Aspergillus strains isolated from sausage [74]. Antimicrobial activity of O. basi‐
licum essential oils was also shown against S. enteritidis both in vitro and in a food model 
by Rattanachaikunsopon and Phumkhachorn [75]. The results obtained by Carovic‐Stanko 
et al. indicated that Ocimum americanum shows antimicrobial activity, against E. coli 0157:H7, 
Enterobacter faecalis, Enterobacter faecium, Proteus vulgaris, S. aureus and Staphylococcus epidermis 
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[76]. Due to the wide use against bacteria and fungi, basil oil is widely considered as a natural 
agent improving food safety.

4.3. Rosemary (R. officinalis)

Description Rosemary (R. officinalis), 1 m high, evergreen shrub with upright stems, whitish‐
blue flowers and dark green leaves, belongs to the family Lamiaceae. The herb is commonly 
cultivated in Mediterranean countries: Spain, Tunisia, France and Italy. Due to its intense 
pleasant smell reminiscent of pine, rosemary is widely used in traditional medicine and cos‐
metics and as a food flavouring [77].

Bioactive compounds The chemical analysis of the essential oil obtained from rosemary indi‐
cated that the herb is a rich source of monoterpenes and contains mainly: eucalyptol (1,8‐cin‐
eole), camphor, β‐pinene, borneol, limonene as well as camphene. What is more, according to 
Kontogianni et al., R. officinalis also contains isorhamnetin‐3‐O‐hexoside, rosmarinic acid, car‐
nosic acid and the triterpenic acids (oleanolic, ursolic, betulinic), as well as homoplantaginin 
[78]. On the other hand, extract of rosemary contains flavonol (isorhamnetin), flavones (luteo‐
lin, apigenin, hispidulin) and phenolic acids (hydroxybenzoic, hydroxycinnamic derivatives). 
Additionally, in the chapter of Mena et al., luteolin‐rutinoside, luteolin‐hexoside, isorhamne‐
tin‐3‐O‐hexoside, isorhamnetin‐rutinoside, eriodictyol, luteolin hesperetin and epirosmanol 
have also been detected [79].

Health benefits Rosemary is generally an important source of bioactive compounds exhib‐
iting several health‐benefiting activities. In traditional medicine, oils, water and ethanolic 
extract of rosemary are commonly used as an agent for digestive, astringent, diuretic and dia‐
phoretic problems, as well as mild analgesic and for physical and mental fatigue. Moreover, 
phytochemical composition contained in the herb showed anti‐inflammatory, antidepressant, 
antiatherogenic, hepatoprotective, nephroprotective, antiobesity and anticancer properties. It 
has been documented that bioactive compounds, mainly carnosic acid, rosmarinic acid and 
carnosol, showed high antioxidant activity. What is more, essential oil of rosemary, due to 
monoterpenes such as 1,8‐cineole, camphor and pinene content, is used as an antimicrobial 
biopreservative in food production [79–82].

Antimicrobial activity High bioactive compound content in essential oils and extract has 
been documented as a strong antimicrobial agent. Rosemary EOs exhibit antifungal activity 
against Fusarium graminearum (cereal pathogen), α‐pinene and 1,8‐cineole contained in the oil 
show activity against, C. albicans, and A. niger [81]. Rosemary oil also exhibits bacteriodical 
and bacteriostatic activity against S. aureus, Bacillus subtilis and P. aeruginosa [83]. The anti‐
bacterial, fungistatic and fungicidal activities of R. officinalis were also noted in the article of 
Bozin et al. The authors showed that rosemary EOs had strong activities against C. albicans, 
Trichophyton tonsurans, Trichophyton rubrum, Epidermophyton floccosum, Microsporum canis, 
P. aeruginosa, E. coli, Salmonella typhi, S. enteritidis, Shigella sonnei, Micrococcus flavus, Sarcina 
lutea, S. aureus, Staphylococcus epidermidis and B. subtilis [84]. Antifungal activity of rosemary 
was also studied against fresh dough spoilage Aspergillus spp. and Penicillium spp., and 
microencapsulation retained the antimicrobial property of the EOs [85]. Antimicrobial activ‐
ity of essential oils depends on their volatile chemicals, such as aromatic compounds and 
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 polyphenols. The mechanism of action includes direct activity on cytoplasmic membrane, 
causing changes in lipid bilayer, and as a result disrupting membranes, which finally leads 
to leakage of the cell content [58].

4.4. Thyme (T. vulgaris)

Description Thyme (T. vulgaris), also called as common thyme, German thyme or garden 
thyme, is the next representative of the Lamiaceae family. This herb is native to Mediterranean 
countries in Europe. Thyme is a woody‐based evergreen herb with aromatic green leaves and 
pink flowers. T. vulgaris is used as a groundcover in gardens, but is much more valuable as a 
flavouring to rabbit, boar, and lamb meats, giving them a spicy taste. In folk medicine, thyme 
was used as an infusion or an additive for baths for treatment of skin diseases, as well as car‐
minative, and a sedative medicament [86].

Bioactive compounds Similar to other aromatic herbs, bioactive compounds from thyme 
can be obtained, in both aqueous form or alcoholic extracts and essential oils. Thymus EOs 
are generally a mixture of monoterpenes, mainly thymol (approximately 50% of all of the 
compounds) and carvacrol (10%). Essential oil of thyme is also a source of α‐terpineol, γ‐
terpinene, linalool, camphor and caryophyllene [86]. What is more, phenolic acids (caffeic, 
p‐coumaric, cinnamic, carnosic, rosmarinic, caffeoylquinic, ferulic and quinic), as well as fla‐
vonols (quercetin‐7‐O‐glucoside), flavones (apigenin), flavanones (naringenin) can also be 
present in methanolic extracts [87]. Steroids, saponins, alkaloids, tannins and flavonoids can 
also be extracted from thyme using hexane, ethyl acetate and butanol [88].

Health benefits Infusions and decoctions of thyme leaves have been used for thousands of 
years for treatment of a cold, in a production of tonics, as a medicine in digestive problems, 
as antispasmodic, expectorant in upper respiratory tract infections, as well as an carmina‐
tive agent. The herb is also reported to enhance the activity of the superoxide dismutase, 
an enzyme which has the potential to act as an anti‐inflammatory agent [89]. What is more, 
scientific reports showed that T. vulgaris possesses numerous biological properties including 
antioxidant, antimicrobial and sedative and can be used in gastroenteric and bronchopulmo‐
nary disorders [90]. What is more, thymol EOs show antiseptic properties 30 times higher 
than phenol and thus are used as the main active antiseptic ingredient in chemotherapeutic 
mouth rinses against gingivitis.

Antimicrobial activity Investigating the antimicrobial activity of thyme essential oil showed 
that bioactive components are a strong antibacterial and antifungal agents against both food 
spoilage microflora and photogenic microflora. Essential oil of thyme prevented the growth of 
gram‐negative bacteria Erwinia amylovora which is responsible for fire blight disease of apples 
and pears [91]. Thyme and EOs demonstrated strong inhibitory effects against Colletotrichum 
gloeosporioides and Rhizopus stolonifera responsible for the spoilage of storage papaya fruits 
[92]. In the chapter of Arras and Usai, essential oil of Thymus sp. showed strong fungitoxic 
activity against citrus pathogens: Penicillium digitatum, Penicillium italicum, Botrytis cinerea and 
Alternaria citri [93]. Satya et al. showed the inhibitory effect on A. niger, Cryptococcus neofor‐
mans and C. albicans. It is speculated that camphor contained in the oil is mainly  responsible 
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for antifungal activity of thyme oil [94]. What is more, the oil vapour of the herb‐reduced 
peach brown rot caused by Monilinia laxa increasing the activity of phenylalanine ammonia 
lyase [95]. T. vulgaris extract also showed strong antibacterial activity against food patho‐
gens such as B. subtilis, Enterobacter cloacae, S. aureus, S. epidermidis, Salmonella typhimurium, 
S. enteritidis, P. aeruginosa, E. coli, M. flavus and Micrococcus mirabilis [96].

4.5. Nettle (U. dioica)

Description Common nettle (U. dioica) is an, up to 2 m high, herbaceous perennial plant 
belonging to the family Urticaceae. The herb is native to Africa, Asia, North America and 
Europe, but nowadays, it is found worldwide. The name of this green plant comes from uro, 
meaning ‘burn’, or urere meaning ‘to sting’. Nettle is characterized by hollow stinging hairs 
called trichomes occurring on leaves and stems. Trichomes act like needles which in contact 
with human skin inject acetylcholine, histamine, serotonin, moroidin and formic acid, causing 
burning and rashes. U. dioica has been traditionally used as a source of medicine, food and 
feed additive and fibres [97].

Bioactive compounds The main source of the bioactive compounds is leaves which, beside 
phytochemicals responsible for the burning (acetylcholine, histamine, 5‐hydroxytryptamine, 
leukotrienes and formic acid), also contain phenolic acids, flavonoids, fatty acids, terpenes 
and protein. Among the phenolic acids, chlorogenic, caffeoylmalic, caffeic, gallic and quinic 
are contained in nettle. U. dioica is a rich source of other bioactive compounds: kaempferol, 
isorhamnetin, quercetin and its derivative, as well as patuletin and its glycosidic derivatives 
[97]. Essential oil of U. dioica contains more than 40 compounds, of which 70% are carvacrol, 
carvone, naphthalene, (E)‐anethole, hexahydrofarnesyl acetone, (E)‐β‐ionone and phytol [98].

Health benefits Common nettle has been known and used as a medicinal plant since ages. 
The plant is considered more as a weed than an herb, but at the same time, it is also charac‐
terized by a number of pro‐health properties, for which it is appreciated. Regular consump‐
tion of teas, juices and extracts of U. dioica shows immunostimulatory, anti‐inflammatory, 
anticarcinogenic and antioxidant activities. Extracts obtained from different parts of the plant 
are used in many parts of the world. Leaves are recommended as a nutritional tonic, in the 
treatment of rheumatic conditions, lower urinary tract infections and for the treatment of 
allergies. What is more, they are used as expectorants, purgatives, diuretics and haemostatics 
and for the treatment of eczema, haemorrhoids, bronchitis and cancer. Bioactive compounds 
contained in nettle extracts may enhance selective gastric functions and protect the gastric 
mucosa from chemical‐induced damage. Roots of the nettle, in the form of extracts, are used 
to reduce complaints associated with prostate hyperplasia [97].

Antimicrobial activity Phytochemicals contained in the nettle show a broad spectrum of 
antibacterial activity. Most commonly consumed in the form of teas and infusions, aqueous 
extract shows antibacterial activity against: Micrococcus luteus, Proteus mirabilis, Citrobacter 
koseri, S. aureus, S. pyogenes, S. epidermidis, Streptococcus pneumoniae, Enterobacter aerogenes, E. 
coli, as well as antifungal activity against C. albicans [99–102]. U. dioica extracts also show bac‐
tericidal properties against Acinetobacter calcoaceticus, Bacillus cereus, Bacillus spizizenii, Vibrio 
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parahaemolyticus and Klebsiella pneumonia. What is more, the activity of nettle extract can be 
compared with antibiotics: miconazole, amoxicillin and ofloxacin [101]. Furthermore, the 
extract of U. dioica also shows inhibitory activities on the Asaia spp.—novel beverage spoilage 
bacteria inhabiting fruit‐flavoured mineral water and isotonic drinks. Therefore, nettle is con‐
sidered as an unconventional additive to this products as a food preservative [103].

4.6. Elder flowers (S. nigra)

Description Elderberry (S. nigra), also called black or common, is a deciduous shrub reach‐
ing up to 6 m high, belonging to the Adoxaceae family. The plant is native to sunlight‐exposed 
areas of Asia, Africa, North America and Europe. Every summer, its flowering occurs in the 
form of white hermaphrodite flowers in large corymbs. The plant is highly valued mainly for 
the fruit, which will be described in Section 5.4 of this chapter. However, elderflower extracts 
are used in the beverage industry and as food flavouring as well as in alternative medicine 
[104].

Bioactive compounds Flowers of elderberry are a rich source of phenolic compounds, con‐
taining 10 times more flavonols than fruit. In addition to flavonols (kaempferol‐3‐glucoside, 
kaempferol‐3‐rutinoside, quercetin‐3‐glucoside, quercetin‐3‐rhamnoside and flavones such 
as apigenin), they contain derivatives of caffeic and p‐coumaric acids, rutin, lupeol, β‐sitos‐
terol, tannic acid and choline [104].

Health benefits The extract of elderberry flowers has been used in traditional medicine for 
treatment of influenza A and B, colds, as well as an agent against the H1N1 virus. It has 
been documented that elderberry flower extract can be used as an agent preventing the viral 
adhesion of host cell receptors. What is more, the positive impact of elderberry flowers was 
observed in the studies on diabetes, vascular system and obesity. It has been documented that 
elderberry flower extract decreased fat accumulation, and hence body weight, improving the 
body mass index. Elderberry may have a role in the prevention and treatment of diabetes—
elderberry extract may be responsible for the increase of glucose uptake and increase in the 
insulin production [105–107].

Antimicrobial activity Despite the fact that in folk medicine elderberry flowers are the raw 
material for many kinds of ailments, their antimicrobial properties are barely examined. In the 
studies of Mohammadsadeghi, et al. and Hearst, et al., elderberry extracts exhibit strong anti‐
bacterial activity against both gram‐negative and gram‐positive bacteria such us P. aeruginosa, 
E. coli, Salmonella spp., S. aureus and B. cereus. It was also demonstrated that S. nigra inhibits the 
growth of the yeast C. albicans [108, 109]. Our study on the antibacterial activity of the elder‐
berry flower ethanolic extract against A. lannensis and A. bogorensis showed that the tested 
extract had the strongest activity against these strains. Moreover, the extract exhibited strong 
antiadhesive properties against all of the tested strains of Asaia spp. It was speculated that this 
broad spectrum of antibacterial activities may be the result of high content of flavonols [103].

4.7. Cinnamon bark (C. zeylanicum)

Description Cinnamon (C. zeylanicum) belonging to the family Lauraceae is a tropical ever‐
green tree originating from areas of tropical climate in India, Sri Lanka and Burma. Due to 
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that, it is cultivated in Asia, Africa, South and Central America. Tree reaching 10 m in height 
mostly does not exceed 3 m. The spice is the bark of the tree, which is collected 2–3 times a 
year during the wet season. The bark is cut into pieces of 3 m in length and approximately 
2.5 cm in diameter. Then, the bark is subjected to a short fermentation and next the removal 
of external and internal phloem. After that, the obtained bark is dried in the sun. During this 
process, it gains the characteristic yellow‐brown colour. Cinnamon is widely used in ethno‐
medicine and as a flavouring for foods all around the world [110].

Bioactive compounds It is believed that cinnamon bark oil contains more than 70 phyto‐
chemicals comprising of: monoterpenes, oxygenated monoterpenes, sesquiterpenes, phen‐
ylpropanoids and benzenoids. The main components of the cinnamon bark extract are 
(E)‐cinnamaldehyde, followed by (E)‐cinnamyl alcohol, terpinen‐4‐ol, eugenol, linalool, (E)‐
cinnamyl acetate, o‐pinene, limonene, 1,8‐cineole, coumarin and β‐caryophyllene [111]. On 
the other hand, C. zeylanicum bark water and ethanolic extracts can be sources of trimeric, 
and higher oligomeric proanthocyanidins, protocatechuic acid, as well as caffeic, chloro‐
genic and cinnamic acids. Additionally, it is a source of cinnamtannin B1, urolignoside, rutin, 
quercetin‐3‐rhamnopyranoside, kaempferol, procyanidin B1, apigenin and cinnamaldehyde. 
The last of these compounds is a highly electronegative phytochemical with many biological 
activities [103, 112, 113].

Health benefits The phytochemical constituents of C. zeylanicum may help with many differ‐
ent health problems. In folk medicine, it is used as a therapeutic agent against influenza, uri‐
nary tract inflammation, and as an antimicrobial agent. Aqueous extracts from the bark of C. 
zeylanicum can be responsible for the loss of weight, reducing blood glucose levels and LDL as 
well as increasing HDL cholesterol. It is known that cinnamon shows anti‐inflammatory and 
antigastric activities, e.g. inhibiting gastric haemorrhagic lesions. In addition, the extract may 
show hepatoprotective effects. The extract also shows beneficial effects against neuropathy 
and nephropathy. Moreover, this extract also shows beneficial effects in Alzheimer’s disease, 
inhibiting tau proteins aggregation and filament formation. What is more, it is believed that 
cinnamaldehyde extract can influence collagen biosynthesis regulating mRNA and type I col‐
lagen protein expression and thus may be useful in antiaging treatment [114].

Antimicrobial activity Both extracts and essential oils obtained from cinnamon are character‐
ized by strong activity against broad spectrum of food poisoning microorganism, food spoil‐
age microorganisms and human pathogens. Antibacterial activities of C. zeylanicum EOs have 
been documented against: Acinetobacter spp., Clostridium perfringens, E. coli, K. pneumonia, P. 
aeruginosa, Salmonella typhi, B. subtilis, S. aureus, Streptococcus faecalis, S. pyogenes, Streptococcus 
agalactiae, S. pneumonia, Yersinia enterocolitica, Helicobacter pylori, Mycobacterium tuberculosis and 
Haemophilus influenza. On the other hand, cinnamon extract shows inhibitory effect on B. cereus, 
Bacillus coaguiaris, B. subtilis, P. aeruginosa, L. monocytogenes, Acinetobacter baumannii, E. cloacae, 
S. aureus, E. coli, and food spoilage A. lannensis and A. bogorensis. What is more, essential oil of 
cinnamon shows antifungal activity against Trichophyton species (Trichophyton mentagrophytes, 
T. tonsurans, T. rubrum), Microsporum species (M. canis, Microsporum gypseum, Microsporum 
audouinii), Candida species (C. albicans, Candida glabrata, C. parapsilosis, C. tropicalis) as well as 
Aspergillus species (A. fumigates, A. flavus, A. niger, A. terreus, A. ochraceus, A. nididans) [103, 
114–120].
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4.8. Cloves (S. aromaticum)

Description Other aromatic spices popular all over the world are cloves (S. aromaticum), dried 
flower buds of clove tree belonging to the Myrtaceae family. The name of the spice comes from 
‘clavus’ which means nail. The clove tree is an evergreen tropical plant, native to Indonesia, 
but nowadays, the largest producer of cloves is Tanzania, then, Madagascar, Sri Lanka, Kenya, 
and the Seychelles. The dark colour of cloves is the result of its drying and fumigation, while 
the characteristic aroma is given by high concentration of eugenol. Due to the presence of 
essential oils in cloves, they have been used in India and China for over 2000 years and its 
oldest medicinal use was in China in around 240 BC [121].

Bioactive compounds S. aromaticum is characterized as one of the major plant sources of pheno‐
lic compounds, including flavonoids (kaempferol, quercetin and its derivatives), hydroxyben‐
zoic acids and hydroxycinnamic acids (caffeic, gallic, ferulic, ellagic and salicylic acids and their 
derivatives such as hydrolyzable tannins). Essential oils in the clove flower buds are present in 
the concentration of 18%. Eugenol is the main bioactive compound of clove EOs and can be found 
in the concentration of 15 g per 100 g of the cloves. Simultaneously, the chemical compounds 
constitute 89% of the S. aromaticum EOs and are followed by eugenol acetate, β‐caryophyllene, α‐
humulene, β‐pinene, limonene, farnesol, benzaldehyde and 2‐heptanone [122].

Health benefits Clove has been traditionally characterized as a medicinal plant with a wide 
range of pharmacological effects for centuries. Due to the high content of eugenol, oils and 
extracts are used as an antiviral agent, in the treatment of hiccups, and as antibacterial and 
antifungal agents. Since the thirteenth century, clove has been used as an analgesic agent. It 
was also reported that it may be used as an anaesthetic agent, acaricide and anticonvulsant. It 
is considered that the clove bioactive compounds possess great potential for pharmaceutical, 
cosmetic, food and agricultural applications [122]. It has been described that clove tea pro‐
motes the flow of saliva and gastric juices and can be used for stomach pain and gasses as well 
as for nausea and vomiting. Externally, EOs bring relief in muscle cramps, nerve conditions, 
chronic rheumatism, lumbago and toothache [123].

Antimicrobial activity Due to the characteristic aroma and antimicrobial activities, S. aromati‐
cum can be used as a food flavouring and preservative. It has been documented that water 
extract shows bactericidal effect against food‐borne pathogens such as E. coli, S. aureus, B. 
cereus, L. monocytogenes, Listeria innocua and Salmonella enterica, while eugenol from the cloves 
can inhibit the growth of H. pylori [124–126]. Clove oil is also described as an antifungal agent 
against: Mucor spp., M. gypseum, M. canis, Fusarium monoliforme, T. rubrum, Aspergillus strains, 
Fusarium oxysporum as well as against dermatophytes: Trichophyton strains (T. mentagrophytes, 
T. rubrum) [127, 128]. Therefore, clove extracts and essential oils show a great potential as food 
additives. They are a natural, effective antimicrobial agent and at the same time, give the food, 
a characteristic aroma which is preferred by the consumer.

4.9. Licorice (G. glabra)

Description Licorice is the root of G. glabra (Leguminosae family)—herbaceous perennial 
plant, growing up to 1 m high. The herb is generally native to southern Europe and parts 
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4.8. Cloves (S. aromaticum)
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Fusarium oxysporum as well as against dermatophytes: Trichophyton strains (T. mentagrophytes, 
T. rubrum) [127, 128]. Therefore, clove extracts and essential oils show a great potential as food 
additives. They are a natural, effective antimicrobial agent and at the same time, give the food, 
a characteristic aroma which is preferred by the consumer.

4.9. Licorice (G. glabra)

Description Licorice is the root of G. glabra (Leguminosae family)—herbaceous perennial 
plant, growing up to 1 m high. The herb is generally native to southern Europe and parts 
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of Asia, but nowadays, it can be found in India, Iran, Italy, Afghanistan, China, Pakistan, 
Iraq, Turkey as well as in England. The herb has been known in Chinese medicine and is 
believed to help to harmonize. Due to its medicinal properties and sweet taste, licorice has 
been used as a sweetening and flavouring agent in beverages, candies, tobacco and folk 
medicine [129].

Chemical composition Glycyrrhiza species has been documented as a source of 400 phy‐
tochemicals, from which triterpenoid saponins and flavonoids (licochalcone B, licochal‐
cone A, echinatin, glycycoumarin and glyurallin B) are reported to be the main chemical 
compounds [129, 130]. The ethanolic extract of licorice root may contain genistein, glabrol, 
licochalcone C, as well as licorice glycoside A, licorice saponin A3 and glycyrrhizin [103] 
(Figure 6).

Health benefits Licorice has been reported as a source of biologically active phytochemicals. 
It is a well‐known medicament in Chinese traditional medicine and is gaining popularity 
in other regions of the world. Licorice has been found to exhibit beneficial properties for 
the human organism. Gracilimus radix has been reported to possess antioxidative, antitumour 
(especially licochalcone A), antiviral, anti‐inflammatory and immunity‐stimulating proper‐
ties. Glabridin, licoricidin and licorisoflavan A are mainly responsible for the anti‐inflamma‐
tory and antioxidative activities. Moreover, glycyrrhizin from licorice has been shown to be 
responsible for the hepatic protective and antiulcer effects [131, 132].

Figure 6. Chemical structure of licochalcone C (A) and glycyrrhizin (B).

Food Preservatives from Plants
http://dx.doi.org/10.5772/intechopen.70090

63



Antimicrobial activity It has been noted that the extract of aerial parts of G. glabra exhib‐
ited antibacterial activity against S. aureus, E. coli, B. subtilis, E. aerogenes and K. pneumoniae. 
What is more, glabridin, glabrene and licochalcone A have been noted as antimicrobial 
compounds against H. pylori, while glycyrrhizol A showed antibacterial activity against 
Streptococcus mutans as well as Mycobacteria (M. tuberculosis, Mycobacteria bovis) species and 
Legionella (Legionella pneumophila, Legionella bozemanii, Legionella dumoffii, Legionella longbeachae 
and Legionella wadsworthii) species [133, 134]. What is more, probably due to the content of 
saponins, the extract from G. glabra showed antiadhesive activity against A. lannensis and A. 
bogorensis to food‐packaging materials [103].

5. Fruit juices

In addition to essential nutrients, food also provides other health‐promoting, bioactive com‐
pounds. It has been documented that a diet, and its certain components, plays a crucial role 
in the prevention of diseases and the treatment of others. A group of food products that is 
considered to be strongly associated and responsible for the reduction of the risk of cancer, 
diabetes, cardiovascular disease, ageing and many other are fruit. They are the major source 
of vitamins, micronutrients, macronutrients and secondary metabolites [135]. Secondary 
metabolites are a particularly important group demonstrating a broad spectrum of biologi‐
cal activities. Phenolic phytochemicals in plants are responsible for the protection against 
biological stresses in response to pathogenic attack and environmental conditions such as 
prolonged UV exposure [136]. There are numerous types of phytochemicals occurring in a 
relatively small amount in fruit. However, a group of secondary metabolites which have the 
health‐promoting agents and are widespread in fruit are polyphenols, the most common of 
which are anthocyanins—responsible for red to blue and purple‐black colours in fruit. Other 
health‐benefiting compounds contained in fruit are tocopherols, glucosinolates, organosul‐
phur compounds, sterols, stilbenes and tannins [137].

Particularly important, from the point of view of health‐promoting properties and the pos‐
sibility of use as additives (preservatives, colourings), are berries. They belong to the wide‐
spread family of fruits occurring in Europe, USA, Canada as well as countries of South 
America (Brazil, Colombia, Argentina, Paraguay and Uruguay). Main genera of berry fruits 
are Vaccinium spp.: V. corymbosum (blueberry), V. myrtillus (bilberry), V. macrocarpon (cran‐
berry); Fragaria spp.: F. virginiana (strawberry); Rubus: R. idaeus (raspberry), Rubus fruticosus 
(blackberry), Rubus ursinus × R. idaeus (boysenberry); Ribes spp.: Rubus rubrum (red currant), 
R. nigrum (black currant); Cornus spp.: C. mas (cornelian cherry); Aronia spp.: A. melanocarpa 
(chokeberry), Sambucus spp.: S. nigra (elderberry). On the other hand, more tropical ber‐
ries such as E. oleracea (açaí), Eugenia uniflora (pitanga), Myrciaria cauliflora (jabuticaba) and 
Myrciaria dubia (camu‐camu) have also been known as the berries characterized by a high 
concentration of bioactive compounds [137, 138]. These fruits are rich in flavonoids (flavan‐3‐
ols, flavonols, anthocyanins and procyanidins) and phenolic acids that possess antioxidant 
activities. Berries and their bioactive compounds generally reduce the incidence and mor‐
tality of cancer, cardiovascular diseases, and other diseases caused by oxidative stress, as 
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health‐benefiting compounds contained in fruit are tocopherols, glucosinolates, organosul‐
phur compounds, sterols, stilbenes and tannins [137].

Particularly important, from the point of view of health‐promoting properties and the pos‐
sibility of use as additives (preservatives, colourings), are berries. They belong to the wide‐
spread family of fruits occurring in Europe, USA, Canada as well as countries of South 
America (Brazil, Colombia, Argentina, Paraguay and Uruguay). Main genera of berry fruits 
are Vaccinium spp.: V. corymbosum (blueberry), V. myrtillus (bilberry), V. macrocarpon (cran‐
berry); Fragaria spp.: F. virginiana (strawberry); Rubus: R. idaeus (raspberry), Rubus fruticosus 
(blackberry), Rubus ursinus × R. idaeus (boysenberry); Ribes spp.: Rubus rubrum (red currant), 
R. nigrum (black currant); Cornus spp.: C. mas (cornelian cherry); Aronia spp.: A. melanocarpa 
(chokeberry), Sambucus spp.: S. nigra (elderberry). On the other hand, more tropical ber‐
ries such as E. oleracea (açaí), Eugenia uniflora (pitanga), Myrciaria cauliflora (jabuticaba) and 
Myrciaria dubia (camu‐camu) have also been known as the berries characterized by a high 
concentration of bioactive compounds [137, 138]. These fruits are rich in flavonoids (flavan‐3‐
ols, flavonols, anthocyanins and procyanidins) and phenolic acids that possess antioxidant 
activities. Berries and their bioactive compounds generally reduce the incidence and mor‐
tality of cancer, cardiovascular diseases, and other diseases caused by oxidative stress, as 
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well as coronary heart disease and cardiac stroke. The consumption of berries also results in 
amelioration of human ailments such as disorders in neuronal communication, inflammatory 
responses as well as improved memory in age [139]. Due to climate conditions, fresh berries 
can be consumed for several months. However, large portion of that is consumed in the form 
of juices, beverages, frozen products, wines and jams. What is more, due to the variety of bio‐
active compounds, which are characterized by beneficial activities on the health of consum‐
ers, antimicrobial properties as well as their characteristic colour, these fruits can certainly 
serve as a valuable additive to food products [140].

5.1. Cranberry (V. macrocarpon)

Description Cranberry or American cranberry (V. macrocarpon or Oxycoccus macrocarpus) 
belonging to the family Ericaceae is an evergreen dwarf shrubs native to North America and 
cultivated mainly throughout the northern United States and Canada. In Europe, cranberry 
may refer to Vaccinium oxycoccos, which is cultivated in central and north Europe. The fruits 
and leaves of the European cranberry are smaller and are refreshing, sharp and acidic in 
flavour, while American cranberry is slightly apple‐like. The name ‘cranberry’ derives from 
‘craneberry’ named by early European settlers in America, who compared small pink or red 
blossoms to head and bill of a ‘crane’. The fruit are mainly consumed fresh, as concentrates, 
which have various value‐added applications and juices [136, 141].

Bioactive compounds Cranberries have been recognized as a source of cyanidin‐3‐gluco‐
side, cyanidin‐3‐galactoside, cyanidin‐3‐arabinoside, peonidin‐3‐glucoside, peonidin‐3‐
galactoside, peonidin‐3‐arabinoside, delphinidin‐3‐glucoside, petunidin‐3‐glucoside and 
malvidin‐3‐glucoside, with a dominant concentration of peonidin‐3‐glucoside and cyani‐
din‐3‐glucoside. Among the phenolic acids, cranberry juice contains ellagic acid, ferulic acid, 
gallic acids, chlorogenic acids and neochlorogenic acids. Sour taste of fruit is caused by a high 
content of organic acids such as citric, malic and quinic. Cranberry also contains terpenes 
such as ursolic acid derivatives: cis‐3‐O‐p‐hydroxycinnamoyl ursolic acid and trans‐3‐O‐p‐
hydroxycinnamoyl ursolic acid, as well as iridoid (monotropein) and coumaroyl iridoid gly‐
cosides. An analysis of the fractionation of cranberry juice guided by a bacterial antiadhesive 
assay revealed the presence of two new coumaroyl iridoid glycosides. What is more, these 
fruits are one of the sources of type A proanthocyanidin which is considered to be a bacterial 
antiadhesive agent [140, 141].

Health benefits Cranberries and cranberry products show various health‐promoting prop‐
erties. These berries are considered as one of the most popular and most effective natural 
treatments for urinary tract infections caused by uropathogenic strains of E. coli. It has also 
been described that phenolic acids and flavonoids from V. macrocarpon reduce oxidation of 
LDL, and thus the atherosclerotic process and cardiovascular disease. What is more, bioac‐
tive compounds from the juices of cranberry are able to modulate the induction of ODC 
(ornithine decarboxylase) and quinone reductase, which are responsible for tumour cell pro‐
liferation. Antitumor activity can also result from the inhibition of cancer cell proliferation. 
It is know that cranberry juice shows such activity against breast, prostate, lung, and leu‐
kaemia cells [136]. What is more, phenolic compounds from V. macrocarpon exhibit antiviral 
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(against influenza A virus and type‐1 herpes simplex virus), antimutagenic, antiangiogenic, 
anti‐inflammatory and antioxidant activities [142].

Antimicrobial activity In addition to the antiadhesion properties of cranberry juice against 
uropathogenic strains of E. coli, the compounds contained in these fruits inhibit the attach‐
ment of H. pylori to human erythrocytes and human gastric mucous. Twenty‐five percent of 
cranberry juice inhibited adsorption of oral pathogens Streptococcus sobrinus cells to saliva‐
coated hydroxyapatite beads in 10 seconds of contact time [143]. The proanthocyanidins from 
cranberry also showed inhibitory activity against gram‐positive S. epidermidis, S. aureus and 
Staphylococcus saprophyticus [144]. It was documented that cranberry concentrate showed 
noticeable antimicrobial effect against E. coli O157:H7, L. monocytogenes and S. typhimurium 
[145]. Additionally, 10% cranberry juice decreased the adhesion of acetic acid bacteria A. bogo‐
rensis to food‐packaging material [141]. Cranberry can also be an interesting candidate for 
natural preservation against fungal growth. Ermis et al. noted that a concentrate of cran‐
berry juice can inhibit the growth of Penicillium spp., Absidia glauca, Penicillium brevicompac‐
tum, Saccharomyces cerevisiae and Zygosaccharomyces bailii [146]. It is believed that the juice can 
increase the microbiological safety of beverages and at the same time constitute as an alterna‐
tive to the chemicals applied as food colourings.

5.2. Bilberry (V. myrtillus)

Description Bilberry (V. myrtillus, family Ericaceae) are Eurasian shrubs bearing small, nearly 
black berries. Bilberries are characteristic for North, East and Central Europe as well as Russia 
where they occur in forests. They are found in acidic, nutrient‐poor soils, despite the fact that 
commercial cultivation is hard and berries are collected from natural environment. The name 
comes from Danish word ‘bølle’. Despite the fact that the name is also used for a blueberry 
(V. corymbosum), there are a few differences between these two. Bilberries produce single or 
paired berries on the bush, while blueberries are gathered in clusters. Due to the significant 
amount of anthocyanins, V. myrtillus pulp is dark purple, even black, while the pulp of V. cor‐
ymbosum is light green. What is more, shrubs of blueberry have more evergreen leaves [147].

Bioactive compounds The fruits of bilberries are one of the richest natural sources of antho‐
cyanins, but they also contain flavanols, flavonols, phenolic acids and stilbenes. Among the 
anthocyanins commonly isolated from this material are: glucoside, galactosides and arabi‐
nosides of: delphinidin cyanidin petunidin peonidin and malvidin. Additionally, flavanol 
monomers (catechin, epicatechin), flavonols (quercetin, myricetin) as well as phenolic acids 
(chlorogenic, caffeic, ferulic, p‐coumaric, ellagic, gallic acids) are detected. Bilberry triterpe‐
noids consist of α‐ and β‐amyrin, taraxasterol α‐amyrenone and β‐amyrenone, campesterol, 
citrostadienol, stigmasterol, sitostanol, cycloartenol and friedelin [148]. What is more, the 
presence of A type procyanidin trimer in the bilberry juice was also detected. The chemical 
composition of the bilberry fruits can be strongly dependent on the plant genotypes and envi‐
ronmental conditions [20, 147, 148].

Health benefits Due to the high content of anthocyanins, bilberries are considered to be one 
of the richest sources of antioxidants. V. myrtillus has been used in folk medicine since the 
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presence of A type procyanidin trimer in the bilberry juice was also detected. The chemical 
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of the richest sources of antioxidants. V. myrtillus has been used in folk medicine since the 

Food Additives66

Middle Ages [148]. Fruits, juices and concentrates were all used as an antidiabetic, astringent 
and antiseptic agents as well as in a treatment for diarrhoea. Extracts of bilberry are docu‐
mented as a source of bioactive compounds reducing illnesses such Parkinsonism, cancer and 
lungs diseases as well as Alzheimer’s dementia [20, 149, 150]. In view of the improvement of 
elasticity and permeability of the capillary vessels of the eyeball, supplements with bilberry 
are used for the treatment of blood vessels disorders, thus improving microcirculation of the 
blood and vision. What is more, regular consumption may delay aging. It is also recognized 
that bilberries have a potential in the preventive management of type 2 diabetes, cardiovascu‐
lar diseases, inflammation and hypertension [151].

Antimicrobial activity Bilberry phenolics have been reported to show antimicrobial effects 
against human pathogens, including Salmonella spp., S. aureus, B. cereus and S. epidermidis. 
Bioactive compounds from berries are generally able to inhibit H. pylori, E. coli, Citrobacter 
freundii and Enterococcus faecalis. Moreover, the phenolic compounds such as anthocyanins 
and flavonols can inhibit the growth of Salmonella spp. and E.coli, while tannins exhibit 
strong antimicrobial effect against C. perfringens, Klebsiella spp., and Proteus spp. [152–155]. 
Additionally, it has been shown that the juice of bilberry has a strong antiadhesive effect 
against gram‐negative, beverage spoilage bacteria belonging to the genus Asaia [20].

5.3. Black currant (R. nigrum)

Description Black currant (R. nigrum) is a shrub in the family Grossulariaceae growing up to 
2 m high in various parts of the world with temperate climate. R. nigrum is native to central 
and northern Europe and northern Asia, cultivated commercially and domestically. The plant 
can grow well on sandy and forest soils, as it does not tolerate both waterlogged grounds and 
droughts. Fruits, flowers, leaves bark and roots are strongly aromatic and have been used in 
traditional medicine. R. nigrum has been described as a garden plant in Russia in the eleventh 
century. It has been cultivated in Europe since the seventeenth century. It is worth mentioning 
that black currant shrubs were widely cultivated in the United Kingdom during World War II. 
Syrups obtained from the fruit were a source of vitamin C and were distributed free of charge 
to children under the age of two [156].

Bioactive compounds Berries of black currant contain many bioactive compounds showing 
benefits to the human health. Similar to the bilberry, R. nigrum are characterized by a high 
content of anthocyanins, which give them a strong purple colour. The source of the anthocya‐
nins is the skin, containing: cyanidin‐3‐glucoside, cyanidin‐3‐rutinoside, delphinidin‐3‐gluco‐
side and delphinidin‐3‐rutinosid, of which delphinidins are the main compounds. The main 
representative of the phenolic acids group are chlorogenic and neochlorogenic acids. Black 
currant fruits also contain: flavonols (myricetin and quercetin glycosides) as well as catechins 
(epigallocatechin, gallocatechin, epicatechin and epigallocatechin gallate) [156, 157].

Health benefits Black currant has recently been labelled as the so‐called super fruit and is 
believed to possess several health benefits. Traditionally, juices and extracts of black currant 
fruits have been used as a protection against viral and bacterial infections. It was documented 
that it inhibited the influenza virus (IFV‐A and IFV‐B), the herpes simplex virus (HSV‐1 and 
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HSV‐2), inhibiting the protein synthesis of infected cells, as well as viruses associated with 
upper respiratory tract such as respiratory syncytial virus (RSV) and adenovirus (AdV). 
Bioactive compounds of the R. nigrum fruits show protective activities against neuronal 
damages. Anthocyanins decrease blood pressure, reduce muscle fatigue as well as enhance 
peripheral circulation. What is more, the juice shows strong activities against cancer cells 
proliferation [158]. It was described that consumption of R. nigrum can inhibit the growth of 
different cancer cells: Caco‐2, human breast cancer cell lines (MDA‐MB‐231, MCF‐7), human 
gastric carcinoma (AGS), human prostate cancer (PC‐3) and human colon adenocarcinoma 
(HT‐29). Moreover, R. nigrum extracts are rich in anthocyanin and exhibit antioxidant, anti‐
inflammatory and immunostimulatory properties [159, 160].

Antimicrobial activity Strong inhibition was observed in relation to Serratia marcescens, B. subtilis, 
E. coli, as well as S. typhimurium, Campylobacter jejuni and Streptococcus pneumonie—bacterium 
responsible for severe meningitis and pneumonia in infants [153, 161–163]. It is considered that 
blackcurrant juices are generally more efficient against gram‐positive than against gram‐negative 
bacteria. Anticandidal activity against C. albicans, Caesalpinia pulcherrima, C. krusei and C. lusitaniae 
was also observed [164]. In addition to growth inhibition, the juice of black currant possesses anti‐
adhesive activity against Asaia species [20]. Black currant extracts show inhibition of microbial 
growth and adsorption and can be easily used as a natural preservative in food products.

5.4. Elderberry (S. nigra)

Description Elderberry (S. nigra) is a shrub reaching up to 6 m high belonging to the Adoxaceae 
family. The plant is native to sunlight‐exposed areas of Asia, Africa, North America and Europe 
[104]. It is believed that early settlers brought elderberry seeds from Europe (S. nigra) and the 
plant became naturalized in North America (Sambucus canadensis). The name Sambucus prob‐
ably derives from the Greek ‘sambuke’ or the Latin ‘sambuca’, referring to a kind of flute which 
has been made out of twigs. In the beginning, elder berries are oblong, compact and green, 
and after 6–8 weeks, they gradually enlarge and change colour from red to purple and black. 
Ripe fruits may range from 5 to 7 mm in diameter, weighing approximately 50–130 mg [165].

Bioactive compounds Similar to other dark berries, anthocyanins are mainly responsible for 
the colour of the elderberry. In addition, they contain flavonols, phenolic acids and proan‐
thocyanidins. S. nigrum anthocyanins are cyanidin derivatives (e.g. cyanidin‐3‐sambubio‐
side‐5‐glucoside), pelargonidin derivatives (pelargonidin‐3‐sambubioside) and delphinidin 
derivatives (delfinidine‐3‐rutinoside). Due to the presence of acylated form of anthocyanins, 
American elderberries show greater diversity in the composition. Elderberry fruits are also 
one of the richest sources of phenolic acids: chlorogenic, crypto‐chlorogenic, neochlorogenic 
acids and ellagic acid, but their content is less diverse than in those of the flowers of elder‐
berry. Among flavonols, the fruits contain quercetin, kaempferol and isorhamnetin as well 
as their glycosylated forms (rutin and glucose). Proanthocyanidins occur in elderberries in a 
relatively small concentration, few times lower than in chokeberry and black currant [107].

Health benefits The use of elderberry fruits as well as other parts of the plant: flowers, leaves, 
roots and bark has been known since ages. The first report mentioning the use of the elder‐
berry, De Materia Medica comes from Ancient Rome. In American and European cultures, 
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Sambucus spp. has been used in folk medicine in treating respiratory diseases (influenza, colds 
and catarrh), and as a diaphoretic, diuretic, laxative and anti‐inflammatory, natural bioactive 
agent. It has also been used for swelling, haemorrhoids, rheumatic symptoms, toothaches, 
kidney and eye problems, as well as in hepatitis and dyspepsia. What is more, the S. nigrum 
extracts can exhibit immunostimulatory activities (by the stimulation of the production of 
IL‐1β, IL‐6, IL‐8 and IL‐10 as well as TNF‐α), is responsible for the reduction of glycaemia 
and may reduce blood pressure [107]. However, the fruits are most known for their antiviral 
activity, including against the H1N1 virus [166].

Antimicrobial activity Antimicrobial properties of extracts from different parts of elderberry 
(S. nigrum) have been documented against B. cereus, Serratia marcescens, E. coli, S. aureus, P. 
aeruginosa Salmonella spp. as well as B. subtilis, B. megaterium, and yeasts: D. hansenii, Z. rouxii, 
Rhodotorula rubra, Candida shehatae and C. tropicalis [107, 109]. Commercially standardized 
extracts of elderberry such as ‘Rubini’ showed antimicrobial activities against human patho‐
gens: S. pyogenes and Branhamella catarrhalis [167]. Extract from elderberry showed inhibitory 
effect of the growth of Mycoplasma mycoides subsp. capri, E. coli, B. subtilis [168], and clinical 
strains of H. pylori [169].

5.5. Cornelian cherry (C. mas)

Description The cornelian cherry (C. mas, family Cornaceae) is considered to be a high decidu‐
ous shrub or a small tree growing from 5 to 8 m. The cornelian cherry is a rare plant occurring 
in Europe (Belgium, Germany, the Czech Republic, Slovakia, UK as well as Turkey which is 
the main producer of these fruits). The plant is characterized by its extraordinary tolerance to 
environmental conditions. There is a saying ‘healthy as the Cornelian cherry’. The fruits are 
long, cherry‐like with sour taste [170].

Bioactive compounds C. mas is particularly rich in ascorbic acids and anthocyanins such as 
delphinidin galactopyranoside, delphinidin rutinoside, delphinidin glucoside, cyanidin glu‐
coside, cyanidin rutinoside, cyanidin galactopyranoside, pelargonidin galactopyranoside and 
pelargonidin‐3‐glucoside. What is more, phenolic acids (gallic, ellagic, chlorogenic), as well 
as (+)‐catechin, (‐)‐epicatechin, procyanidin B2, luteolin‐3‐glucoside, kaempferol‐3‐glucoside 
occur as the bioactive composition of the C. mas fruits [170–172].

Health benefits Fresh fruits of Cornelian cherry from Greece are characterized by one of the 
strongest antioxidant activities compared to other fruit from this region. Further, C. mas are 
known as a source of phytochemicals showing antihistamine, antiallergic, antimalarial as well 
as antidiabetic potential. They have also been used as a source of bioactive compounds show‐
ing beneficial effect on liver and kidney. In Asian countries, cornelian cherry has been used 
as an antidiabetic agent. The high level of antioxidants in these fruits makes them a candidate 
for the prevention or treatment of neurological diseases [172–174].

Antimicrobial activity Extracts from fresh C. mas fruits have been shown to possess strong anti‐
bacterial activity against both gram‐positive and gram‐negative bacteria: S. aureus and P. aeru‐
ginosa [175]. Wide spectrum of antibacterial and anticandidal activities of both juice of C. mas 
and extract of their leaves has been documented in the article of Milenković‐Andjelković et al. 
The author noted inhibition in growth of: C. perfringens, B. cereus, S. aureus, L. monocytogenes, 
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Sarcina lutea, M. flavus, E. coli, P. aeruginosa, Salmonella enteritidis, Shigella sonnei, K. pneumoniae, 
P. vulgaris as well as C. albicans [171]. However, further antimicrobial properties of this plant are 
being studied and raising great interest as an additive to food products.

5.6. Açaí (E. oleracea)

Description Açaí (Euterpe oleracia) is a species of palm tree belonging to the family Arecaceae, 
cultivated in South America, the Amazonian flood lands, Brazil and Columbia. In recent 
years, an increasing demand for both the heart of the palm trees, as well as its fruits has been 
observed. The trees are tall, reaching over 25 m. The fruits are purple black, about 10 mm in 
diameter, with flavour similar to raspberries. Visually, they are similar to grapes, but they are 
much smaller and are produced in branched panicles of 900 fruits. Due to the low sugar value, 
the fruits are not sweet but contain a high amount of dietary fibres [137].

Bioactive compounds It is recognized that these fruits are one of the richest and most diverse 
sources of bioactive compounds. Among the anthocyanins, açaí berries contain cyanidin‐3‐glu‐
coside, cyanidin‐3‐rutinoside, cyanidin‐3‐acetylhexose, cyanidin‐3‐arabinoside, cyanidin‐3‐
sambubioside, peonidin‐3‐rutinoside, peonidin‐3‐glucoside and pelargonidin‐3‐glucoside. In 
addition, they also contain flavonoids: apigenin diglucoside, homoorientin, orientin, taxifolin 
deoxyhexose, taxifolin‐3‐rhamnoside, isovitexin, velutin, scoparin, as well as catechin and 
epicatechin. Additionally, the presence of procyanidin dimers and trimers was also noted. An 
important part of the phenolic components in the fruits is phenolic acids: protocatechuic, p‐
hydroxybenzoic, vanillic, syringic, ferulic, gallic, benzoic, p‐coumaric and ellagic. It is hardly 
surprising that E. oleracea fruits are considered to be one of the most important sources of 
health benefiting phytochemicals and recognized as ‘super food’ [137].

Health benefits Due to the richness in bioactive compounds, they are a promising health‐
benefiting food product or food additive. It is believed that açaí could play an important role 
in the prevention of cancer, cardiovascular diseases show antioxidant action in relation to 
human endothelial cells and show effects on epigenetics modulators, such as microRNAs. 
The juice when drunk regularly can have positive effects on blood lipid levels and can pro‐
tect the heart from coronary heart disease, as well as reduce probability of type 2 diabetes. 
Further, it was noted that the extract of E. oleracea is responsible for the reduction of total 
cholesterol levels and can be helpful in weight reduction and maintaining healthy weight. 
Due to the high phenolic content and dietary fibres, these fruits can be used in the treat‐
ment of digestive problems. Additionally, regular consumption of E. oleracea can result in 
increased focus and memory improvement, as well as protect against the damaging effects of 
stress, and thus, it is considered to be an ‘adaptogen’ [131]. Therefore, it is considered to com‐
mercialize the juice from these berries as an additive to different food products, for example 
beverages [176].

Antimicrobial activity Despite the fact that the berries have long been used in folk medicine 
as therapeutic agents that contain one of the highest concentrations of bioactive compounds, 
the data on its antimicrobial activities are very limited. However, the similarity in the com‐
position of phytochemicals to other berry fruits allows us to assume that açaí may show such 
activity [137, 176].
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6. Conclusion

Microbial food safety is a constant, global problem affecting the health of consumers. Due to 
the increasing resistance of microorganisms to chemicals used for the technological lines dis‐
infection, as well as lower sensitivity to the synthetic preservatives, alternative sources of nat‐
ural, bioactive, and antimicrobial compounds are needed. The information presented in our 
chapter shows that certain fruit, herbs and spices as well as phytochemicals, and their mix‐
tures are characterized by strong antimicrobial and antiadhesive activities against food‐borne 
pathogens, food spoilage bacteria, yeasts and moulds, as well as against human pathogens. 
Simultaneously, they have health‐promoting properties and show therapeutic and preventa‐
tive effects. Furthermore, from the technological point of view, essential oils, plant extracts 
and fruit juices may be used in food products as other additives than preservatives. Due to 
the essential oil content, they may be used as flavourings, while a high level of anthocyanins 
in berries makes them an ideal candidates to be colouring agents. There is no doubt that these 
natural products can be used in food production, helping to maintain stability of the products 
and meeting the demands of consumers in relation to natural food additives.
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Abstract

With consumer awareness about food safety and quality, there is a high demand for the 
preservative (synthetic)-free foods and use of natural products as preservatives. Natural 
antimicrobials from different sources are used to preserve food from spoilage and patho-
genic microorganisms. Plants (herbs and spices, fruits and vegetables, seeds and leaves) 
are the main source of antimicrobials and contain many essential oils that have preser-
vation effect against different microorganisms. Mainly, herb and spices contain many 
essential oils and the examples include rosemary, sage, basil, oregano, thyme, cardamom, 
and clove. These essential oils are very effective against many pathogenic and spoilage 
microorganisms like Salmonella, Escherichia coli, Listeria monocytogenes, Campylobacter spp., 
and Staphylococcus aureus and help to increase their quality and shelf stability. These anti-
microbial compounds are also used in combination with edible food coatings and inhibit 
the ability of microorganisms to grow on the surface of food and food products.

Keywords: antimicrobial, essential oils, antimicrobial edible coatings

1. Introduction

Today, food safety is everybody’s concern and it is very hard to find anyone who has not 
encountered an unpleasant moment of food-borne illness at least once in the past year. 
According to the report of WHO in 2005, there were about 1.8 million deaths caused by diar-
rhea (food-borne illness), and these diseases were due to the use of contaminated food and 
water [1]. The main cause of food-borne illnesses is the use of food contaminated by microbial 
pathogens, toxins, or radioactive components. When certain bacteria or pathogens contami-
nate food, they can cause food-borne illness or sometimes called “food poisoning.” Food-
borne illnesses are mild but sometimes they can even be deadly [2].

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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Food-borne pathogens (Clostridium botulinum, Staphylococcus aureus, Campylobacter jejuni, 
Bacillus cereus, Listeria monocytogenes, Cryptosporidium, Escherichia coli O157:H7, etc.) are the 
main concern regarding the safety of food [3]. Food can contain microbiological pathogens 
that cause infections or intoxications, or chemical agents that cause acute or chronic intoxica-
tions. With special reference to meat and meat products, Salmonella, E. coli, L. monocytogenes, 
and Campylobacter are the main pathogenic organisms [4, 5].

There is an increase in the consumption of fresh food with the consumer demand for the 
ready-to-eat food and the desire to lead a healthy lifestyle. The challenges associated with the 
consumption of fresh food are short storage life and its association with food-borne diseases. 
To avoid these challenges, there is a commercial pressure of using chemical preservatives 
that prevent the growth of food spoilage agents, but the increase in the use of these chemical 
preservatives is negatively perceived by the consumer [6].

2. Antimicrobial agents and food safety

Traditional food preservation methods are less efficient in reducing the growth of food-borne 
pathogens in food products, and the ever-increasing demand for chemical-free food has 
paved the way for antimicrobials to be used in food industry [7]. The use of antimicrobials 
is a new technology by the food industry to increase the shelf life of food and overcome the 
issues of food quality and safety. These antimicrobials could be of natural or synthetic type, 
but natural antimicrobials are gaining much importance than synthetic ones. Even though 
synthetic preservatives are approved by government agencies for human use, many of these 
preservatives still threaten our health. Thus, researchers give more importance toward the 
potential of natural products for their antimicrobial activities [8–10].

3. Natural antimicrobial agents

Chemical compounds having pharmacological and biological activity and produced by liv-
ing organisms are called natural products. Living organisms produce primary and secondary 
metabolites [11–13]. Primary metabolites are the products that have essential function in the 
organism, while secondary metabolites could simply be waste products or could have some 
important function in their producers. Secondary metabolites can be used as drugs against 
diseases such as cancer, inflammation (swelling), and so on and also have antimicrobial activ-
ity [1, 14]. Secondary metabolites possessing antimicrobial activity are called the natural anti-
microbials and could be extracted from different sources like plants (fruits, vegetables, seeds, 
herb, and spices), animals (eggs, milk, and tissues), and microorganisms (fungi and bacteria) 
[15–17]. With special reference to plants, secondary metabolites are found to be healthy ingre-
dients that work as antimicrobials or disease-controlling agents [4]. Owing to the potential of 
antimicrobials against pathogenic and spoilage microorganisms, these secondary metabolites 
gain much importance for the application in food products [18–20]. They contain the prop-
erties of antimicrobials and antioxidants at the same time and so are considered as a better 
option for food preservation as compared to synthetic preservatives [21].
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Several researches have been conducted to find out the antimicrobial potential of natural 
products, especially the plant sources like fruits, vegetables, herbs, and spices because they 
are enriched with compounds having antimicrobial activity. Nowadays, there are more than 
1350 plants with antimicrobial activities and more than 30,000 antimicrobial components have 
been extracted from plants [22]. However, many studies have also been conducted on anti-
microbial potential of microorganisms and animals. Food applications of antimicrobials have 
also been investigated.

Nowadays, plant extracts and essential oils (EOs) have gained much importance due to 
their flavoring as well as antimicrobial potential [23]. Research conducted on the antimi-
crobial activity of the extracts from different fruit peels like banana, apple, pomegranate, 
sweet lime, orange, mango, and papaya indicated that fruit peel extracts have mild inhibi-
tory effect against pathogenic bacteria [24–29]. Plants secondary metabolites contain many 
antimicrobial agents, so they have a greater inhibitory effect against Gram-positive and 
Gram-negative bacteria [14, 27, 30–32]. The chemical composition, concentration, and struc-
ture of the antimicrobial component determine their efficacy. Antimicrobial components 
of plant origin include flavonoids, thiosulfinates, glucosinolates, phenolics, organic acids, 
flavonoids, and saponins [31, 33, 34]. However, the main compounds with antimicrobial 
activity are phenols which include terpenes, aliphatic alcohols, aldehydes, ketones, acids, 
and isoflavonoids [35–38].

Antimicrobial components in plant materials are commonly found in herbs and spices (rose-
mary, sage, basil, oregano, thyme, cardamom, and clove), fruits and vegetables (guava, pep-
per, cabbage, garlic, and onion, citrus), seeds and leaves (grape seeds, fennel, nutmeg, parsley, 
and olive leaves) [39–42].

In this chapter, we discuss the role of antimicrobials from different sources with special refer-
ence to meat and meat products. Consumption of meat is important for the growth, develop-
ment, and maintenance of health in human beings. Meat is an animal origin food and is a rich 
source of proteins, vitamins, minerals, and so on which is why the safety of meat and meat 
products is of much importance [43, 44]. Proteins of meat are of much importance with a high 
amount of essential amino acids being available and of biological value. Meat and meat prod-
ucts are at a high risk of microbial spoilage and also cause losses to economy [45]. Although 
food industry has developed several new techniques for hygienic slaughtering and production 
of meat products, a major concern related to meat consumption is the presence of pathogenic 
microorganisms that cause food-borne diseases, for which raw meat provides an ideal sub-
strate [46, 47]. Salmonella spp., Campylobacter spp., L. monocytogenes, E. coli, and S. aureus are the 
most common meat spoilage agents that cause food-borne diseases worldwide [48]. Synthetic 
preservatives are used to overcome this problem, but their overuse leads to multidrug-resis-
tant phenomenon in bacteria. Moreover, meat industry is facing a new trend of developing 
all natural food products, where there is no place for synthetic preservatives that could be the 
causative of food sensitivities, toxicities, and allergies [49–51].

Essential oils, as plant extracts possessing antimicrobial agents and also antioxidative and 
flavoring properties, can be considered as healthy ingredients to be used in meat and meat 
products. If essential oils are used in meat products, they can reduce the chances of food-
borne diseases and can retard the oxidation of lipids in meat [52–54].
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4. Antimicrobials from plant sources

4.1. Herbs and spices

Herbs and spices have long been used by human beings for different reasons like food addi-
tives, flavorings, and preservatives. They are considered the most commonly used natural 
antimicrobials against different pathogens. The antimicrobial activity of herbs and spices 
depends on the type of essential oil present in it, food type in which it has to be used, and the 
type of microorganism [11, 55–57].

The efficiency of essential oils from herbs and spices depends upon their chemical struc-
ture, in particular to the presence of hydrophilic functional groups such as hydroxyl 
groups [58]. Essential oils from clove, oregano, rosemary, thyme, sage, and vanillin are 
the most effective containing the phenolic groups [58]. They possess inhibitory activity 
against Gram-positive than Gram-negative bacteria [59, 60]. Essential oils have high vapor 
pressure and are able to reach pathogenic microorganism through gas or liquid phases. 
Many investigations have proved the antimicrobial efficiency of essential oils against sev-
eral pathogenic and spoilage microflorae. However, the efficiency of essential oils depends 
upon the pH, storage temperature, and concentration of oxygen [61].

Some of the antimicrobial compounds that are present in spices and herbs are eugenol, 
thymol, thymol and carvacrol, vanillin, allicin, cinnamic aldehyde, and allyl isothiocya-
nate that are, respectively, present in cloves, thyme, oregano, vanilla, garlic, cinnamon, and 
mustard [26].

Essential oils possess antimicrobial activities against several pathogenic microorganisms 
present in meat, including both Gram-positive and Gram-negative bacteria [62]. Many stud-
ies have been conducted to analyze the effects of essential oils extracted from sources such as 
oregano, rosemary, thyme, basil, garlic, and clove, when used alone or in combination with 
other essential oils [4, 63].

Essential oils extracted from herbs and spices were found to be effective against several patho-
genic microorganisms. Studies showed the antimicrobial activities of 14 essential oils (clove, 
oregano, rosemary, pepper, nutmeg, liquorice, turmeric, aniseed, cassia bark, fennel, prickly 
ash, round cardamom, dahurian angelipca root, and angelica) against four meat spoilage and 
pathogenic bacteria (L. monocytogenes, E. coli, Pseudomonas fluorescens and Lactobacillus sake), 
and the results showed that extracts of clove, rosemary, and cassia bark contained strong 
antimicrobial activity against these bacteria but a combination of rosemary and liquorice 
extracts was the best inhibitor against all four types of bacteria. Antimicrobials from herbs 
and spices are widely used by the industry, and government agencies have approved them 
to be safe [64, 65]. Pseudomonas bacteria are responsible for the unacceptability of meat sau-
sages. The use of thymol extracted from thyme and oregano as an antimicrobial inhibits the 
growth of Pseudomonas in sausages [53]. Researches show that Marjoram, mustard, cinnamon, 
lemon grass, and rosemary extracts have inhibitory effects against E. coli O157:H7, S. typhi, 
and Listeria [66, 67].

Food Additives90



4. Antimicrobials from plant sources

4.1. Herbs and spices

Herbs and spices have long been used by human beings for different reasons like food addi-
tives, flavorings, and preservatives. They are considered the most commonly used natural 
antimicrobials against different pathogens. The antimicrobial activity of herbs and spices 
depends on the type of essential oil present in it, food type in which it has to be used, and the 
type of microorganism [11, 55–57].

The efficiency of essential oils from herbs and spices depends upon their chemical struc-
ture, in particular to the presence of hydrophilic functional groups such as hydroxyl 
groups [58]. Essential oils from clove, oregano, rosemary, thyme, sage, and vanillin are 
the most effective containing the phenolic groups [58]. They possess inhibitory activity 
against Gram-positive than Gram-negative bacteria [59, 60]. Essential oils have high vapor 
pressure and are able to reach pathogenic microorganism through gas or liquid phases. 
Many investigations have proved the antimicrobial efficiency of essential oils against sev-
eral pathogenic and spoilage microflorae. However, the efficiency of essential oils depends 
upon the pH, storage temperature, and concentration of oxygen [61].

Some of the antimicrobial compounds that are present in spices and herbs are eugenol, 
thymol, thymol and carvacrol, vanillin, allicin, cinnamic aldehyde, and allyl isothiocya-
nate that are, respectively, present in cloves, thyme, oregano, vanilla, garlic, cinnamon, and 
mustard [26].

Essential oils possess antimicrobial activities against several pathogenic microorganisms 
present in meat, including both Gram-positive and Gram-negative bacteria [62]. Many stud-
ies have been conducted to analyze the effects of essential oils extracted from sources such as 
oregano, rosemary, thyme, basil, garlic, and clove, when used alone or in combination with 
other essential oils [4, 63].

Essential oils extracted from herbs and spices were found to be effective against several patho-
genic microorganisms. Studies showed the antimicrobial activities of 14 essential oils (clove, 
oregano, rosemary, pepper, nutmeg, liquorice, turmeric, aniseed, cassia bark, fennel, prickly 
ash, round cardamom, dahurian angelipca root, and angelica) against four meat spoilage and 
pathogenic bacteria (L. monocytogenes, E. coli, Pseudomonas fluorescens and Lactobacillus sake), 
and the results showed that extracts of clove, rosemary, and cassia bark contained strong 
antimicrobial activity against these bacteria but a combination of rosemary and liquorice 
extracts was the best inhibitor against all four types of bacteria. Antimicrobials from herbs 
and spices are widely used by the industry, and government agencies have approved them 
to be safe [64, 65]. Pseudomonas bacteria are responsible for the unacceptability of meat sau-
sages. The use of thymol extracted from thyme and oregano as an antimicrobial inhibits the 
growth of Pseudomonas in sausages [53]. Researches show that Marjoram, mustard, cinnamon, 
lemon grass, and rosemary extracts have inhibitory effects against E. coli O157:H7, S. typhi, 
and Listeria [66, 67].

Food Additives90

The oregano essential oils have antibacterial activities against E. coli, S. aureus, B. subtilis, 
and Saccharomyces cerevisiae. The main component in the essential oil of oregano is carvacrol 
(80.5%). Some other studies show that S. typhimurium is more sensitive to oregano essential 
oils than S. enteritidis [68].

Sodium nitrite has been used as a preservative in meat and meat products, but researches 
showed that if it is used in combination with oregano essential oils, it will slow down the 
growth of bacteria more efficiently than sodium nitrite alone [14]. The amount of EOs used in 
meat and meat products should be higher than the dose used in in vitro conditions because of 
the interaction with components of meat. Antimicrobial essential oils can be used directly or 
as polyethylene oxide (PEO)-based antimicrobial packaging [69].

Another research showed that the addition of oregano essential oils at a concentration of 0.7% 
will provide antimicrobial activity in minced sheep meat against S. enteritidis. In vitro tests 
detected the antibacterial activity of oregano oil against S. enteritidis in foods such as tradi-
tional salted fish and cod fish [70].

Mustard and horseradish essential oils also have antimicrobial activities against Gram-
negative bacteria. Major antimicrobial agent in both is allyl-isothiocyanate [71–73].

When applying the antimicrobials in meat or meat products, depending upon the proper-
ties and type of pathogen, some EOs are more effective than others. Eugenol, coriander, 
clove, oregano, and thyme oils were found to be effective at levels of 5–20 μl/g in inhibiting 
L. monocytogenes in meat products, while mustard, mint, and sage oils were less effective or 
ineffective [74].

Rosmarinus officinalis L. commonly called rosemary is cultivated in southern Europe and is 
used as a flavoring agent due to its better flavor, high antioxidant, and antibacterial capacity 
[74, 75]. Carnosic acid and carnosol are the major antimicrobial components of rosemary and 
are effective against both Gram-negative and Gram-positive bacteria. In meat and meat prod-
ucts, rosemary oil has high antibacterial activity against L. monocytogenes [76].

Thyme essential oils have high antimicrobial activity owing to the presence of different com-
pounds. The most prominent of all identified compounds of thyme essential oils were thy-
mol (50%), followed by p-cymene (24%), linalool (4.6%), γ-terpinene (4.1%), and 1,8-cineole 
(4.3%). Thyme oils are effective against L. monocytogenes at a dose level of 5–20 μl/g. When 
added at a dose level of 0.3–0.9%, they are very effective against E. coli in beef. In vitro anti-
microbial activity of thyme essential oil has been tested against E. coli at a temperature higher 
than that of refrigeration [77, 78].

Extensive research has been conducted to analyze the efficiency of essential oils against 
Salmonella, and results showed that oils extracted from thyme and oregano reduce the growth 
of Salmonella up to many folds of colony-forming unit (CFU) levels, while cinnamon oils at a 
rate of 7000 mg/kg of meat have strong antibacterial activity against Salmonella [62, 77].

Research has been conducted to find out the antimicrobial activity of clove oil against L. 
monocytogenes in minced mutton. Thymol essential oil from thyme at a concentration of 
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250–750 mg is used in fresh minced beef in combination with modified atmosphere pack-
aging against different microorganisms and also increases the shelf life of beef [26, 29].

Sage essential oil is used at a concentration of 0.3% in minced beef in combination with soy 
protein. Rosemary or Chinese mahogany (500, 1000, and 1500 ppm) is used to increase fresh 
chicken sausage [14, 69, 79].

4.1.1. Safety aspect of essential oils

Antimicrobial agents, though very effective against microbial population and able to extend 
the quality and shelf life of meat and meat products, should be added with care because they 
can cause some side effects. Many essential oils like thymol and eugenol can cause mucous 
membrane irritation, if used in higher concentrations. In vitro studies of various essential oils 
like carvacrol, carvone, thymol, and so on show a mild to moderate toxic effects [30]. Some 
essential oils can cause allergy or some can have photoactive molecules which can cause pho-
totoxic reactions [80, 81].

4.2. Fruits and vegetables

Many fruits and vegetables are nowadays well known to have antimicrobial effect against dif-
ferent pathogenic and spoilage microbes due to their contents of phenolic and organic acids. 
Fruit peels that are mostly discarded also contain antimicrobial compounds [30, 82].

Research showed that the antimicrobial activity of orange peel and capsicum was due to 
the presence of phenolic compound (coumaric acid) [83]. In minced beef, the extracts of 
capsicum annum have inhibitory effect against S. typhimurium and Pseudomonas. The mini-
mum dose level of capsicum extract was 1.5 ml/100 g of minced beef to inhibit the growth 
of S. typhimurium, while a dose of 3 ml/100 g was required for a bactericidal effect against 
P.  aeruginosa [83].

Pomegranate extract reduces the growth of E. coli. The peel of pomegranate contains different 
phenols and flavonoids that have great antimicrobial activity against Gram-positive bacteria. 
Peel extracts have inhibitory effects against S. aureus and B. cereus at a concentration of 0.01%. 
The addition of pomegranate peel extract to chicken meat products increases its shelf stability 
by 2–3 weeks during chilled storage and its extract is also effective in controlling oxidative 
rancidity in these chicken products [7, 62].

Citrus peel extract, lemon grass, and lime peel extracts were investigated for their antimicro-
bial activities in meat and meat products. The extracts showed high potential of antibacterial 
activity against B. cereus, S. typhimurium, and S. aureus. Hot water extract of lemon fruit peels, 
seeds, and juices displayed promising evidence of antibacterial activity against bacteria E. coli, 
P. aeruginosa, and S. aureus [84, 85].

Garlic is a potential inhibitor for food pathogens. Foods contaminated with pathogens pose 
a potential danger to the consumer’s health. The use of garlic can increase the shelf life and 
decrease the possibilities of food poisoning and spoilage in processed foods. Garlic extract has 
antimicrobial activity due to the presence of an organic sulfur compound allicin, which acts 
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as a growth inhibitor for both Gram-positive and Gram-negative bacteria including E. coli, 
Salmonella, Streptococcus, Staphylococcus, Klebsiella, Proteus, and Helicobacter pylori. Garlic aque-
ous extract has antibacterial properties against S. aureus present in hamburger. Freshly ground 
garlic in combination with lean camel meat at a concentration of 10, 15, and 25% was used 
to increase the shelf life of meat at different temperatures (rooms, incubators, refrigerators). 
After 4 days of storage at room temperature, 12 days of incubation, and 28 days of refrigera-
tion, it was found that treatments with 15 and 25% garlic resulted in complete inhibition of 
microbial growth with no sign of any organoleptic spoilage of the meat [11].

The antimicrobial effect of onion extract on the fresh beef fillet meat was investigated. Beef 
fillet samples were cut into pieces and treated with 5, 10, 20, and 50% onion-water extract 
(v/v) and stored in refrigeration conditions at 4°C. Microbiological quality of the samples was 
investigated during storage for 9 days. Increasing concentrations of onion extract significantly 
affected E. coli and yeast-mold counts, but Pseudomonas spp., aerobic mesophilic bacteria, and 
total coli forms were not affected significantly for some concentrations and days.

Antimicrobial efficacy of curcumin, one of the active components of the Curcuma longa (tur-
meric) plant, was evaluated against food pathogens in a minced meat medium. S. typhimurium, 
L. monocytogenes, E. coli O157:H7, and S. aureus strains were used as food pathogens [86].

5. Antimicrobial edible coatings

Today, many fresh products are available commercially with best nutritional profile and low 
cost of production. Consumers also prefer consuming fresh meat and meat products, but a 
limit for the commercial availability of fresh meat is its low storage life because of high mois-
ture contents that cause the growth of pathogenic and spoilage microorganisms [87].

To avoid this, the spoilage use of antimicrobials is one of the best ways to increase the shelf life 
of these perishable food products especially meat and meat products. The use of antimicrobial 
films and coatings dates back to twelfth century. The only difference between film and coat-
ing is its thickness. There are many ways of applying these antimicrobials on food products 
to enhance the natural appearance and safety of fresh meat and meat products like spray or 
spread of antimicrobials on meat [88, 89].

By the combination of different preservation techniques, researchers have been successful in 
achieving the objectives related to microbial quality storage life of perishable products. The 
addition of natural antimicrobials in combination with modified atmosphere packaging and 
refrigeration has proven to show the best results. Antimicrobials can also be added in coatings 
and films to be used in meat and meat products [88, 90].

The use of antimicrobials in edible films and coatings is an emergent technique that is helpful 
in enhancing the quality and safety aspect of food. This technique includes a control release of 
antimicrobial agents in effective concentration in the food product, when required.

The use of oregano essential oil (EO) as natural antimicrobial in combination with modi-
fied atmosphere packaging and refrigeration highly enhances the storage life of fresh beef 
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or chicken during storage. Whey protein isolate coatings containing antimicrobial agents 
like oregano EO, 3-polylysine, or sodium lactate were used on fresh beef under refrigera-
tion, which was evaluated against the progression of microflora like Pseudomonas bacteria 
[91]. By using 1.5% of oregano EO or 0.75% of 3-poly-lysine, the growth of Pseudomonas spp. 
was reduced and the development of lactic acid bacteria was completely inhibited. Both 
Pseudomonas spp. and total viable microorganisms were completely inhibited with 2% sodium 
lactate, even though the effect on LAB was less intense [89].

The effect of soy protein isolate films containing up to 5% of oregano and/or thyme EO was 
evaluated to be effective against coliform and Pseudomonas spp., but not significantly effective 
against total viable microorganisms, LAB, or Staphylococcus spp. in vacuum-packaged minced 
beef burgers for a 12-day period of cold storage at 4°C. Carvacol and cinnamon aldehydes, 
the main active compounds of oregano and cinnamon essential oils, were evaluated for their 
antimicrobial activity; they were incorporated in edible films based on apple puree contain-
ing 1.5 and 3% of carvacrol or cinnamaldehyde over chicken breast under refrigeration. These 
films inactivated the autochthonous spoilage microflora of chicken [89].

Whey protein isolates-based edible films were evaluated for antimicrobial activities with dif-
ferent essential oils. These films showed high effectiveness against L. monocytogenes, E. coli 
O157:H7, and S. enterica Typhimurium, when used in combination with 1% sorbic acid in meat 
sausages. Oregano containing carvacrol as antimicrobial agent and clove containing eugenol 
EOs were highly effective against S. aureus, Salmonella, and L. innocula. Coatings act as barrier 
against oxygen transfer leading to growth inhibition of aerobic bacteria. Chitosan has been 
used as an antimicrobial agent and also as a coating and wrapper in salami and film and coat-
ing combined with lauric arginate and nisin to reduce L. monocytogenes population in sliced 
turkey deli meat and also in seafood and fish [63, 64].

Similarly, milk protein coatings are used in beef in combination with oregano essential oils 
against E. coli and Pseudomonas. Chistosan coatings dissolved in lactic acid in combination with 
1% acetic acid are used in roasted beef products against L. monocytogenes. Similarly, chitosan 
coatings in combination with oregano oil at a concentration of 0.7% are used against Pseudomonas 
spp. and Brochothrix thermosphacta [91]. Gelatin films are used in Turkey bologna in combination 
with nisaplin-based films (GNF) (0.025–0.5%; w/v nisin) against L. monocytogenes bacteria [89].

Chitosan coatings in different molecular weights and viscosities (14, 57, or 360 mPa) were used 
in Atlantic cod fish against psychotropic bacteria. Whey protein coatings were used in smoked 
fish in combination with Lactoperoxidase system (0–0.5%, w/v) against L. monocytogenes. Gelatin 
films were used in sardine pilchardus in combination with oregano extracts against Enterobacter 
bacteria. Alginate, carrageenan, pectin, gelatin, or starch coatings were also used in smoked 
salmons in combination with sodium lactate against a mixture of L. monocytogenes [92].

6. Conclusion

All the researches and studies conducted till now have proved that the use of synthetic pre-
servatives to increase the shelf life of food and food products is in any way harmful for the 
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human health, so there is a call for the use of natural products as preservatives to increase the 
quality and shelf stability of the food and food products. Natural antimicrobials contain all 
the qualities to be used as preservatives especially in meat and meat products, and plants are 
the main source of these antimicrobials.

Plant essential oils have great antimicrobial activity against Gram-positive and Gram-
negative bacteria owing to the potential of phenolic compounds. Essential oils from herbs 
and spices like clove, oregano, rosemary, thyme, sage, and vanillin are the most effective 
against spoilage and pathogenic microorganisms like L. monocytogenes, E. coli, P. fluorescens, 
L. sake, S. aureus, and B. subtilis. Mustard and horseradish essential oils also have antimicro-
bial activities against Gram-negative bacteria. Major antimicrobial agent in both is allyl-iso-
thiocyanate. Antimicrobial agents, though very effective as antimicrobial agents, should be 
used with care because they can cause side effects like irritation. Many fruits and vegetables 
also contain antimicrobial activity against pathogenic and spoilage microbes. Extracts of cap-
sicum annum showed antimicrobial effects against S. typhimurium in minced beef; similarly, 
pomegranate extracts reduced the growth of E. coli. Citrus peel extract, lemon grass, and 
lime peel extracts showed great antimicrobial effect against B. cereus, S. typhimurium, and S. 
aureus. Garlic is a potential inhibitor for food pathogens. Garlic aqueous extract has antibac-
terial properties against S. aureus present in hamburger.

To increase the shelf life of meat and meat products, a new trend is the use of antimicrobial 
in edible films and coatings in combination with different packaging techniques. Oregano 
essential oils in combination with modified atmosphere packaging highly increase the shelf 
life of chicken and beef. Whey protein isolate coatings added with oregano essential oils 
in combination with refrigeration were very effective against Pseudomonas in beef and beef 
products. Whey protein isolate-based edible films were evaluated for antimicrobial activi-
ties with different essential oils and were very effective against S. aureus, Salmonella, and 
L. innocula. Antimicrobials can be sprayed upon meat and meat products or meat can be 
dipped into them. They are completely harmless to human health owing to the potential of 
all natural compounds, so there is an increasing market for the natural antimicrobials to be 
used as preservatives.
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Abstract

Lactic acid bacteria (LAB) are one of the most well-studied bacterial groups known from 
ancient times. These valuable microorganisms are used in numerous areas, especially food 
industry and medicine. LAB produce a wide range of compounds for food upgrading. 
Moreover, LAB can find special applications like generation of bioenergy not affecting 
the surrounding environment. The article considers physiological and biochemical pro-
cesses determining valuable characteristics of the bacteria, potential applications of LAB 
and their products, especially in food industry and bioenergy sector, and discusses LAB 
potential contribution into solution of waste disposal problem.

Keywords: lactic acid bacteria, metabolites, waste degradation, food additives, 
bioenergy

1. Introduction

Lactic acid bacteria (LAB) named so for the appropriate ability to ferment carbohydrates into 
lactic acid are one of the most studied and used groups of microorganisms. These bacteria 
have been applied in food processing since ancient times. The first pure culture of LAB was 
obtained in 1873; however, milk souring and lactic acid producing bacteria were considered 
as the same microorganisms until the beginning of twentieth century [1]. Today LAB represent 
a vast and diverse microbial group playing an important role in dairy, baking technology, fish 
and meat processing. Moreover, LAB are components of normal human microflora and can 
be used as probiotics to provide health benefits. Thus, LAB find wide applications in food 
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industry and medicine. In addition, it is possible to use the bacteria and their products in 
other fields, such as generation of bioenergy, wood protection, agriculture, bioremediation of 
environment and so on.

Lactic acid is the main product of LAB synthesis primarily consumed by food industry. These 
microorganisms are also sources of low calorie sugars, ethanol, aroma compounds, bacteriocins, 
exopolysaccharides (EPS) and several vitamins utilized in various areas [2].

LAB can be found in any environment rich in carbohydrates. Waste substrates containing 
these substances, especially food residues, provide an excellent opportunity for LAB cultivation 
and fabrication of derived products, cost reduction and refuse disposal. Some carbohydrate 
compounds can be extracted from wastes, like chitin.

This article presents data on taxonomy, identification, physiology and metabolism of LAB, 
applications of the bacteria and their products, especially in food industry and contribution 
in production of bioenergy and biogas.

2. Lactic acid bacteria (LAB): taxonomy and identification, physiological 
and metabolic processes

LAB represent a diverse microbial group united by the ability to produce lactic acid from various 
substrates. The first pure culture of LAB, now known as Lactococcus lactis, was isolated in 1873 by 
Lister [1]. Originally the term “lactic acid bacteria” denoted “milk souring organisms,” but it came 
out of use after publication of the monograph by Orla-Jensen (1919) formulating the principles of 
modern LAB classification [3]. Taxonomic affiliation of the bacteria based on cellular morphology, 
mode of glucose fermentation, growth temperatures and range of sugar utilization distinguished 
four core genera: Lactobacillus, Leuconostoc, Pediococcus and Streptococcus. The above-mentioned char-
acteristics are still very important for current identification of LAB, despite development of molecu-
lar methods. Today LAB are referred to phylum Firmicutes, order Lactobacillales, genera Aerococcus, 
Alloiococcus, Carnobacterium, Enterococcus, Lactobacillus, Lactococcus, Leuconostoc, Oenococcus, 
Pediococcus, Streptococcus, Symbiobacterium, Tetragenococcus, Vagococcus and Weissella. Sometimes spe-
cies of Bifidobacterium genus (phylum Actinobacteria) are assigned to LAB [4]. This genus was distin-
guished as a separate taxon in 1973 [5]. Until that moment, Bifidobacterium was incorporated in other 
genera, including Lactobacillus.

Because of LAB beneficial properties, their correct identification is vital for further industrial 
and medical use. Phenotypic methods are cheaper compared to genotypic methods, but similar 
phenotypes displayed by strains do not always correspond to similar or even closely related 
genotypes. Phenotypic methods also differ by poor reproducibility and ambiguity of some 
techniques often caused by complex growth conditions, weak discriminatory power and mas-
sive arrangements for large-scale studies. Among these methods, protein profiling seems quite 
reliable for LAB identification. However, even this procedure demands high workload and 
lacks discriminatory power on the subspecies level, for example, in the Lactobacillus acidophilus 
group [6].
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In turn, genotypic methods are not dependent on growth conditions of microorganisms and 
exhibit various levels of differentiation, from species to individual strains (typing), but they 
are labor-consuming. Sequencing of the 16S rRNA gene is the most popular molecular tool 
of identification. Some features make this gene an attractive research object: it is present in 
all bacteria; 16S rRNA function has remained stable over a long period, so random sequence 
changes reflect measure of time; the gene is large enough (approximately 1500 bp) to contain 
statistically significant sequence information [7]. Besides sequencing of 16S rRNA gene, it 
is possible to carry out hybridization of oligonucleotide probes to reveal taxonomic groups 
with different specificity from domain to species level. In case of intraspecific identification, 
other methods are practiced. They include DNA fingerprinting techniques: restriction frag-
ment length polymorphism analysis involving the digestion of genomic DNA with restriction 
enzymes to large fragments fractionated using pulsed-field gel electrophoresis; randomly 
amplified polymorphic DNA analysis applying arbitrary primers for amplification of cor-
responding DNA fragments; amplified restriction length polymorphism method combining 
two previous techniques and so on. All these methods are successfully used in identification 
and differentiation of LAB [8].

LAB are Gram-positive rods and cocci characterized by the absence of catalase (although some 
strains can produce pseudocatalase), tolerance to low pH values and lack of spore formation. 
These bacteria do not synthesize components of respiratory chains such as cytochromes and 
porphyrins and cannot generate ATP via proton-gradient mechanism. Therefore, LAB pro-
duce ATP predominantly by fermentation of sugars. Because of lack of cytochromes and por-
phyrins, LAB do not use oxygen, but they can grow in its presence. Protection from oxygen 
by-products (e.g. H2O2) is provided by peroxidases [9].

The distinctive feature of LAB is production of lactic acid. They are chemotrophic micro-
organisms deriving necessary energy from oxidation of chemical compounds, especially 
sugars. There are two fermentation pathways: homofermentative and heterofermentative. 
Homofermentative bacteria produce lactic acid as the major metabolite through glycolysis 
or Embden-Meyerhof-Parnas pathway generating two moles of lactate per mole of glucose. 
Pentoses and gluconate are not fermented by microorganisms via obligate homofermentative 
pathway due to lack of enzyme phosphoketolase. This type of fermentation is inherent, for 
example, to some species of the genus Lactobacillus (L. acidophilus, L. delbrueckii, L. helveticus, 
L. salivarius).

In turn, heterofermentative microorganisms using pentose phosphoketolase pathway (hexose 
monophosphate shunt/6-phosphogluconate pathway) produce equimolar amounts of lactate, 
CO2 and ethanol (Figure 1). Genera Leuconostoc, Oenococcus, Weissella and some lactobacilli 
(L. brevis, L. buchneri, L. fermentum, L. reuteri) are characterized by this type of fermentation. 
Hexoses other than glucose enter the major pathways after different isomerization and phos-
phorylation steps [10].

Genus Bifidobacterium differs from LAB by alternative way of sugar conversion known as bifid 
shunt. Hexoses are degraded through several stages to acetyl-phosphate 2-glyceraldehyde-
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acetic acid in the ratio 2:3. This pathway yields 2.5 moles ATP per mole of glucose, whereas 
homofermentative lactic acid fermentation generates 2 moles of ATP per mole of glucose [11].

Many LAB are able to ferment pentoses. They can digest them heterofermentatively by entering 
the phosphogluconate pathway as either ribulose-5-phosphate or xylulose-5-phosphate. Pentoses 
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are converted into lactate and acetate, with no CO2 evolved [12]. Disaccharides are previously 
split enzymatically into monosaccharides that enter the appropriate pathways [11].

The proteolytic system of LAB converts proteins to peptides and then to amino acids essential 
for bacterial growth. The branched-chain amino acids (valine, leucine and isoleucine), the aro-
matic amino acids (tyrosine, tryptophan and phenylalanine) and the sulfur-containing amino 
acids (methionine and cysteine) are the main amino acid sources for flavor compounds, such 
as aldehydes, alcohols and esters, generated using two distinct routes: transamination and 
elimination [13]. The proteolytic system of LAB includes three major components: cell-wall 
bound proteinase initiating degradation of extracellular milk protein casein into oligopep-
tides; transporters taking up the peptides into the cell and various intracellular peptidases 
degrading the peptides into shorter fragments and amino acids. Components of the proteo-
lytic system are diverse in various groups of LAB as well as in distinct strains. Some enzymes 
are only found in a few LAB strains, such as cell-wall bound proteinase PrtP. Other ferments, 
like aminopeptidases PepC, PepN and PepM, and proline peptidases, PepX and PepQ, are 
represented in all genomes, usually with one gene per genome. It appears logical that bacteria 
with extensive set of proteolytic enzymes show certain advantages when applied in manufac-
turing of various compounds [14].

Lipid metabolism proceeds as the breakdown of lipids by lipases into fatty acids and glycerol. 
LAB are able to produce lipases, but they are less efficient if compared with other microor-
ganisms, such as Pseudomonas, Aeromonas, Acinetobacter or Candida, and mostly intracellular. 
Besides, not all LAB synthesize these enzymes. Only one quarter of lipase-producing strains 
were detected among 103 tested LAB from the genera Lactobacillus, Lactococcus, Leuconostoc, 
Pediococcus and Streptococcus. The majority belonged to Lactococcus species [15]. LAB can per-
form unique fatty acid transformation reactions: isomerization, hydration, dehydration and 
saturation. Some products of lipid metabolism, e.g. conjugated linoleic acid, can be used for 
medicinal and nutraceutical purposes [16]. Esterases of LAB are able to catalyze both hydro-
lysis of fat glycerides with release of free fatty acids and ester synthesis from glycerides and 
alcohols via transferase reaction. Esterases display the highest activity on monoglycerides, 
with inferior activity on diglycerides. However, their activities on the specific glycerides and 
ρ-nitrophenyl or β-naphthyl esters of fatty acids decrease as the carbon-chain length of the 
esterified fatty acid increases [17].

3. Applications of LAB

LAB are applied in food production and preservation from the ancient times. Nowadays, LAB 
find wide use in various areas such as synthesis of chemicals and pharmaceuticals or manu-
facturing of probiotics for agriculture and medicine. Nevertheless, food industry remains to 
be the domain of broad LAB application. LAB strains were granted “Qualified Presumption 
of Safety” and “Generally Regarded as Safe” status by the European Food Safety Authority 
(EFSA) and Food and Agriculture Organization of the United Nations (FAO), respectively. 
They are used in manufacturing of dairy, meat, baking and vegetable products all over the 
world [18–21]. These bacteria also allay product allergenicity and ensure longer preservation 
of fermented foods [22]. LAB can be involved in the delivery of functional biomolecules and 
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ingredients into high quality gluten-free cereal products [23]. In the seafood industry, LAB 
are usually applied for product conservation, with the exception of traditional fish sauces in 
Southeast Asia. In recent years, novel fish products with various flavor and biochemical char-
acteristics have been developed [24, 25].

Another direction of LAB application is beverage production. LAB are important components 
of the wine-making process: they are responsible for malolactic fermentation following alco-
holic fermentation by yeast. Nearly all red wines and many white wines are obtained by these 
two fermentation steps. When all reducing sugars are converted to ethanol, yeast concentra-
tion declines and LAB start to grow consuming residual sugars and transforming numerous 
wine components. New aromas may improve wine bouquet, whereas those revealed during 
alcoholic fermentation by yeast are likely to vanish or change after malolactic fermentation. 
Some strains of LAB could even spoil wine during the process [26].

LAB are part of normal microflora of gastrointestinal and genitourinary tracts, hence they 
are used as components of probiotics. Beneficial effects of probiotics are provided by several 
mechanisms. Antagonistic action toward pathogenic bacteria may be manifested by decreas-
ing the luminal pH through production of volatile short-chain fatty acids (SCFA), such as 
acetic, lactic or propionic acid; rendering specific nutrients not digestible by pathogens; 
decreasing the redox potential of the luminal environment; producing hydrogen peroxide under 
anaerobic conditions and specific inhibitory compounds such as bacteriocins affecting other 
bacteria [27, 28]. Besides the above-mentioned synthesis of various compounds, probiotics 
can be engaged in barrier function, modulation of the mucosal immune system, enhancement 
of food digestion and absorption and alteration of the intestinal microflora [29].

LAB can be used to control a wide range of diseases: diarrhea of various etiology [30], allergy 
[31–33], inflammatory bowel diseases [34] and hepatic diseases [35]. LAB are applied in the 
treatment of tumors such as colorectal cancer by several mechanisms: bacteria are able to 
cause apoptosis of tumor cells; they possess antioxidative activity; LAB stimulate immune 
response for cancer prevention and therapy; they are able to modify expression levels of 
selected genes and LAB suppress proliferation of cancer cells via synergistic action of adher-
ence to tumor cells and production of SCFA [36]. Some LAB display cholesterol-lowering and 
antihypertensive effects and alleviate the symptoms of lactose intolerance in lactase-deficient 
individuals [37–40]. LAB were shown to promote immunomodulatory impact on human 
organism [41, 42].

LAB facilitate target delivery of valuable substances. Selenium is an essential trace element 
that protects organism from oxidative stress, helps maintain defense barrier against infec-
tions, modulates growth and development, provides for normal aging process, minimizes 
pregnancy complications and improves fertility and antiviral activity. Selenium-enriched 
probiotics have been shown to confer several health benefits on the host due to their antioxi-
dative, antipathogenic, antimutagenic, anticancerogenic and anti-inflammatory activities [43].

LAB can be applied in prevention and treatment of animal diseases. Viruses, such as the infec-
tious pancreatic necrosis virus and infectious hematopoietic necrosis virus, cause acute diseases 
of rainbow trout (Oncorhynchus mykiss) and several salmon species. The purified dextrans of 
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Lactobacillus sakei MN1 and Leuconostoc mesenteroides RTF10 have shown functional activity 
against these viruses [44]. In some cases, Enterococcus strains demonstrated prophylactic and 
therapeutic effect and stimulated immune response, growth and digestion in farm stock and 
pets [45]. Several studies testing the influence of various LAB species on pigs, poultry and rumi-
nants established the elevated titer of beneficial bacteria and the reduction of potential pathogen 
load [46].

LAB and their products exhibit antifungal properties applicable in agriculture, food and 
wood industry. Fungi cause numerous diseases of crops and decrease yields. In addition, they 
impart an unpleasant smell, taste or appearance to feed and foodstuffs and produce a wide 
array of mycotoxins, making nutriment unsuitable for consumption. They cause adverse 
effects up to lethal cases after penetration into human or animal body [47]. LAB are able to 
inhibit fungal growth and to dispose of mycotoxins. The activity of LAB can be explained by 
synthesis of various compounds, competition for nutrients in the medium and/or acidification 
of the growth medium. Detoxification capacity can be related to adsorption of mycotoxins 
by the bacterial cell [48–50]. Even heat-killed cells of LAB may reduce toxin concentrations to 
safe levels in milk. Heat inactivation significantly enhanced aflatoxin M1 removal by LAB [51]. 
Members of genera Lactococcus, Pediococcus, Leuconostoc and Lactobacillus are the most prom-
ising bacteria to inhibit fungal growth [50, 52, 53]. Both lactococci and yeast could delay or 
prevent the fungal deterioration of the baked food [53]. A multitude of studies showed LAB 
ability to block fungal spoilage of fresh fruits and vegetables, baked and dairy products and 
silage [54]. Besides, LAB were shown to inhibit the growth of wood-rotting fungi and subse-
quent wood decay [55].

1,3-Propanediol is a monomer in polymerization process producing polytrimethylene tere-
phthalate, and it can also be used in the production of polyurethanes, polyesters and poly-
ethers. A large number of microorganisms, including LAB, are capable of converting glycerol 
into 1,3-propanediol. The 1,3-propanediol concentration achieved in batch cultivation of 
Lactobacillus diolivorans equalled 41.7 g/L. This value could be increased to 84.5 g/L by co-
feeding glucose and glycerol (in 0.1 molar ratio) and by adding vitamin B12, the co-factor of 
glycerol dehydratases [56]. Recent studies have revealed possibility of applying LAB in bio-
surfactant production. Biosurfactants are a structurally diverse group of surface-active sub-
stances used in agriculture, food production, chemistry, cosmetics and pharmaceutics [57].

LAB potential application area is bioremediation, e.g. treatment of wastewaters containing 
azo dyes. The latter make up the largest group of synthetic chemicals that are widely used in 
manufacturing of textile, leather, cosmetics, food and paper. During the industrial process, 
approximately 10–15% of the spent dye is discharged into wastewater. Azo pigments and 
their catabolic intermediates, like aromatic amines, distinguished by mutagenic and carcino-
genic properties, obstruct light and oxygen transfer into water bodies, consequently affecting 
aquatic life. The research data indicate that the chemical can be catabolized and utilized by 
LAB strains and its degradation products are less toxic to growing Sorghum bicolor culture 
than the original azo pigment [58].

LAB and their products can be used for crude oil recovery. One third to a half of the world oil 
reserves are deposited in carbonate rock. They tend to have very low permeability that can be 
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improved by acid injection. Microbial acid producers, like LAB, may provide a solution for 
the problem. They are injected with nutrient substrate into the well where bacteria produce 
lactic acid reacting with CaCO3. The water solubility of formed calcium lactate is approxi-
mately 80g/L as compared to 15mg/L for CaCO3. Lactic acid may also be used for the removal 
of carbonate or iron scale from oilfield equipment [59].

4. Waste degradation and utilization by lactic acid bacteria

One-third of food intended for human consumption is lost or wasted globally at all steps 
from initial agricultural production to final household consumption. It amounts to about 1.3 
billion tons per year [60]. Food wastes are mainly composed of carbohydrate polymers, such 
as starch, cellulose and hemicelluloses, plus lignin, proteins, lipids, organic acids and inor-
ganic remainder. Total sugar and protein contents are in the range of 35.5–69 and 3.9–21.9%, 
respectively [61]. LAB may grow in any environment rich in carbohydrates, so that they can 
be found in various food products (milk, meat and vegetables), plants, as part of the normal 
human and animal microbiota. Food wastes are potential sources of nutrients for growth of 
LAB and production of valuable compounds.

Large volumes of waste generated by fishing, aquaculture or food processing are dumped into 
the sea without pretreatment. It causes grave environmental problems. This challenge can be 
met by introducing rich organic nutrients in the formulated optimum media for microbial cul-
tivation. Enzymatic hydrolysate of octopus processing wastewater served as a good source for 
LAB growth (L. lactis and Pediococcus acidilactici) and synthesis of bacteriocins (nisin and pedio-
cin, respectively). The maximal production of biomass and nisin by L. lactis was observed in 
the media with low concentration of enzyme papain and short time of hydrolysis (4 h). In case 
of pediocin, the highest production was attained in the media hydrolyzed with papain, tryp-
sin and pepsin within 10 h period. Consequently, marine peptones are promising alternative 
nutrients in the media and their fermentation is a possible solution of wastewater problem [62]. 
Fish viscera waste can be used in preparation of silage intended as animal feed. Application of 
LAB makes bio-silage process simpler, faster, more environmentally friendly and cost-efficient 
than chemical technology. LAB strains produce metabolites and adjust pH values for bio-silage 
fermentation and preservation [63].

Brown juice, waste of the green crop drying industry, contains nutrients such as carbohy-
drates, organic acids, vitamins and minerals suitable for production of L-lysine. Pretreatment 
is required to convert brown juice into a stable, storable product that can be used for micro-
bial fermentation. Traditional heat sterilization at 121°C for 20 min in batch procedure or at 
140°C for a few seconds in continuous process inactivates valuable enzymes and consumes 
a lot of energy. When LAB deplete the constituent carbohydrates, the juice can be heat ster-
ilized and used as a nutrient and water source for L-lysine production by Corynebacterium 
after addition of a carbon source and neutralization of the lactic acid by, e.g., ammonia. 
Alternatively, the lactic acid present in the medium can be utilized by Corynebacterium and 
converted to L-lysine [64].
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LAB can be used for waste preservation. Fermentation of hatchery wastes, including infertile 
eggs, dead embryos, cull chicks and shells from hatched chicks, by bacteria Pediococcus acidi-
lactici and Lactobacillus plantarum and products of Streptococcus faecium M74 exerted significant 
effects upon nutritional composition of the treated substrate. Additionally, LAB action reduces 
or eliminates pathogenic bacteria such as Salmonella species and Escherichia coli. These are 
important steps in recycling hatchery by-products into feed ingredients instead of landfilling 
waste [65]. Rations with fermented hatchery wastes showed no negative effect on broiler chicken. 
Their body weight gain and feed conversion at all stages were comparable to the control. In some 
cases, the parameters such as ready to cook carcass and wing yield significantly exceeded 
control values [66].

Lactic acid is the main product of LAB. The use of waste substrates for production of lactic 
acid by LAB is described in Section 6.

5. Food additives. Waste for the production of chitin and chitosan

Food additive is any substance added to food to improve its quality. These compounds are 
used in production, processing, treatment, packaging, transportation or storage of food. Food 
additives are applied to secure safety and freshness of products that could be spoiled by envi-
ronment and microorganisms, to upgrade food nutritional value or modify taste, texture and 
appearance of consumable products. LAB are known to promote food quality and flavor from 
ancient times, but they also produce specific beneficial compounds that can be used for food 
supplementation or for extraction of valuable substances such as chitin.

Microbial contamination poses serious safety and quality problems in food industry. Bacteriocins 
are antimicrobial peptides produced by bacteria, which possess the ability to kill or inhibit other 
bacteria. The bacteriocins were first characterized in Gram-negative bacteria, but later they were 
observed in other bacterial groups, including LAB. These compounds are often confused with 
other antimicrobials or antibiotics. Unlike most antibiotics, which are secondary metabolites, 
bacteriocins are usually ribosomally synthesized and sensitive to proteases, whereas generally 
harmless to the human body and surrounding environment. Besides, bacteriocins have nar-
rower spectrum of activity opposite to antibiotics. Bacteriocins are generally divided into sev-
eral classes. Class I, or the lantibiotics, are small (<5 kDa) thermally stable peptides that contain 
lanthionine, methyllanthionine and dehydrated amino acids. Subclass Ia are linear structure 
peptides with membrane-disrupting mode of action, and subclass Ib are globular structure pep-
tides with cellular enzymatic action. Class II containing small (<10 kDa) heat-stable, unmodi-
fied non-lanthionine membrane-active peptides is subdivided into five subclasses. Subclass IIa 
are pediocin-like Listeria-active peptides with a consensus amino acid sequence Tyr-Gly-Asn-
Gly-Val-Xaa-Cys in the N-terminal position. Subclass IIb consists of two different unmodified 
peptides forming a fully active poration complex. Subclass IIc are circular peptides. Sublass 
IId are linear, non-pediocin-like, single-peptide bacteriocins and subclass IIe bacteriocins are 
non-ribosomal siderophore-type post-translation modification peptides with the serine-rich 
carboxy-terminal region. Class III bacteriocins are large molecular weight (>30 kDa), thermally 
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unstable proteins that can be further subdivided into two distinct groups with respect to cell 
lysis. Class IV forms large complexes with other macromolecules [67–69]. Due to sensitivity to 
proteases, bacteriocins are probably digested in the gastrointestinal tract into small peptides 
and amino acids. Since bacteriocin-producing bacteria are present in many types of food since 
ancient times, bacteriocins are considered as basically safe food additives [67]. The main per-
spective for these compounds is food preservation. There are many studies regarding the role of 
bacteriocins in conservation of dairy, meat, seafood and vegetable products [70–73]. However, 
only few bacteriocins are used as commercial biopreservatives. The most well-studied and used 
bacteriocin is nisin, first isolated from L. lactis ssp. lactis in 1928 [74]. Nisin approved as food 
additive in more than 50 countries, including USA and Europe, is marketed as Nisaplin®. It was 
included into the European food additive list under the number E234 with no recorded adverse 
effects. Nisin inhibits closely related species as well as food-borne pathogens such as Listeria 
monocytogenes and many other Gram-positive spoilage microorganisms [70]. Another commer-
cially available bacteriocin is pediocin PA-1, marketed as Alta® 2341, which inhibits growth of 
L. monocytogenes [72].

Exopolysaccharides (EPS) of LAB are branched, repeating units of sugars or sugar derivatives 
produced extracellularly. They are involved in the protection of bacteria from adverse factors. 
EPS of LAB are versatile in molecular weight, linkages, solubility and degree of branching. The 
molecular mass of EPS ranges from 10 to 1000 kDa. Most LAB produce polysaccharides extra-
cellularly from sucrose by glycansucrases or intracellularly by glycosyltransferases from sugar 
nucleotide precursors [75]. These compounds are widely applied in food industry as adjuvants, 
emulsifiers, carriers, stabilizers, sweeteners, bulking agents, extenders and so on. [76, 77]. EPS 
of LAB also find use in medicine. They prevent blood coagulation and facilitate blood flow, 
tissue transfer, tumor treatment, serve as lubricants, carriers, osmotic and hypocholesterolemic 
agents, etc. [77].

Low calorie sugars of LAB origin are recognized as vital ingredients in diabetic foodstuffs. 
Mannitol, sorbitol, xylitol, erythritol and D-tagatose are sweeteners produced by LAB. Mannitol 
is used as a sweet-tasting bodying and texturing agent. It retards sugar crystallization and is 
intended to increase the shelf life of foods. Crystalline mannitol exhibiting very low hygroscop-
icity is indispensable in products that keep stability at high humidity. The polyol is usually 
manufactured by high pressure hydrogenation of fructose/glucose mixtures; however, bacteria 
can also be used as sources of the compound. Lactobacillus intermedius B-3693 was shown to 
yield mannitol from fructose. For example, 0.70 g of mannitol per gram of fructose can be 
produced from 250 g/L fructose. It was established that one-third of fructose could be replaced 
by glucose, maltose, galactose, mannose, raffinose or starch with glucoamylase, or two-thirds 
of fructose could be replaced by sucrose for successful mannitol production [78]. D-tagatose 
can be used as a low-calorie sweetener. The sweetness profile of D-tagatose is similar to that of 
sucrose, but it is detected a bit sooner than that of sucrose. D-tagatose is catabolized via taga-
tose-6-phosphate pathway, a branch of galactose metabolism, by some microorganisms such 
as Lactobacillus casei and L. lactis. L-arabinose isomerase used in tagatose production was found 
in L. plantarum and Bifidobacterium longum [79]. Sorbitol is a low-calorie sugar alcohol widely 
used in food industry. This polyol has a relative sweetness of around 60% when compared to 
sucrose and displays 20 times higher solubility in water than mannitol. Sorbitol is applied as 
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unstable proteins that can be further subdivided into two distinct groups with respect to cell 
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sweetener, humectant, texturizer and softener in production of chewing gum, candies, des-
serts, ice cream and diabetic food. L. plantarum produces sorbitol with efficiency 61~65% from 
fructose-6-phosphate by reverting the sorbitol catabolic pathway in a mutant strain deficient 
for both L- and D-lactate dehydrogenase activities [80]. D-xylitol is a 5-carbon polyol used as a 
natural sweetener in food and confectionary industry and known for its anticariogenic prop-
erties. The recombinant strain L. lactis was able to produce D-xylitol during cometabolism of 
glucose and D-xylose. Xylitol synthesis reached productivity 2.72 g/L/h [81]. Oenococcus oeni 
has been reported to produce erythritol. This polyol is another compound that can be used as 
sugar substitute [82].

Antioxidant is the compound inhibiting oxidation of other molecules by free radicals. 
Although synthetic antioxidants are more effective, natural antioxidants are characterized by 
simpler structure, higher stability and safe immune response. Substances with potential anti-
oxidant activity have been derived from many animal and plant sources. LAB products also 
show this kind of activity [83]. Some studies demonstrated LAB contribution in production of 
peptides showing antioxidant activity, with potential food and pharmaceutical applications 
[84, 85]. However, further investigations are required to evaluate prospects of peptides.

Vitamins are substances essential for metabolic processes. They regulate biochemical reac-
tions in the cell. Some of them function as precursors of coenzymes. Humans are incapable 
of synthesizing most vitamins, so that they have to be provided from food or synthesized by 
gut microflora. Regretfully, vitamins are easily degraded during food processing or cooking. 
Certain strains of LAB possess the property to synthesize vitamins and hence can be engaged 
in elaboration of enriched fermented foods. Studies indicated LAB production of B-group 
vitamins and vitamin K [86, 87].

Conjugated linoleic acid (CLA) isomers are other compounds with important physiologi-
cal properties. CLA represent the family of octadecadienoic acid (18:2) isomers, which 
have a pair of conjugated double bonds along the alkyl chain. There are 28 known CLA 
isomers. They are characterized by anticancer, antidiabetic, antiatherosclerotic and anti-
osteoporosis activities, complemented by defattening and immune-stimulating functions. 
The use of LAB and Bifidobacteria allows to increase CLA content of fermented dairy prod-
ucts, with no adverse effects described to date. Attempts to raise CLA productivity of LAB 
have been reported [88].

Apart from nutrient balance, a key food characteristic is flavor. Consumers need not only 
healthy but also delicious food. LAB showed ability to degrade phenolic acids generat-
ing compounds responsible for aroma. Phenolic compounds are directly related to sensory 
food characteristics such as flavor, astringency and color. In addition, they show antioxi-
dant activity [89]. LAB metabolize phenolic acids by decarboxylation and/or reduction. The 
products of phenolic acid decarboxylase action are vinylcatechol, vinylphenol, vinylguaia-
col, pyrogallol and catechol; reduction of hydroxycinnamic acids yields dihydrocaffeic and 
dihydroferulic acids [90–92]. Strains with high enzymatic activities can be used to enhance 
the flavor of cheeses [93]. The volatile flavor components, which predominantly determine 
the typical odor of cheese, are subsequently derived from the activity of amino acid con-
verting enzymes [94].
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Chitin is a polysaccharide composed of N-acetyl-D-glucosamine units. It is the second most 
abundant biopolymer on Earth after cellulose and it is a structural component of the arthro-
pod exoskeleton and of the cell walls of algae, fungi and yeast. Chitin is the source of chitosan, 
polysaccharide with numerous applications in the area of food and nutrition, in agriculture 
and environmental protection, medical, dietetic and cosmetic products. Chitin is widely used 
to immobilize enzymes and whole cells further engaged in clarification of fruit juices and pro-
cessing of milk [95]. Chitosan and its derivatives can be applied as thickeners and stabilizers for 
sauces, fungistatic and antibacterial coating for fruit, preservatives, dietary fibers and choles-
terol reducers [96]. Chitin and chitosan are non-toxic compounds displaying excellent biological 
properties such as biodegradation in the human body, immunological, antibacterial and wound-
healing activity [97–100]. They also possess chelating ability and adsorption capacity and promote 
disposal of unwanted substances or extraction of valuable compounds [101]. Derivatives such 
as chitosan-sugar complexes show the potential to act as better antimicrobial and antioxidant 
agents than chitosan itself. Antimicrobial activity of chitosan is displayed by several mecha-
nisms. The available amino group in chitosan structure provides for absorption of the nutrients 
necessary for bacterial growth. Interaction between the positive charge of chitosan molecule and 
the negative charge of microbial cell membrane changes membrane permeability. Chitosan film 
formation over the surface of microbial cell membrane prevents the nutrients from getting into 
the cell [102].

Chitin is associated with proteins, lipids, pigments and mineral deposits. Therefore, chitinous 
materials have to be pretreated to remove by-components. Chitin can be extracted by vari-
ous ways, including LAB introduction. However, demineralization and deproteinization of 
the chitinous material depend primarily on fermentation conditions. Ninety-one percent of 
deproteinization with lower level of demineralization can be reached under optimal condi-
tions by L. helveticus using date juice as an alternative to glucose that decreased the degree 
of deproteinization to 76% [103]. The other strain Pediococcus acidolactici CFR2182 carried 
out efficient fermentation of shrimp waste resulting in 97.9% deproteinization and 72.5% 
demineralization [104]. The epiphytic L. acidophilus SW01 culture isolated from shrimp waste 
quickly removed minerals and proteins from that substrate to residual 0.73 and 7.8% values, 
respectively, after 48 h fermentation. In the pilot scale fermentation, the mineral and protein 
contents fell to 0.98 and 8.44%, respectively, after 48 h fermentation [105]. The combination 
of lactic acid bacteria (Lactobacillus paracasei) and protease-producing bacteria (Serratia marc-
escens) can also be effective for extraction of chitin. LAB intensely dissolved mineral CaCO3 
by producing organic acid and S. marcescens degraded proteins by producing extracellular 
proteases. The extent of demineralization reached the highest mark of 97.2%, but the percent-
age of deproteinization in cofermentation was 52.6% on day 7 due to unfavorably low pH 
for proteolytic activity [106]. Mixed cultures of L. lactis and Teredinobacter turnirae displayed 
splendid activity in mineral and protein removal, respectively, and promoted chitin extrac-
tion, especially when T. turnirae was first inoculated [107]. LAB can recover chitin with acces-
sory compounds such as pigment astaxanthin reported to be an excellent antioxidant and 
anticarcinogenic substance [108]. Microbial method is more effective for isolation of chitin 
when compared with chemical method. Adding Fe (NO3)3 as extra nitrogen source increases 
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yield twice. Organic acids, like lactic acid, can be produced at low cost by bacteria, are less 
harmful to the environment and can preserve characteristics of the purified chitin, whereas 
the organic salts from demineralization process can be used as environmentally friendly deic-
ing agents or as preservatives [109].

6. Lactic acid: use of waste substrates for production of lactic acid by LAB

Lactic acid, or 2-hydroxypropanoic acid, is water soluble and highly hygroscopic organic acid 
with ubiquitous distribution in nature. Lactic acid was discovered in 1780 by C.W. Scheele in 
sour milk, and in 1881 Fermi obtained this compound by fermentation, resulting in its industrial 
production. Lactic acid is widely used in food, pharmaceutical, cosmetic and other manufac-
turing sectors. In the chemical industry, lactic acid is treated as a raw material for production 
of lactate ester, propylene glycol, 2,3-pentanedione, propanoic acid, acrylic acid, acetaldehyde 
and dilactide. This compound can even be used for fabrication of polylactic acid (PLA), sustain-
able bioplastic material mainly applied in packaging. Lactic acid functions as a descaling agent, 
pH regulator, neutralizer, chiral intermediate, solvent, humectant, cleaning aid, slow acid-release, 
metal complexing and antimicrobial agents. Technical-grade lactic acid is used in leather tan-
ning industry as an acidulant for deliming hides. Besides moisturizing and pH adjusting effect, 
the substance is characterized by antimicrobial activity, skin lightening and hydrating action in 
cosmetic industry. In medicine, lactic acid is applied in tableting, prostheses, surgical sutures, 
controlled drug delivery systems and electrolyte solutions [110]. However, food industry is the 
main consumer of lactic acid. Food and food-related applications account for approximately 85% 
of lactic acid demand, whereas the other industrial sectors cover the remaining 15% [111]. Lactic 
acid and its salts are used as antimicrobials, flavor enhancers, stabilizers, thickeners, humectants, 
emulsifiers, firming and leavening agents and so on [110, 112]. Lactic acid is applied in a wide 
variety of foodstuffs, such as candies, bread and bakery products, soft drinks, soups, sherbets, 
dairy products, beer, jams and jellies, mayonnaise and processed eggs [113].

The global lactic acid demand estimated to be 714.2 kilo tons in 2013 is expected to reach 
1960.1 kilo tons by 2020 [114]. Substrates for lactic acid production should be characterized by 
cheapness, low contamination level, year-round availability, rapid fermentation rate and high 
yields of lactic acid from fermentation.

Food waste has high starch content and is rich in nutrients, including lipids and proteins, and 
therefore it represents a potential renewable resource for lactic acid production. Additionally, 
protease, temperature and CaCO3 cause significant linear effects on production, whereas 
α-amylase and yeast extract show minor effects. Under the optimal conditions, L. planta-
rum produced maximum amount of lactic acid from dining hall food waste [115]. Municipal 
organic solid waste (MOSW) is the discharge consisting of kitchen and garden residues. 
MOSW possesses high energy and nutritional value for lactic acid production. Lactic acid 
productivity after 24 h was 0.79 ± 0.05 g/L/h in fermenters with pH 5.0 and 0.71 ± 0.05 g/L/h in 
fermenters with uncontrolled pH [116].
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Sugarcane juice containing 13–16% sucrose is renewable, abundant and cheap source of car-
bon for lactic acid production. Lactobacillus sp. strain FCP2 grown on sugarcane juice for 5 days 
produced 104 g/L lactic acid with 90% yield. Higher yield (96%) and productivity (2.8 g/L/h) 
were obtained when the strain was cultured on 3% w/v sugarcane juice for 10 h. Addition of 
cheap nitrogen sources such as silk worm larvae, beer yeast autolysate and shrimp waste led 
to increase in lactic acid production over that attained with yeast extract [117]. Molasses is 
the by-product of refining sugarcane or sugar beet. It contains sucrose (31%), glucose (9.5%), 
fructose (10%), nitrogen (0.95%) and may be used as cheap and available medium for produc-
tion of various compounds, including lactic acid. L. delbrueckii mutant Uc-3 in batch fermenta-
tion process produced 166 g/L lactic acid from 400 g/L molasses [118]. Lactic acid concentration 
134.9 g/L was recorded at molasses concentration 333 g/L using Enterococcus faecalis culture 
[119]. Glycerol is the main by-product of biodiesel industry and it can be utilized as a carbon 
source to yield organic acids, e.g. lactic acid. Strain Lactobacillus sp. CYP4 produced 39.41 
mM lactic acid with conversion percentage 39.27% [120]. Liquid waste from potato process-
ing industry (chips manufacturing) can be used as substrate for lactic acid production. Waste 
with MRS medium (lacking peptone, yeast extract and glucose, but containing malt extract, 
galactose and manganese sulfate) in 4:1 ratio provided for 16.09 g/L concentration of lactic 
acid by L. casei culture [121].

Brewers’ spent grain (BSG) represents the major by-product of brewing industry account-
ing for about 85% of total residues left after the mashing and lautering processes and it 
is available in large amounts all year around [122]. Chemical composition of BSG varies 
depending on the barley variety, the harvest time, malting and mashing conditions; how-
ever, its hydrolysates are suitable substrates for lactic acid production. Generation of the 
desired metabolite through fermentation of hydrolysate resulting from BSG pretreatment 
with aqueous ammonia was 96% higher than that following acid-alkaline treatment and 
constituted 17.49 g/L. The maximum value was obtained after addition of nitrogen source 
(yeast extract) to aqueous ammonia-treated BSG (22.16 g/L) [123]. Additional use of inver-
tase from grape juice for sucrose hydrolysis of canned pineapple syrup, a food processing 
waste, resulted in lactic acid concentrations 20 and 92 g/L generated by L. lactis from 20 and 
100 g total sugars/L [124].

About 30% of annual global cheese whey production remains underutilized, ending up as 
waste or animal feed [125]. Besides, most dairy manufactures do not have proper treatment 
systems for whey disposal. The main components of whey are lactose (approximately 70–72% 
of the total solids), whey proteins (approximately 8–10%) and minerals (approximately 12–15%) 
utilized by LAB with lactic acid production. Various studies with free and immobilized cells 
proved efficiency of LAB application [126]. Scotta is the main by-product of ricotta cheese pro-
duction containing proteins (0.15–0.22%), salts (1.0–1.13%) and lactose (4.8–5.0%). Scotta may 
be considered as a source of lactose and other nutrients with potential biotechnological applica-
tions such as lactic acid production. The addition of nutritional supplements to medium with 
scotta led to lactic acid productivity about 2 g/L/h. The use of mixed cultures reduces the need 
for nutrient supply, with no detrimental effects on the production parameters as compared to 
pure cultures [127]. Mussel processing waste, liquid by-product of industrial steam treatment 
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of mussels, contains glycogen as the main component that can be utilized by LAB with protein 
and phosphorus supply and pH control [128].

Deficiency of the nitrogen source usually decreases yield of lactic acid. Moreover, nitrogen source 
is the most expensive component of microbial growth media. Ram horn hydrolysate (RHH) was 
shown to be rich in both organic and inorganic compounds and hence considered as an excellent 
source of nitrogen and minerals in fermentation medium because of its amino acid and mineral 
contents. The optimal concentration of RHH for production of lactic acid was 6%. Concentrations 
higher than 6% had an inhibitory effect due to high amounts of heavy metals. 44 g/L concentra-
tion of lactic acid was generated on medium with RHH by 26 h of fermentation with nearly 100% 
sugar consumption in contrast to control medium (36 g/L and the degree of sugar consumption 
82%) [129].

Experiments with production of lactic acid were performed on pineapple juice waste [130], 
waste potato starch [131], cassava powder [132], waste banana [133], kitchen waste [134] and 
fish waste [135].

Lignocellulosic hydrolysates also can be used for lactic acid production. Lignocellulosic bio-
mass, organic material of biological origin, represents the most abundant global source of 
unutilized biomass. Lignocellulosics are typically composed of cellulose (insoluble fibers of 
β-1,4-glucan), hemicellulose (noncellulosic polysaccharides, such as xylans, mannans and 
glucans) and lignin (a complex polyphenolic structure) with lesser amounts of minerals, oils 
and other components. The proportion of biomass constituents varies among species. LAB 
are not able to digest these components, therefore, pretreatment and enzymatic hydrolysis 
stages are essential [136]. For example, dilute acid pretreatment efficiently hydrolyzes hemi-
cellulose to xylose, arabinose and glucose and thereby enables further enzymatic digestion of 
cellulose to glucose. The obtained compounds are utilized by LAB. However, substances toxic 
to fermentative organisms such as furfural, phenolic derivatives and inorganic acids are also 
produced during the pretreatment process. Strains S3F4 (L. brevis) and XS1T3-4 (Lactobacillus 
plantrum) exhibited the ability to utilize various sugars present in dilute-acid hydrolysates 
of corn stover and corncobs, especially S3F4 converting hydrolysates into lactic acid with-
out detoxification. The strain showed strong resistance to the potential inhibitors, furfural, 
and ferulic acid. The maximum lactic acid concentration achieved by S3F4 fermentation was 
39.1 g/L from corncob hydrolysate [137].

The food processing industry generates significant amounts of solid wastes. For example, 
over 50% of the orange fruit is transformed into peel waste during the juice making process 
[138]. Food processing wastes are usually utilized via cattle feeding, burning and landfills, but 
they contain significant amounts of carbohydrates, proteins and lipids that could be used to 
produce valuable compounds such as lactic acid. Research with different agricultural (orange, 
banana and potato) peel wastes fermented by mixed cultures showed that lactic acid was the 
predominant chemical produced in all fermentation broths. The abundance of LAB rapidly 
increased during fermentation and genus Lactobacillus dominated at the end of process [139]. 
LAB, mainly Lactobacillus species, successfully produced lactic acid from other lignocellulosic 
substrates (Table 1).
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7. Use of LAB in production of bioenergy and biogas

The latest decades have witnessed growing interest in production of green energy. Fossil 
fuels adversely influence the environment owing to emission of carbon dioxide, triggering 
search for inexpensive renewable sources of energy that do not affect the surrounding nature. 
Microbial fuel cells (MFC) are devices that utilize organic and inorganic wastes and transform 
their chemical energy into electrical energy. MFC consist of anode and cathode chambers, 
physically separated by a proton exchange membrane (PEM). Microorganism in the anode 
section oxidizes the organic substrates and produces electrons and protons. The protons are 
conducted to the cathode chamber through PEM, and the electrons are conveyed via exter-
nal circuit. Protons and electrons are reacting in the cathode chamber along with parallel 
reduction of oxygen to water. A steady current is generated by this process within the wire 
connecting anode and cathode. Besides generation of bioelectricity, MFC additionally resolve 
problem concerning utilization of waste [154].

MFC research has been conducted during several decades, but studies engaging LAB for 
generation of bioenergy were initiated only in recent years. Fe(III)-reducing bacterium 

Lignocellulosic substrates Bacteria Lactic acid production References

Alfalfa fiber Lactobacillus delbrueckii 0.606 g/g [140]

Lactobacillus pentosus 0.59 g/g

Apple pomace Lactobacillus rhamnosus 32.5 g/L [141]

Cellulosic biosludges Lactobacillus rhamnosus 39.4 g/L [142]

Chips of oak wood Enterococcus faecalis 24-93 g/L [143]

Milled newspaper Lactobacillus delbrueckii 24 g/L [144]

Municipal solid waste Lactobacillus pentosus 65 g/L [145]

Pine needles Co-culture of Lactobacillus 
delbrueckii and Lactobacillus 
pentosus

45.10 g/L [146]

Recycled paper sludge Lactobacillus rhamnosus 73 g/L [147]

Sugarcane bagasse Lactococcus lactis 10. 85 g/L [148]

Turmeric residue Lactobacillus paracasei 97.13 g/L [149]

Vine-trimming wastes Lactobacillus pentosus 21.8 g/L [150]

Waste cardboard Lactobacillus coryniformis 0.514 g/g [151]

Wheat straw Lactobacillus pentosus 6.6–6.7 g/L [152]
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Wood chips of Eucalyptus 
globulus

Lactobacillus delbrueckii 48–62 g/L [153]

Table 1. Lignocellulosic substrates in lactic acid production.
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7. Use of LAB in production of bioenergy and biogas
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Enterococcus gallinarum MG25 turned out to be electrochemically active strain. It appears that 
MG25 can transfer electrons to the electrode as electron acceptor, so that the strain is expected 
to have promising MFC application prospects [155]. L. lactis is normally homolactic bacte-
rium under anaerobic conditions. It lacks the genes that encode biosynthesis of heme. When 
a source of heme is provided, the respiratory chain is activated and the bacterium can oxidize 
NADH using O2 as terminal electron acceptor. If lower potential terminal electron acceptors 
are engaged, such as hexacyanoferrate, ferric citrate or cupric chloride, the electron transfer 
chain is not required in its entirety up to cytochrome oxidase step, with final electron transmis-
sion carried out mostly by quinones. L. lactis was observed to perform extracellular electron 
transfer to anodes by utilizing at least two soluble redox mediators (one of these two media-
tors was 2-amino-3-dicarboxy-1,4-naphthoquinone) with acetate and pyruvate production 
and electricity generation [156]. Mixed cultures also can be used in MFC. While Shewanella 
oneidensis or L. lactis alone cannot generate electric current from glucose, they can do so in co-
culture. L. lactis converts glucose into lactate, which serves as electron donor to S. oneidensis 
[157]. Lactobacillus bulgaricus was tested as producer of electricity. The maximum power (201.8 
mW/m2) was generated at optical density 0.5 by connecting in series MFC reactors with potas-
sium permanganate as the electrolyte solution [158]. Further on, electricity output reached 
power density 393.23 mW/m2 with LAB application [159]. Indium tin oxide (ITO) conductive 
glass anode modified by chitosan (CS) and α-Fe2O3 nanoparticles using LAB as the source of 
electrons raised considerably electricity generation. The maximum power density values of 
ITO blank, ITO/(CS/α-Fe2O3)4/CS and ITO/(CS/α-Fe2O3)8/CS were 0.035, 0.124 and 0.084W/m2, 
respectively. The higher roughness of ITO/(CS/α-Fe2O3)4/CS resulted in higher specific sur-
face area available for growth of bacteria [160]. Following the trend, further development of 
MFC engaging LAB can be expected. Noteworthy, wastes are often applied in this technology, 
resolving thereby waste utilization problem.

Microbial electrolysis cell (MEC) is a technology similar to MFC, but this system recovers 
energy from substrates as valuable chemical compounds, like hydrogen. The latter is formed 
by reduction of protons with the transferred electrons in MEC. A microbial consortium dem-
onstrated the ability to consume cheese whey as the sole carbon source yielding electricity or 
hydrogen. Cheese whey was fermented mainly by lactic acid bacteria (Enterococcus genus) 
and exoelectrogenic activity was expressed by Geobacter sp., utilizing acetate derived from 
fermentation as electron donor. The coulombic efficiency was 49±8% in the MFC system. In 
the MEC, hydrogen production reached 0.8 LH2/LREACTOR/d and it proved the potentiality of 
cheese whey to be a good carbon source for bioenergy production [161].

Added to MEC and MFC, LAB may be involved in the production of biofuels such as hydro-
gen, methane (biogas), ethanol and butanol. Hydrogen is one of the most attractive energy 
carriers alternative to conventional fossil fuels. It does not affect environment and produces 
only water vapor and heat energy as the result of its burning. Hydrogen is a highly efficient 
energy source; its specific energy value equals 33 Wh/g. For comparison, the specific energy 
of methane is 14.2 Wh/g and coal is 9.1 Wh/g. The biological processes leading to hydrogen 
production are dark fermentation, photofermentation, direct and indirect biophotolysis, as 
well as anaerobic respiration of sulfate-reducing bacteria under conditions of sulfate deple-
tion [162]. LAB are unable to produce hydrogen themselves, but can influence hydrogen gen-
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eration by increasing or decreasing its production. LAB can act as seeds for self-flocculated 
granule formation in hydrogen generation [163]. Another research revealed relation between 
the number of LAB and hydrogen production from simulated cheese processing wastewa-
ter via anaerobic fermentation using mixed microbial communities. More than 50% of the 
bacteria were Lactobacillus and about 5% of the isolates were hydrogen-producing Clostridia 
species. When H2 production in the bioreactors decreased, concurrent reduction in the cell 
titer of genus Lactobacillus was also observed. It can be connected with pH important for H2 
production [164]. Leuconostocaeae were one of the predominant microbes in hydrogen-produc-
ing consortia in other experiment. Their role in the process is discussed [165]. When mixed 
cultures were used, Lactobacillus amylovorus utilized algal starch for lactic acid production and 
Rhodobium marinum produced hydrogen in the presence of light using lactic acid as an electron 
donor [166]. Products of LAB such as lactic acid also showed positive effect on hydrogen pro-
duction. The addition of lactic acid to starch-containing medium could improve the hydrogen 
production rate and hydrogen production yield from 4.31 to 8.23 mL/h and from 5.70 to 9.08 
mmol H2/g starch, respectively. The authors guessed that enhanced hydrogen production was 
associated with a shift from acetic acid and ethanol formation to synthesis of butyric acid as 
the predominant metabolite. The increase in hydrogen yield was attributed to the increase in 
the available residual NADH for H2 production. However, when lactic acid was used as the 
sole carbon source, no significant hydrogen generation was observed [167]. Clostridium diolis 
JPCC H-3 on medium with acetic acid and lactic acid produced 2.85 mL H2/5 mL solution 
as compared to the control (0.63/5 mL solution) [168]. Rhodobacter sphaeroides GL-1 immobi-
lized on polyurethane foam in a continuous flow bioreactor converted lactic acid to H2 with 
an efficiency of 86% [169]. The hydrogen yield of R. sphaeroides RV was found to depend on 
lactic acid concentration, and maximum bacterial activity was observed at 100 mM influent 
lactic acid [170]. Nevertheless, other studies showed negative influence of LAB on hydrogen 
production. L. paracasei, Enterococcus durans and their supernatants inhibited hydrogen pro-
duction via excretion of bacteriocins which have a deleterious effect on other bacteria. The 
inhibition of hydrogen production can be reduced by heat treatment for 30 min at tempera-
tures ranging from 50 to 90°C and partially removed in the presence of protease trypsin inac-
tivating bacteriocins [171]. The bacteriocin-producing LAB (mostly Lactobacillus spp.) were 
found to suppress hydrogen production during fermentation of cheese whey wastewater. 
At the same time, the highest H2 yields were obtained when growth of Lactococcus spp. was 
associated with Leuconostoc pseudomesenteroides, although Lactococcus spp. is not recognized 
as hydrogen-producing strain [172]. Competition for resources between bacteria also reduces 
hydrogen production [173–175].

Biogas is a renewable energy source, which can be used as gaseous vehicle fuel and replace 
natural gas as a feedstock for producing chemicals and materials. Concerning biogas produc-
tion, LAB are not directly involved in its generation, but the bacteria are able to influence 
methane yield. Crop characteristics, process parameters and management measures have 
a major impact on biogas yield. Ensiling with inoculated LAB is an appropriate method of 
storing feedstock for biogas production. Ensiling, prolonged storage and biological silage 
additives showed positive effects on methane yield of up to 11%. These could be attributed 
to increase in ratio of organic acids and alcohols. Changes in composition of fermentation 
products during ensiling and storage duration compensate for silage losses. Silage additives 
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either accelerate the ensiling process or stabilize the silage [176, 177]. Different crops showed 
various need in ensiling promoters. Additive-free ensiling resulted in minor losses (0–13%) in 
the methane potential of sugar beet tops, but more substantial losses (17–39%) in the methane 
potential of grass. Ensiling with supplements improved the methane potential of both sub-
strates by 19–22% [178]. High concentrations of ethanol and butyric acid following clostridial 
and heterofermentative lactic acid bacterial fermentations were also accompanied by elevated 
specific CH4 yield from grass [179]. The methane yield of maize silage treated with heterofer-
mentative LAB was measured higher than from the corresponding solid residue, while the 
treatment of amaranth showed a significant decrease in methane yield from silage in contrast 
to solid residue [180]. Other studies showed that LAB failed to raise methane yield or had little 
effect [181–183]. One experiment indicated that silage from maize straw not exposed to ensil-
ing preparations was characterized by the highest biogas yield [184]. LAB could not stimulate 
total methane production, but they were able to promote the methane production rate at the 
beginning of the process [183]. The other products, like food waste, could also serve as meth-
ane sources. However, lactic acid pre-fermentation of food waste caused acid inhibition of the 
methanogenesis. Methane yield was a bit higher compared to the control, but significantly 
lower when ethanol pre-fermentation was used [185]. Lactic acid exerted extremely negative 
influence on methanogenesis of kitchen waste [186]. Although application of LAB in the ensil-
ing process does not always increase methane yield, these bacteria conduce preservation of 
silage used in biogas production. LAB lead to PH drop by producing organic acids (mainly 
lactic and acetic acids) and decrease risk of microbial contamination [187].

Ethanol is another renewable energy source derived from plant biomass. Global production of 
ethanol increased from 17.25 billion L in 2000 to over 46 billion L in 2007 [188]. Yeasts are one of 
the main producers of ethanol. Nevertheless, ethanol generation process may be influenced by 
several factors, including microbial contamination. LAB are very abundant in the process because 
of their tolerance to ethanol, low pH and high temperature. Some strains are able to grow in media 
with 16% ethanol [189]. Diverse species of LAB can be found in the bioethanol process [190, 191]. It 
was shown that lactic acid may affect yeast viability [192]. However, due to the above-mentioned 
features and ability to produce ethanol (heterofermentative pathway), LAB can also be considered 
as biofuel sources. L. buchneri NRRL B-30929 ferments solely glucose at pH 4.0 into lactate and 
ethanol at molar ratio 1.03:1. Equimolar amounts of ethanol and lactate are produced when only 
xylose is available for the strain [193]. Recombinant strain L. plantarum containing several genes of 
Sarcina ventriculi produced slightly more ethanol (90–130 mM) than the control [194].

Biobutanol is another promising fuel. Compared to ethanol, butanol is distinguished by higher 
energy content, higher octane number, lower latent heat, lower solubility in water, higher vapor 
pressure and inferior corrosive capacity. Additionally, butanol can be directly included in the 
current design of internal combustion engines. The species Clostridia are the natural producers of 
butanol. However, they are difficult to culture and butanol is characterized by toxicity to bacteria 
at concentrations over 20 g/L, far below its solubility in water (~70 g/L) [195]. As a consequence, 
other microorganisms are screened for butanol production. Due to high degree of alcohol toler-
ance, LAB became objects for genetic manipulations to select butanol-producing strains. The 
recombinant L. brevis strain containing the clostridial genes crt, bcd, etfB, etfA and hbd was able 
to synthesize up to 300 mg/L butanol comparable to recombinant E. coli (580 and 552 mg/L) and 
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Pseudomonas putida (120 mg/L) cultures [196–198]. Recombinant strains of L. lactis and L. buch-
neri containing clostridial thiolase produced about 28 and 66 mg/L butanol, respectively [199]. 
Some L. brevis strains were found to produce 2-butanol without recombination. These strains 
converted meso-2,3-butanediol to 2-butanol in a synthetic medium, but none of them showed the 
same ability in a complex medium such as MRS. It appears that the process is inhibited by some 
kind of repression mechanism [200].

LAB effects on energy generation are controversial. It was shown that LAB can be used for 
energy generation in MFC and MEC and production of butanol. However, influence of the 
bacteria on hydrogen, biogas and ethanol processes is complicated. LAB fail to generate 
hydrogen and biogas, but they and their products are able to increase or decrease the output 
of biofuels. Concerning ethanol, LAB may reduce yeast product yields or act as substrate 
providers. Contradictory impact of LAB on bioenergy generation requires further research to 
minimize negative effects and gain maximum benefits.

8. Use of LAB in food industry

Fermentation is the important process for manufacturing of products with desirable biochem-
ical characteristics with the aid of microorganisms or enzymes. Fermentation plays at least 
five roles:

1. Enrichment of the diet through development of a diversity of flavors, aromas and textures 
in food substrates.

2. Preservation of food via lactic acid, ethanol, acetic acid and alkaline fermentations.

3. Biological upgrading of food substrates with proteins, essential amino acids, fatty acids 
and vitamins.

4. Detoxification in the course of food fermentation.

5. Saving cooking time and fuel requirements [201].

LAB from ancient times have been used in production of traditional foodstuffs. LAB are impor-
tant microorganisms involved in manufacturing various dairy products such as yogurt, kefir, 
cheese, butter and so on. The latter account for about 20% of the global output of fermented 
products [202]. LAB can be divided into two groups depending on optimal growth tempera-
ture: mesophilic (20–30°C) and thermophilic (30–45°C). The flavor, texture and consistency 
may vary considerably when mesophilic or thermophilic cultures are used. Dairy industry 
mainly consumes starter cultures selected and maintained by subcultivation in milk. Several 
steps are carried out to obtain the required products [203, 204]:

1. Selection of starter cultures, optimization of medium and cultural conditions. These factors 
affect the yield of the product and its characteristics.
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2. Pretreatment. This step includes various processes such as clarification, fat separation, 
standardization, evaporation, de-aeration, homogenization, pasteurization and so on. Pre-
treatment aim is to adjust dairy substrate characteristics and eliminate microorganisms 
able to interfere with fermentation process. The milk is then cooled to the appropriate 
fermentation temperature.

3. Fermentation. After pretreatment step, starter cultures are added and incubated at optimal 
temperature for the definite period. The bacteria ingest the lactose and release some com-
pounds, like lactic acid. Production of lactic acid results in increased acidity causing milk 
proteins to denature and aggregate and growth inhibition of other acid-sensitive species.

4. Postfermentation step. After the end of fermentation process, the product may be sub-
jected to downstream processing and upgrading (addition of flavorings, homogenization, 
filtration, etc.).

5. Packing, labeling, storage and market distribution of the product.

Manufacturing of fermented meat, soy, vegetables and baking products using LAB is carried 
out by a similar scheme. LAB provide the characteristic flavor and produce acids (e.g. lactic 
acid) that lower pH of the products and inhibit growth of spoilage microorganisms [205].

As mentioned in Section 5, LAB are sources of various compounds that can be used as 
food additives. Studies showed high efficiency of LAB in product enrichment with these 
additives. L. amylovorus CRL887 was able to produce significant concentrations of folate, 
or vitamin B9 (81.2 ± 5.4 μg/L), on folate-free cultural medium. Co-fermentation with B9 
producing starter cultures L. bulgaricus CRL871 and Streptococcus thermophilus CRL803 and 
CRL415 yielded yogurt with high folate concentration (263.1 ± 2.4 μg/L). A single portion 
of the product provides for 15% of the recommended dietary allowance [206]. L. plantarum 
was shown to increase about twofold and threefold riboflavin (vitamin B2) content in pasta 
and bread, respectively [207]. L. reuteri CRL1098 from sourdough was able to produce vita-
min B12 or cobalamin [208]. L. lactis ssp. cremoris YIT 2012 and Leuconostoc lactis YIT 3001 
produced 9–123 μg of vitamin K2/L in defatted dry milk and soymilk medium, respectively, 
providing beneficial property for dietary supplement [209].

Concerning bacteriocins, nisin has been approved worldwide to use as a natural food preser-
vative in food industry. It demonstrated a long record of food preservation efficiency [210]. 
Other bacteriocins also have practical applications. Paracin C produced by L. paracasei CICC 
20241 induced extensive cell damage and disintegration of Alicyclobacillus acidoterrestris caus-
ing spoilage of fruit juices. The bacteriocin additionally reduced thermal resistance of bacterial 
spores [211]. L. paracasei subsp. tolerans from kefir produced bacteriocin inhibiting both fungi 
and bacteria [212]. Bacteriocin produced by P. acidilactici showed suppressing and bactericidal 
effect on L. monocytogenes in meat products [213]. Lactobacillus species isolated from different 
fermented cereal gruels demonstrated inhibitory action on growth of various target organisms 
[214]. Bacteriocin of Enterococcus faecium CN-25 isolated from fermented fish product com-
pletely inhibited growth of L. monocytogenes at the minimum concentration 2.38 mg/mL [215].
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CLA-producing strains may be used in the food industry to derive products with increased 
CLA content. Strains of the genera Bifidobacterium, Lactobacillus and Lactococcus are able to 
enrich skim milk with CLA (in the range of 40–50 μg CLA/mL) [216]. Administration of 
Lactobacillus strains led to significant increase in CLA concentrations 0.2–1.2 mg/g fat in eggs 
and 0.3–1.88 mg/g fat in broiler chicken cuts [217]. L. plantarum from fermented pickle brines 
exhibited high CLA-producing ability in the presence of linoleic acid [218].

EPS of LAB have a wide application range. They can be used to modify certain food features. 
Incorporation of EPS may provide viscosity, stability and water-binding functions that may 
contribute positively to the odor, texture and taste of fermented dairy products [219]. S. ther-
mophilus zlw TM11 induced high exopolysaccharide content (380 mg/L) and viscosity (7716 
mPa/s) of fermented milk. The co-culture of this strain with L. delbrueckii subsp. bulgaricus 3 4.5 
caused low syneresis (8.5%), better texture and sensory perception of fermented yogurt [220]. 
EPS from S. thermophilus MR-1C significantly increased moisture retention in low-fat mozza-
rella. The cheese with low moisture content has a tough and rubbery texture and requires more 
heat for melting [221]. EPS-producing LAB were used in the production of Swedish ropy milk 
with proper level of viscosity [222]. Sour cream fermented by S. thermophilus strains producing 
capsular exopolysaccharides was characterized by low syneresis, high apparent viscosity and 
increased adhesiveness and gumminess [223]. EPS-producing strains of S. thermophilus showed 
reduced freezing mortality when LAB were introduced into frozen dairy desserts as a source 
of β-galactosidase hydrolyzing lactose and producing the absorbable monosaccharides glucose 
and galactose [224]. Besides dairy industry, EPS are used in bakery. Weissella cibaria WC4 and L. 
plantarum LP9 were able to produce EPS that increased the viscosity of baked product and the 
resulting bread was distinguished by higher specific volume and lower firmness [225]. EPS can 
improve not only taste, structure, consistency and shelf life of food products but also probiotic 
characteristics. Fermented milk with EPS-producing S. thermophilus culture and purified EPS 
resuspended in milk were effective for gastritis prevention [226]. Three strains of L. delbrueckii 
subsp. bulgaricus isolated from home-made yogurt produced high amounts of EPS and showed 
cholesterol lowering effects [227].

Reactive oxygen species and free radicals take part in the development of degenerative dis-
eases such as cancer, atherosclerosis and diabetes [228]. Foods containing antioxidative mate-
rials may be applied for prevention of these diseases. LAB demonstrated antioxidant activity 
and could be used in the production of food with required properties. The radical-scavenging 
activity of water/salt-soluble extracts from sourdough fermented by pool of LAB was sig-
nificantly higher than in control chemically acidified dough. The highest activity was found 
for whole wheat, spelt, rye and kamut sourdoughs [85]. It was also demonstrated that LAB 
strains were able to produce antioxidant activity in dairy products. The formation of 4–20 kDa 
peptides was accompanied by elevated radical scavenging activity [229]. L. plantarum KFRI 
00144, L. delbrueckii subsp. latis KFRI 01181, Bifidobacterium breve KFRI K-101 and Bifidobacterium 
thermophilum KFRI 00748 were able to efficiently biotransform isoflavone glucosides to their 
bioactive aglycones during soybean fermentation. Isoflavones are known for their potential 
bioactive antioxidant properties and radical scavenging capacity. It has been shown that isofla-
vone glucosides were poorly absorbed in the small intestine compared with their aglycones, so 
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Incorporation of EPS may provide viscosity, stability and water-binding functions that may 
contribute positively to the odor, texture and taste of fermented dairy products [219]. S. ther-
mophilus zlw TM11 induced high exopolysaccharide content (380 mg/L) and viscosity (7716 
mPa/s) of fermented milk. The co-culture of this strain with L. delbrueckii subsp. bulgaricus 3 4.5 
caused low syneresis (8.5%), better texture and sensory perception of fermented yogurt [220]. 
EPS from S. thermophilus MR-1C significantly increased moisture retention in low-fat mozza-
rella. The cheese with low moisture content has a tough and rubbery texture and requires more 
heat for melting [221]. EPS-producing LAB were used in the production of Swedish ropy milk 
with proper level of viscosity [222]. Sour cream fermented by S. thermophilus strains producing 
capsular exopolysaccharides was characterized by low syneresis, high apparent viscosity and 
increased adhesiveness and gumminess [223]. EPS-producing strains of S. thermophilus showed 
reduced freezing mortality when LAB were introduced into frozen dairy desserts as a source 
of β-galactosidase hydrolyzing lactose and producing the absorbable monosaccharides glucose 
and galactose [224]. Besides dairy industry, EPS are used in bakery. Weissella cibaria WC4 and L. 
plantarum LP9 were able to produce EPS that increased the viscosity of baked product and the 
resulting bread was distinguished by higher specific volume and lower firmness [225]. EPS can 
improve not only taste, structure, consistency and shelf life of food products but also probiotic 
characteristics. Fermented milk with EPS-producing S. thermophilus culture and purified EPS 
resuspended in milk were effective for gastritis prevention [226]. Three strains of L. delbrueckii 
subsp. bulgaricus isolated from home-made yogurt produced high amounts of EPS and showed 
cholesterol lowering effects [227].

Reactive oxygen species and free radicals take part in the development of degenerative dis-
eases such as cancer, atherosclerosis and diabetes [228]. Foods containing antioxidative mate-
rials may be applied for prevention of these diseases. LAB demonstrated antioxidant activity 
and could be used in the production of food with required properties. The radical-scavenging 
activity of water/salt-soluble extracts from sourdough fermented by pool of LAB was sig-
nificantly higher than in control chemically acidified dough. The highest activity was found 
for whole wheat, spelt, rye and kamut sourdoughs [85]. It was also demonstrated that LAB 
strains were able to produce antioxidant activity in dairy products. The formation of 4–20 kDa 
peptides was accompanied by elevated radical scavenging activity [229]. L. plantarum KFRI 
00144, L. delbrueckii subsp. latis KFRI 01181, Bifidobacterium breve KFRI K-101 and Bifidobacterium 
thermophilum KFRI 00748 were able to efficiently biotransform isoflavone glucosides to their 
bioactive aglycones during soybean fermentation. Isoflavones are known for their potential 
bioactive antioxidant properties and radical scavenging capacity. It has been shown that isofla-
vone glucosides were poorly absorbed in the small intestine compared with their aglycones, so 
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that soybean fermented by LAB could be regarded as a potent antioxidant and radical scaveng-
ing dietary source [230].

LAB are able to alter flavor and taste characteristics of fermented food. Prolonged wheat and 
rye fermentations performed by LAB resulted in sourdoughs with acidic (Lactobacillus fermen-
tum IMDO 130101, L. plantarum IMDO 130201 and Lactobacillus crustorum LMG 23699), butter-
like (L. amylovorus DCE 471), or fruity flavor (L. sakei CG1). Carbonyls, including alcohols, 
acids, aldehydes, hydrocarbon-substituted furans, ketones, esters, pyrazines and pyrrolines, 
are recognized as important bread flavoring agents [231]. Concerning cheese, proteolysis and 
the subsequent amino acid catabolism are of primary significance for the development of 
flavor, irrespective of the cheese variety. Amino acids are major precursors for volatile aroma 
compounds [94]. Taste and flavor of wines are determined by alcoholic and the following 
malolactic fermentation. Most red and white wines upon malolactic fermentation display 
more exquisite taste, with an improved bouquet. On the contrary, light red wines and some 
white wines are characterized by the grape aromas and the vivacity which fades with malo-
lactic fermentation [26].

Production of polyols such as mannitol by bacterial fermentation is a promising method. 
Fermentation process could have several advantages over the chemical synthesis, such as 
complete conversion of fructose to mannitol, absence of hardly disposable side products, 
moderate production conditions and no strict need of highly purified substrates [232]. 
However, mannitol is still produced industrially by high pressure hydrogenation of fructose/
glucose mixtures in aqueous solution at high temperature [233]. It is the same case with other 
polyols [234].

9. Conclusion

LAB represent a versatile group of microorganisms. Owing to their valuable properties, LAB 
have been used in food production since ancient times. Development of natural sciences led 
to discovery of LAB as normal part of human and animal microflora. LAB are recognized as 
safe microorganisms and they are mainly applied in food industry for production of dairy, 
meat, bread, fish and vegetable products and in medicine as probiotics. LAB are known to 
synthesize a wide range of compounds consumed in various areas. LAB produce bacteriocins, 
vitamins, low calorie sugars, EPS and other valuable substances regarded as additives improv-
ing safety, quality and flavor of foodstuffs. However, one of the main LAB products is lactic 
acid used in food processing, pharmaceutics, cosmetics and other industrial sectors. Steadily 
growing market demand for this commodity urges researchers and manufacturers to seek less 
expensive substrates for its synthesis. Many studies deal with industrial and household wastes 
as appropriate sources for lactic acid production.

Ongoing research revealed encouraging LAB application prospects in other fields, such as 
agriculture, bioremediation of environment, chemical industry and so on. Need in green 
energy instead of fossil fuels focused keen interest on bacteria as sources of energy, including 
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Abstract

The main classes of additives used in breadmaking are: (i) oxidants/reductants; (ii) 
emulsifiers; (iii) hydrocolloids; and (iv) preservatives. The main processing aids used 
are enzymes. Historically, market trends have developed from the use of ingredients in 
greater quantities - to obtain specific effects in bread (such as fat for crumb softness) - to 
the use of additives at much lower levels (max. 1%) and, more recently, to enzymes which 
are used in parts per million (ppm). According to many regulations, enzymes do not 
need to be declared on the label of the final product, attending the “clean label” trend. 
We will describe the food additives used under each class, individually describing their 
mode of action and effects on dough rheology, during the breadmaking process, and 
on product quality. We will also describe the main enzymes currently used, dividing 
them according to the substrate they act on (gluten, starch, lipids, non-starch polysaccha-
rides or NSPS), individually describing their mode of action and effects on dough rheol-
ogy, during the breadmaking process, and on product quality. Legal aspects will also be 
addressed. We will conclude with future trends in the use of additives and processing 
aids in breadmaking.

Keywords: bread, oxidants, reductants, emulsifiers, hydrocolloids, preservatives, enzymes

1. Additives in breadmaking

The main classes of additives used in breadmaking are: (i) oxidants/reductants; (ii) emul-
sifiers; (iii) hydrocolloids; and (iv) preservatives. Maximum dosages permitted may vary 
according to the application and from country to country; so local legislation must always 
be consulted. Usually, the Joint FAO/WHO Expert Committee on Food Additives (JECFA) of 

© 2017 The Author(s). Licensee InTech. This chapter is 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.



the Codex Alimentarius, the Food and Drug Administration (FDA) and the European Food 
Safety Authority (EFSA) are taken as guides. The International Numbering System, created in 
the European Union, assigns E-numbers to all approved food additives, and these are used in 
many countries to facilitate identification.

1.1. Oxidants and reductants

Oxidants and reductants are normally included to assist with gluten network development 
[1]. Oxidants improve stability and elasticity of the dough, which becomes stronger, increas-
ing oven rise, and making crumb grain finer. They act on the gluten proteins of flour, i.e. oxi-
dizable thiol (─SH) groups, creating additional disulfide bonds (S-S) [2]. Oxidative enzymes 
such as glucose-oxidase and hexose-oxidase are now used to replace or support the action of 
traditional redox materials [3]. Reductants have the opposite effect, but may help to optimize 
gluten network formation.

1.1.1. Azodicarbonamide (ADA) (E927)

Azodicarbonamide (ADA) is a fast-acting oxidizing agent. Its action is to oxidize free thiol 
groups (─ SH) in flour proteins and to strengthen the dough. This action is particularly 
effective in modifying the dough properties of poor-quality flours, for instance by improv-
ing the processing behavior and gas retention properties. ADA used at the correct level 
increases bread volume and improves crumb properties, but overdosing depresses loaf 
volume [4].

Azodicarbonamide is a maturing agent used in flour premixes, providing immediate oxida-
tion when water is added. It is consumed in the mixer, in the early stages of the baking pro-
cess. Azodicarbonamide is added at dosages of 10–40 ppm (flour basis) [4].

The use of ADA is banned in EU countries, but is still used in others. The key reason for the 
ban is the presence of a reaction product, semicarbazide, which is present in bread crumb and 
crust, posing a health risk. The use of oxidizing agents depends on legislation, flour quality 
and production process. In European countries, only ascorbic acid is permitted [4].

1.1.2. Ascorbic acid (E300)

Ascorbic acid is commonly used as an improver in the baking industry. In some countries, 
it is the only oxidation improver allowed. It has an intermediate speed of reaction and its 
effect is greatly noticed in the proofing chamber. Its key mechanism of action is the sulfhy-
dryl/disulfide reaction, which plays an important role in the rheological properties of bakery 
systems [3].

Ascorbic acid itself is a reducing agent. However, in the presence of oxygen and an enzyme, 
ascorbic acid-oxidase, which is naturally found in wheat flour, it is converted to its dehydro 
form, that participates in oxidation reactions, stabilizing the gluten network [4]. Its effect 
on gluten and dough is to reduce extensibility and increase elasticity, giving better volume, 
shape, and finer and more uniform texture to the finished breads [5]. It is applied in pan bread 
from 50 to 200 ppm (flour basis) levels.
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Some plants and fruits have high levels of ascorbic acid and this presents an opportunity to use 
them to provide the ascorbic acid requirement in bakery products. This has an advantage in 
that the chemically synthesized version has an E-number and must be declared on the label as 
ascorbic acid, vitamin C or E300, while plant or fruit products are declared as ingredients [4].

1.1.3. l-Cysteine (E920)

l-Cysteine is a reductant or reducing agent, with an inverse effect to oxidants. It is an amino 
acid that contains a free ─ SH group in its molecule, which breaks disulfide bonds between 
gluten-forming proteins, reducing the number of cross-links. The resulting dough is softer, 
lower in elasticity and greater in extensibility. l-Cysteine used alone would not be beneficial to 
a dough system, as it would result in bread with low volume and coarse crumb structure [4].

The advantages of using l-cysteine are improved machinability, shorter mixing time and 
reduced proofing time [4], a process called activated dough development (ADD). In ADD, 
reducing agents convert high molecular weight glutenins into smaller molecules during mix-
ing. Extra oxidizing agents added to the dough form larger molecules again during proofing, 
re-establishing desired dough characteristics for breakmaking. l-Cysteine opens the disul-
fide bonds during mixing (less energy) while ascorbic acid closes the remaining bonds. The 
added oxidant must not be strong, for otherwise l-cysteine will be oxidized to cystine (dough 
strengthener) [2].

As l-cysteine relaxes the gluten structure during the mixing process and enhances dough 
development, when the dough temperature is an issue, l-cysteine may be used to reduce the 
work input requirement thus assisting to control the final dough temperature [5]. Its applica-
tion dosage varies from 50 to 300 ppm (flour basis).

‘Natural’ alternatives to synthetic l-cysteine are available, which are based on inactivated 
yeast. In this case, the reducing effect is based on a mixture of glutathione and proteolytic 
enzymes released from the disrupted yeast cells [5].

1.2. Emulsifiers

Emulsifiers are common additives used in breadmaking and can be classified according to 
two main functions: (i) crumb softeners; and (ii) dough conditioners or gluten strengthen-
ers. Mono- and diglycerides are the main examples of the first group, while diacetyl tartaric 
acid (DATA) esters of mono- and diglycerides (DATEM) and polysorbate are two prominent 
examples of the second. Lactylates can be classified as having both functions.

Emulsifiers are often evaluated according to their physicochemical properties. The hydrophilic/
lipophilic balance concept (HLB) is the most widely used concept, although not very common 
in the bakery industry [6].

1.2.1. Mono- and diglycerides (E471)

Mono- and diglycerides and their derivatives account for about 70% of the production of 
food emulsifiers in the world. Overall, bakery is by far the field of greatest application. 
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Approximately, 60% of all monoglycerides are used in bakery − 40% in bread and 20% in 
sponge cakes and cakes [6].

Mono- and diglycerides are generally manufactured by esterification (glycerolysis) of tri-
glycerides with glycerol, yielding a mixture of mono, di and triglycerides. The hardness of a 
monoglyceride is mainly determined by the hardness of the edible fat from which the mono-
glyceride has been produced [6]. As the monoglycerides are the functional part, molecular 
distillation can be carried out to increase their concentration.

The content of monoglycerides in commercially distilled monoglycerides is usually 90–95% 
[6]. Two crystalline forms are generally present: alpha and beta. The alpha form is the most 
functional type of monoglycerides in bakery products. The monoglycerides marketed for bak-
ery applications include plastic, hydrated, powdered and distilled monoglycerides [7].

Monoglycerides possess a lipophilic character and are therefore assigned with a low HLB 
number (3–6). They dissolve in oil and in stabilized water-in-oil (w/o) emulsions to form 
reversed micelles in oil. Any functionality of monoglycerides and other emulsifiers in bakery 
depends on the dispersibility properties of the emulsifiers during mixing of the dough. The 
factors that influence dispersibility properties during dough mixing are a balance between 
particle size and hardness or melting point of the monoglyceride [6].

Distilled monoglycerides are considered anti-staling agents in breads, as they soften the 
crumb of the product after baking and retain this softness during the beginning of shelf-life. 
They act by binding to the amylose fraction of wheat starch at the high temperatures typical 
of baking. In doing so, they slow down retrogradation of the starch during cooling and sub-
sequent storage [5].

Distilled monoglycerides have the greatest effect on softness compared to other types of 
emulsifiers, and less effect on loaf volume. The result is a fine crumb with considerable elas-
ticity. The optimal dosage is 0.2% (flour basis) [2].

1.2.2. Diacetyl tartaric acid esters of mono- and diglycerides (DATEM) (E472)

DATEM include glycerol derivatives esterified with edible fatty acids and mono- and diacetyl 
tartaric acid [8], generally permitted for the use in foodstuffs and as dough conditioners for all 
baked products, particularly yeast-leavened products, such as white bread. Their HLB value 
is 8–10. The optimal dosage is between 0.25 and 0.50% (flour basis) [2].

DATEM comes as a sticky viscous liquid, or with a consistency like fats, or yellow waxes, or in 
flakes or powder form. DATEM is more hydrophilic compared to the mono- and diglycerides, 
and its starting materials [8].

When the flour used for breadmaking contains an inadequate amount, or less than ideal quality, 
of protein, the inclusion of DATEM assists in dough performance during manufacturing (toler-
ance toward raw material quality, mechanical resistance, sticking to manufacturing equipment, 
mixing and fermentation tolerance) and provides dough with reasonable oven spring [5].

Ionic emulsifiers, such as DATEM, offer a huge ability toward the formation of hydrogen 
bridges with amidic groups of the gluten proteins [8]. Diacetyl tartaric acid (DATA) esters 
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bind rapidly to the hydrated gluten proteins and, as a result, the gluten network formed 
becomes stronger, more extensible and more resilient, producing a uniform and stable gas 
cell structure [5].

DATA esters enhance gas retention when incorporated into most yeast-raised wheat flour-
based doughs. They have a strong improving effect on loaf volume and dough stability, 
which generates a more symmetrical appearance for the baked bread. Internally, breads have 
a finer gas cell structure with thinner cell walls, resulting in whiter crumbs, and a finer, more 
even texture, that is softer and more resilient [5].

For whole meal and grain breads, the major difficulty is the disruption of the gas cell network 
by larger particles, such as bran and seeds. This can be solved by adding extra wheat gluten, 
by using DATEM (or DATA esters), or by using a combination of both [5].

1.2.3. Lactylates: calcium stearoyl-lactylate (CSL) (E482) and sodium stearoyl-lactylate (SSL) (E481)

Lactylate esters are synthesized from food-grade fatty acids and lactic acid. For lactylates as 
emulsifiers, the fatty acid represents the non-polar portion and the ionic lactic acid polymer 
represents the polar portion [9].

Calcium stearoyl-lactylate (CSL) and sodium stearoyl-lactylate (SSL) are typical dough con-
ditioners with HLB values of 8–10 and 10–12, respectively. Both are commonly used in the 
manufacturing of white bread and are employed as dough strengtheners. Also, they act as 
anti-staling agents, aeration aids and starch/protein complexing agents. Their optimal dosage 
is 0.25–0.50% (flour basis) [2].

Because of their high degree of hydrophilicity, lactylate salts hydrate readily in water at room 
temperature. The sodium salts hydrate more rapidly than the calcium salts, giving SSL and 
CSL different functionalities in short baking processes [9].

The strengthening effect of lactylates relates to their ability to aggregate proteins, which helps 
in the formation of the gluten matrix. It is believed that they interact with proteins through: (i) 
hydrophobic bonds between the non-polar regions of proteins and the stearic acid moiety of 
lactylates; and (ii) ionic interactions between the charged amino acid residues of proteins and 
the carboxylic portion of lactylates. In the case of bread dough, these effects result in increased 
dough viscosity, better gas retention and, ultimately, greater bread volume [9].

The effects of lactylates on dough handling properties and proofed dough volume are also 
related to protein complexing. As proofed dough is heated in the early baking phase, the lac-
tylates are transferred from the protein to the starch. The coating on the starch significantly 
delays starch gelatinization, which keeps the viscosity low and allows additional expansion 
of the dough in the oven. As the resultant dough is softer than the unemulsified dough, it 
allows more abusive mechanical working without causing irreversible damage to the protein 
structure. Both CSL and SSL provide very good yeast-raised dough strengthening effects [9].

SSL enhances gas retention in the dough, but is less efficient than other dough strengthen-
ing emulsifiers, such as DATEM. It also has effects on crumb softening, extending shelf-life, 
through binding to amylose, showing similar action to distilled monoglycerides. However, 
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bakers tend to prefer DATEM as a dough conditioner for maximum gas retention, and add 
distilled monoglycerides at the desired level when extra softness is needed [5].

SSL may be replaced by CSL at similar levels, with similar effects in breadmaking. The need 
to reduce sodium in bakery products, for health reasons, has led to an increased interest in 
CSL as an SSL replacer [5].

1.2.4. Polysorbates (E491–E496)

Polysorbates are sorbitol derivatives and they form part of a group of emulsifiers known as 
sorbitan esters, which can be further modified to polysorbates [10].

The polysorbate family of products is among the most hydrophilic or water soluble emul-
sifiers allowed in foods, due to the long polyoxyethylene chain, so the addition of small 
amounts of polysorbate emulsifiers to water results initially in a dramatic decrease in inter-
facial tension [10].

The unique qualities of each polysorbate are attributed to the different fatty acids used in each 
product. The ethylene oxide chain length is controlled at an average of 20 moles and it does 
not change between products. The short-chain fatty acid polysorbate 20 has the highest HLB at 
16.7, followed by the others with longer-chains, such as polysorbates 40, 60, 65, 80 and 85 [10].

Sorbitan esters and polysorbates are emulsifiers regulated by governing bodies. For instance, 
in North America, the market where they are most popular, the specific applications for these 
compounds in foods are defined and the use level is controlled. Most polysorbates are used in 
bakery goods. In most bakery applications, polysorbates are used below 0.3% (flour basis) [10].

Polysorbates are added as dough strengtheners to improve baking performance. They stabi-
lize the dough during late proofing and early stages of baking, when there are great stresses 
on the inflating cells. Their use results in loaves with greater volume and a fine and uniform 
crumb structure [10].

Regardless of its good effects in breadmaking, and the fact that the polymerized forms of ethyl-
ene oxide used in polysorbates have been shown to be safe, the unreacted free-ethylene oxide 
has been classified as “carcinogenic to humans (Category 1)” by the International Agency for 
Research on Cancer, and thus, the European Commission Scientific Committee on Food is con-
cerned with these impurities. So, even if the potential risk of impurities in polysorbates is low, 
a responsible food manufacturer should be aware of these concerns. Food producers would be 
prudent to source their polysorbates from a reputable supplier [10].

1.3. Hydrocolloids

Hydrocolloids are widely used in the food industry, because they modify the rheology and 
texture of aqueous systems. These additives play a very important role in foods, as they act 
as stabilizers, thickeners and gelling agents, affecting the stabilization of emulsions, suspen-
sions, and foams, and modifying starch gelatinization [2].
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During baking, starch gelatinization and protein coagulation take place and the aerated struc-
ture obtained during leavening is fixed, forming the bread crumb. It has been stated that 
granule swelling can be reduced by the presence of hydrocolloids (particularly at high con-
centrations), which can interact with the molecules leached out from starch granules, leading 
to a stiffening effect. Thus, due to these interactions, crumb structure and texture are posi-
tively influenced by the presence of gums [11].

In the baking industry, hydrocolloids are very important as breadmaking improvers, because 
they enhance dough-handling properties, improve the quality of fresh bread, and extend the 
shelf-life of stored bread. They must be used in small quantities (<1% flour basis) and are 
expected to increase water retention and loaf volume, while decreasing firmness and starch 
retrogradation [2].

Polysaccharides such as carboxymethyl cellulose, guar gum and xanthan gum are employed 
as stabilizers in bakery products in particular.

1.3.1. Xanthan gum (E415)

Xanthan gum is an anionic polysaccharide employed to modify rheological properties of food 
products [1]. It is produced industrially from carbon sources through fermentation by the 
Gram-negative bacterium Xanthomonas campestris [12]. Structure-wise, it is a polymer with 
a d-glucose backbone. Trisaccharide side-chains formed by glucuronic acid sandwiched 
between two mannose units are linked to every second glucose of the main polymer chain. 
The carboxyl groups in xanthan gum may ionize creating negative charges, increasing the 
viscosity of the solution in water [1].

Xanthan gum easily disperses in cold and hot water, quickly producing viscous solutions. 
These solutions are stable to acid, salt, and high temperature processing conditions, and show 
good efficiency at low concentrations, around 0.1% (flour basis). Also, products that contain 
this gum have fluidity, good mouthfeel, and adhesion. These advantages make xanthan gum 
a suitable thickener, stabilizer, and suspending agent in many foods [12]. In bakery products, 
it improves wheat dough stability during proofing. Also, it has the ability to increase dough 
stability during freeze-thaw cycles in frozen dough [2].

1.3.2. Guar gum (E412)

Guar gum is made of the powdered endosperm of the seeds of Cyamopsis tetragonolobus, a legu-
minous crop. The endosperm contains a complex polysaccharide, a galactomannan, which is 
a polymer of d-galactose and d-mannose. This hydroxyl group-rich polymer forms hydrogen 
bonds with water, imparting significant viscosity and thickening to the solution. Due to its thick-
ening, emulsifying, binding and gelling properties, quick solubility in cold water, wide pH sta-
bility, film forming ability and biodegradability, guar gum finds applications in a large number 
of industries, including the bakery industry. At the level of 0.5% (flour basis) in bread, it improves 
both softness and loaf volume. It is also used for increasing dough yield in baked goods [13].
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1.3.3. Carboxymethylcellulose (CMC) (E466)

Carboxymethylcellulose (CMC) is a cellulose derivative, and it is also called cellulose gum. It 
finds applications in the food industry as a food stabilizer and thickener. It contains carboxy-
methyl groups (─CH2COOH) attached to ─OH groups within the glucopyranose monomers 
forming a carboxymethyl gum backbone. This anionic polysaccharide is often used as a food 
additive in its sodium salt form (sodium carboxymethylcellulose). In sodium carboxymethyl-
cellulose, some of the carboxyl groups have been replaced by sodium carboxylate groups. The 
degree of substitution by sodium ions, chain length of the cellulose backbone and clustering 
of the carboxymethyl substituents determine CMC functionality [1].

CMC has a combined effect with enzymes and emulsifiers on textural properties of both 
dough and fresh bread. For example, CMC contributes to yielding high volume and retarding 
staling. Both CMC and guar gum have proven to be beneficial in the formulation of gluten-free 
breads [2].

1.4. Preservatives

Preservatives are intended to inhibit the growth of molds and thermophilic bacteria. The 
preservatives permitted for use in bread are commonly limited by legislation [5]. Propionic, 
sorbic and benzoic acids (E280, E202 and E210, respectively) are among the most commonly 
used food preservatives. Propionic acid inhibits molds and Bacillus spores, but not yeasts to 
the same extent, and has, therefore, been the traditional choice for bread preservation [14].

Preservatives are often added in their salt form, which is more soluble in aqueous solutions. 
Their effectiveness depends on the pH of the system to which they are added, as the dissoci-
ated acid alters the antimicrobial effect. The pKa values (pH at which dissociation occurs) of 
propionic acid and sorbic acid are 4.88 and 4.76, respectively. Maximum pH for their activity 
is around 6.0–6.5 and 5.0–5.5 for sorbate and propionate, respectively. At pH 6, only 7% of the 
propionic acid will be undissociated, compared to 71% at pH 4.5 [14].

1.4.1. Propionates

The sodium, potassium and calcium salts of propionic acid are used as bread preservatives in 
many countries. These preservatives have two functions: (i) to retard the rate of mold devel-
opment; and (ii) to prevent the bacterial spoilage of bread known as “rope” caused by certain 
Bacillus spp., notably B. subtilis and B. licheniformis. Calcium propionate (E282) is more widely 
used than propionic acid, because it is easier to handle the solid salt than the corrosive liquid 
acid [15]. Its regular dosage is around 0.3% (flour basis).

Although effective at retarding molds and preventing “rope” spoilage, there are some practical 
disadvantages associated with the use of calcium propionate, among which is the effect on loaf 
volume. A decrease in loaf volume is caused by the combination of reduced yeast activity and 
altered dough rheology [15].

Regarding propionic acid, high levels of dietary intake have been associated with propionic 
acidemia in children. Complications of this disease can include learning disabilities, seizures, 
arrhythmia, gastrointestinal symptoms, recurrent infections and many others [16].
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1.4.2. Sorbates

Sorbates are more effective at inhibiting mold growth than propionates by weight [16]. 
However, sorbic acid and its salts are of less value in bread and yeast-raised goods, because of 
their detrimental effects on dough and bread characteristics. They can produce sticky doughs 
which are difficult to handle; and the baked products may have reduced volume and an irreg-
ular cell structure. The use of encapsulated sorbic acid is an alternative to overcome these 
negative effects. Also, sorbic acid or its salts may be sprayed on the surface of breads after 
baking [14]. In the dough, its dosage is around 0.1% (flour basis).

1.4.3. Acetates

Acetic acid in the form of vinegar has been used by bakers for many years to prevent the 
bacterial spoilage of bread known as “rope” and to increase mold-free shelf-life. It gives prod-
ucts a more “natural” appeal and is effective against “rope” at concentrations equivalent to 
0.1–0.2% of acetic acid (flour basis). However, at such concentrations, its effect against molds 
is limited. Significantly higher concentrations lead to an unacceptable odor of vinegar in the 
bread [15].

1.4.4. Fermentates

An increasing number of natural preservatives are being marketed as “clean label” or “label 
friendly” shelf-life extension solutions for the bakery industry. Among these are fermentates, 
which are food ingredients produced by the fermentation of a variety of raw materials by 
food grade microorganisms. Such microorganisms include lactic acid bacteria or propionic 
acid bacteria that produce weak organic acids with a preservative effect. However, weak 
organic acid preservatives have actually been reported to have no effect on the shelf-life of 
bakery products with pH values close to 7 [16].

Preservatives inhibit microbial spoilage, but do not destroy microorganisms. Therefore, it is 
important to process baked goods following good manufacturing practices (GMP), including 
the use of good quality raw-materials and appropriate hygiene systems that are correctly 
monitored [5].

2. Enzymes in breadmaking

Enzymes, also called biocatalysts, are proteins with special properties. They are able to catalyze 
chemical reactions at low energy requirements without being consumed by these reactions; 
and the resultant effects modify the structure and/or the physicochemical properties of the 
environment. Each kind of enzyme has its own specific substrate on which it acts, which pro-
vides excellent process control for the use in breadmaking. As the enzymes used are not active 
in the final products, once they are denatured in the oven, they are classified as “processing 
aids”, and do not need to be included in the list of ingredients in product labels, according to 
the legislation requirements in many countries. The Enzyme Commission (EC) number for each 
enzyme mentioned is shown in this chapter. This is an international numerical  classification 
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for enzymes, where classifying criteria are the chemical reactions each enzyme catalyzes [17]. 
For a logical comprehension, we have classified food enzymes used in baking by the substrate 
each one acts on, as follows.

2.1. Substrate: polysaccharides

The main polysaccharide present in wheat flour is starch, which is present in the form of 
granules composed of two fractions. One fraction is amylose (25–28%), the linear fraction, 
composed by glucose molecules linked by α-1,4 bonds; and the other fraction is amylopec-
tin (72–75%) which is a branched fraction. Amylopectin is also a glucose polymer formed 
by α-1,4 bonds and branches are linked to the linear backbone by α-1,6 bonds. In the mill-
ing process, some starch granules become damaged and it is necessary to have between 
7 and 11% of this damaged starch in wheat flour, once it is the substrate for α-amylase 
action [18–20].

2.1.1. Fungal α-amylase (EC 3.2.1.1)

This kind of endoamylase randomly hydrolyzes α-1,4 bonds of damaged starch granules 
from wheat flour, generating low molecular weight dextrins and oligosaccharides (maltose, 
maltotriose, etc.). Each generated dextrin has its own non-reducing end. Subsequently, the 
endogenous wheat flour β-amylase hydrolyzes generated dextrins to maltoses [19], which 
will be hydrolyzed to glucose by maltase enzyme produced by the yeast [18, 20].

The maximum activity pH range of fungal α-amylase varies from 5 to 6, and fits with the pH 
of most bread doughs [20]. Fungal α-amylases are mostly denatured by heat before starch 
gelatinization temperature range is reached. This fact explains why it is necessary to have 
damaged starch to be hydrolyzed by this enzyme: it is a more easily degradable substrate 
than native starch granules. There is a smaller risk of over-action of fungal α-amylase due to 
its lower thermostability [18].

The combined use of fungal α-amylase with endogenous β-amylase produces higher levels 
of maltose, stimulating yeast fermentation. Consequently, higher gas production enhancing 
bread volume occurs [20].

Endogenous α-amylase is present in ungerminated wheat, but its activity varies and can be 
indirectly measured by the Falling Number (FN). Its activity is low in ungerminated wheat, 
providing high FN results. On the contrary, in germinated wheat, its activity is high, causing 
low FN results, and this situation can be a disaster for baking. So, it is necessary to standard-
ize flour with fungal α-amylase to guarantee the same good results in baking in terms of 
bread volume, crust, color and general loaf quality [18].

α-Amylase also contributes to a better crumb texture. Once it degrades damaged starch, the 
dough consistency decreases and machinability is enhanced [18, 20].

Another important contribution of fungal α-amylase for baking is that reducing sugars gener-
ated during mixing and fermentation will participate in the Maillard reaction (combination of 
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low molecular weight reducing sugars with proteins under high temperature). Maillard reac-
tion is responsible for the non-enzymatic browning of bread crust and generation of bread 
characteristics including aroma and flavor [18, 20].

Amylases also permit oven spring to occur for a prolonged period. The bread volume is 
increased once they avoid quick viscosity rising during starch gelatinization [18].

2.1.2. β-Amylase (EC 3.2.1.2)

This endogenous enzyme is present in mature ungerminated wheat, and hydrolyzes only 
damaged starch granules [18]. In breadmaking, this exo-amylase acts sequentially from the 
non-reducing ends of starch fractions (amylose and amylopectin) or dextrins, hydrolyzes 
α-1,4 bonds and releases maltoses and β-limit dextrins. The generated maltoses will be sub-
strate for yeast fermentation after maltase action, enhancing the gassing power of the dough 
[19]. β-Amylase action ceases one glucose molecule before an α-1,6 bond of amylopectin. The 
α-1,6 bond is the branching point of amylopectin [20]. This effect also contributes to reduce 
bread firmness [18]. The maltoses generated that are not consumed by the yeast contribute to 
crust color [19].

2.1.3. Bacterial amylase

This enzyme hydrolyzes starch more aggressively than fungal α-amylase. This effect is due to 
its efficiency to act on amorphous regions of starch granules, generating excessive dextriniza-
tion, with excessive decrease in dough viscosity, producing an open texture crumb [20].

Bacterial amylase provides a softer crumb, despite greater recrystallized starch content in com-
parison with a control. However, stickiness and gumminess were verified in crumb treated 
with this enzyme. Such effect occurs by greater thermostability of bacterial amylase, which 
keeps its capacity to hydrolyze gelatinized starch inside the oven, when fungal α-amylase is 
already denatured, and its action may continue during storage [18, 20].

It was proven that bacterial amylase was efficient to extend bread shelf-life. However, small 
overdosing provokes great and undesirable texture modification [20].

2.1.4. Bacterial maltogenic α-amylase (EC 3.2.1.133)

Bacterial maltogenic α-amylase is obtained from genetically modified Bacillus stearother-
mophilus. This enzyme hydrolyzes α-1,4 linkages of easily accessible outer gelatinized starch 
molecules, in both amylose and amylopectin fractions, producing α-maltose and other malto-
oligosaccharides [21], decreasing bread staling speed. The hydrolyzed amylopectin branches 
project themselves to the intergranular spaces hampering their reorganization, avoiding 
crystallization and/or amylose-amylopectin interactions, providing a weaker and less firm 
starch structure, yielding softer bread [18].

This exo-enzyme is unable to hydrolyze α-1,6 linkages, so it stops its action one glucose mol-
ecule before starch branching. Also, there are some evidences of endo-activity, shown by 
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 amylose and β-limit dextrin hydrolysis. The lower molecular weight branched oligosaccha-
rides resulting from maltogenic α-amylase action on amylopectin, maltotriose and/or maltot-
etralose, act as anti-firming agents in baked goods [18, 22].

According to Gerrard et al. [23], the use of maltogenic α-amylase did not affect rheological 
properties of bread dough due to its low activity at mixing temperatures (lower than 35°C). 
Its higher activity is observed at starch gelatinization temperatures during the baking stage, 
which is enough for the hydrolysis of glycosidic bonds in gelatinized starch by this enzyme. 
The inactivation of this enzyme by high temperatures occurs during baking time, and starch 
hydrolysis produces a limited amount of soluble dextrins.

The produced maltodextrins inhibit starch-starch and starch-protein interactions causing a 
delay in amylopectin reassociation and retrogradation, resulting in a slower crumb firming 
process. This effect is known as anti-staling [18].

2.1.5. Amyloglucosidase or glucoamylase (EC 3.2.1.3)

This exo-amylase directly releases α-glucose molecules from native or damaged starch gran-
ules, increasing the production rate of fermentable sugars in the dough, enhancing yeast fer-
mentation rate [18]. The level of added sugars can be reduced by using amyloglucosidase, and 
crust color can be improved, as enzyme activity remains after yeast inactivation. As glucose 
continues to be generated and is no longer consumed by the yeast, glucose remaining in the 
dough during baking contributes to crust browning and also to an increase in bread sweet-
ness [18].

This enzyme has limited action on α-1,6 linkages, overriding side chains. However, some 
theories state that amyloglucosidase completely converts starch molecules to glucose [18].

2.2. Substrate: proteins

Proteins are composed of sequences of amino acids linked by peptide bonds. The main pro-
teins of wheat flour are gliadin (a prolamine) and glutenin (a glutelin), which form, in the 
presence of water and mechanical energy, a cohesive protein network called gluten. This 
structure is very important for breadmaking. It has special viscoelastic properties (extensibil-
ity and elasticity) that allow the dough to flow. At the same time, it is able to retain CO2 gener-
ated by the yeast during the fermentation step [18].

2.2.1. Glucose-oxidase (EC 1.1.3.4)

Glucose-oxidase converts glucose (from the hydrolysis of starch) and oxygen (present inside the 
dough) into gluconolactone and hydrogen peroxide (H2O2). The gluconolactone is natural and 
spontaneously converted to gluconic acid. H2O2 readily oxidizes the free thiol (─SH) groups of 
wheat flour dough proteins, promoting the formation of disulfide bonds (S─S) between gliadin 
and/or glutenin, that strengthen the gluten network. Thus, this enzyme is very important for 
breadmaking [18].
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continues to be generated and is no longer consumed by the yeast, glucose remaining in the 
dough during baking contributes to crust browning and also to an increase in bread sweet-
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This enzyme has limited action on α-1,6 linkages, overriding side chains. However, some 
theories state that amyloglucosidase completely converts starch molecules to glucose [18].

2.2. Substrate: proteins

Proteins are composed of sequences of amino acids linked by peptide bonds. The main pro-
teins of wheat flour are gliadin (a prolamine) and glutenin (a glutelin), which form, in the 
presence of water and mechanical energy, a cohesive protein network called gluten. This 
structure is very important for breadmaking. It has special viscoelastic properties (extensibil-
ity and elasticity) that allow the dough to flow. At the same time, it is able to retain CO2 gener-
ated by the yeast during the fermentation step [18].

2.2.1. Glucose-oxidase (EC 1.1.3.4)

Glucose-oxidase converts glucose (from the hydrolysis of starch) and oxygen (present inside the 
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and/or glutenin, that strengthen the gluten network. Thus, this enzyme is very important for 
breadmaking [18].
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The cross-linking effect of proteins is responsible for the gluten network strengthening, that 
contributes for better crumb structure and bread volume improvement [18]. Nevertheless, 
high dosages of glucose-oxidase produce excessive stiffness of the dough reducing machin-
ability, and must be avoided [19].

2.2.2. Hexose-oxidase (EC 1.1.3.5)

This kind of oxidoreductase has similar effects to those of glucose-oxidase. However, most 
widely, its substrates are mono and oligosaccharides, other than glucose. The corresponding 
lactones are obtained, and the generated H2O2 acts exactly the same way as in the case of glu-
cose-oxidase as described under Section 2.2.1, producing similar effects in breadmaking [18].

2.2.3. Transglutaminase (EC 2.3.2.13)

This kind of acyl transferase promotes the reaction between amines, such as those presented 
by the γ-carboxamide from l-glutamine with the ε-amino group from l-lysine. This enzyme 
catalyzes the formation of covalent cross-linkages between proteins having these amino acid 
residues. It gives an additional strengthening effect to the gluten network comprising disul-
fide bonds. The result is the formation of larger and insoluble gluten polymers that affect 
not only the biochemical characteristics of the dough, but also its rheological properties [24]. 
Such an effect permits to replace the use of oxidants and even chemical emulsifiers in bakery 
formulations. Thus, transglutaminase is sometimes recommended in high-fiber and rye bread 
production. Gluten-free baked goods are also a promising field of action, as the utilization of 
transglutaminase enhances the protein network formation in breadmaking [18].

This enzyme increases water absorption of wheat flour doughs, provokes dough strength-
ening, enhances dough stability, reduces dough extensibility, improving crumb texture and 
bread volume [18].

Transglutaminase is recommended for reinforcing weak protein networks, and also for 
enhancing freeze-thaw stability of frozen doughs, like frozen croissants and puff pastry, as it 
decreases their deterioration during frozen storage [18].

2.2.4. Protease

Proteins present in baking doughs are substrates for proteases, which hydrolyze peptide bonds 
irreversibly, in order to reduce mixing time of bread doughs, or to reduce the strength of bis-
cuit doughs, improving their machinability [19]. The disulfide cross-linkages of gluten are not 
affected by proteases and thus remain intact. The extension of protease effects depends on the 
amount of enzyme added and on the period of time that it is allowed to work before its inactiva-
tion by oven temperatures or pH changes. The main results of protease action are: (i) increase in 
protein water solubility; (ii) decrease in dough viscosity; (iii) decrease in the average molecular 
weight of protein fractions; and, consequently, (iv) decrease in gluten complex elasticity [18, 20].

Neutral or sulfhydryl proteases have been used more effectively due to their active pH range 
(from 5 to 8), that fits the pH of the majority of breads and biscuit doughs. Almost all the 
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 fungal proteases from Aspergillus oryzae are neutral type, while vegetable proteases, like 
papain and bromelain, are sulfhydryl type [20].

For long fermentation times, like in saltine cracker production, the dough can reach pH 4 or 
lower, and in this case, acidic protease is better used. Otherwise, in soda cracker production, 
the dough rises up to the alkaline region after soda addition, making serine protease (trypsin) 
more effective for gluten breakdown. This kind of protease is extracted mainly from bacterial 
sources like Bacillus subtilis [20].

High levels of protease cause such gluten network weakening that produces the coarse tex-
ture desired for English muffins, or favors cookie dough flow in the oven. However, care 
must be taken to avoid excessive proteolysis in bread doughs, because weak gluten networks 
generate undesirable coarse texture and low bread volume [20].

In the sponge process, it is usual to add small amounts of protease at the beginning of mix-
ing, allowing its action on the gluten network during the sponge fermentation. When fresh 
flour is incorporated to the sponge, the newly added flour is poorly hydrolyzed during dough 
mixing. This blend of hydrolyzed and almost non-hydrolyzed gluten generates good smooth 
dough in the mixer that permits a decrease in mixing time [20].

It is useful to add small amounts of protease in the straight dough process for pan bread, to 
avoid tight doughs that give incomplete pan filling, or to avoid undesirable breaking along 
the loaf side. Similarly, in the production of hamburger and hot-dog breads, the dough 
must flow to fill in the molds during the short fermentation time. The addition of small 
amounts of protease in the mixer improves dough flow and enhances bread shape and sym-
metry [20].

In pizza dough production, the make-up work to spread and round the dough into a thin 
layer becomes easier as a result of adding small amounts of protease during mixing. In this 
case, the enzyme is able to work during proofing time, adequately reducing the strength of 
the gluten network, avoiding dough contraction during sheeting and preserving the desired 
oven spring [20].

The amino acids released by the proteolytic action react with the reducing sugars at high 
temperatures in the so-called Maillard reaction, enhancing color and flavor of breads and 
biscuits [18].

2.3. Substrate: lipids

Wheat flour lipids are composed of high levels of linoleic acid (C18:2), and lower levels of 
palmitic (C16:0) and oleic (C18:1) acids. These fatty acids may occur in the free form, or bound 
to starch and proteins. Starch lipids, mainly lysophospholipids, form complexes with amylose 
during gelatinization and have little importance for breadmaking [18].

Non-starch lipids (NSLs) (75% of total wheat flour lipids) are divided 1:1 into polar and non-
polar lipids. Most of bound NSLs are composed by triacylglycerols (non-polar). Free NSLs are 
mainly composed of glycolipids and phospholipids; both are polar molecules that positively 
contribute to dough handling properties. They have a great effect on loaf volume, due to their 
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case, the enzyme is able to work during proofing time, adequately reducing the strength of 
the gluten network, avoiding dough contraction during sheeting and preserving the desired 
oven spring [20].

The amino acids released by the proteolytic action react with the reducing sugars at high 
temperatures in the so-called Maillard reaction, enhancing color and flavor of breads and 
biscuits [18].

2.3. Substrate: lipids

Wheat flour lipids are composed of high levels of linoleic acid (C18:2), and lower levels of 
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effect on the stability of the gas cells, as they can form thin lipid monolayers inside gas cells 
that enhance CO2 retention by the dough [18].

2.3.1. Phospholipase (EC 3.1.4.3)

Phospholipases are a particular kind of lipase with higher specificity toward phospholipids 
(polar fraction), that converts them in situ into lipids with even higher polarity and surface 
activity [25]. These act as dough strengthening emulsifiers, with dough stabilizing properties 
[18]. With the use of phospholipases, traditional emulsifiers like DATEM, CSL and SSL can be 
completely or partially substituted in breadmaking with similar results [25]. Phospholipases 
also improve dough machinability, as the stickiness is reduced, and the bread volume ulti-
mately increases [18].

2.3.2. Glycolipase (E.C. 3.1.1.26)

Glycolipases are a particular kind of lipase with higher specificity toward glycolipids (polar 
fraction), that, similarly to phospholipase, converts them in situ into emulsifiers. Having 
similar effects in breadmaking as those from phospholipases, these enzymes increase dough 
stability. This effect is possible once the generated surface-active lipids maintain stable gas 
cell structures, due to the interaction of polar lipids with proteins at the liquid lamellae that 
surround gas cells [25].

2.3.3. Lipase (EC 3.1.1.3)

This kind of enzyme is classified as a glycerol ester hydrolase due to its capacity to hydrolyze 
acylglycerol ester linkages, releasing preferably fatty acids at positions −1 and −3 from the glyc-
erol structure. The products formed include mono- and diacylglycerol residues, which act as 
crumb softening emulsifiers in breadmaking. This effect is due to the acylglycerols capacity to 
penetrate amylose helicoidal structure forming amylose-lipid complexes, retarding amylose 
retrogradation, increasing bread volume and providing better crumb structure and texture [18].

2.3.4. Lipoxygenase (EC 1.13.11.12)

The substrates of lipoxygenase are polyunsaturated fatty acids, such as linoleic (C18:2) and 
linolenic (C18:3) acids, and β-carotene and chlorophylls from wheat flour [18, 19].

This enzyme, present in enzyme-active soy flour, oxidizes endogenous wheat flour pig-
ments, providing a bleaching effect, resulting in a whiter crumb. Also, dough strengthen-
ing occurs during breadmaking [20]. The accessible thiol (─SH) groups from wheat flour 
proteins are oxidized by the hydroxyperoxides generated by lipoxygenase action on fatty 
acids. This oxidation provokes intermolecular disulfide bond formation among gluten pro-
teins, increasing mixing tolerance, improving dough machinability, enhancing rheologi-
cal properties for breadmaking, increasing bread volume and improving internal texture. 
Nevertheless, high dosages of lipoxygenase produce undesirable flavors in breads, due 
to the decomposition of the hydroxyperoxides of fatty acids generated by lipoxygenase 
action, and must be avoided [18].
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2.4. Substrate: non-starch polysaccharides (NSPS)

There are several non-starch polysaccharides (NSPS) in wheat flour: pentosans, β-glucans 
and cellulose, all classified as dietary fiber constituents [18]. Pentosans are the most important 
NSPS due to their great water absorption capacity, despite their low content (2–3%) in wheat 
flour.

Around 50% of pentosans are water soluble, and 50% insoluble. About 75% of pentosans are 
xylans, and almost 25% are galactans. Due to their strong hydrophilicity, pentosans affect 
dough viscosity and, consequently, loaf volume [20].

Xylans are xylose polymers linked by β-1,4 bonds. They can have arabinose molecules linked 
to the xylan backbone by β-1,3 bonds; then, they are called arabinoxylans (AXs). Some link-
ages can be β-1,2, mainly in the insoluble or water unextractable arabinoxylans (WU-AXs). 
Soluble or water extractable arabinoxylans (WE-AXs) present a 3:1 xylose:arabinose ratio, 
while WU-AXs have a greater proportion of arabinose [20].

AXs are the main NSPS that constitute wheat endosperm cell walls, and, in solution, provide 
high viscosities, which depend on AXs molecule length. Both WE-AXs and WU-AXs have 
great water-binding capacity, which, in breadmaking, increases dough consistency, stiffness 
and resistance to extension, while decreasing mixing time and dough extensibility [18].

The WE-AXs are weakly linked to wheat endosperm cell walls and have gelling properties in 
the presence of oxidants [25]. The main components responsible for the increase in viscosity of 
flour suspensions are the WE-AXs, and this ability stabilizes protein films during temperature 
elevation [18]. According to Wang et al. [27], WE-AXs are considered beneficial to bread qual-
ity, enhancing gas retention.

The WU-AXs are structural components of wheat cell walls that link AXs, proteins, cellulose 
and lignin, through covalent and non-covalent bonds [26]. Experiments have shown better 
loaf volume and bread quality when WU-AX content decreases, and this effect is due to: (i) 
physical barriers to gluten development represented by the WU-AX, which impair gliadin 
and glutenin approximation; (ii) high water absorption capacity, making water unavailable 
for gluten network development; and (iii) gas cell perforation by these structures, provoking 
their coalescence [18, 27].

If the AXs do not receive appropriate enzymatic treatment during dough processing, the 
water added to the wheat flour becomes constrained in these hydrophilic structures, causing 
a water scarcity for gluten network development, enzyme action, yeast activity and starch 
granule gelatinization, impairing bread final quality.

2.4.1. Fungal xylanase (EC 3.2.1.8)

This enzyme is used to release water from xylans. It has great influence on dough viscos-
ity. Thus, it improves dough tolerance to the breadmaking processes, as dough elasticity is 
reduced [19]; and contributes to increase bread volume up to 20% when compared with a 
control, mainly in high-fiber doughs, such as breads made with whole wheat flour and other 
whole cereals [20]. Xylanases enhance gas retention capacity of dough, contributing to a softer 
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and lignin, through covalent and non-covalent bonds [26]. Experiments have shown better 
loaf volume and bread quality when WU-AX content decreases, and this effect is due to: (i) 
physical barriers to gluten development represented by the WU-AX, which impair gliadin 
and glutenin approximation; (ii) high water absorption capacity, making water unavailable 
for gluten network development; and (iii) gas cell perforation by these structures, provoking 
their coalescence [18, 27].

If the AXs do not receive appropriate enzymatic treatment during dough processing, the 
water added to the wheat flour becomes constrained in these hydrophilic structures, causing 
a water scarcity for gluten network development, enzyme action, yeast activity and starch 
granule gelatinization, impairing bread final quality.

2.4.1. Fungal xylanase (EC 3.2.1.8)

This enzyme is used to release water from xylans. It has great influence on dough viscos-
ity. Thus, it improves dough tolerance to the breadmaking processes, as dough elasticity is 
reduced [19]; and contributes to increase bread volume up to 20% when compared with a 
control, mainly in high-fiber doughs, such as breads made with whole wheat flour and other 
whole cereals [20]. Xylanases enhance gas retention capacity of dough, contributing to a softer 
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and finer crumb [19]. This kind of endo-xylanase is extracted from Aspergillus spp. and this 
enzyme preferentially hydrolyzes WE-AX, promoting gluten protein aggregation [26], due to 
its water releasing capacity which is beneficial for gluten network formation [19].

Excessive dosage levels must be avoided, because, in this case, slack and sticky wheat flour 
doughs are produced. This effect is caused by the excessive hydrolysis of AX, provoking 
excessive loss in water binding capacity [19]. The resultant breads present in appropriate 
crumb structure, with ragged gas cell distribution, besides inappropriate crust color [18].

2.4.2. Bacterial xylanase (EC 3.2.1.55)

This kind of endo-xylanase is extracted from B. subtilis. It preferentially hydrolyzes WU-AX, 
enhancing dough stability. Due to this effect, the dough is able to keep maximum volume for 
a longer period during the fermentation step, and it maintains a great resistance to mechani-
cal stress during the breadmaking process [18]. Oven spring is prolonged and bread volume 
is enhanced due to dough relaxation and better gas retention [19, 26], which produces finer 
grains that provide a softer and more homogeneous bread crumb [18].

For the same reason as for fungal xylanase, excessive dosage levels of bacterial xylanase must 
also be avoided [18].

2.4.3. Cellulase (EC 3.2.1.4)

This enzyme hydrolyzes cellulose (linear homopolysaccharide composed by a glucose poly-
mer backbone linked by β-1,4 bonds) from wheat cell walls, mainly from the wheat grain 
outer layers. Cellulose chains are organized in crystalline and amorphous regions. In cellulose 
crystalline structure, the molecules are highly ordered and chain arrangement blocks water 
and enzyme penetration into the microfibrils. In the non-crystalline (amorphous) regions, 
water and enzymes have greater access, and these sites are more easily hydrolyzed than the 
crystalline ones. Thus, the amorphous regions are firstly attacked and degraded by the cellu-
lases [28]. This produces lower molecular weight fragments that can bind more water.

Cellulase action on cellulose has numerous benefits in the breadmaking process: (i) water 
absorption increases; (ii) dough viscosity increases; (iii) high-fiber dough stickiness decreases; 
(iv) machinability is enhanced; (v) the release of glucose increases, and; (vi) the cut opening 
for French rolls increases [28].

3. Future trends

There is currently huge pressure on the food industry to produce healthier products. “Clean” 
or “friendly” labels, with shorter and simpler ingredient lists are a strong trend. These 
include the search for more natural and healthier alternatives for chemical additives which 
have a negative impact on consumer acceptance. The bakery industry is trying to eliminate 
E-number ingredients from its formulations using, for example, (i) enzymes and vital wheat 
gluten (an ingredient) to eliminate emulsifiers and chemical oxidants; (ii) hydrocolloids as a 
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more “friendly” choice than other additives; and (iii) natural preservatives such as fermen-
tates, for mold control. However, in some cases, these alternatives are expensive and not as 
effective as chemical additives.

Enzymes do not need to be declared as processing aids on the labels of food products in many 
countries, so they are an interesting strategy for “clean labels”. Some enzymes are under 
development and will probably soon become commercially available for use in breadmak-
ing. An example is laccase (EC 1.10.3.2), an oxidative enzyme that oxidizes different kinds 
of phenolic compounds, increasing dough stability and strength, promoting quicker dough 
formation and reducing dough stickiness [18]. Another example is β-glucanase (EC 3.2.1.6), 
which hydrolyzes the β-glucans present in barley, rye and oat flours, enhancing microstruc-
ture, volume, texture, shelf-life and taste in breads made with these composite flours [29].

Author details

Luis Carlos Gioia, José Ricardo Ganancio and Caroline Joy Steel*

*Address all correspondence to: steel@unicamp.br

Department of Food Technology, School of Food Engineering, University of Campinas 
(UNICAMP), Campinas, SP, Brazil

References

[1] Msagati TAM. The Chemistry of Food Additives and Preservatives. 1st ed. Chichester: 
Wiley-Blackwell; 2013. 322 p

[2] De Leyn I. Other Functional Additives. In: Zhou W, editor. Bakery Products Science and 
Technology. 2nd ed. Chichester: Wiley-Blackwell; 2014. pp. 295-306

[3] Zhou W, Therdthai N, Hui YH. Introduction to baking and bakery products. In: Zhou W, 
editor. Bakery Products Science and Technology. 2nd ed. Chichester: Wiley-Blackwell; 
2014. pp. 3-16

[4] Sahi SS. Ascorbic acid and redox agents in bakery systems. In: Zhou W, editor. Bakery 
Products Science and Technology. 2nd ed. Chichester: Wiley-Blackwell; 2014. pp. 183-197

[5] Cauvain S. Technology of Breadmaking. 3rd ed. Switzerland: Springer; 2015. 408 p. DOI: 
10.1007/9783319146874

[6] Moonen H, Bas H. Mono- and diglycerides. In: Norn V, editor. Emulsifiers in Food 
Technology. 2nd ed. Chichester: Wiley-Blackwell; 2015. pp. 73-91

[7] Orthoefer F. Applications of emulsifiers in baked foods. In: Hasenhuettl GL, Hartel RW, 
editors. Food Emulsifier and Their Applications. 2nd ed. New York: Springer; 2008. pp. 
263-284. DOI: 10.1007/9780387752846.ch9

Food Additives164



more “friendly” choice than other additives; and (iii) natural preservatives such as fermen-
tates, for mold control. However, in some cases, these alternatives are expensive and not as 
effective as chemical additives.

Enzymes do not need to be declared as processing aids on the labels of food products in many 
countries, so they are an interesting strategy for “clean labels”. Some enzymes are under 
development and will probably soon become commercially available for use in breadmak-
ing. An example is laccase (EC 1.10.3.2), an oxidative enzyme that oxidizes different kinds 
of phenolic compounds, increasing dough stability and strength, promoting quicker dough 
formation and reducing dough stickiness [18]. Another example is β-glucanase (EC 3.2.1.6), 
which hydrolyzes the β-glucans present in barley, rye and oat flours, enhancing microstruc-
ture, volume, texture, shelf-life and taste in breads made with these composite flours [29].

Author details

Luis Carlos Gioia, José Ricardo Ganancio and Caroline Joy Steel*

*Address all correspondence to: steel@unicamp.br

Department of Food Technology, School of Food Engineering, University of Campinas 
(UNICAMP), Campinas, SP, Brazil

References

[1] Msagati TAM. The Chemistry of Food Additives and Preservatives. 1st ed. Chichester: 
Wiley-Blackwell; 2013. 322 p

[2] De Leyn I. Other Functional Additives. In: Zhou W, editor. Bakery Products Science and 
Technology. 2nd ed. Chichester: Wiley-Blackwell; 2014. pp. 295-306

[3] Zhou W, Therdthai N, Hui YH. Introduction to baking and bakery products. In: Zhou W, 
editor. Bakery Products Science and Technology. 2nd ed. Chichester: Wiley-Blackwell; 
2014. pp. 3-16

[4] Sahi SS. Ascorbic acid and redox agents in bakery systems. In: Zhou W, editor. Bakery 
Products Science and Technology. 2nd ed. Chichester: Wiley-Blackwell; 2014. pp. 183-197

[5] Cauvain S. Technology of Breadmaking. 3rd ed. Switzerland: Springer; 2015. 408 p. DOI: 
10.1007/9783319146874

[6] Moonen H, Bas H. Mono- and diglycerides. In: Norn V, editor. Emulsifiers in Food 
Technology. 2nd ed. Chichester: Wiley-Blackwell; 2015. pp. 73-91

[7] Orthoefer F. Applications of emulsifiers in baked foods. In: Hasenhuettl GL, Hartel RW, 
editors. Food Emulsifier and Their Applications. 2nd ed. New York: Springer; 2008. pp. 
263-284. DOI: 10.1007/9780387752846.ch9

Food Additives164

[8] Gaupp R, Adams W. Diacetyl Tartaric Acids of Monoglycerides (DATEM) and associ-
ated emulsifiers in bread making. In: Norn V, editor. Emulsifiers in Food Technology. 
2nd ed. Chichester: Wiley-Blackwell; 2015. pp. 121-145

[9] Boutte T, Skogerson L. Stearoyl-2-lactylates and oleoyl lactylates. In: Norn V, editor. 
Emulsifiers in Food Technology. 2nd ed. Chichester: Wiley-Blackwell; 2015. pp. 251-270

[10] Cottrell T, van Peij J. Sorbitan esters and polysorbates. In: Norn V, editor. Emulsifiers in 
Food Technology. 2nd ed. Chichester: Wiley-Blackwell; 2015. pp. 271-295

[11] Ferrero C. Hydrocolloids in wheat breadmaking: A concise review. Food Hydrocolloids. 
2017;68:15-22. DOI: 10.1016/j.foodhyd.2016.11.044

[12] Habibi H, Khosravi-Darani K. Effective variables on production and structure of xanthan 
gum and its food applications: A review. Biocatalysis and Agricultural Biotechnology. 
2017;10:130-140. DOI: 10.1016/j.bcab.2017.02.013

[13] Thombarea N, Jha U, Mishra S, Siddiqui MZ. Guar gum as a promising starting material 
for diverse applications: A review. International Journal of Biological Macromolecules. 
2016;88:361-372. DOI: 10.1016/j.ijbiomac.2016.04.001 0141-8130

[14] Suhr KI, Nielsen PV. Effect of weak acid preservatives on growth of bakery product 
spoilage fungi at different water activities and pH values. International Journal of Food 
Microbiology. 2004;95:67-78. DOI: 10.1016/j.ijfoodmicro.2004.02.004

[15] Legan JD. Mould spoilage of bread: The problem and some solutions. International 
Biodeterioration & Biodegradation. 1993;32:33-53. DOI: 10.1016/0964-8305(93)90038-4

[16] Samapundo S, Devlieghere F, Vroman A, Eeckhout M. Antifungal activity of fermentates 
and their potential to replace propionate in bread. LWT-Food Science and Technology. 
2017;76:101-107. DOI: 10.1016/j.lwt.2016.10.043

[17] Enzyme nomenclature-Recommendations of the Nomenclature Committee of the 
International Union of Biochemistry and Molecular Biology (NC-IUBMB) on the nomen-
clature and classification of enzymes by the reactions they catalyze [Internet]. 2017. 
Available from: http://www.chem.qmul.ac.uk/iubmb/enzyme/ [Accessed: 06-03-2017]

[18] Goesaert H, Gebruers K, Courtin CM, Brijs K, Delcour JA. Enzymes in breadmaking. 
In: Hui YH, Corke H, Leyn ID, Nip WK, Cross N, editors. Bakery Products Science and 
Technology. Ames: Blackwell Publishing; 2006. pp. 337-364

[19] Sluimer P. Principles of Breadmaking. Minnesota, USA: American Association of cereal 
Chemists, Inc.; 2005. 212 p

[20] Stauffer CE. Functional Additives for Bakery Foods. New York, USA: AVI Book; 1990. 280 p

[21] Whitehurst RJ, Law BA. Enzymes in Food Technology. Boca Raton: Sheffield Academic 
Press. 2002. 255 p

[22] Gomes-Ruffi CR, Cunha RH, Almeida EL, Chang YK, Steel CJ. Effect of the emulsifier 
sodium stearoyl lactylate and of the enzyme maltogenic amylase on the quality of pan 

Food Additives and Processing Aids used in Breadmaking
http://dx.doi.org/10.5772/intechopen.70087

165



bread during storage. LWT-Food Science and Technology, 2012;49:96-101. DOI: 10.1016/j.
lwt.2012.04.014

[23] Gerrard JA, Every D, Sutton KH, Gilpin MJ. The role of maltodextrins in the staling of 
bread. Journal of Cereal Science. 1997;26:201-209. DOI: 10.1006/jcrs.1997.0121

[24] Autio K, Kruus K, Knaapila A, Gerber N, Flander L, Buchert J. Kinetics of transglutamin-
ase-induced cross-linking of wheat proteins in dough. Journal of Agricultural and Food 
Chemistry. 2005;53:1039-1045. DOI: 10.1021/jf0485032

[25] Almeida EL, Chang YK. Effect of the addition of enzymes on the quality of frozen 
pre-baked French bread substituted with whole wheat flour. LWT-Food Science and 
Technology. 2012;49:64-72. DOI: 10.1016/j.lwt.2012.04.019

[26] Courtin CM, Delcour JA. Relative activity of endoxylanases towards water-extractable 
and water-unextractable arabinoxylan. Journal of Cereal Science. 2001;33:301-312. DOI: 
10.1006/jcrs.2000.0354

[27] Wang M, Hamer RJ, Van Vliet T, Gruppen H, Marseille H, Weegels PL. Effect of water 
unextractable solids on gluten formation and properties: mechanistic considerations. 
Journal of Cereal Science. 2003;37:55-64. DOI: 10.1006/jcrs.2002.0478

[28] Santos FR da S. Production and characterization of cellulases and hemicellulases 
by mesofilic fungal strains isolated from South Mato-Grosso state’s Cerrado [thesis]. 
Dourados, Brazil: Federal University of Grande Dourados; 2014

[29] Li Z, Dong Y, Xinghua Z, Xiao X, Zhao Y, Yu L. Dough properties and bread quality of 
wheat-barley composite flour as affected by β-glunacase. Cereal Chemistry. Nov./Dec. 
2014;91(6):631. DOI: 10.1094/CCHEM-01-14-0019-R

Food Additives166



bread during storage. LWT-Food Science and Technology, 2012;49:96-101. DOI: 10.1016/j.
lwt.2012.04.014

[23] Gerrard JA, Every D, Sutton KH, Gilpin MJ. The role of maltodextrins in the staling of 
bread. Journal of Cereal Science. 1997;26:201-209. DOI: 10.1006/jcrs.1997.0121

[24] Autio K, Kruus K, Knaapila A, Gerber N, Flander L, Buchert J. Kinetics of transglutamin-
ase-induced cross-linking of wheat proteins in dough. Journal of Agricultural and Food 
Chemistry. 2005;53:1039-1045. DOI: 10.1021/jf0485032

[25] Almeida EL, Chang YK. Effect of the addition of enzymes on the quality of frozen 
pre-baked French bread substituted with whole wheat flour. LWT-Food Science and 
Technology. 2012;49:64-72. DOI: 10.1016/j.lwt.2012.04.019

[26] Courtin CM, Delcour JA. Relative activity of endoxylanases towards water-extractable 
and water-unextractable arabinoxylan. Journal of Cereal Science. 2001;33:301-312. DOI: 
10.1006/jcrs.2000.0354

[27] Wang M, Hamer RJ, Van Vliet T, Gruppen H, Marseille H, Weegels PL. Effect of water 
unextractable solids on gluten formation and properties: mechanistic considerations. 
Journal of Cereal Science. 2003;37:55-64. DOI: 10.1006/jcrs.2002.0478

[28] Santos FR da S. Production and characterization of cellulases and hemicellulases 
by mesofilic fungal strains isolated from South Mato-Grosso state’s Cerrado [thesis]. 
Dourados, Brazil: Federal University of Grande Dourados; 2014

[29] Li Z, Dong Y, Xinghua Z, Xiao X, Zhao Y, Yu L. Dough properties and bread quality of 
wheat-barley composite flour as affected by β-glunacase. Cereal Chemistry. Nov./Dec. 
2014;91(6):631. DOI: 10.1094/CCHEM-01-14-0019-R

Food Additives166



Food Additives
Edited by Desiree Nedra Karunaratne  

and Geethi Pamunuwa

Edited by Desiree Nedra Karunaratne  
and Geethi Pamunuwa

Photo by lori / iStock

Food additives is intended to provide the readers with knowledge on some very 
significant aspects of the food additives currently in use. Food additives have become 
essential in the food sector with the rising need for food processing and preservation. 

However, the use of food additives is regulated imposing strict rules as the impact 
of those additives on health cannot be neglected. The first chapter starts off with a 
general overview of food additives highlighting the novel trends that enhance the 
attributes of those additives. Thereafter, the chapters are devoted mainly to plant-

derived food additives and microbially derived food additives. The main topics 
discussed under ‘additives from plant origin’ are the efficacy of beetroot formulations 

as a source of nitrate ions, plant-derived food preservatives and plant-derived food 
additives used in meat and meat-based products. The further chapters discuss 

‘additives from microbial origin’ focusing on lactic acid bacteria and additives derived 
from lactic acid bacteria and food additives used in ‘bread-making’. Overall, this 

manuscript emphasises the concept of ‘clean labelling’ and the importance of natural 
food additives.
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