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Scope of the Series

Paralleling similar advances in the medical field, astounding advances occurred in 
the Veterinary Medicine and Science in recent decades, fostering a better support to 
animal health and more humane animal production, a better understanding of the 
physiology of endangered species, to improve the assisted reproductive technolo-
gies or the pathogenesis of certain diseases, where animals can be used as models for 
human diseases (like cancer, degenerative diseases or fertility), and even as a guar-
antee of public health. Bridging the Human, Animal and Environmental health, 
the holistic and integrative “One Health” concept intimately associates the develop-
ments within those fields, projecting its advancements into practice.
This book series aims to tackle a variety of fields in the animal-related medicine and 
sciences, providing thematic volumes, high quality and significance in the field, 
directed to researchers and postgraduates. It aims to give us a glimpse into the new 
accomplishments in the Veterinary Medicine and Science field. By addressing hot 
topics in veterinary sciences, we aim to gather authoritative texts within each issue 
of this series, providing in-depth overviews and analysis for graduates, academics 
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academia, will also discuss scientific challenges faced today in Veterinary Medicine 
and Science. In brief, we hope that books in this series will provide accessible refer-
ences for those interested or working in this field and encourage learning in a range 
of different topics.



XIII

1

19

37

59

71

99

111

129

Contents

Preface

Chapter 1 
Impact of Selected Feed Additives in Broiler Nutrition on Breeding 
and the Meat Quality Features
by Halina Makała

Chapter 2 
Phytogenic Feed Additives as An Alternative to Antibiotic Growth 
Promoters in Poultry Nutrition
by Jet Saartje Mandey and Florencia Nery Sompie

Chapter 3 
Phytobiotics, a Natural Growth Promoter for Poultry
by Magdalena Krauze

Chapter 4 
Use of Bacillus Subtilis Probiotics as Non-Antibiotic Gut Modulator and 
Growth Promoter in Broiler Chickens
by Arbab Sikandar

Chapter 5 
Perspective Chapter: Using Feed Additives to Eliminate Harmful Effects 
of Heat Stress in Broiler Nutrition
by László Babinszky, Csaba Szabó and Márta Horváth

Chapter 6 
Use of Aromatic Seeds as Feed Additives to Improve the Production  
of Anatolian Water Buffaloes
by Taşkın Değirmencioğlu

Chapter 7 
Microbial Inoculation to High Moisture Plant By-Product Silage: 
A Review
by Bhutikini D. Nkosi, Cyprial N. Ncobela, Ronald S. Thomas,  
Ingrid M.M. Malebana, Francuois Müller, Sergio Álvarez  
and Robin Meeske

Chapter 8 
Incorporating Silages into Preweaned Dairy Calf Diets
by Sylvia I. Kehoe, Paweł Górka and Zhijun J. Cao



Chapter 9 151
Bromatological Analysis of the Fodder Marketed in the Peri-Urban  
Areas of Bujumbura (Burundi): Towards Spontaneous Fodder  
Conservation by Transformation into Silage
by Joseph Butore, Daniel Sindaye, Mathias Hitimana, Jacques Nkengurutse 
and Tatien Masharabu

IIXII



Preface

The field of animal nutrition aims to provide safe and high-quality foodstuffs as 
well as improve the efficiency of production and reduce environmental pollution. 
To achieve these goals, several serious challenges must be overcome. 

The world’s population is growing rapidly and there is an increasing demand for 
high-quality and safe food. At the same time, agricultural areas are diminishing due 
to industrialization, building of new motorways, new city construction programs, 
urbanization, and natural soil erosion. The fact that the Earth’s climate has changed 
dramatically over the past decade is also increasing the pressure on agricultural 
production. Thus, under deteriorating environmental conditions, agriculture 
(including animal husbandry) needs to produce more and better foodstuffs, with 
less strain on our environment. More awareness and activity of participation is 
needed in animal production and nutrition to supply quality, environmentally 
friendly, and safe food in sufficient quantities. Therefore, the efficiency of animal 
production needs to be improved. This can be achieved by enhancing biological 
efficiency, technological efficiency, and economic efficiency.

It is well known that the efficiency of nutrition can be improved in several ways, 
including feeding animals with diets that meet their nutrient requirements, sup-
plying nutrients according to age group and genetic profile, using good-quality and 
safe feed ingredients, using appropriate feed processing and additives, and so on. 

Animal food additives are products used in animal nutrition for purposes of 
improving the quality of feed or the animal’s performance and health. Other 
additives can be used to enhance digestibility or even flavor of feed materials. 
In addition, feed additives are known to improve the quality of compound feed 
production, thus improving the quality of a granulated mixed diet.

It is also a well-known fact that the quality of animal-origin foodstuffs can be 
improved by animal nutrition, but unfortunately, the reverse is also true. This find-
ing is also valid for feed additives and feed processing (making silage).

This book focuses on some newer aspects of the various feed additives in poultry 
nutrition and of making silage in dairy cattle nutrition. It discusses the impact of 
the most important feed additives on broiler production and their mode of action 
in hot environments. It also demonstrates the use of plant-origin feed additives 
(aromatic seeds) in water buffalo nutrition, how to use silage in pre-weaned calf 
nutrition, and microbial inoculation in dairy cow nutrition.

Finally, the book examines the possibility of silage making for dairy cattle in peri-
urban areas of developing countries.

This book is recommended for scientists, graduate students, and those working in 
the field of agriculture.
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Chapter 1

Impact of Selected Feed Additives 
in Broiler Nutrition on Breeding 
and the Meat Quality Features
Halina Makała

Abstract

The aim of the study was to overview the results of scientific research on the 
impact of feed additives used in broiler nutrition on breeding and meat quality. 
Selected additives used in feeding broilers with immunomodulatory properties, 
prebiotics and probiotics, herbs and herbal extracts and protein additives were 
characterised. The application of insects in poultry feeding as a good source of 
proteins and fat as a substitute of expensive feed rich in proteins was presented. 
Further research is needed on their nutritional value, levels of incorporation 
into diets and the performance of this feed ingredient. However, there are many 
challenges that need to be overcome by adoptingsuitable strategies to produce 
antibiotic-free broiler meat with regards to food safety and chickenwelfare issues. 
The additives available on the market should be used in accordance with the 
manufacturers’ recommendations and the grace period should be observed in order 
to obtain the expected production results and a high-quality product.

Keywords: feed additives, broiler nutrition, meat quality

1. Introduction

Commercial breeding programs are aimed at the maximisation of production 
results (rate of growth, fodder use, meat content, layer production), achievable 
in typical environmental conditions. The task of rational animal feeding is the 
achievement of a maximum production results but also keeping good state of health 
by favourable influence on gastrointestinal tract, metabolism and stimulation of 
immune system. It is especially important in feeding animals of a big production 
potential, including poultry.

In broiler nutrition special attention should be paid to additives of immuno-
modulating action like: pre- and probiotics, yeast extracts, herbs and herb extracts.

The aim of the study was to overview the results of scientific research on the 
impact of feed additives used in broiler nutrition on breeding and meat quality.

2. About feed additives in general

Feed additives are the substances, microorganisms or preparations intentionally 
added to full-portion mixes and feeding doses in order to get improvement of their 
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feeding usability: flavour, taste, consistency, dietetic values as well as extension 
of validity time (shelf-life). By applying them in animal feeding, including broil-
ers, one can achieve higher daily growths, better fodder use, higher resistance to 
diseases, improvement of animal product quality and reduction of harmful effect 
of animal droppings on environment. In order to avoid improper dosage and 
uneven dispersion of an active substance in the mix, their application, both during 
production of mixes and direct feeding in farms should remain under constant 
control [1, 2]. Administration of functional feed additives, including direct-fed 
microorganisms (DFM), dietary prebiotics, and phytogenic preparations, has 
been demonstrated to improve growthperformance, animal health, and microbial 
food safety in poultry and is thought to be apotentially important component of 
antibiotic-free poultry production [3, 4].

Additives applicable to feed and water are an inherent feeding poultry compo-
nent. Their application is connected with numerous advantages, but – at the same 
time – is subject to a strict control aimed mostly at avoidance of application not in 
accordance with their intended use. The classification, kind and scope of applica-
tion of feed additives are regulated by the EU Law and regulations of Member States 
[5]. Additionally, consumer demand for antibiotic-free broiler meat is increasing. 
However, there are many challenges that need to be overcome by adopting suitable 
strategies to produce antibiotic-free broiler meat with regards to food safety and 
chicken welfare issues (Table 1) [6].

Following the withdrawal of antibiotic growth stimulators in poultry feeding, 
feed additives are applied, aimed at a favourable effect on bird’s health and pro-
duction parameters. The following additives are distinguished: those completing 
lacks of determined feeding components in the applied feed; supporting digestion 
processes; maintaining microbiological balance in gastrointestinal tract; improv-
ing productivity; reducing negative effect of droppings on natural environment; 
improving animal origin product quality; improving feeding value of feed addi-
tives; preventing diseases (in poultry production: coccidiosis and histomoniasis); 
facilitating production of feed mixes (binders, sticks). From the farmers’ point of 
view the most important are the additives that have a direct influence on metabo-
lism of the gastrointestinal tract of birds and regulate the level of provision in 
biologically active substances, since they increase production results. Among them 
we can include: vitamins and provitamins; mineral additives; amino acids, their 
salts and hydroxy analogues; digestion stimulators; stabilisers of intestinal micro-
biome; coccydiostatics [5]. While determining the dose of fodder and additives for 
hens and other poultry one should take into account their specie, body mass, age, 
production intensity, physiological state, gender, environment temperature and 
maintenance system [10].

The use and development of enzymes, phytogenics, prebiotics and probiotics 
has gained momentum in poultry feeding. The enzymes widely used by the industry 
are the non-starch polysaccharidases that cleave the non-starch polysaccharides 
in viscous cereals, microbial phytases that target the phytate-complexes in plant 
ingredients. Proteases are of interest to improve protein and amino acid digest-
ibility, particularly in very young animals. Phytogenics are an alternative to in-feed 
antibiotics to prevent the risk of developing pathogens and also to satisfy consumer 
demand for a food chain free of drugs. Probiotic feed additives generally consist of 
one single strain or a combination of several strains of bacteria, Bacillus spores or 
yeasts species. Prebiotics are non-digestible food ingredients, such as fructo-oligo-
saccharides, xylooligo-saccharides, mannan-oligo-saccharides and galacto-oligo- 
saccharides that are also used in feeds to protect poultry against pathogens [9].
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Alternatives 
to antibiotics

Active ingredients Basic functions Effects on broiler

Probiotics Bacillus subtilis,
Enterococcus faecium
Lactobacillus acidophilus,
Bacilluslicheniformis,
Bifidobacterium bifidum

Appetite anddigestion,
stimulant,
antioxidant

Increased body weight 
and FCR
Improved absorptive
surface of duodenum 
andileum
Increase nutrient 
retention

Prebiotics Fructo-oligosaccharides 
(FOS),
inulin,
galacto-oligosaccharides 
(GOS),
trans-galacto 
oligosaccharides

Digestion,
stimulant

Increased growth
performance
Stimulation of metabolic
activity in intestine

Organic acids Citric acid
Ascorbic acid
Propionic acid and 
sodium bentonite
Butyrate

Digestion,
stimulant,
increased feed
effciency

Increased body weight
Improved ileal nutrient
digestibility, cell
proliferation, and 
epithelial and villi height

Amino acids
and enzymes

Phytase, lysins Digestion,
stimulant

Improved growth
performance

Phytogenic 
feed additives

Pepper Digestion, stymulant No effect on live 
performance

Garlic Digestion,stimulant,
Antiseptic

Higher body weight

Ginger Gastric stymulant No effects on
performance

Rosemary Digestion, stimulant,
antiseptic, antioxidant

Improved live
weight and feed
effciency

Thyme No significant
effect on BW/FCR

Mint Appetite, digestion,
stimulant, antiseptic

Decreased serum
total cholesterol,
triglycerides, and 
low-density
lipoprotein
concentration

Nanoparticles 
(NPs)

Silver NPs
Selenium NPs
Copper NPs
Metal NPs such as zinc 
oxide, zirconium
dioxide, and platinum
Zn-bearing zeolite 
clinoptilolite NPs
Nanosuspensions of clay 
minerals

Digestion,
Stimulant

Increased body
weight and FCR

Source: [4, 6–9].

Table 1. 
Alternatives to antibiotics and their functions and impacts on broiler production.
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3. Additives of immunomodulating action applicable in broiler feeding

Contagious diseases, in spite of ever improving prevention programs, cause big 
losses in poultry production, and foodstuffs contaminated with pathogens may be 
dangerous for consumers. In order to increase poultry resistance against pathogenic 
factors, more and more additives of immunomodulating character are applied in 
fodder industry. The effect of immunomodulators consists in their direct action 
on the cells of the immune system that ensure an immune response. Modification 
of the process of determined immune reactions in this way increases the organ-
ism resistance to viral, bacterial and parasite infections. The immuno-modulating 
feed additives include: pre- and probiotics, components of baker’s yeast cell walls 
(mannooligosaccharides, ß-glucan and nucleotides) and herbal extracts (echinacea, 
aloe and ginseng). Certain amino acids (arginine, methionine), vitamins (E, A, C), 
microelements (Zn, Sn) and fatty acids (LC PUFA n-3, CLA) also play an important 
role in the immune processes in poultry [5, 11].

The withdrawal of antibiotic growth stimulators resulted in increased interest 
in immunomodulators that stimulate GALT. These are, among others, prebiotics. 
They are applicable in fodder industry in order to increase poultry resistance to 
pathogenic factor action [12, 13]. Recently, interest in probiotics and prebiotics as 
feed additives that may constitute an important factor inhibiting multiplication of 
intestinal pathogens at poultry fed with mixes non containing antibiotic growth 
stimulators has increased [14]. Immunostimulating action of this kind of feed addi-
tives is also an important issue.

Lipiński and others [12] examined the effect of application of a prebiotic prepa-
ration containing mannanoligosaccharides in mixes for broiler chicken, for their 
health status and meat quality. In fodder mixes, instead of a plant stimulator and 
acidifier (control group), the prebiotic preparation Biolex MB 40 (mannanoligosac-
charides) was applied in the quantity of 2 kg/t of mix (group II). In the experimental 
group III the preparation Biolex MB 40 in the quantity of 2 kg/t and acidifier were 
applied. In result of studies at chicken fed with mixes with the participation of the 
tested preparation, the activation of non-specific defence mechanism against infec-
tion was noted, proved by the increase of the level of lysozyme in blood serum. The 
meat of the test chicken was characterised by a similar content of dry mass, raw ash, 
total protein and raw fat. The application of the tested preparation at the chicken for 
slaughter had no influence on the chemical composition of meat (Table 2).

Vidanarachchi et al. [15] examined the effect of action of two different extracts 
of carbohydrates soluble in water (extract from renga renga lily and acacia) and 
two prebiotic compounds available in the market, Fibregum and Raftifeed-IPE, on 
productivity of broiler chicken subject to the provocation of necrotic (necrotising) 

Item Control Biolex MB 40 Biolex MB 40 + acidifier SEM

Lysozyme [mg/l] 6,84a 7,99b 9,14c 0,261

Dry matter [%] 26,24 25,90 25,92 0,105

Ash [%] 1,20 1,18 1,18 0,013

Protein [%] 22,30 22,07 21,96 0,079

Fat [%] 2,92 3,01 2,86 0,085

a, b – different letters in a row differ significantly p ≤ 0.05.
Source: [14].

Table 2. 
Level of lysozyme in blood serum of broiler chickens and chemical composition of breast meat.
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enteritis (NE). These therapies were compared to the negative and positive controls 
(bacitracin Zn). Total 8,8% death rate connected with NE was noted, with the average 
assessment of changes in jejunum and ileum at dead birds in the range of 3,03 to 3,90 
at all provoked groups except for positive control groups. Neither specific deaths for 
NE nor clinical irregularities with unquestioned control groups and positive control 
groups were noted. In result of the studies it has been proved that supplementation 
with carbohydrates soluble in water from two plant (herbal) sources was not effective 
against NE controlling. It has been proved, however, that the prebiotic compound 
Fibregum has certain immunomodulating action. Addition of bacitracin Zn and 
monensins was highly effective in counteracting negative effects of the disease.

4. Pre- and probiotics applicable in poultry feeding

Prebiotics are the substances that have to fulfil certain requirements. They 
must not be digested in upper sections of the gastrointestinal tracts, they should 
stimulate development of a favourable intestinal microbiome, and products of their 
decomposition should lower pH of the digestive tract content. Prebiotics are sub-
strates selectively and in a better way utilised by bifidobacteria and other species of 
favourable bacteria, and mainly fermentation products of these compounds. Short-
chain fatty acids lower pH of intestinal environment and worsen conditions of 
development of bacteria undesirable in poultry breeding (Clostridium, Salmonella). 
The bioactive substances in the form of prebiotics, most frequently applicable 
to birds, comprise fructooligosaccharides, inulin obtained from chicory roots, 
oligofructose and manno oligosaccharides. Moreover, one can meet isomaltooligo-
saccharides, soya oligosaccharides, galaktooligosacharydy, maltooligosaccharides, 
glucooligosaccharides and xylooligo-saccharides [5]. Probiotics can replace antibi-
otics by changing the intestinal microbiome, thereby producing some of the effects 
of antibiotics. For example, feed supplementation with probiotics improves the 
feed effciency and intestinal health and, ultimately, facilitates the faster growth of 
broilers by reducing the intestinal pH, altering the intestinal bacterial composition, 
and improving digestive activity. Probiotics stimulate endogenous enzyme produc-
tion, which reduces the production of toxic substances and increases vitamins and/
or antimicrobials such as bacteriocins [6].

Probiotics are the preparations containing desired intestinal microflora, among 
others Lactobacillus acidophilus, L. bulgaricus, L. casei, L. reuterii, Bifidobacterium 
bifidum, B. longum and others. Administered in the form of live bacteria or endo-
spores they have a favourable effect on host health improving intestinal microbio-
logical balance. The mechanism of activity of probiotics is multiway and it consists, 
among others, in: restoring and maintaining natural balance of gastrointestinal 
tract microflora; protection of gastrointestinal tract against pathogens; production 
of bacteriocins, short-chain organic acids; synthesis of vitamins of group B, vitamin 
K and digestion enzymes; stimulation of immune system; reduction of concentra-
tion of toxic substances in gastrointestinal tract and in blood; lowering pH of 
intestinal content, cholesterol and triglycerides level in blood and tissues [5].

Broiler feed supplemented with B. subtilis increased the body weights by 4.4%. 
The H2S and NH3 concentrations in chicken excretions were also reduced after 
treating chickens with probiotics, leading to less odour. Probiotics increased the 
meat quality of poultry by affecting the fat and protein contents [6].

Mixed feed additives called synbiotics (preparation containing pre- and probiot-
ics at the same time) are also worth consideration, containing in their composi-
tion lactic acid bacteria of the species Lactobacillus, Bacillus, Bifidoacterium and 
Enterococcus [8].
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Immunomodulating action of pre-, pro- and synbiotics is connected with the 
action of lactic acid bacilli in the organism. It is manifested, first of all, by favour-
able influence on development and activities of immune system at the level of intes-
tinal mucosa (GALT). Feed additives with an immunomodulating effect constitute 
a valuable supplement compound feed for poultry. Their influence is based on the 
direct stimulation of the cells of the immune system, which increases the efficiency 
of the processes immunological and leads to lower susceptibility of birds to patho-
genic microorganisms [11].

In studies on poultry it has been proved that chicken for slaughter, given probi-
otic preparation containing Lactobacillus acidophilus, Bifidobacterium bifidum and 
Streptococcus faecalis characterise, as compared to the control group, with higher 
immunoglobulin level (especially IgM) in blood serum directed against SRBC 
antigen, but there was no effect of probiotic in response to BSA antigen [11, 16].

At chicken for layers the preparation containing live Lactobacillus casei strains 
had a positive effect for humoral mechanisms of resistance, substantially increasing 
production of antibodies after immunisation with virus of supposed poultry pest or 
with BSA antigen [11, 17].

Broiler chicken Ross 308 fed with diets with addition of symbiotic containing 
bacteria Bacillus subtilis C-3102 and yeast (Saccharomyces cerevisiae) in the ratio 1:1 
were characterised with higher slaughter productivity. The birds were reared for 
42 days. Chickens were given ad libitum, wheat-corn-soybean mixtures and wheat-
triticale-soybean. Application of fodder additive, irrespective of the kind of grain in 
mixes resulted in the lowering of the mass of the chicken gastrointestinal tract and 
increase of the mass of edible giblets. It has been proved that the combination of 
probiotic and prebiotic bacteria may be a good fodder additive stimulating growth 
and development of broiler chicken. However, while choosing a given preparation 
one should take into account many factors, mainly quality and specificity of the 
preparation, direction of production and kind of diet [8].

The increasing interest in probiotics and herbal additives in poultry feeding results 
from their favourable influence of health state of the gastrointestinal tract and reduc-
tion of intestinal problems. In many research programs a favourable influence of 
additives stabilising gastrointestinal tract microbiome on poultry production results 
was proved [18]. The influence of probiotics on production results is less stable than 
that of herbal additives. Certain researches proved minor influence of probiotics on 

Specification Control Lactobacillus lactis Essential oil

Duration of trial (days) 105 105 105

Final body weight (g) 9,03B 9,32A 9,11B

FCR (kg/kg) 2,34 2,36 2,31

Mortality rate (%) 96,25 96,25 96,25

EEI* (pts) 353,4 362,7 361,6

Dry matter (%) 26,72 26,52 26,46

Ash (%) 1,20 1,19 1,20

Protein (%) 25,76 25,36 25,64

Fat (%) 0,41 0,38 0,48

A, B – different letters in a row differ significantly p ≤ 0.05.
Source: [19].

Table 3. 
Productivity results of the turkeys during the trial period and chemical composition of breast meat.
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productivity but the majority of them confirm at least favourable trends in production 
results, equalisation of animals, lowering death and incidence ratio or lowering of 
treatment costs after application of probiotics in fodder [19, 20].

Results of research works of Lipiński and others [19] on influence of probiotic 
and herbal additives on productivity and quality of turkey meat proved that 
application of a probiotic preparation in mixes for turkeys for slaughter resulted in 
improvement of production results expressed in body mass but had no influence on 
use of fodder and health of birds. Application of a herbal preparation in mixes for 
turkeys had no influence on fattening. The meat of test turkeys was characterised 
with a similar content of dry mass, raw ash, total protein and raw fat (Table 3). 
The analysis of the European efficiency ratio showed that the use of the tested feed 
additives had a positive effect on the value of this indicator. The best results in this 
respect were found in birds from group II (362.7 vs. 353.4 in the control group) and 
III (361.6 vs. 353.4 in the control group); however, the differences found were not 
statistically significant [19].

5. Herbs and herb extracts

Modern methods of poultry breeding are aimed at elimination or reduction of 
use of chemical means in animal feeding. One of the ways towards that end is the 
return to use natural fodder additives, like herbs. Herb fodder additives are at pres-
ent of growing interest in connection with total prohibition of use of antibiotics.

Herbs and herbal (phytogenic) additives in animal feeding act favourably on 
increase of animal resistance and reduction of incidence ratio, improving animal 
welfare. Herbs do not add nutrition substances but they improve taste and digest-
ibility of fodder thus increasing its use. The research enabling identification of 
active substances in herbs and determination of their action on the organism 
resulted in their more rational application and better adjustment to the needs. 
Herbs contain various kinds of active substances like essential oils, dyestuffs, alka-
loids, glycosides, phenolic acids, phytosterols, flavonoids. Activity of active sub-
stances contained in herbs and medicinal plants is usually multi way. Their action 
is immuno-stimulating, anti-inflammatory, antibacterial and they improve quality 
of products of animal origin. They activate secretion of digestive juices, increase 
appetite and peristaltic of intestines as well as improve processes of absorption of 
nutritive components (Table 4) [5, 26].

Genre / production group The form of feeding herbs

fresh dried dried extracts oils

broilers 0 ++ ++ ++

laying hen + ++ + ++

gooses ++ 0 0 0

turkeys ++ ++ + ++

ducks + 0 0 0

“+” - low efficiency (0-2% improvement);
“++” - desired effectiveness (2.1-5%);
“+++” - high efficiency (over 5%);
“0” - lack of effectiveness or information in the available literature.
Source: [7, 21–25].

Table 4. 
Effectiveness of using herbs in animal nutrition.
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The compounds of plant origin, the so-called phytobiotics, are also applicable in 
animal feeding in order to improve productivity and quality of products of animal ori-
gin. They are considered as natural and safe additives and their multi way action gives 
possibility of their wide use in animal feeding [27]. Particularly effective immunomod-
ulating additives include phytogenic preparations (Echinacea, Aloe and Ginseng) [11].

The effectiveness of herbs applied in their natural forms may differ according to the 
time of harvesting, habitat conditions they grew in, conditions of drying and storage, 
and thus more and more herbal-mineral-aromatic preparations appear in the market. 
These are preparations like BioStrong, Dominal as well as Digestarom, containing essen-
tial oils of peppermint, marjoram, cloves, anise and dill on an inorganic carrier [28].

Many research works confirm favourable influence of herbs on health of birds. 
The use of herbs in animal nutrition results not only from the taste preferences of 
animals, but also due to their influence on the organisms of animals - most often 
they have a therapeutic effect. Knowing the chemical composition and the effect 
of individual substances on the animal’s body makes it possible to use herbs more 
rationally. Plants or parts of plants contain many different substances that actively 
interact with the animal’s organism. The action of active substances in herbs and 
medicinal plants is most often multidirectional. They stimulate the secretion 
of digestive juices, increase appetite and intestinal peristalsis, and improve the 
absorption of nutrients. The advantage is also a positive effect on the body through 
anti-diarrheal, anti-inflammatory, antiparasitic and antipyretic properties [5].

Biologically active substances contained in herbs like essential oils, tannins, gly-
cosides, flavonoids, terpen, mucus, organic acids show various actions: antibacterial 
[29], antiviral, antimycotic, immunostimulating [30] and antistress [24]. Many 
active substances contained in herbs improve taste and flavour values of products 
of animal origin, and first of all discolour egg yolks, as well as bond mycotoxins [5]. 
In poultry prophylaxis and treatment herbs may be used as entire plants or their 
particular parts only: in a fresh and dried form, in the form of infusions, brews, 
essences, extracts, macerates and essential oils [25].

Arczewska-Włosek and Świątkiewicz [31] inform that thanks to the properly 
selected herb extracts added to the fodder mix there is a possibility of replacing 
coccydiostatics. It has been proved that the mix of sage extracts (Salvia officinalis), 
garlic (Allium sativum), purple echinacea (Echinacea purpurea), thyme (Thymus 
vulgaris) and oregano (Origanum vulgare) had a positive influence on production 
results of birds infected with oocysts Eimeria sp.. According to Majewska et al. [32], 
herbs introduced to poultry diet may lower cholesterol concentration in blood and 
thus affect positively birds’ health. Hipocholesterolemic effect results from the 
fact that chemical compounds contained in plant essential oils, e.g. citral, geraniol, 
cineol, menton, menthol, fenchon, borneol, fenchyl, may cause inhibition of 
liver enzyme activity (reductase HMGCoA), that controls quantity of synthetised 
cholesterol and thus lowers its concentration in blood [24, 33].

Phytogenic feed additives may also improve fodder taste and thus increase its 
intake and improve production results, including fodder consumption and use 
and growth of poultry body mass [27]. Unambiguous confirmation of the positive 
effect of herbs on production results of broiler chicken is still problematic, since 
obtained results are often contradictory. Kwiecień et al. [22] and Kwiecień and 
Winiarska-Mieczan [23] proved positive influence of herbs on hen broiler body 
mass but Brzóska et al. [7] and Gardzielewska et al. [28] drew different conclusions. 
Gardzielewska et al. [28] examined influence of application of Digestarom prepara-
tion and charcoal on quality of fresh meat and after 4-month storage frozen. Tests 
were conducted on broiler cocks Ross 308. In result of the tests it has been proved 
that Digestarom preparation resulted in brightening of muscle colour, substantially 
bigger acidification, increasing of losses of meat juice both during defreezing and 
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cooking, worsening of sensorial properties of meat and bullion, as well and increase 
of cholesterol level. It was also proved that the addition of Digestarom prepara-
tion affected adversely the majority of tested meat properties after defreezing and 
cooking. However, the addition of charcoal affected positively the reduction of 
meat losses after storage and cooking and sensorial assessment of cooked meat and 
bullion.

Adequate feeding of broiler chicken may, to a certain extent, control fat content 
in meat and modify its composition leading to the product of desired nutrition and 
dietetic features. Phytogenic fodder compounds, including resin Boswellia serrata 
are helpful in this matter. In the tests conducted by Kiczorowska et al. [34] it has 
been proved that the application of Boswellia resin in feeding broilers decreased 
content of C14 and C18:3 acids and increased total KTJN in the fat of breast mus-
cles. However, its use in ecologic fodders resulted in increasing quantity of C18:3 
acid in the fat of chicken breast muscles.

Broiler chicken show lower resistance to environmental factors and higher 
sensibility to stress states what affects negatively their productivity and health [35]. 
At present growing attention is paid to the possibilities of using herbs in counteract-
ing stress situations during breeding.

From many plants of immunomodulating activities the best known are certain 
species of echinacea (Echinacea purpurea, E. angustifolia, E. pallida). They come 
from The North America where they have been applicable as medicinal herbs 
for ages. The immuno-stimulating property of echinacea covers various kinds of 
resistance and it is a representative of actions of many substances contained in this 
plant, i.e. coffee acid derivatives (coffee acid, quornic acid, echinakozide, verbas-
soside and others), non-starch polysaccharides (heteroxylans, arabinoramnoga-
lactans), alkaloids (mainly isobuthyloamides) and essential oils and flavonoids. 
Immunomodulating properties of echinacea were duly documented in clinical tests 
on human and in model tests on rats and mice [11].

Ginseng (Panax ginseng) contains active substances of actions stimulating 
phagocyte activity of macrophages, activity of NK cells, production of relay 
cytokines and IgM and other immunoglobulins, as well as T lymphocyte prolifera-
tion. In experiments with chicken for slaughter infected with Salmonella gallinarum 
bacteria, application of a preparation with ginseng in drinking water reduced 
rate of death, extent of liver infection and number of birds in droppings of which 
cultures of tested bacteria were found [11, 36].

In tests on turkey hens for slaughter a preparation containing active substance of 
aloe, chokeberry and vitamin C increased total quantity of leucocytes and activity 
of lysozyme in blood, and phagocyte activity of leucocytes against Staphylococcus 
aureus bacteria. At chicken infected with Salmonella gallinarun bacteria or virus 
of supposed poultry pest the addition of aloe reduced rate of death and increased 
synthesis of IL-6 [11, 37].

6. Protein rich feed additives

Fodder quality and especially quantity and quality of proteins contained therein 
are of a basic importance in animal feeding. Protein is a component necessary for 
proper growth and functioning of an animal organism. Its use is optimum if the 
amino acid composition and mutual proportions of amino acids correspond to the 
needs that depend on production group, gender, age and body mass of animals [10].

In feeding hens the grain corns are basic being the main source of energy. Grain 
may constitute 40 to 80% of the dose. Not all grains, however, are recommended. 
In the poultry diet the first amino acid limiting growth is methionine together with 
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cystine. The majority of raw fodders is of a big shortage of methionine. It is an 
important problem for farmers since thanks to methionine the animal organisms 
are able to produce creatine, choline or epinephrine. Each excess of amino acids 
is eliminated from the organism in the form of ammonia, and that is why it is so 
important that the supplied proteins were of full value. Loss of this valuable compo-
nent results in production cost growth and increases environmental contamination 
in result of emission of nitrogen to soil, ground waters and air [10].

Rich chemical composition of lucerne concentrate, high content of proteins, 
amino acids, dyes, vitamins, mineral components, energy and other active sub-
stances results in its application in animal feeding as plant fodder additive (phyto-
biotic) instead of the withdrawn antibiotic growth stimulators [38, 39]. Biologically 
active compounds contained in lucerne concentrate support immune and haema-
topoietic system of fed animals [38, 40]. In tests with feed additive Polisavone, 
extract from lucerne, it has been proved that it increased resistance and lowered 
the content of lard fat at chicken but did not increase body mass growth and fodder 
use by these birds [40]. The studies of Ognik and Czech [41] have proved that the 
addition of lucerne concentrate (PX) to turkey diet resulted in a total growth of 
antioxidation capacity and growth of vitamin C and copper in blood of these birds.

Goronowicz et al. [42] assessed selected physical and chemical features of breast 
muscles of chicken for slaughter from ecologic and intensive breeding. Compound 
feed with additives for chicken of ecologic breeding was prepared according to the 
criteria, it was poorer as regards basic nutrition components. It contained less pro-
teins and metabolic energy. In result of tests it was proved that muscles of chicken 
for slaughter of ecologic breeding were characterised with good nutrition value 
(more proteins, less fat) and they were of a darker colour, what may be a desirable 
feature for many consumers. However, high pH24 of breast muscles of chicken of 
ecologic breeding indicates that their meat may be vulnerable to microbiological 
infections and may be stored for a short time only. Moreover, it needs more force for 
cutting what may indicate that it has to be subject to a longer thermal processing.

Algae may be an interesting protein additive in poultry feeding. Algae may be 
obtained from natural sources or cultivated in artificial ponds, e.g. phototrophic 
microalgae. The most popular alga is spirulina, used in many countries as an 
additive to food for people and animals due to its big nutrition value. Spirulina 
(Arthrospira platensis) belongs to unicellular microalgae living in natural or arti-
ficial water reservoirs. Tests proved that adding microalgae to fodder in poultry 
feeding increase content of unsaturated fatty acids (NNKT) and carotenoids in egg 
yolks. The best results were noted in a group of 10% additive of algae in which the 
biggest growth of body mass, decrease of fat content in blood and liver were noted, 
as compared to control group [21].

7. New generation of protein rich feed additives (insect and fly protein)

The poultry production market is expected to grow constantly and dynamically. 
This fact results from, among others, high nutritive value of products (meat, eggs), 
their relatively low price and lack of consumption contraindications resulting from 
religious limitations. Moreover, in the time of global warming, poultry is character-
ised with a relatively low emission of greenhouse gases, as compared to other farm 
animals. However, intensification of poultry production needs increasing supply of 
various protein sources in the diet [43].

Recently, the use of various species of insects as the source of protein and fat in 
poultry feeding has been noted. In many countries, including Asia, Africa and Latin 
America, invertebrates constitute common source of protein in fodder mixes for 
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farm animals [44]. Nutrition specialists, looking for new unique protein sources to 
be used in broiler feeding, conduct studies on influence of share of flours (meal) 
made of insect larvae on productivity of chicken for slaughter and on development 
of microbiome in their intestines [45]. Józefiak and others [45] consider insects as a 
valuable alternative source of proteins and fat in poultry feeding, as a substitute of 
expensive fodders rich in proteins. Insects may supplement fodders like soya, maize 
(corn), cereals or fish meal. The production of meal (flour) from insects is ecologic 
because it does not use water; it is characterised with low emission of greenhouse 
gases and processing of raw materials of low value into valuable proteins. The chemi-
cal composition of various species of insects is highly differentiated and thus it needs 
standardisation of production processes of meal that, added to broiler fodders, has no 
influence on breeding results significantly modifying microflora of their gastrointes-
tinal tracts [45, 46]. The concentration of nutrients in the meal supplemented with 
insects depends on their developmental stage, production conditions and composi-
tion of feed and substrates on which they are grown. Insects can play the Essentials 
role in animal nutrition, therefore studies on their nutritional value are required [2].

The composition of meals made from insects depends on insect species, their 
development stadium, production conditions, fodder composition and components 
of substrate they were bred on. Protein content in meal made from insects varies 
from 40–60%. Insect protein characterises with high digestibility (ca 85%) and 
its amino acid composition is more favourable than that of cereal proteins. Insect 
larvae contain also more fat than cereals or leguminous plants and thus they form 
a good source of energy. This fat is highly digestible and has a favourable profile of 
fatty acids (Table 5) [47].

Item Gryllus assimilis Musca domestica) Hermetia 
illucens

Tenebrio 
molitor

Blatta 
lateralis

Imago subimago pupae larvae larvae larvae nymph

Per kg DM

Gross energy [MJ] 21.5 19.3 20.1 20.24 22.1 26.8-27.3 —

Crude fibre [g] 70 94 157 16-86 70 51-88 86-89

ash [g] 64 54 55-98 31-173 146-284 10-45 46-54

Phosphorus[g] 8.0 8.6 — 9.2-24.0 6.4-15.0 4.4-14.2 0.6-0.7

Calcium [g] 9.9 3.1 — 3.1-8.0 50.0-86.0 0.3-6.2 0.2

Crude protein [g] 564 638 630-762 380-604 411-450 451-603 543-734

Crude fat [g] 238 168 144-161 90-260 150-350 250-431 176-261

Fatty aids per kg fat

SFAs [g] 351 352 476 417 749 229-334 28.7

MUFAs [g] 298 261 307 314 155 407-536 46.3-50.2

PU As [g] 336 369 291 399 74 254-323 138-219

Total PUFA n-3 
[g]

22 17 — — 2 2-4 1-11

Total PUFA n-6 
[g]

314 352 — — 23 81-93 35-207

Source: [2, 43–45].

Table 5. 
Nutrient composition of different insect meals.
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In tests on feeding of chicken for slaughter the test results concerning use of 
larvae of domestic flies are available. Test results show that addition of these insects 
in a mix may reach up to 25% without unfavourable effect on growth of body mass, 
fodder consumption and fodder use coefficient. High digestibility of amino acids 
was noted, in 95% at turkeys and in 91% at chicken for slaughter fed with meal from 
domestic fly larvae [43].

Insects’ capacity of synthetising of anti-microorganism peptides encourages to 
use them in feeding of farm animals. High level of biocidal peptides (defensins) 
may play potential role of improvement of health and animal welfare. Józefiak and 
others [45] proved that a relatively small addition of Shelfordella lateralis (up to 
0,2%) of peptides dried in low temperature (50°C) improved growth of body mass 
of chicken for slaughter. The obtained results suggest that addition of these insects 
may have influence on numerical amount of chicken intestinal microflora popula-
tion and thus act anti-bacterially.

The published results concerning application of insect meal show that insects 
have a big potential in animal feeding. As a protein source they have an  
adequate amino acid profile. Histidine, lysine and tryptophan are limiting amino 
acids that may be included in the diet. Moreover, it is necessary to make assess-
ment of profiles of amino acids of other insect species in order to select species of 
the best amino acid profile or improve the profile using genetic methods.  
In order to introduce insects as fodder component in the food chain (fodder 
chain) additional studies concerning their nutritive value, level of introduction 
in diets and functional properties of this kind of fodder ingredient are  
necessary [2, 48].

At present an insufficient supply of insects, i.e. lack of professional high 
productivity farms as well as impossibility of guaranteeing constant deliveries, is 
an important barrier in the use of insect meals in animal feeding. Lack of  
technologies dedicated to insect production results in the cost of production 
being at present too high to compete with the currently used protein sources. 
However, the works on implementation of new fodder materials, i.e. insect  
meals in full proportions for farm animals including poultry are on the way 
and their expectations are promising [43, 48]. There are also concerns about 
the safety of the food that uses insect meal for animal nutrition. It is currently 
unclear whether insect protein contains viruses or prions. Some researchers are 
not sure if any heat treatment can neutralise these factors. Virologists are also 
not of the same opinion on this point. Therefore, further research is needed in 
this area.

8. Main conclusions

1. The use of feed additives to improve the efficiency of growth and/or eggs pro-
duction, prevent disease and improve feed utilisation is a strategy to improve 
the efficiency of the poultry industry.

2. The use of feed additives in poultry production is inevitable and results from 
breeding progress, shortening the time of breeding, resulting in increased 
susceptibility of birds to environmental and nutritional conditions.

3. The additives available on the market should be used in accordance with 
the manufacturers’ recommendations and the grace period should be ob-
served in order to obtain the expected production results and a high-quality 
product.
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4. The feed additives with immunomodulatory properties constitute a valuable 
supplement to the feed mixtures for poultry.

5. Promising results relate to the use and implementation of insect meal for poul-
try. Further research is needed on their nutritional value, levels of incorpora-
tion into diets and the performance of this feed ingredient.

8.1 Suggestions for practice

1. The growing global demand for poultry meat and changes in consumer prefer-
ences as regards the quality of poultry products have an impact on the modifi-
cation of feeding methods and composition of poultry feed mixtures.

2. Adopting appropriate strategies for the production of broiler meat without 
antibiotics presents challenges in terms of food safety and chicken welfare.

© 2021 The Author(s). Licensee IntechOpen. 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. 
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Chapter 2

Phytogenic Feed Additives as An 
Alternative to Antibiotic Growth 
Promoters in Poultry Nutrition
Jet Saartje Mandey and Florencia Nery Sompie

Abstract

Phytoadditives in animal nutrition have attracted a lot of attention for their 
potential role as alternatives to antibiotic growth promoters. Phytoadditives are feed 
additives originated from plants or botanicals that are used in poultry nutrition. 
This chapter provides an overview about the potency of alternative additive from 
plants as a basis for exploring it as a phytoadditive for poultry. These substances 
are derived from herbs, spices, and other plants and their extracts. They are natu-
ral, less toxic, residue free and ideal feed additives for poultry when compared to 
synthetic antibiotics. There efficacy of phytogenic applications in poultry nutri-
tion depends on several factors, such as composition and feed inclusion level of 
phytogenic preparations, bird genetics, and overall diet composition. Addition of 
100 mg/kg feed essential oils consist of carvacrol, thymol and limonene in matrix 
encapsulation improved performance and apparent ideal digestibility of nutrients 
of broiler chickens. Besides enhancing performance, phytogenic also has antioxi-
dant, the effects of which are associated with essential oils (EOs) and their compo-
nents. Administration of eucalyptus and peppermint oil blends by oral (0.25 ml/L 
drinking water) and spray route (0.1 ml/20 ml water) reduced Newcastle disease 
infection in broilers. Phytoadditives have antimicrobial, antifungal, antiviral, 
antitoxigenic, antiparasitic and insecticidal properties. The benefits of using phy-
toadditives in poultry nutrition are increased feed intake, stimulation of digestion, 
increased growth performance, reduced incidence of disease, improved reproduc-
tive parameters, feed efficiency, profitability. Based on the latest scientific findings 
presented in this chapter, the following main conclusions have been drawn that 
phytomolecule and that bioactives have potential to be developed as an alternative 
additive for poultry, and that promote health.

Keywords: antioxidant activity, nutrition, phytoadditive, phytogenic,  
broiler chickens, layers

1. Introduction

All animals need to receive a nutritious diet in order to maintain good health 
and production. Diets for poultry generally consist of cereal grain and a protein 
sources. The nutritional quality of a feed depends on feed presentation, antinutri-
tional factors, microbial contamination, palatability, digestibility, and intestinal 
healthfulness, and a variety of feed additives are important too.
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Feed additives are nonnutritive products added to the based diet, and are 
minor components of the animal diet. Feed additives are products used in animal 
nutrition for the purposes of improving the quality of feed and the quality of 
food from animal origin, improve the animal’s performance and health, e.g. 
providing enhanced digestibility of the feed materials. Feed additives promote 
ingestion, absorption, assimilation of nutrients, growth, and health by affecting 
the physiological processes, such as immune function and stress resistance. Feed 
additives include immunostimulants, prebiotics, probiotics, acidifiers, essential 
oils, or others. Some of the commonly feed additives in animal diets include 
enzymes, pro- and prebiotics, antioxidants, antibiotic growth promoters, and 
coloring agents. These ingredients are aimed to enhance digestibility or avail-
ability of nutrients, improve animal gut health and food product quality, and 
promote environmental protection.

Alternative feed additives (phytogenic feed additives = phytoadditives) derived 
from herbs, spices or aromatic plants are have gained considerable attention in the 
recent years (Figure 1). Phytogenics were classified according to botanical origin, 
processing, and composition. For example, phytogenic feed additives like herbs 
and non-woody flowering plants have medicinal properties; spices, herbs with an 
intensive smell or taste, commonly added to human food; essential oils, aromatic 
oily liquids derived from plant materials such as flowers, leaves, fruits, and roots; 
and oleoresins, extracts derived by non-aqueous solvents from plant material. This 
chapter aimed to review the phytogenic feed additives as an alternative to antibiotic 
growth promoters in poultry nutrition.

Figure 1. 
Several alternative Phytoadditive from herbs, spices, and aromatic plants.
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2. Phytogenic feed additive in poultry

Phytogenics, also referred to as plant secondary metabolites, phytochemicals, 
phytobiotics or botanicals, are plant-derived products/extracts and include a wide 
range of substances such as herbs, spices, and essential oils reported to exhibit growth 
promoting and/or therapeutic properties [1, 2]. The use of phytogenics as an alternative 
prevent the risk of pathogens resistant to antibiotics in poultry. The ability of phyto-
genics to contribute to the health of poultry production is well documented, however, 
the exact mechanisms by which phytogenic exerts its effects remain speculative [3, 4].

Plant derived products are residue-free unlike synthetic antibiotics and are also 
considered safe to be used as the ingredients in the food industry as well as in animal 
diet as an ideal growth promoter. The herbs and plant extracts used as feed additives 
include many different bioactive ingredients such as alkaloids, bitters, flavonoids, 
glycosides, mucilage, saponins, tannins phenolics, polyphenols, terpenoids, poly-
peptide, thymol, cineole, linalool, anethole, allicin, capsaicin, allylisothiocyanate, 
and piperine [5]. The effects expected of herbs and plant extracts are also various. 
Other factors that influence the potency of the phytogenic may include the plant 
parts, the genetic, age and harvest time of the plant, and extraction method [6].

The concerns about antibiotic resistance cause it to explore alternatives antibiot-
ics which have growth-promoting effects. This antibiotics as feed additive is expected 
not to induce resistance to bacteria and have no potential side effects to animals. 
Some feed additives, pro/prebiotics, organic acids, enzymes and phytogenics, are 
used as a replacement for AGP [7–10]. Phytogenic feed additive has been reported 
to enhance performance, feed conversion ratio, carcass meat safety and quality in 
animals [9, 11]. Besides enhancing performance, phytogenic also has antioxidant 
property, the effects of which are associated with essential oils (EOs) and their 
components [12]. Phytogenic has beneficial effects on nutrient utilization possibly 
by stimulating digestive enzymes and improves gastrointestinal morphology [10].

Several alternatives to AGP have been proposed, such as organic acids, probiot-
ics, herbs and herbal products. Organic acids and medicinal plants as natural feed 
additives are recently used in poultry diet to enhance the performance and the 
immune response of birds. Yang et al. [13] reported that the lipophilic nature of 
phytogenic compounds limits the efficient delivery of these compounds to the gut. 
This problem could be resolved by microencapsulation and combination with other 
compounds. Hafeez et al. [14] reported that 100 mg/kg feed essential oils matrix 
encapsulation with active ingredients carvacrol, thymol and limonene improved 
performance and apparent ideal digestibility of nutrients of broiler chickens.

The use of feed additives to improve the efficiency of growth, eggs production, 
prevent disease and improve feed utilization is a strategy to improve the efficiency 
of the poultry industry.

The use and development of enzymes, phytogenics, prebiotics and probiotics has 
gained momentum in poultry feeding. Enzymes are of interest to improve nutrients 
digestibility, particularly in young animals. Phytogenics are an alternative to in-feed 
antibiotics to prevent the risk of developing pathogens. Probiotic which is consist of 
one single strain or a combination of several strains of bacteria, and prebiotics which 
are non-digestible food ingredients, such as fructooligosaccharides, xylooligosac-
charides, mannanoligosaccharides and galactooligosaccharides, are also used in feeds 
to protect poultry against pathogens. Needs to be understanding how these additives 
can be used to improve the efficiency of poultry production [15]. In Figure 1 showed 
the several alternative phytoadditive from herbs, spices, and aromatic plants.

According to Abudabos et al. [16] dietary supplementation of different feed 
additives in 10 treatments (Table 1) improved growth performance and gut health 
by mitigating the negative effect of the disease.
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Antimicrobial growth promoters (AGPs) are the most frequently used chemical 
agents, which enhance feed conversion ratio and reduce chicken mortality [17]. 
The use of AGPs has been associated with acquired resistance and meat residues 
that jeopardize human health [18]. Consequently, in many advanced countries, the 
unlimited use of these AGPs has been discouraged, therefore, the poultry producers 
are looking for alternative to antibiotics such as phytogentics [16, 19]. These natural 
products mostly originate from plant sources are potent source of improved growth 
performance and health in broilers [20–22]. Plants derived extract, polyphenol and 
oils enhance the absorption of nutrients, secrete the digestive enzymes, improve the 
immune response and antioxidant status in broiler [23].

The essential oils (EOs) present in phytogenic feed additive (PFA) contain most of 
the bioactive substances of the plant which include carvacrol, eugenol, thymol, cap-
saicin, cineole and so on are well known for their antibacterial, antifungal, antiviral 
and anticoccidial properties [24, 25]. In a study, supplementation of phytogenic feed 
additive 250 mg/kg EOs of thyme and anise improved growth performance, reduced 
blood total cholesterol, and also inhibited C. perfringens and E. coli prolification in 
small and large intestines in broiler chicks under oral C. perfringens 5 mL (107 cfu/
mL) culture challenge [26]. Administration of eucalyptus and peppermint oil blends 
by oral (0.25 mL/L drinking water for 12 hours/day) and spray route (0.1 mL/20 mL 
water/10 birds) reduced Newcastle disease infection in broilers [27].

Since long time herbal and traditional plants had been used to prevent and 
control many diseases and health problems on a small scale such as in heavy metals 
toxicity [28, 29], ectoparasites [30], reproductive and renal toxicity [31, 32], heat 
stress [28, 29], and viral disease [33, 34]. People in the world are now aware of 
the advantageous use of natural derived products such as and botanicals [33, 35]; 
microalgae [36–43], and rare earth elements [42], over synthetic drugs and chemi-
cal in term of lower cost, toxicity and adverse effects and very low resistance [44]. 

Treatment p Value

FI(g) BWG (g) FCR PEF Villus 
height 
(μm)

Villus 
width 
(μm)

Total area 
(mm2)

Negative 
Control

0.0001 0.0001 0.0001 0.0001 NS 0.0001 NS

Positive 
Control

T1

T2

T3

T4

T5

T6

T7

T8

T1: Maxus; T2: CloSTAT; T3: Sangrovit; T4: CloSTAT +Sangrovit; T5: Gallipro Tect; T6: Saccharomyces boulardii; 
T7: Oregano; T8: Varium.

Table 1. 
The effects of treatments on feed intake (FI), body weight gain (BWG), feed conversion ratio (FCR), body 
weight (BW), performance efficiency factor (PEF), villi height (L), width (W), and villi total area (TA) of 
broiler chickens [16].
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Herbal medicine is gaining more importance in the anti-influenza research owing to 
their widespread availability and easy application in the diet [45].

Interesting in alternative products with antibacterial or anti-inflammatory 
activities has increased. Such products usually searching for among secondary 
plant metabolites, are flavonoids [46, 47]. Flavonoids are the largest and the most 
important single group of polyphenols. Molecular mechanisms of polyphenol 
health-promoting properties were related to their antioxidant properties [48]. 
Natural substances (flavonoids, polyphenols and isoflavones) in plants present an 
anti-inflammatory and antioxidative activity. Inflammatory reactions play a role of 
many conditions related to respiratory system [49].

The poultry industry plays a vital role in supply of healthy meat products to the 
public. Botanical extract were positively influenced broiler physiology, improved 
meat quality aid health-beneficial meat production shown by the higher meat con-
tent of essential amino acids, lower meat levels of saturated fatty acids and higher 
level of UFA, MUFA, PUFA, and omega-3 and optimal fatty acid ratios. These natu-
ral botanical antioxidants are good modulators of amino acid and fatty acid contents 
in broiler meat [50]. The supplementation of plant-derived (basil and chamomile) 
rich in antioxidant compounds in broiler feeds improved growth parameters in 
broiler chicks and had blood lipid-lowering effects by reduced serum levels of total 
lipids, triglycerides, and cholesterol [51]. Hashemipour et al. [52] reported dietary 
supplementation of phytogenic product containing an equal mixture of thymol 
and carvacrol at 4 levels (0, 60, 100, and 200 mg/kg of diet), thymol + carvacrol 
enhanced BW gain and feed efficiency, and reduced feed intake. Also, the addi-
tive increased antioxidant and digestive enzyme activities and improved immune 
response, which may beneficially affect health and performance of broiler chickens.

For the alleviation of diseases, modulation of immune response has been great 
pointed to researchers [53]. The supplementation of poultry feed with anise as 
reported to improve lymphocyte counts [54]. The increase in IgG in broilers was 
noted with the inclusion of 0.1% of herb mixture consisting Phlomis umbrosa Turez, 
Cynancum wilfordii Hem, Zingiber officinale Rosc and Platycodi radix in broiler [55].

Some studies reported that administration of Withania somnifera extract 
10–30 g/L to broiler chicks improve their feed intake, body weight gain, hemato-
logical profile and immunological status [56]. That W. somnifera root extract has 
antiviral property against Infectious Bursal Disease Virus [57]. Studied on the 
immunomodulatory potential of the herbs such as W. somnifera, T. cordifolia and A. 
indica were suggested to combat depressed hematological parameters and stunted 
growth in chicks during chicken infectious anemia virus (CIAV) [58].

Alhajj et al. [59] reported that supplementation 1 or 2 g of star anise/kg of diet 
improve body weight, daily weight gain and feed conversion ratio. Supplementation 
6 g kg−1 had higher antibody titers against NDV and IBV whereas the diet contain-
ing 1 g kg−1 had the highest antibody titers against IBDV. That Chinese star anise 
could be used as a natural additive to improve the immune responsiveness and 
performance of broiler chickens. A heat-stable encapsulated essential oils consisting 
of 4.5 g cinnamaldehyde and 13.5 g thymol in the diet could substitute zinc bacitra-
cin and resulted in enhanced growth performance, production efficiency index and 
immune responses of broilers [60].

3.  Impact of phytoadditives on the composition of digesta and its 
consequents on health status and performance of birds

Gut microbiota and their metabolic products improve nutrient digestion, absorp-
tion, metabolism, and overall health and growth performance of poultry [61]. 
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Antibiotics are either synthetic drugs or are obtained from natural sources are used 
to kill or inhibit the growth of microorganisms in a broad sense, but these antibiot-
ics also play some beneficial role in the gut. Administering 0.8 mg amoxicillin per 
bird per day in drinking water for a period of 24 h to the normal early life microbial 
colonization of the jejunum in 1-day old chickens is important to early life microbial 
colonization of the gut in relation to immune development and to modulate the early 
life colonization of ‘beneficial’ microbiota [62]. Because antibiotics reduce the gut 
microbiota and their toxic metabolites, antibiotics have been widely incorporated 
into the poultry industry for decades. Now, the use as the prophylactic dose in animal 
feed has been banned in some jurisdictions [61].

Feed additives that can modulate the broiler gastrointestinal tract (GIT) and 
provide benefit to bird performance and health have recently received more interest 
for commercial applications. They can also limit foodborne pathogen establishment 
in bird flocks by modifying the gastrointestinal microbial population. Prebiotics 
are known as non-digestible carbohydrates that stimulate the growth of beneficial 
bacteria, thus improving the overall health of the host. Other gut activities occur 
due to the presence of the prebiotic, including generation of short-chain fatty acids 
and lactic acid as microbial fermentation products, a decreased rate of pathogen 
colonization, and potential bird health benefits [63].

The emergence of antibiotic resistance in pathogens identified as public health 
risks has led to the curtailment of routine antibiotic supplementation for agricul-
tural use and outright banning in some parts of the world [64, 65]. A wide range 
of feed additives have been explored for potential application in poultry including 
phytobiotics, organic acids, probiotics and prebiotics, and these have been exten-
sively discussed in a number of reviews [66–70].

Prebiotics, as being indigestible by the host, are hydrolyzed and utilized by the 
GIT microorganisms present in various compartments of the avian GIT. Dietary 
fibers as undigested dietary material generally transit through the upper parts of 
the GIT and reach the ceca as substrates for the resident cecal microbial popula-
tion [71]. Foodborne pathogens such as Salmonella can also reside in the ceca and 
the production of SCFA would presumably be antagonistic to their presence [69, 
72]. The ceca have several potential roles associated with bird function, including 
electrolyte and water reabsorption [71].

To improved GIT and host health benefits, prebiotics offer a dietary means 
to select for GIT bacteria that can potentially serve as a barrier for colonization 
by foodborne pathogens such as Campylobacter and Salmonella [72–74]. Low 
energy content in the diet can decrease broiler performance, lower AME value 
and nutrient digestibility. Supplementing phytonutrients to a low energy diet can 
maintain FCR thus increase economic profit of broilers apparently via improved 
gut health [75].

Phytogenics and probiotics have the ability to stabilize the intestinal environ-
ment and provide positive advantages to the colonization and proliferation of 
Lactobacilli and reducing pathogenic organisms. Also the use of medicinal plants 
is safer and cheaper. It could also serve as a way of bridging the gap between food 
safety and production as well as reducing mortality in animals [76].

3.1 Impact of phytoadditive on digestibility of nutrients

Beneficial effects on nutrient digestibility using different phytogenic feed 
additive (PFA) in some previous researches have been observed in poultry [10, 77]. 
The reason for improvement in nutrient absorption may be partly explained due 
to stimulation in secretions of saliva, bile and enhanced enzyme activity [78]. The 
improved nutrient digestibility consequently enhances the health status of animals.
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The inclusion of 100 and 200 mg/kg thymol and carvacrol in broiler chickens’ 
diet improved villus surface, villus height, villus height to crypt depth and mus-
cular layer of jejunum and ileum [52]. The addition of Euphorbia hirta (7.5 g/kg) 
increased the villus height compared to the control birds [79]. The dietary supple-
mentation with 2.0 and 2.5% of Boswellia serrata resin to broiler led to a significant 
increase in the length of the duodenum and total intestine [80].

Feeding broilers a diet supplemented with 200 mg/kg EO from peppermint led 
to the increase of crude protein digestibility [81]. Pirgozliev et al. [4] defined that 
phytogenic did not affect dietary ME, but caused a significant improvement in the 
utilization of dietary energy, which did not always relate to growth performance. 
Inclusion of menthol and anethole meal at 150 mg/kg in diet had no effect to 
performance and apparent ileal absorption of phosphorus, however, addition of 
essential oils of caravacol, thymol, and limonene in encapsulated form 100 mg/kg 
improved performance and apparent digestibility of nutrients in broilers possibly 
due to improved secretion of digestive enzymes [14]. Mandey et al. [82] (Table 2) 
reported that broiler chickens which got gedi leaves juice in drinking water had the 
value of AME for 20 and 30 ml/L were significantly lower than control diet and 
10 ml/L.

Several studies documented the use of PFA as a growth promoter [83, 84]. The 
supplementation of fenugreek seeds (1, 2 and 3%) significantly improved feed con-
version ratio of broiler chickens [85]. Another study reported that supplementation 
of 1 or 2 g of anise seed in broilers diet improved body weight, daily weight gain 
and feed conversion ratio but had no effect on feed intake [86]. The use of herbal 
mixture supplement in diet had a beneficial effect in the treated chicks, improved 
egg productivity, vitality and health condition [87].

Dietary supplementation with thymeoil extract, especially at the level of 
100 ppm, can improve immunological responses of broiler chicks [88]. The 
supplementation of chicken diet with extracts Curcuma and Scutelleria effectively 
decrease gut inflammation and increase chicken performance [89]. Using 2.5% 
wood vinegar in quails diet increased weight gain, decreased feed conversion ratio 
and increased production efficiency factor. Addition of 2.5% wood vinegar in 
quails diet is recommended [90]. Al-Kassie et al. [91] reported that the inclusion 
of mixture of hot red pepper and black pepper at a level of 0.75 and 1% in the diets 
significantly improved the dressing percentage of broilers.

The feed supplemented with thyme essential oil at 100 mg/kg resulted in 
improved dressing yield and cut up parts of carcass viz. breast yield, thigh yield and 

Variables Treatments in Drinking Water (DW) P value

0 mL/L DW 10 mL/L DW 20 mL/L DW 30 mL/L DW

AME  
(Kcal/kg)

2844 ± 81.44c 2775 ± 139.60c 2534 ± 27.90b 2081 ± 108.79a <.001

NR (g) 6.4 ± 0.51 6.1 ± 0.65 4.7 ± 0.11 2.7 ± 0.38

AMEn  
(Kcal/kg)

2788 ± 77.00c 2722 ± 134.20c 2488 ± 28.37b 2057 ± 105.50a <.001

ACP 
Digestibility

55.2 ± 4.29b 62.7 ± 6.61c 54.5 ± 1.22b 34.9 ± 4.70a <.001

ACF 
Digestibility (%)

42.1 ± 5.55b 43.9 ± 9.93b 40.8 ± 1.58b 28.7 ± 5.14a 0.020

Source: Mandey et al. [82]; a,b,c the difference between means with different superscript letters in the same row is 
significant (P<0.05)

Table 2. 
Effect of Gedi leaves juice in drinking water on nutrients digestibility.
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back yield. However, giblet and thigh yield were not affected by addition of differ-
ent doses of thyme oil in broilers diet [92]. Ragaa et al. [93] reported significantly 
higher breast yield and thigh yield in birds fed diet thyme 1 g/kg. The improved 
carcass traits might be due to utilization of nutrient from diet. Amino acids espe-
cially lysine is critical for muscle development such as breast muscle.

Broilers fed diets including EOs in150 mg/kg of the diet significantly boosted 
BWG compared to broilers fed the control diet [94]. The supplementation of EOs 
significantly increased dressing percentage [95]. Yang et al. [6] reported improve-
ments in FCR with EO supplementation. Supplementation of Chinese herbs extract 
in drinking water improve growth performance, blood biochemistry parameters, 
immune organ weight and immune indexes of broiler [96]. Phyo et al. [97] also 
observed the effect of dietary garlic and thyme seed supplementation on the 
production performance and gut microbial population of broiler chickens. The diet 
with cucumber in drinking water up to 30 g per liter water (Table 3) was signifi-
cantly decreased abdominal fat percentage, increased blood LDL-cholesterol and 
feed conversion value, but were no affected to final body weight, giblet, the value of 
blood HDL-cholesterol, and kept the good value of carcass percentage [98].

Aloe vera and clove supplementation improved the dressing percentage and breast 
weight without adversely affecting the meat composition and serum enzymes. These 
can be used as a growth promoter in Japanese quails [99]. The inclusion of medicinal 
herbs, spices, vegetables, plants, seeds, and edible fungi, as ingredients of natural 
origin, in diet of Japanese quail improved carcass and meat quality [100].

The phytobiotics compounds such as alkaloids, anthraquinones, flavonoids, 
tannins, steroids and saponins in guava, avocado and malunggay leaves extract is 
beneficial as alternative feed additives for enhancing the growth of broiler chicks in 
the poultry industry. Thus, could possibly eliminate the chemical residues that may 
cause harmful effect to the health of the consuming public [101].

Besides immune enhancing, antimicrobial, and performance enhancing 
effects, phytogenics also have antioxidant property. The excellent plant derived 

Variables Treatments SEM p Value

0 g CSJ 10 g CSJ 20 g CSJ 30 g CSJ

Feed Intake (g) 2144.64 2048.24 2041.36 2039.78 21.42 .23

Average Feed Intake (g) 76.59 73.15 72.49 72.85 .76 .25

Water Intake (ml) 4285 4298 4279 4290 .71 .56

Slaughter Weight (g) 1249.97 1251.20 1273.60 1300.10 14.21 .59

Weight Gain (g) 1131.89 1137.68 1159.68 1187.78 14.21 .70

Carcass Weight (g) 764.8 787.4 780.8 798.2 9.07 .65

Carcass Percentage (%) 66.78 67.60 67.33 67.74 .34 .80

FCR 1.89a 1.80ab 1.76ab 1.72b .02 .07

Abdominal Fat (%) 2.47a 2.09b 2.05b 1.94b .07 .02

Total Cholesterol 118.4 120.4 118.8 112.0 2.29 0.62

HDL-Cholesterol 94.4 99.8 99.0 99.0 0.89 0.13

LDL-Cholesterol 17.2a 20.6b 29.4c 28.4c 1.28 0.00

Triglyceride 29.8 28.2 24.8 24.2 1.07 0.19

Notes: CSJ = cucumber seed juice; a,b,c the difference between means with different superscript letters in the same row 
is significant (P<0.05).

Table 3. 
Effect of treatments in drinking water on the performance of broiler chickens [98].
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antioxidants are obtained from rosemary, olive leaves, thyme, marjoram, sage, 
oregano, etc. [61]. Some other common herbs, spices and fruits that have anti-
oxidant property are ginger, turmeric, garlic, plum, pine bark extract, berries, 
pomegranate, caraway, cinnamon, clove. The effects of which are associated with 
EOs and their components [102, 103]. The demand for natural antioxidants in 
food is increasing due to their health benefits against oxidative stress and several 
diseases [104–106].

The oxidative stability of meat obtained from broilers, hens or turkeys in a series 
of studies have been reported to increase with the use of dietary supplementation 
of EOs. Dietary supplementation of 100 mg/kg EO blends with 5% carvacrol, 3% 
cinnamaldehyde and 2% capsicum oleoresin as active constituents improved the 
concentration of antioxidants in the liver of broiler chicken [107].

The supplementation of thymol (80 mg/animal/day) helped to reduce fear 
responses in quail when exposed to stressful situations [108]. Study by Ghazaghi et 
al. [109] noted that supplementation of Mentha spicata (1–4%) in the diet improved 
meat quality of Japanese quail. The study on the effects of PFA on egg quality is 
limited and variable. Abdel-Wareth and Lohakare [110] reported that 20 g/kg dry 
peppermint leaves in diet of laying hens can be used as an effective feed additive to 
improve performance.

The use of antibiotics has been minimized and replaced by effective dietary 
supplements such as probiotics and/or prebiotics that are claimed to enhance 
growth and positively modulate the immune response. The economic analysis data 
obtained from probiotic studies in broilers indicated that probiotic supplementation 
may not always be more feasible and economical to obtain maximum profitability 
from broiler production and hence further research in the field is currently ongoing 
[111]. Herbs, spices, and various other plant extracts are being evaluated as alter-
natives to antibiotics and some do have growth promoting effects, antimicrobial 
properties, and other health-related benefits [112].

Phytogenic feed additives should be used as an alternative feed additives in 
poultry production to maximize the overall performance of poultry because of they 
have no side effects, residual effects, non-hazardous and eco-friendly [113].

4. Conclusion

Based on the results presented in this chapter, the following main conclusions 
can be drawn:

1. Phytoadditives are natural, less toxic, residue free and ideal feed additives for 
poultry when compared to synthetic antibiotics.

2. Phytoadditives have antimicrobial, antifungal, antiviral, antitoxigenic, anti-
parasitic and insecticidal properties.

3. Besides immune enhancing, antimicrobial, and performance enhancing ef-
fects, phytogenics also have antioxidant property.

4. The benefits of using phytoadditives in poultry nutrition are increased feed 
intake, stimulation of digestion, increased growth performance, reduced inci-
dence of disease, improved reproductive parameters and feed efficiency.

5. That phytomolecule and that bioactives have potential to be developed as an 
alternative additive for poultry, and that promote health.
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Chapter 3

Phytobiotics, a Natural Growth 
Promoter for Poultry
Magdalena Krauze

Abstract

Genetic advance aimed at accelerating the growth rate of slaughter birds have 
reduced the natural resistance of poultry to infections. It also increased suscep-
tibility to stress, which resulted in deterioration of the welfare and productivity 
of poultry. Additionally, intensive poultry production poses a risk of exposure of 
chickens to unfavorable zoo-hygienic conditions and contamination with pathogens 
from the external environment (bedding, water, feed, hen house staff, sick birds in 
the flock). Due to the potential production losses, measures are taken to improve 
the health and effectiveness of bird rearing, for example by using growth stimulants 
and improving the composition of the gastrointestinal microbiome and improving 
metabolism and the work of the immune system. The addition of phytobiotics to 
feed or drinking water supports digestion and metabolism in the body, stimulates 
the growth and development of a useful microbiome, limits the multiplication and 
adhesion of pathogens, and improves the structure and functioning of enterocytes. 
The aim of this study is to present the health benefits resulting from the use of phy-
tobiotics in poultry production, as well as to make people aware of the dangers of 
incompetent incorporation of herbs into feed mixtures or into drinking water. Due 
to the fact that not all species of animals react equally to a given plant, the selec-
tion of plant materials should be carefully considered and matched to the expected 
benefits. By using phytobiotics you can improve growth and performance of broiler 
chickens, through greatly improve digestion and nutrient assimilation. Plant 
additives can improve health through stimulate immunity and increase resistance 
to stress. Using of phitobiotics improve the quality of meat and eggs, increase the 
weight of valuable parts of carcass (pectoral and leg muscles) and stimulate laying. 
Unfortunately, due to the potentially toxic effect of an excess of certain herbs on 
the work of the liver, and the adverse changes in the palatability of eggs, use caution 
in the use some herbs e.g. of garlic, turmeric, rapeseed, alfa alfa, shiny privet or 
moringa.

Keywords: phytobiotic, plant additive, poultry nutrition, performance and 
metabolism, toxic plants

1. Introduction

The using of plant additives, the so-called phytobiotics, been known to man 
since ancient times, when herbs were used both in the prevention and treatment 
of people and farm animals. Already great civilizations: Egyptian, Chinese, Greek 
and Roman successfully used the specific properties of herbs and plant additives 
[1]. Numerous observations of the animals’ reactions allowed for the use of specific 
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herbs in the treatment of a given disease, as well as eliminating the use of those 
species of plants that are potentially harmful or toxic. At present, the intensive 
development of analytical techniques allows the identification of a whole range 
of biologically active substances in plants, responsible for their beneficial effects. 
In poultry practice can use plant additives, in both fresh and dried, fermented or 
freeze-dried, as well as water or alcohol extracts made on their basis [2]. In poultry 
rearing, in addition to basic nutrients, minerals and vitamins, feed additives are 
successfully used. According to the regulation of the European Parliament and 
of the Council [Regulation (EC) No 1831/2003], a feed additive is defined as “a 
substance, micro-organism or chemical substance intentionally added to a feed 
for the purpose of improving feed properties, meeting nutritional requirements 
of animals, positively influencing genetics and production animal characteristics 
and welfare and to increase livestock production”. One such additive is phytobiot-
ics [Regulation (EC) No 1831/2003]. The phytobiotics can expected to regulate 
digestive processes, support the secretion of digestive enzymes and bile, increase 
appetite, improve the absorption of nutrients and act to support, and also detoxi-
fication of the body. Plant supplements may, however, also act more specifically, 
i.e. inhibit the growth of pathogenic microorganisms, regulate the gastrointestinal 
microbiome, stimulate the immune, reproductive and endocrine systems, have 
antioxidant and antiallergic properties, accelerate wound healing, stimulate blood 
circulation, inhibit inflammation and promote epithelial regeneration intestines 
and intestinal villi, and even improve the quality of eggs or meat. The most of the 
active antioxidants plant, are secondary metabolites bilonging to the classes of 
isoprene, flavonoids and glucosinolates derivatives, and their properties could also 
use to shape the characteristics of food of animal origin. In practice many plant 
substances have been used successfully to improve egg laying, egg quality and meat 
quality [3–6]. The use of antibiotics as growth promoters (AGP) in livestock has 
been banned in year 2005, due to concerns about their residues in animal tissues and 
subsequent induction of bacterial resistance. Accordingly, phytobiotics are gaining 
in importance as possible alternatives to antibiotic growth promoters because they 
are natural, readily available, non-toxic and residue-free [7–9]. The phytobiotics raw 
materials can be herbal extracts or parts of plants (leaves, rhizomes, roots, flowers 
or bark, bulbs, stems, as well as fruits and seeds), in which the accumulation of bio-
logically active substances is greatest. In addition, isolated pure bioactive substances 
are used, e.g. essential oils, dyes (mainly carotenoids, anthocyanins), alkaloids, 
glycosides, phenolic acids, phytosterols, flavonoids, etc. It is worth remembering, 
however, that often the desired effect of phytobiotics is not constant and fully 
predictable in advance [6]. Contradictory results from the use of plant additives may 
result from the natural variability of the composition of plant secondary metabo-
lites, their diversity and environmental conditions for plant growth, harvest time, 
maturity, as well as the method and duration of conservation, storage or processing. 
In addition, the conditions of the analytical method required to obtain the bioac-
tive substances themselves from plants, the method of extracting these substances 
from the plant are important; and possible synergism or antagonism in the case of 
mixtures of substances, or the presence of toxic and anti-nutritional components for 
a given animal species, and also microbiological contamination of plants product  
[1, 6]. Many researchers question results about anti-diarrheal, antiseptic, antimicro-
bial, and anti-inflammatory properties of plants, especially because of the variations 
found in biological indicators in vivo studies. It is important to note that the positive 
effects will depend on the animal species, the productive category, environmental 
conditions, and characteristics of the plant material used [2].

The aim of this study is to present the health benefits resulting from the use of 
phytobiotics in poultry production, as well as to make people aware of the dangers 
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of incompetent incorporation of herbs into feed mixtures or into drinking water. 
Due to the fact that not all species of animals react equally to a given plant, the 
selection of plant materials should be carefully considered and matched to the 
expected benefits.

2.  The influence of phytobiotics on the processes taking place in the 
birds’ organism

2.1  The influence of phytobiotics on growth and performance of broiler 
chickens

The use of plant additives in poultry rearing can improve the absorption, use 
and absorption of valuable nutrients, and also stimulate the immune system. 
Phytogenic feed additives very often improve palatability and feed conversion, 
which in turn can lead to improved efficiency of poultry rearing (body weight, feed 

Plant Used part/
material

Active component Beneficial effect References

Cinnamon 
(Cinnamomum 
zeylanicum)

bark, leaves/ 
cinnamon oil

cinnamaldehyde 
eugenol, phenolic 
and polyphenolic 
substances

improves of appetite and digestion; 
enhances of antioxidant status; 
actions antimicrobial and blood 
purifying; alleviation of adverse 
effect of environmental stress; 
chemopreventive effect

[6, 10–12]

Garlic
(Allium 
sativum)

crushed 
bulbs

allicin, ajoene, 
allyldisulfide, 
vinyldithiin, 
phytosterols, 
mucilages,
pectins, flavonoids

improves immunity by increasing 
the titer of antibodies, stimulating 
the activity of lysozyme and 
increases the phagocytic activity 
of macrophages; chemopreventive 
effect, actions antiseptic and 
alleviate adverse effect of 
environmental stress; improves 
of digestion and the blood lipid 
profile; improve of growth and FCR

[11, 13–16]

Coneflower 
(Echinacea 
purpurea)

leaves root/
dried herb, 
water and 
alcohol 
extracts, root

polysaccharides, 
flavonoids, 
polyphenolic acids - 
mainly chlorogenic 
acid and caffeic 
acid, alkylamides, 
polyacetylenes

immunomodulatory - stimulates 
phagocytic activity of 
macrophages, increases the activity 
of lysozyme, increases the titer 
of antibodies; antimicrobial, 
antitumor, antidiabetic, and 
antioxidant, digestion stimulant, 
improves of growth and FCR

[6, 8, 14, 
17–22]

Moringa
(Moringa 
oleifera)

leaves/
extracts

chlorogenic acid, 
caffeicacid, ascorbic 
acid, flavonoids, 
phenolics and 
carotenoids

improves in egg production and 
decreases FCR; alleviates adverse 
effect of environmental stress; 
improves in egg production and 
decreases FCR; alleviates adverse 
effect of environmental stress; 
antioxidant activity

[2, 10, 
23–25]

Pappermint 
(Mentha 
piperita)

leaves/
powder

menthol, terpenes enhances of appetite and stimulate 
of digestion; causes decrease of 
FCR; it works antiseptic; improves 
in the laying performance, quality 
and freshness of eggs, and an color 
or the chemical composition of yolk

[14, 23, 
26–28]
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consumption, feed conversion, daily weight gain, mortality, etc.) (Table 1) [34]. 
According to Wenk et al. [13], dietary plant extracts strongly stimulate the endocrine 
system and indirect metabolism of nutrients. Many plant additives, including cin-
namon, ginger, garlic, fenugreek, oregano, ribwort plantain, thyme, sage, marjoram, 
echinacea, lemon balm, cumin, peppermint, nettle, chamomile, sea buckthorn, milk 
thistle whether alfalfa, can stimulate metabolism and the absorption of nutrients, 
prevent inflammation of the digestive tract, has a tonic effect, prevent diarrhea, 
improve intestinal immunity and the composition of the microbiome (by competing 
with pathogens, the gut microbiome increase enterocytes permeability and nutrient 
absorption, and creates a protective biofilm that limits or inhibits the colonization 
and multiplication of pathogenic bacteria), has antiparasitic, anti-inflammatory and 
antioxidant properties, which in turn improve the birds’ health. The effect of limiting 
the multiplication and adhesion of pathogens is the improvement of the structure 
and functioning of enterocytes, as well as acceleration of the maturation of cells of 
the intestinal immune system and strengthening of the immune response [14].

Plant Used part/
material

Active component Beneficial effect References

Turmeric 
(Curcuma 
longa)

rhizome/ 
powder

curcuminoids, 
turmerones,

improves the blood lipid profile; 
improves digestion - choleretic, 
increases appetite; action 
antioxidative; anticarcinogenic; 
antihepatotoxic and 
immunomodulatory - stimulates 
the production of interferon; 
chemopreventive effect

[29, 30]

Aloe vera
(Aloe 
barbadensis)

leaves/water 
extracts, 
powder, gel 
powder

anthraquinones
polisaccharides 
(mainly icemannan)
vitamins,
enzymes, salicylic 
acid, anthraquinones 
and lignin, 
aminoacids

immunomodulation - stimulates 
the activity of granulocytes 
and granulocytic enzymes 
(myeloperoxidase, peroxidase), 
increases the titer of antibodies; 
alleviate adverse effect of 
environmental stress; action 
antidiabetic, and antioxidant - 
decreasing the lipid peroxidation 
and increasing the antioxidant 
status; stimulation of digestion - 
improve absorption of nutrients 
from the intestine, improve of 
intestinal microflora; improve of 
performance and FCR; increasing 
and providing protection to the 
vital phisiological organ like liver 
and kidney

[29–33]

Ginger
(Zingiber 
officinale)

roots/ 
extracted 
basic oil

monoterpenes and 
sesquiterpenes

improves body weight gain due to 
stimulation of digestive enzymes 
and improvement of overall 
digestion, inhibits the growth of 
harmful bacteria in the intestinal 
tract due to antimicrobial activity 
lead to assimilation of nutrients, 
improves carcass traits, decreases 
abdominal fat; immunomodulation 
- increases the activity of lysozyme; 
chemopreventive effect

[28]

Table 1. 
Effect of different herbs on the physiological functions and performance of poultry.
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Moreover, the addition of phytobiotics increases the secretion and activity of 
digestive enzymes and the speed of digestion, stimulates the work of the pancreas 
and liver [35]. According to Rao et al. [36] Lee et al. [37] and Jang [38], essential 
oils and plant extracts administered in the feed of broilers, stimulate the secretion 
of amylase, maltase, trypsin and pancreatic lipase. Additive 100 ppm and 200 ppm 
essential oil derived from cinnamon do diet of chickens causes an improvement 
in the live weight gain and the health of broilers and feed conversion ratio (FCR) 
[10]. The addition of garlic or turmeric powder at 0.5% to the chickens’ diet, can 
improve of broiler growth and feed conversion ratio (FCR) and decreased mortality 
rate [11, 15]. The improvement in yield may be related to the presence of various 
important alkaloids that have a positive effect on the health of broilers. For example, 
the sanguinarine is an alkaloid with excellent biological properties [17], positively 
influencing gastric motility, fermentation process and intestinal histomorphology 
[18]. Hernandez et al. [19] showed that the supplementation of diet by Rosmarinus 
officinal is, carvacrol, cinnamonaldehyde and capsaicin can improve feed digest-
ibility in broilers. Aroche et al. [2] suggested that polyphenols, and especially tannins 
obtained from the leaves of A. occidentale, have the ability can bind to saliva lubricat-
ing proteins by hydrogen bonds; therefore, an increase of this metabolite in the diet 
could reduce the passage of the digesta in the gastro-intestinal tract and decrease the 
feed intake by a higher state of satiety in this period. However, an excess of tannins 
can provoke metabolic disturbances leading to an antinutritional influence, such as 
inhibiting the absorption of iron and sulfur containing amino acids causing anemia 
and depression of growth. The addition of calendula or corn to the diet improves the 
color of the broiler carcass, giving the skin a yellow tint. The addition of mint and 
pansy to the chickens diet increases the proportion of unsaturated acids change the 
fatty acid profile in the meat, while hops, nettle and lemon adversely change the fatty 
acid profile in meat, increasing the proportion of polyunsaturated fats [20]. Al-Kassie 
[10]; El-Ghousein et al. [21]; and Najafi et al., [22] showed a very beneficial effect 
of thyme on the efficiency of poultry rearing also. The addition of phytobiotics to 
water or feed also improves egg production, chemical composition and egg quality. 
For example, ginger essential oil or powder ginger (100–150 μl/kg body weight), 
when applied to water or poultry feed, can improve improves laying performance, 
chemical composition and egg quality. The use of plant additives in poultry rearing 
may contribute to increasing the weight of eggs and the thickness and strength of 
their shells, as well as stimulating the laying rate and contributing to the extension of 
the laying period [8, 39, 40]. The addition of garlic powder (1–5%), ginger, mulberry, 
black cumin, black seed, thyme, mentha and goldthread to the diet of laying hens 
increases the weight of the egg, the protein content of the egg and egg yolk antioxi-
dants contain [9, 28, 41–46]. Swain et al. [47] observed that the addition of moringa 
leaf flour to the diet of chickens (5 g/kg) can also increases egg production (increases 
the number of eggs laid and improves their consumption quality). An important 
advantage of using phytobiotics in egg production is also the can improve egg qual-
ity and the vitelline membrane integrity besides enhancing antibody titer against 
Newcastle disease, as well as the color of the yolk and the quality of the protein, and 
eggs’ freshness [42, 48, 49]. In practice, a factor contributing to increasing the yolk 
color intensity in a slow-ranging system is supplementing the diet with plants that are 
a source of xanthophylls, especially lutein, present in pumpkin, marigold, corn ker-
nels, parsley or chives [40, 42, 50]. Supplementing the diet with plant ingredients or 
biologically active substances of herbs can improve the nutritional value of table eggs. 
Often, using phytobiotics in the diet of laying hens can reduces the amount of choles-
terol in the yolk, the excess of which in the diet promotes the development of athero-
sclerosis in humans and stimulates the development of harmful free radical reactions 
in blood vessels. To reduce cholesterol in the yolk worth applying addition of garlic, 
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ginger, black cumin, black seed, nettle, black tea, sage, thyme and mentha [43, 44, 
51–53]. For this purpose, eggs are enriched with polyunsaturated fatty acids, and the 
oxidative stability of the yolk’s lipids is improved. Using of ginger in layer diets can 
also advantageously increase activity of antioxidants enzymes and decreased content 
of MDA (harmful product of lipid peroxidation) and cholesterol in yolk [28, 54, 55]. 
Swain et al. [47] observed that additive of moringa leaf meal to chicken diet (5 g/kg) 
causes decrease of feed conversion ratio (FCR). Cayan et al. [55] observed that olive 
leaf powder added to chicken diet can increase yellowness in yolk color and decrease 
of yolk cholesterol content about 10%. Sunder et al. [56] showed that daily consump-
tion of Indian mulberry (Morinda citrifolia) powder by hens increases the egg weight 
and the thickness of the egg shell. According to Cayan et al. [55] supplementation 
of the diet of laying hens with 0.1 and 0.5% the addition of thyme, improves feed 
conversion and egg production. Santoso et al. [57] reported that supplementation 5% 
addition of papaya leaf extract can improve body weight gain and carcass quality in 
broiler chickens, and increase egg protein content. The scientific literature contains 
also numerous reports indicating that phytobiotics do not significantly affect growth 
performance, feed conversion ratio and the survival rate of poultry but regulate the 
physiological functions of the organism (metabolism, activity of important enzymes, 
the level of minerals or blood composition) [5, 58, 59].

2.2 Influence of phytobiotics on the course of physiological reactions

Phytobiotic additives allow to regulate the course of physiological reactions, 
often conditioned by the activity of appropriate enzymes and hormones, at the 
level of metabolic biochemical changes in cells [5, 59, 60]. Plant additives can also 
improve the course of physiological functions, thus improving the performance of 
birds (Table 2) [14]. The use of e.g. cinnamon oil, garlic, echinacea, narrow-leaved 

Plant Used part/
material

Active component Beneficial effect References

Cinnamon 
(Cinnamomum 
zeylanicum)

bark, leaves/ 
cinnamon oil

cinnamaldehyde, 
eugenol, phenolic 
and polyphenolic 
substances

increase the proportion 
of HDL cholesterol, 
reduction of total cholesterol 
and triacylglycerols 
level, decrease lactate 
dehydrogenase, 
creatine kinase and 
β-hydroxybutyrate 
dehydrogenase activity, 
normalize the activity of 
aminotransferases

[6, 8, 10, 61]

Garlic
(Allium 
sativum)

crushed bulbs allicin, ajoene, 
allyldisulfide, 
vinyldithiin, 
phytosterols, 
mucilages,
pectins, flavonoids

increase of HDL content, 
decrease of total cholesterol 
and triacylglycerols level,

[60]

Coneflower
(Echinacea 
purpurea)

leaves root/
dried herb, 
water and 
alcohol 
extracts

polysaccharides, 
flavonoids, 
polyphenolic acids - 
mainly chlorogenic 
acid and caffeic 
acid, alkylamides, 
polyacetylenes

increase of HDL content, 
decrease of total cholesterol 
and triacylglycerols level

[59]
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lavender, mint, nettle, ginger, oregano and shiny privet in the diet of chickens can 
to reduce the level of triacylglycerols in the blood, increase the proportion of HDL 
cholesterol (due to inhibition of 3-hydroxy-3-methylglutaryl reductase coenzyme 
A, a key enzyme in the synthesis of cholesterol), and also favorably reduce or nor-
malize the activity of aminotransferases [6, 8, 51, 59, 60, 64, 65], as well as lactate 
dehydrogenase, creatine kinase and β-hydroxybutyrate dehydrogenase [6].

Moreover, Krauze et al. [6] thinking, that the increase in NEFA levels in the 
blood of chickens suggests a very beneficial, inhibitory effect of cinnamon oil on 
the synthesis of triacylglycerols, due to the use of glycerol for glucose synthesis in 
the process of gluconeogenesis [66]. Of course, there are many examples of the 
use of plant additives that stimulate physiological reactions in the world literature. 
Fenita et al. [67] declared that adding a 3% addition of noni powder to feed can 
lower cholesterol and triglycerides in the blood of chickens, even below 50%. The 
research concerns various doses, forms and frequency of use, both extracts and 
dried material, or extracted biologically active substances, administered with feed 
or drinking water. It is also important to add that other forms of plant additives also, 
which have recently become very popular, are used for this purpose, i.e. fermented 

Plant Used part/
material

Active component Beneficial effect References

Lavender
(Lavandula 
angustifolia)

the whole 
plant, oil

hydrocarbons, 
alcohols, ketones, 
esters, aldehydes, 
oxides, and ethers 
coumarins and 
organic acids

beneficially effects on lipids’ 
digestion and absorption 
due enhance the synthesis 
and excretion of bile acids 
in the liver, it could improve 
the lipids’ digestion and 
absorption, decrease of total 
cholesterol

[6]

Pappermint 
(Mentha 
piperita)

leaves/powder menthol, terpenes decrease of total cholesterol, 
triacylglycerols, LDL and 
glucose level, increase of 
HDL level,

[14, 26, 27, 62]

Nettle
(Urtica dioica)

leaves, root/
water extracts

organic acids 
carotenoids 
flavonoids tannins 
organic compounds, 
phytoestrogens, 
sterols, fatty acids

improves serum lipid profile, 
decrease of triglycerides and 
total cholesterol in the blood;

[51]

Ginger
(Zingiber 
officinale)

roots/ 
extracted 
basic oil

monoterpenes and 
sesquiterpenes

improves serum lipid profile, 
decreases of triglycerides 
and total cholesterol serum 
features, total protein, 
globulin and antioxidant 
enzymes were elevated

[28]

Oregano
(Origanum 
vulgare)

leaves/oil terpenoids: carvacrol 
and thymol, 
polyphenols

increase of HDL content, 
decrease of total cholesterol 
and triacylglycerols level, 
oxidative stability of the 
produced meat

[63]

Shinyprivet
(Ligustrum 
lucidum)

bark, twigs, 
flowers 
/ water 
decoctions

nuzenide, oleuropein, 
oleanolic acid, betulin

decrease levels of cholesterol, 
LDL cholesterol, triglycerides 
and alanine aminotransferase 
activity, increased blood 
serum level of HDL

[64]

Table 2. 
Effect of different herbs on the biochemical components of poultry blood.
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products, e.g. from soybean or rapeseed, improving the metabolic profile of poultry 
[68, 69]. Research has shown that herbal supplements can also reduce stress in 
poultry. Maryati et al. [70] and Muthmainnah et al. [71] believe that a 5% addition 
of essential oil from basil leaves to chickens improves the hematological profile of 
their blood. Such an additive can be, for example, aloe, which, by reducing the level 
of corticosterone in the blood, reduces the organism’s susceptibility to stress factors 
and improves bird welfare. Moreover, the addition of sage, nettle or lemon to the 
diet of chickens reduces the stress response before slaughter [72].

2.3  Antimicrobial influence of phytobiotics and their influence on intestinal 
morphometry

Among the many plant additives the strongest antibacterial and antifungal 
properties can oils and plant extracts of thyme, echinacea, oregano, sage, garlic and 
cinnamon, rich in polyphenols. [72, 73]. The antimicrobial action of plant bioac-
tive substances (polyphenols, especially flavonoids; and also tannins, coumarins, 
triterpenoids, isoprene derivatives, glucosinolates and alkaloids) is based on the 
disintegration of pathogen cell membrane structures what causing the migration of 
valuable ions from the pathogen’s cell to the external environment, thus reducing 
their virulence [34, 74]. Research by Pasqua et al. [75] it have shown that limonene 
or cinnamic aldehyde can even destroy the structure of long-chain fatty acids in the 
cell membranes of E. coli bacteria. It has been suggested that the hydrophobicity 
of essential oils plays a key role in promoting the penetration of the phospholipid 
layer of the mitochondrial and cellular membrane of bacteria, leading to leakage 
of critical cell components and ions leading to cell death of these pathogens [76]. 
According to Castillo et al. [77] phytobiotics have a probiotic effect, and by selec-
tively regulating the composition of the intestinal microbiota, they help maintain 
the eubiosis state [73, 77]. The results of the research conducted by the research 
team represented by Castillo et al. [77] showed, that a mixture of cinnamaldehyde, 
capsaicin and carvacrol stimulates the increase in the number of lactobacilli in 
the gastrointestinal tract. On the other hand, the results of the research by Jamroz 
[78] indicate that the herbal extract containing 5% carvacrol, 3% cinnamaldehyde 
and 2% capsicum oleoresin causes the formation of a thick layer of mucus on the 
chickens’ stomach wall and jejunum. The formation of such a film reduces the pos-
sibility of the adherence of pathogens to the intestinal epithelium, which reduces 
the number of Escherichia coli and Clostridium perfringens bacteria and fungi in the 
intestines of birds. Stabilization of the intestinal microflora is particularly impor-
tant in the critical periods of the animal production cycle, characterized by high 
susceptibility to health disorders, e.g. during chick rearing, change type of food, 
which is related to the age of birds, or, for example, the creating corals in turkeys. 
The addition of phytobiotics makes the birds less vulnerable to bacteria, toxins and 
other unwanted bacterial metabolites, such as ammonia and biogenic amines [79]. 
According to Puvača et al. [80] a significant number of bioactive substances present 
in essential oils leads to a reduction of the Clostridium sp. population in the diges-
tive tract and poultry feces. Recently, high hopes have been associated with the use 
of preparations based on cinnamon, e.g. bark, powder or oil, containing cinnamic 
acid or aldehyde, stimulating the growth of lactobacilli in the gastrointestinal tract. 
Cayan et al. [55] suggested that supplementation diet of laying hens with 0.1 and 
0.5%, the addition of thyme reduces the content of E. colifecal. The results of the 
research [6] showed that the use of a commercial preparation containing cinnamon 
oil (0.25 mL/L of drinking water) is able to improve the microbiome and mor-
phometry of the small intestine of broiler chickens. Interesting results of research 
on the administration of plant additives were presented by Maryati et al. [70] and 
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Muthmainnah et al. [71] who showed that a 5% addition of essential oil from basil 
leaves administered to the feed can have antibacterial activity against S. aureus and 
E. coli. This oil owes its antibacterial properties to hydrocarbons, alcohols, esters, 
phenols (contains 1–19% of eugenol, iso-eugenol), phenolic ether (contains 3–31% 
methyl clavicol, 1–9% methyl eugenol), numerous oxides and ketones. Another 
valuable plant additive administered with the feed that reduces the production of 
toxic ammonia in the digestive tract of chickens is Yucca schidigera extract, which 
contains numerous saponins. Nazeer et al. [81] claims that such an addition sig-
nificantly reduces the activity of urease in the intestines and feces in broilers fed 
with such an extract. It should be emphasized that the advantage of herbs is the 
selectivity of their antibacterial action, which will not be observed when using 
antibiotics. The antibiotic limits the multiplication of both harmful and beneficial 
bacteria, while the herbal extract used, for example, from cinnamon, thyme and 
oregano, only limits the growth of pathogenic bacteria. It should be noted, however, 
that such an effect is achieved with highly concentrated herbal extracts containing a 
mixture of various bioactive substances [79].

2.4 The influence of plant additives on bird immunity

From plant additives, stimulating the immune system, it is expected to improve 
the immune status, and consequently to streng then, the immunity of animals, 
improve their health and productivity. Plant preparations administered in the diet 
can increase the phagocytic activity of macrophages, increase the titer of antibod-
ies and stimulated B and T lymphocytes, increase the level of lysozyme, stimulate 
the synthesis of interferon or have a chemopreventive effect (see Table 1). Herbs 
that stimulate the immune system include, among others: garlic, Echinacea, cin-
namon, plantain, aloe, arnica, oregano, nettle and ginseng. The substances with 
a strong immunostimulatory effect are mainly: polyphenols, sulfur compounds, 
alkaloids, terpenes, saponins, essential oils and tannins [82]. The main components 
of valuable essential oils are lipophilic, liquid and volatile components, i.e. alcohols, 
aldehydes, esters, ethers, ketones, phenols and terpenes [83]. According to Aroche 
et al. [2], inclusion of mixed powder with Anacardium occidentale (60%), Psidium 
guajava (20%), and Morinda citrifolia (20%) to chicken diet can help with a quick 
immune system response and to improve immunity. This supplement exerts a 
beneficial immune effect, through an increase in the immunoglobulin G (IgG) 
concentration and with a synthesis of appropriate immune cells (macrophages). 
An increased immunoglobulin concentration has been associated with a benefit in 
the immune status, and IgG (with IgA) are the main immunoglobulins protecting 
against pathogenic microorganisms, mainly to intestinal level. IgG is one of the 
main defense barriers during the bacterial attack in the gastrointestinal tract (GIT), 
and the early proliferation of this cell is essential to improve the feed efficiency in 
these animals. The level of serum antibodies is an important indicator to know the 
effect of a natural product on immune response in animals [2]. Similar opinion has 
Tajodini et al. [84] who using artichoke powder (Cynara scolymus) in the diet of 
broilers found that this product significantly increased serum antibodies, resulting 
in a higher activity of the immune system. The results of the research [6] showed 
that the use of a preparation containing cinnamon oil (0.25 mL/L of drinking 
water) could improve the metabolism, and on the chickens’ immunity.

2.5 Antioxidant effect of phytogenic substances

The health-promoting effect of plant antioxidants results from their protec-
tive counteracting both during the formation and the impact of reactive oxygen 
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species. The results of the research showed that the antioxidant activity of herbs 
reduces the risk of cancer, heart disease, hypertension and stroke; and in the case 
of food of animal origin, it can minimize the rancidity process, delay the forma-
tion of toxic oxidation in products and keeps maintain the nutritional quality of 
the product [85]. Oxidation processes that generate free radicals, take place in the 
organism of animals in a continuous manner. Nevertheless, they are counterbal-
anced by complex antioxidant mechanism (enzymatic and non-enzymatic anti-
oxidants) that minimize the toxic effects of the effects of reactive oxygen species 
(ROS). ROS are responsible for damaging lipids, proteins and DNA, as well as for 
disrupting immune defense. This may lead to qualitative changes in animal tissues, 
reducing their health, as well as lowering the quality of animal products (meat, 
milk, eggs), and also shortening their shelf life [72]. Antioxidant properties have 
polyphenols, especially flavonoids, tannins, phenols, terpenes and hydrolysable 
proanthocyanins, which are responsible for maintaining the correct level of glu-
tathione in cells and for the protection of membrane lipids against peroxidation. 
Among the flavonoids, hesperidin, diosmin, dolphinin, epicatechin, resveratrol, 
kaempferol, quercetin and luteolin, which are particularly rich in citrus fruits and 
grapes, have the strongest antioxidant properties [85]. According to Caillet et al. 
[86], these compounds can inhibit the formation of ROS and form stable com-
plexes (so-called chelates) with transition metals (Cu2+ and Fe2+), thus preventing 
Fenton and Haber-Weiss reactions. Flavonoids break the cascade of free radical 
reactions (capturing lipid and alkoxy free radicals) leading to lipid peroxidation, 
thus protecting other antioxidants (especially cytosolic ascorbate and biological 
membranes tocopherol). The group of herbs with antioxidant properties includes 
many plants [87] but the strongest antioxidant potential is shown by cloves (total 
antioxidants: 125.50–465.32 mmol/100 g), oregano (total antioxidants: 96.64–
137.50 mmol/100 g), marjoram (total antioxidants: 55.80–92.31 mmol/100 g) and 
sage (total antioxidants: 34.88–91.20 mmol/100 g) [88, 89]. The antioxidant effect 
of herbs is manifested through modification of the activity of antioxidant enzymes, 
increasing the total antioxidant potential blood plasma (FRAP) or its components, 
as well as by protecting lipids against the peroxidation process, consisting in oxida-
tive damage to the structures of lipid components of tissues and decreasing level 
of oxidation products, especially lipids (especially malondialdehyde, dienes and 
lipid hydroperoxides) [87]. Studies have shown that in the case of poultry rearing, 
rosemary, oregano, calendula, sage, cloves, garlic, ginger and saffron are primarily 
used, preventing the lipid oxidation processes in meat [90, 91] and in eggs [92]. 
Shirzadegan [93] found that supplementing the diet of chickens with a mixture 
containing green tea extract, cinnamon, garlic and chicory in the proportion of 
25:15:45:14 in the amount of 2,5; 5,0 and 7,5 g/kg of feed improves antioxidant status 
and hepatic superoxide dismutase activity, which protects hepatocytes from the harm-
ful effects of lipid peroxidation. The results of the research [6] on chicken showed 
that the use of a preparation containing cinnamon oil (0,25 mL/L of drinking water) 
increased of anti-oxidants level in the blood. Faix et al. [94] also states that the compo-
nents of cinnamon oil increase the activity of antioxidant enzymes, thereby inhibiting 
lipid peroxidation. Lambert et al. [95] suggests that some plant additives, especially 
in an inappropriate dose, may show a pro-oxidative effect, intensifying the oxidation 
reactions in the system and in the food. Plant components with such characteristics 
include coriander, cardamom, verbena, sage, eucalyptus, lemon, and tarragon.

2.6 The harmful and toxic plants for poultry

In free-range breeding, poultry loves to roam the garden and treat all plants, 
especially garden flowers (e.g. marigolds), flowers and fruits of pumpkins and 
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zucchini, and weeds, e.g. dandelions, as potential food. Of course, abundant sup-
plies of fresh fruit, vegetables and garden greens are part of their balanced diet, 
but not all garden plants are good for breeding birds. In fact, some are toxic and 
many biologically active plant compounds can cause poisoning, disease and even 
death. The possibility of consumption of toxic plants by birds exposes potential 
consumers of animal products to poisoning, due to the fact that toxic substances 
easily penetrate into meat or eggs. World centers dealing with the issues of plant 
toxicity to livestock publish lists of plants classified according to the degree of 
toxicity, sensitivity of individual animal species, or according to the content of 
toxins [96]. The main potentially toxic compounds are alkaloids, mainly purine and 
quinoline, occurring in plants in the form of salts of organic acids [97, 98]. They 
contain heterocyclic systems with an oxygen or nitrogen atom in their molecule and 
are basic in nature. Such compounds are present p. e. in coffee, tea, monkshood 
and poppy seeds. The next ones are glycosides, which give the plant a characteristic 
taste and smell (e.g. amygdalin) or color (flavones, anthocyanins). Some of them 
have a bacteriostatic effect (sinigrin present in horseradish). The protein - myosin, 
can cause reproductive disorders, such as loss of coat or feathers [99]. On the other 
hand, aminopropionitrile, present in the lupine, contributes to the deformation 
of the skeleton, especially the long bones and the chest. Essential oils, aromatic 
oils in the form of colorless liquids can also be toxic. The chemical composition 
of these forms of plant additives is often very diverse (aliphatic and aromatic 
compounds, terpenes, alcohols, phenols, hydrocarbons, aldehydes, ketones and 
esters). Resins, which are a mixture of organic acids, alcohols, phenols, esters and 
carbohydrates, or photosensitizing compounds (photosensitizing) are also danger-
ous for animals. Insoluble calcium oxalates can take the form of kidney stones in the 
kidneys, and their genesis comes from the oxalic acid found in many vegetables and 
grasses [97–100]. The content of potentially toxic substances is also influenced by 
the climate, soil type, companionship of other plants, as well as the method of stor-
age and processing. Often the forage may be contaminated with toxic weed kernels. 
The seeds of Senna occidentalis (formerly called Cassia occidentalis) are among such 
dangers. The entire plant is toxic, but the most toxic, is dianthrone (anthraquinone 
derivative) has been identified in the outer and inner shells. It turned out that this 
substance can cause the characteristic mitochondrial myopathy with impaired 
mitochondrial function, damage to the biological membrane and swelling of this 
organelle, leakage of the mitochondrial matrix, and disintegration of mitochondrial 
combs [101]. The results of the research by Gotardo et al. [102] showed that the 
toxic dianthrone caused damage to the ovaries in laying hens, yolk leakage around 
the hair follicles, probably due to an increase in the fragility and permeability of the 
vitelline membrane itself. This membrane is a protein extracellular matrix sur-
rounding the oocyte filled with yolk, and by preventing the yolk from mixing with 
the protein, it constitutes a kind of barrier to microbial infection [103]. The inner 
layer of the vitelline membrane is synthesized in the ovary, prior to ovulation, in 
the form of a three-dimensional network of thick glycoprotein fibrils. Assuming 
that the metabolic energy cost of follicle development and egg production in 
laying hens is high, and the toxic dianthrone damages the structure and function 
of mitochondria and leads to depletion of glycogen energy reserves, losses can be 
significant [104, 105]. If we take into account that anthraquinone affects mitochon-
drial functions, leading to glycogen depletion in cells, it can be assumed that the 
direct action of this compound in the ovary would lead to lower energy production 
in this organ, and consequently affect egg formation, possibly due to an increase 
in the fragility and/or permeability of the vitelline membrane. It is well known 
that toxins such as aflatoxin and the alkaloid pyrrolizidine plants can endanger egg 
production too [106]. The following plants are particularly dangerous for poultry: 
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yew, rhubarb, periwinkle, oak teres, nightshades, lupine, lobelia, holly, foxglove, 
ferns, bulbs of garden plants, beans, azalia and apricots. The acorns, that fall from 
oaks in autumn, contain tannic acid, which can cause a lack of appetite and diar-
rhea [107]. Dangerous oxalates can be found in rhubarb, sorrel and spinach; but cut 
twigs, fallen needles, and yew berries containing cardiotoxic taxin alkaloids can also 
cause poisoning. While oxalates interfere with kidney function, yew taxols cause 
cardiac arrhythmias and even lead to death [108]. Nightshades plants (i.e. tomatoes, 
peppers, eggplant, bittersweet and Jerusalem cherry, potatoes) can be harmful 
to poultry. Nightshades plants contain glycoalkaloids that cause loss of appetite, 
increased salivation, reduced heart rate and difficulty breathing. Growers should 
pay particular attention to raw potato skins, which are particularly dangerous to 
poultry. Lupine contains quinolizidine alkaloids, which may deteriorate the nutri-
tional and organoleptic quality of poultry meat, and cause nervousness, depression, 
muscle tremors and convulsions in birds [109]. Lobelia contains toxins belonging 
to the pyridine alkaloids that can cause neurological changes, weakness, faster 
breathing and lack of motor coordination in poultry. The shiny green leaves and 
red berries of holly have a low level of toxicity, however the leaves contain highly 
poisonous saponins that can cause red blood cell damage, vomiting, diarrhea and 
drooling in chickens [110]. All parts of the beautiful foxglove (seeds, flowers, stems 
and leaves), who produces bright tubular flowers with mottled insides, are toxic 
[111, 112]. A specific variety of fern called the “bracken fern” can cause poisoning 
in chickens, weight loss and muscle tremorswhich, and to lead to anemia. Many 
varieties of garden plant bulbs (daffodils, irises, narcissi, tulips) contain highly 
toxic alkaloids that lower blood pressure and disrupt the heart, causing neurologi-
cal changes and causing diarrhea. Raw beans contain haemagglutinins that are 
highly toxic to chickens, damaging and clumping blood erythrocytes [99, 112]. In 
azaleas, all parts of the plant are highly toxic and can cause digestive disorders, 
weakness, neurological disorders and loss of motor coordination, as well as dam-
age to cardiomyocytes. Apricot leaves and kernels contain highly toxic cyanogenic 
glycosides, which cause symptoms such as seizures, breathing problems and low 
blood pressure. When leaves are exposed to frost, drought or disease, the level of 
toxicity increases [111, 112]. Due to the potential toxicity of some herbs, and the 
use of incorrect doses (too large doses) of herbs with a potentially beneficial effect, 
it is definitely more advantageous to use ready-made, standardized phytobiotic 
additives for poultry, where the manufacturer precisely specifies a safe and effective 
dose of the preparation with a standardized amount of active substances.

3. Conclusion

Summarizing the impact of phytobiotics used in poultry rearing, it can be noted 
that these additives:

1. improve growth and performance of broiler chickens, through greatly improve 
digestion and nutrient assimilation, and modify the composition of the intesti-
nal microbiota and improve intestinal morphometry.

2. stimulate physiological reactions, especially immunity, but they also favorably 
modify the blood lipid profile, increase the antioxidant defense of the body, as 
well as increase resistance to stress.

3. they improve the quality of meat and eggs, increase the weight of valuable 
parts of carcass (pectoral and leg muscles) and stimulate laying.
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4. due to the potentially toxic effect of an excess of certain herbs on the work of 
the liver, and the adverse changes in the palatability of eggs, use caution in 
the use some herbs e.g. of garlic, turmeric, rapeseed, alfa alfa, shiny privet or 
moringa.

4. Conclusions for practice

Due to the health-promoting properties of herbs and plant preparations, it is 
worth using such supplements in practice, because in this way you can increase 
the effects of chicken rearing and improve the quality of meat and eggs. The best 
results can be obtained by using proven and well-known plant additives, especially 
cinnamon, ginger, coneflower, nettle or aloe. Increasing the intensity of the yolk 
color desired by egg consumers can be obtained by feeding the laying hens with 
calendula, pumpkin, chives or parsley.

In large poultry farms, the easiest solution is to use ready-made plants’ prepara-
tions to drinking water or feed.
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Chickens
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Abstract

Wide range of Antibiotics is being used as feed additives in Animal industry in 
order to get rid from pathogens and as growth promoters in developing world. But 
after the suggested prohibition on using antibiotics, products such as probiotics 
are getting substantial importance in nutrition because of their non-resistant and 
non-residual possessions. Basic aim of the chapter is to highlight fruitful effects of 
Bacillus Subtilis as non-antibiotic gut modulator and growth promoter in broiler 
chickens. Probiotics are the living culture of microorganisms. They flourish in 
the gut of the host and fortify the growth of valuable commensals in the digestive 
tract by minimizing the destruction triggered by pathogens, boost up the immune 
system, supporting the integrity of the gut mucosa and maintain a stability and bal-
ance of normal microflora. Probiotics can be used as best substitute to conventional 
antimicrobial therapy. In addition, it has been observed that probiotics plays a role 
in growth enhancement by augmenting useful enzymes in the body and promote 
the growth of other normal commensals such as Lactobacillus and having effect on 
gut luminal pH. Probiotics are quite active against intestinal pathogens in several 
ways, viz. including improved immune elimination, competing for mucosal attach-
ment, striving for crucial nutrients, or producing antimicrobial complexes contrary 
to numerous enteropathogens. It can be concluded that B. Subtilis has the ability to 
modulate gut and immune system histophysiology and histomorphology and can be 
used as safe antimicrobial candidate in poultry nutrition. Knowledge of such pos-
sessions of the B. Subtilis as probiotics and the mechanisms of action may enable the 
researchers to manipulate the use of such alternatives for better growth production, 
and safe and healthy poultry industry.

Keywords: anatomy, commercial broiler, gut, microscope, physiology, probiotics

1. Introduction

Throughout the world, domestic animals are being kept producing high-quality 
meat. Chicken also contributes a major portion to the animal meat source and more 
than 45% of the world population is potential consumers of chicken meat [1]. A 
gape exists between supply and demand, and some sort of discriminations are 
observed among the availability of protein source to the people of technological 
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advanced countries and the underdeveloped countries. Annual meat availability per 
capita is 0.25 to 1.25 kg in Southern Asian Countries in comparison with 20–30 kg 
meat in some developed countries [2]. Current animal industry needs elevated 
production level and cost-effective feed conversion, which to a reliable level could 
be attained by the practice of precise additives. Sustained meat production can be 
hampered by various disease conditions especially those affecting digestive systems 
of the animals. Salmonellosis, colibacillosis, coccidiosis and some fungal toxins 
are the leading causative agents among those. Most of the diseases are transferable 
via food chain and have a zoonotic impact. Salmonellosisis among the foremost 
reasons of bacterial food poisoning in end-users (humans) in both the developing 
and technologically advanced countries [3]. Wide range of Antibiotics is being used 
in poultry sectorsin order to get rid from pathogens and as a growth promoter all 
over the world. The excessive use of dietary antimicrobials has caused a collective 
trouble, for instance the progress and growth of resistant microbes, disparity of gut 
commensals and drug residues in the bird’s body [4]. But after the projected outlaw 
on practicing antibiotics in the feed, products like probiotics are getting substantial 
importance nutrition offered to the animals. The probiotics are well known for 
having non-resistant and non-residual properties [5]. Bacillus type of probiotics are 
being used against salmonellosis [6] and necrotic enteritis [7] and are enjoying the 
status of immune booster and safe growth promoter in commercial chickens.

To overcome the drawbacks of using antibiotics as feed additives, it is need of 
the day to find a substitute. Probiotics have the potential to be used for this purpose. 
Its supplementation in the feed markedly improves weight gain, carcass charac-
teristics and amplifies the intestinal absorption area by increasing intestinal villi 
length and width. Microscopic modulation of mucosal morphology of the intestine 
is assumed to improve health indicators and production performance in broiler but 
the intermediate structural changes, which result into improved performance in this 
case, are not adequately documented. Basic aim of the chapter is to highlight fruit-
ful effects of Bacillus Subtilis as non-antibiotic gut modulator and growth promoter 
in broiler chicken.

2. Probiotics and its properties in general

Probiotics are the living culture of microorganisms offered orally. These organ-
isms flourish in the host gut and cause rapid activation of the intestinal functions, 
fortify the beneficial commensals growth in the gut by minimizing the destruction 
triggered by pathogens, boost up the immune system especially innate immunity, 
supporting the integrity of the gut mucosa and maintain a stability and balance of 
normal microflora and improvement of the growth performance [8, 9]. For getting 
determined benefit (as substitute to antibiotics and used against Salmonella spp), 
recently, de Oliveira et al. [10] recommend and advised the constant offering of 
probiotics (B. subtilis) spores or as vegetative cells. B. Subtilis are gram positive, 
chain/clumps forming rod-shaped endospore forming heterotrophic bacterium. 
They are facultative anaerobe and has flagella and a single chromosome that is 
circular in shape and positioned in cytoplasm at nucleoid region. A noticeable 
benefit of B. subtilis in feed is the permanency because it can stand with the hostile 
environment like low pH and intra luminal bile salt without dropping viability. B. 
Subtilis in animal nutrition is harmless probiotic. Being used extensively as a nutri-
tion supplement in broilers due to its established immunomodulatory, enzymatic, 
anti-inflammatory and antioxidant activity (Figure 1) Bacillus can be used as best 
substitute to conventional antimicrobial therapy in broilers [11]. Additionally, 
various species of Bacillus organism have the ability to generate some useful 
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exogenic enzymes like lipase, cellulase, protease, keratinase, xylanase and phytase 
[12]. These enzymes are expected to be involved in diminished gut luminal sticki-
ness in starch less polysaccharide foods, decomposition of complex feed molecules 
in the host animal gut, improve nutrients absorption and decline the substrates 
accessible for pathogens growth. Furthermore, it is observed that B. subtilis plays a 
role in growth enhancement of other normal commensals such as Lactobacillus by 
decreasing pH of the gut luminal [13]. Probiotics are quite active against intestinal 
pathogens in several ways, viz. including improved immune elimination, striving 
for vital nutrients, opposing for attachment with mucosa, or producing antimicro-
bial complexes contrary to numerous pathogens in chickens [14]. The advantageous 
properties on improvement in digestive performance and also on immune boosting 
of probiotic supplements have been previously established in broilers [7].

3. Factors affecting animal performance and its possible solution

There are various exogenous and endogenous factors which weaken the perfor-
mance of immune system in animals [15] and ultimately minimizing the growth 
production. Pathogens like bacteria, virus, parasites, fungi and harsh environ-
mental stresses also contributing to creating adverse effects on the animal growth. 
To overcome these circumstances, and, to achieve maximum production, animal 
industry in the developing countries is using excessive amount of antibiotics as feed 
additives which is hazardous to human health. It is need of the day to formulate 
new safe ways and means in probiotics form to boost up the gut health and immune 
system of the animals in intensive farming systems to achieve maximum produc-
tion potential and various researchers recommended the constant administration 

Figure 1. 
Fruitful effects of B. Subtiliss on chicken’s body.
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of Bacillus spores or vegetative cells (a probiotics), along with acidifiers, enzymes, 
prebiotics and phytobiotics as a potential substitute to antibiotics [16]. These 
substances are focusing the gut luminal health. As good gut health reflects better 
growth performance in animals.

4. Association of gut histomorphology with immunity broiler chickens

With standing a good digestive track ecosystem is a criterion for obtaining well-
organized animal health, immunity, and performance. Beside nutrients digestion 
and absorption, the alimentary tract is playing a decisive role as barrier against 
everlasting attack of disease-causing microorganisms. There is a bulk of pathogenic 
organisms in the luminal ecosystem of the gut within ingesta. The tight junction in 
the lining epithelial cells not allowing any pathogens to reach the lamina propria 
in which a rich blood vascular system exists. In addition to the tight junction, a 
thick mucus layer which is secreted by the lining goblet cells also complement to 
maintain the immunity. Disturbance in the immune system may leads to enteritis 
[17]. During pathogenic bacterial infection, lymphocytes will accumulate in the 
lamina propria to defend the tissue against the pathogens. Other mononuclear cells 
including macrophages, plasma cells accompanying the lymphocytes and may cause 
inflammation and causing thickness in the lamina propria [18]. If the pathogen per-
sists in the lumen then there is high possibility to deteriorate the normal physiologi-
cal functions of the gut. Normal integrity of the mucosa may be deteriorated. The 
lining epithelium may be sloughed-off and the mucosa will become shorter and also 
appear denuded [19]. Thickness will be descended till remaining portions of the 
mucosa and even submucosa. Fluid will accumulate in the lumen and its absorption 
will obviously minimizes. Such stressful conditions will leads to affect the systemic 
immune system of the animals. Important pathogen’s effect and influencing that 
animal effortlessly.

Salmonellosis is one of the important pathogens of chickens which may leads to 
potential human foodborne infection also [3, 16]. Broiler chickens assist as haulers 
and express seldom signs of diarrhea not like human. Both living bacteria and its 
endotoxins displayed similar effects on the gut mucosal surface [19]. The broiler 
may be perceived as showing inversely synchronizing the physiology of gut rather 
than showing resistance to Salmonella infection [18]. Few moderate mucosal lesions 
have been observed by Porter and Holt [20] after Salmonella Enteritidis infection 
in chickens as compared with those in mammals. The later species are observed to 
be involved in diphtheritic typhlitis, inflammation in intestine, fibrinus filled ceca, 
penetration of plasma cells and macrophages in the mucosa, and sloughed lining 
epithelial cells [21]. S. gallinarum may be separated from spleen and liver of the 
chicken [6]. Kwag et al. [21] demonstrated numerous factors through which the 
pathogen may add to support the gut epithelium impairment. These includes lining 
mucosal infiltration, production of toxin, and causing enteritis, nevertheless, the 
precise means for this damage is still not clear [22]. So, we hypothesize that probiot-
ics supplementations have favorable possessions on histology of small intestine and 
histomorphometric parameters of different organs of broiler chickens. Reviews of 
this chapters will also help us to understand the influence of B. subtilis on selected 
gut and immune systems parameters of broiler chickens.

Good gut health reflects safe meat production if best management and hus-
bandry protocol is provided to the animal. The alimentary tract is playing a decisive 
role in nutrient digestion and absorption also act as a defensive obstacle alongside 
endless violence of disease-causing microorganisms. Numerous microanatomical 
features determine the total surface area for absorption of the GIT. The intestinal 
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villi and crypts microarchitecture are linked with the gut function which ultimately 
leads to the animal growth [23–25]. In order to assess the immune organ status 
under microscope in animals one needs to slaughter that animal. A prior approval 
from the ethical committee is utmost required to do this. Soon after humane 
sacrificing, the immune represented visceral organs including thymus and spleen 
may be grossly examined for any morphological changes and their representa-
tive samples may be collected and processed onward for histomorphometry. To 
identify the microstructural changes, around 2 cm segments is acquired from 
different segments of small and large intestines and fixed in some suitable fixa-
tives. The same are then impregnating in paraffin to provide easy environment for 
micro-sectioning. The slices are afterward processed and stained with dyes namely 
hematoxylin and eosin along with using some other special staining materials. The 
prepared slides are then subjected to the process of cover slipping for everlastingly 
preservation [26]. Pictures obtained from the gut slides will be obtained from 
the suitable area under microscope fitted with digital imaging system and will be 
examined for determination of villus length, width, depth of crypt, surface area 
of villi. Villi and crypt microstructures are also required to study to determine the 
height of the villus: crypt depth ratio. The goblet cells numbers per villus and its 
variation on mucins basis viz. acidic, neutral, and mixed from and the histomor-
phometry (height, width and area of lymphatic tissues in one microscopic field of 
each section at 4X under light microscope) of immune organs (thymus and spleen) 
is also needs to be observed because these parameters are needed to provide some 
clue for immune indicator.

5. Effects of probiotics on growth performance

Probiotics are living microbes and after being supplementation to the feed, 
it maintains normal intestine commensal equilibrium. The probiotics has been 
reported to fortify the gut physiology including digestive and absorptive functions 
[8], which ultimately leads to obtain better growth and FCR in broilers [27, 28], 
turkeys [29], Pigs [30], Sheep [31], Rabbits [32], Fishes [33], Canine [34] Goats [35] 
and in Cattle [36]. It has been studied that developed egg weight, size and mass in 
layers are associated with offering Probiotics [35, 37], along with repressed choles-
terol level in chickens [36, 38]. Such fruitful effects created in the organic protein 
source increases further its demands in the market. The end user love to approach 
for getting the safer organic meat from the supplier. Several findings have been 
revealed that direct feed microbials are possible substitutes to antibiotic growth 
promoters [39, 40].

6. Bacillus Subtilis as a probiotic in chicken industry

B. subtilis is gaining much attention towards animal nutrition in the area where 
animals are kept under stressful conditions such as harsh environment and food 
deprived locations. The stress may affect directly or indirectly the immune system of 
the animal body. The immune system comprising organs, tissues and cells those are 
responsible to maintaining integrity of the body. This system ensures the protective 
responses of the body to the external substance appropriately. It is observed that pro-
biotics can defend the animals beside disease causing organisms [41] and has encour-
aging influence on cellular and humoral immunity [42]. Diet supplemented with B. 
subtilis showed better feed conversion ratio (FCR), statistically better mean live body 
weight, mean weight gains, relatively bigger breasts and reduced mortality [11, 43]. 
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Various bacillus species produced spores that can germinate and became effective 
metabolically in the gastrointestinal tract, thus displaying achievement comparable to 
additional well-established probiotics [44]. Awad et al. [45] and Murugesan et al. [8] 
reported previously that probiotics strengthen the barrier task of the gut mucosa. In 
the past the Samanya and Yamaouchi [46] found that B. subtilis decreases the con-
centration of ammonia in blood, which ultimately results in motivation of intestinal 
function and reported to use B. subtilis in chicken’s feed. In mucosa of the intestinal 
tract the villus height and its per field area numbers are associated to the maximum 
absorption capability of the gut lining cells. Enlarged gut mucosal villi is directly 
proportional to expand the absorptions activity of the nutrients in the GIT [24] 
and occurrence of small mucosal villi declines the nutrients absorption surface area 
which ultimately leads to lower the production performance [26]. It is recommended 
that in feed B. subtilis displayed significantly greater villus length of all the small 
intestinal segments in pigs [47]. Crypts are the areas where the epithelial cells of the 
villi originate, and deep crypt shows constant turnover of tissue and extraordinary 
need for fresh tissues [24, 46]. Molnar et al. [43] found that increased infiltration of 
lymphocytes in the gut mucosa is associated with the dietary inclusion of probiotics in 
broilers. Little knowledge is available in the literature to study the probiotics influence 
on animals [38] and there is also least information available regarding influence of 
various probiotics on histological alterations in gut mucosa of animals. B. subtilis has 
been reported to develop the immunity in weanling pigs [47] and the bacillus spores 
may cause propagation of follicular cells Peyer’s patches in mice [48]. B. subtilis based 
direct feed microbial displayed the immunomodulatory effects on innate immunity in 
broiler chickens [49]. Molnar et al. [43] recommended the increase concentration of 
in fed B. subtilis significantly decreased the coliform bacterial population in the ileum 
or in the caecum of the commercial broiler chickens. B. subtilis displayed advanta-
geous possessions via one or more of the following means: Reasonable exclusion and 
minimizing the pathogen colonization and consumption of O2so that the anaerobic 
favorable bacteria may flourish [10, 50], production of useful enzymes [13], stimula-
tion of gut physiology [45] and boosted the body immunity in broiler chickens [40].

7. Conclusion

The present work is planned to explore the importance of Bacillus Subtilis 
probiotics in broiler chicken as a feed supplementing agent. Information concern-
ing the outcome of feed supplemented with probiotics on the growth performance, 
immune status and gut micro-architectural anatomy in health and disease is limited 
in literature. Knowledge of fruitful effects of the probiotics and the mechanisms 
may enable the researchers to manipulate the use of this alternatives for better 
growth production, and safe and healthy animal industry. Based on the latest 
scientific findings discussed in this chapter, the following main conclusions can be 
drawn that the B. Subtilis as probiotic:

1. Is a harmless and can be used an effective antimicrobial candidate in poultry 
nutrition.

2. Can withstand the harsh environment within the animal body.

3. Has the ability to modulate gut histomorphology and absorption process.

4. Fortify the enzymatic activity and digestibility of nutrients.
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5. Can produce enzymes and release antioxidants.

6. Can modulate the immune system of the animal body and aid in maintenance 
of the body homeostasis.

7. Has better effect as growth promoter compared to antibiotic growth promoter.

© 2021 The Author(s). Licensee IntechOpen. 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. 
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Chapter 5

Perspective Chapter: Using Feed
Additives to Eliminate Harmful
Effects of Heat Stress in Broiler
Nutrition
László Babinszky, Csaba Szabó and Márta Horváth

Abstract

Global warming is one of the major challenges for mankind, with animal
breeding one of the most affected sectors in the agricultural industry. High ambient
temperatures negatively affect all domestic animals. While it is true that pork and
dairy production suffer the consequences of heat waves, it is actually the poultry
industry which is hit the hardest by the heat stress poultry must endure due to
hotter weather. Consequently, we have a fundamental interest in reducing and/or
eliminating the negative effects of climate change, i.e. prolonged high ambient
temperatures. The aim of this chapter is to present the adverse effects of heat stress
on energy metabolism, anti- and pro-oxidant capacity and production in birds. A
further goal is to show how various feed additives (e.g. vitamin A, C and E, sele-
nium, zinc, betaine, plant extract, and probiotics) can reduce the negative effects of
heat stress. Based on the large number of recent scientific findings, the following
conclusions were drawn: Using fat in the diet (up to 5%) can reduce heat production
in livestock. Vitamins (e.g. A, E and C) are capable of reacting with free radicals.
Vitamin E and Vitamin C, Zn, and Se supplementation improved antioxidant
parameters. Antioxidant potential of vitamins and micro minerals is more efficient
in combination under heat stress in poultry nutrition. Plant extracts (e.g. oregano)
could decrease the negative effects of heat stress on antioxidant enzyme activity due
to its antioxidant constituents. Betaine reduces heat production in animals at high
ambient temperatures. While acute heat stress induces a drop in feed intake, with
the resulting increased nutrient demand leading to weight loss, if heat stress is
prolonged, adaptation will occur. Probiotics and vitamins (C and E) seem to be the
most effective means to reduce the negative effects of heat stress.

Keywords: Broiler, Feed additives, Heat stress, Antioxidant status, Performance

1. Introduction

Global warming is one of the major challenges for mankind, with animal
breeding one of the most affected sectors in the agricultural industry. The impacts
of increasing environmental temperatures on livestock will most likely differ from
place to place, depending on latitude, geographical features and local farming
systems [1–3].
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High ambient temperatures negatively affect all domestic animals, but in addi-
tion to pork and dairy production, perhaps the poultry industry is hit the hardest. In
2020, the world’s broiler meat production amounted to about 100.81 million metric
tons, and is forecasted to increase to about 101.02 million metric tons by 2021 [4].
According to FAO data [5], total egg production in the world was 1.528 billion units
in 2018. In 2019, this figure reached 1.577 billion.

These statistics clearly show that broiler meat and egg production play a crucial
role in the global supply of animal origin foodstuffs.

Thus, we have a fundamental interest in reducing and/or eliminating the nega-
tive effects of climate change, i.e. prolonged high ambient temperature. The main
question is, what tools do we have to reduce the harmful effects of high environ-
mental temperatures-especially in the case of heat stress? A solution for prevention
of heat stress in animals includes biological (e.g. genetics, thermal conditioning,
nutrition) [6, 7] or keeping technology devices (e.g. air conditioning, intensive
ventilation, humidification) [8]. However, housing methods are expensive and the
service costs are high. Therefore, reducing the biochemical and physiological nega-
tive effects of heat stress with different nutritional tools is one of the primary
interests for the economical production of food produced from animals.

According to Babinszky et al. [9], basically the following nutritional possibilities
are available to eliminate the harmful effects of the heat stress:

• reduce animal’s own heat production (e.g. feeding more dietary fat);

• compensate for the lower nutrient supply; (e.g. feeding more concentrated
diets); and

• mitigate heat stress induced metabolic changes (e.g. using different feed
additives: vitamins, micro minerals).

It should, however, be noted that during severe heat stress, these methods
should be used in combination in order to maintain the production performance of
the farm animals and the quality of their products [9]. While this chapter focuses on
the third option, i.e. the use of feed additives, we would like to emphasize that
whatever feeding method we use, we need to be aware of the changes in the
intermediate metabolism of farm animals caused by heat stress, because without
this knowledge, there is no effective defense against high ambient temperatures.

Therefore, the aim of this chapter is to summarize the adverse effects of heat
stress on energy metabolism, anti- and pro-oxidant capacity, and production in
birds. A further goal is to show how various feed additives (vitamin A, C and E,
selenium, zinc, betaine, plant extract, and probiotics) can reduce the negative
effects of heat stress.

2. Methodology of the literature review

The methodology of the literature review was basically the same as the interna-
tionally applied methodology used in animal science. Firstly relevant literature was
searched. This follows by evaluation of sources. The third step was identifying the
database and gaps in the published scientific findings, than setup the outline
structure. Finally the literature review was written.

The literature searching was based on the keywords, using university database,
own department data collection on the research field of heat stress, and different
international scientific databases of life sciences, animal science and Google Scholar.
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In each of the studied paper or book chapter, we asked the same questions as, for
example:

What was the aim and methodology of the particular publication (in this case:
what kind of heat stress was applied, how many animals were included in the
experiment per treatment, whether there were repetitions, what dietary treatments
(type of feed additives and their concentration in the diet) were used, what param-
eters were measured, what was the statistical analysis applied, etc.), furthermore,
whether experimental data were correctly evaluated, what results were presented
by the authors and what main conclusions were drawn from the data.

To have more clear information on effectiveness of various feed supplements in
case of production parameters: daily gain (g/d), average daily gain (g/d) and feed
conversion ratio (kg diet/kg gain), the so called mitigation capacity was calculated
using the following formula:

Mitigation capacity of a certain trait %ð Þ ¼ measured value in HS environment and fedð
with the experimental diet�measured value in HS environment and fed with the control dietÞ=
measured value in TN environment and fed with the control diet–measured value in HSð
environment and fed with the control dietÞ x 100

(1)

where: HS = heat stress; TN = thermoneutral.
All collected information (data) was placed in a large work database. This infor-

mation formed the basis of the subchapter titles of our review chapter and of the
chapter outline. Based on this information, the evaluation of research data from
more than 90 publications started. The writing of the review chapter then began,
including the drawing of main conclusions as well. The investigated and
systematized research findings are summarized in tables.

3. Heat production of animals and heat stress

It is well known that heat production of animals is the sum total of non-
productive energy utilized by the animal and of the energy lost in the course of
transformation dietary nutrients [10]. Animals use this so called non-productive
energy for maintenance (i.e. satisfy the energy requirement for the maintenance of
body temperature, the functioning of the nervous system, the organs, for minimal
activity, etc.) [10]. The extra heat produced in the course of digestion, excretion
and metabolism of nutrients is called the heat increment. It is also well known that
within a certain range of ambient temperature - with unvarying feed and nutrient
intake - the total heat production of the animal remains constant. This temperature
range is called the thermoneutral zone. The general scheme of the relationship
between ambient temperature and heat production of livestock can be seen in
Figure 1 [10].

In a thermoneutral environment, the heat production of the animal is at the
minimum, and thus the dietary energy can be used for production (growth, egg and
milk production) efficiently [9, 10]. Therefore, whenever the daily amount of
energy intake changes, the temperature range of the thermoneutral zone is
changed, too. So, if for some reason the animal leaves the thermoneutral zone, this
result in an increased heat production by the animal. This means that there is more
loss of energy, and in consequence, less energy remains for production and more-
over the efficiency of energy utilization deteriorates too. The upper and lower
critical temperatures for poultry are summarized in Table 1 [11].
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The general scheme of the relationship between broiler behavior and the
increasing ambient temperature is shown in Figure 2 [12].

As can be seen in Figure 2, in the thermoneutral zone, birds can lose heat at a
controlled rate using normal behavior [12]. Between the lower and upper tempera-
tures, there is no heat stress and body temperature remains constant. If the envi-
ronmental temperature exceeds the upper critical temperature, birds must lose heat
actively by panting. However, it should be noted that panting is a normal response

Figure 1.
Relationship between ambient temperature and heat production of livestock [10].

Lower Upper

Critical temperatures (°C)

1-day-old chicken 32 35

Finishing broiler 16 26

1-day-old turkey 35 38

Finishing turkey 16 26

Laying hen 16 27–29

Table 1.
Recommended thermal conditions for poultry [11].

Figure 2.
The effect of increasing ambient temperature on birds [12].
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to heat and is not initially considered a welfare problem [12]. However, as temper-
atures increase, the rate of panting increases. If heat production is greater than
maximum heat loss, birds may die due to heat stress. In other words, heat stress
occurs when the body cannot get rid of excess heat.

It is well established that heat stress increases the energy cost of maintenance
and adversely affects productive and reproductive performance. In a hot environ-
ment, the respiration rate in birds can increase 10–20 times, causing increased CO2

loss through the lungs [13]. This loss results in an increase in blood pH and this can
upset the acid–base balance, which can impair the health and performance of birds
[14–16].

There are usually two types of heat stress, acute and chronic heat stress. Acute
heat stress refers to a short and rapid increase in environmental temperature (a few
hours), whereas under chronic heat stress, high temperatures persist for more
extended periods (several days) [17].

Heat stress exposed animals can use different ways to maintain thermoregula-
tion and homeostasis. They can increase radiant, convective and evaporative heat
loss by vasodilatation and perspiration [18]. However, birds have an extra mecha-
nism which is promote heat exchange between their bodies and the environment.
These are the air sacs. Air sacs are very useful especially during panting, as they
promote air circulation on surfaces and consequently, the evaporative loss of heat
[19, 20].

Unfortunately, there are only few scientific papers that report on the heat
production and the heat loss of heat-exposed birds. Consequently, there is only a
limited number of scientific publications that report on nutritional possibilities for
reducing the heat production of birds under heat stress.

Syafwan et al. [21] concluded in their excellent review that the heat production
of broilers is particularly high due to the high growth rate and the high daily feed
intake. Developments in the genetic selection of meat-type birds has led to rapid
growth and a high metabolic rate, which is accompanied by a higher heat produc-
tion level due to increased feed intake [22]. Therefore, it can be stated that high
genetic capacity hybrid broilers (so called “improved chicken”) are much more
sensitive to a hot environment than their unimproved counterparts.

Summarizing the relevant scientific findings, it can be stated that in practical
animal agriculture, and especially in factory farming, it is particularly difficult to
keep animals in a thermoneutral zone. Therefore, in order to reduce the negative
effect of heat stress, it is important to use nutritional tools in addition to technical
devices.

4. Reduction of heat production by nutritional tools

4.1 Using fat in the diets

It is well known that if more fat is used in pig diets in high ambient temperature,
the total heat production of the animals reduces significantly. Babinszky et al. [23]
concluded from their study that lactating sows fed a high level of dietary fat (125 g
fat/kg diet) produce significantly less heat than those fed a carbohydrate rich (low-
fat level) diet. Babinszky [10] is also concluded, that the energetic efficiency of milk
production was improved, when sows received high dietary fat diet (125 g/kg diet).
This phenomenon can be explained by the fact that synthesizing milk fat from
dietary fat is more efficient than it’s synthesizing from dietary carbohydrates.

In poultry nutrition, relative limited literature data are available on fat feeding
against heat stress and its effect on heat production of birds. Das et al. [24], in an
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excellent review, stated that heat stress may be combated by adding fat and reduc-
ing crude protein in poultry diets. Higher energy diets were effective in partially
mitigating the effects of heat stress in poultry. This can be explained by the fact
that during metabolism, fat produces a lower heat increment than protein and
carbohydrates [25].

In other studies, it was concluded that supplementation of fat in the poultry diet
increase the nutrient utilization in the gastrointestinal tract by lowering the rate of
food passage [26] and also helps increase the energy value of the other feed constit-
uents [27, 28]. Feeding a high fat diet (up to 5%) to heat-exposed broilers reduces
heat production. This result occurs because the heat increment of fat is lower than
that of either proteins or carbohydrates [21, 25, 29, 30].

4.2 Using vitamin C in chicken diet to change energy metabolism

Because the animal body derives all its energy from oxidation, the magnitude of
energy metabolism can be determined from the amount of carbon-dioxide pro-
duced and oxygen consumed. The ratio of the volumes of carbon dioxide produced
to oxygen consumed is called the respiratory quotient (RQ) [31]. The respiratory
quotients are: for protein: 0.809; for fat: 0.711; for starch: 1.000; for sugar: 1.000;
and for glucose: 1.000, respectively [32]. If the RQ value is equal to 1.00, this means
that e.g. burning 1 g of starch produces as much carbon dioxide as oxygen is needed
to burn it (0.829 liter CO2/0.829 liter O2).

However, it should also be noted that RQ values significantly higher than 1 can
be achieved if the animals convert the carbohydrate to fat, since in this case oxygen-
poor fat is formed from oxygen-rich glucose. During starvation, the RQ value is less
than 0.7 [31].

As it can be seen above, the RQ may provide valuable information about the
metabolic processes in the body. Therefore, RQ values are very often determined in
respiratory studies.

McKee et al. [33] investigated the effect of vitamin C on different variables of
energy metabolism of young heat exposed chickens in indirect calorimeters. The
experiment started at day 9 and lasted until day 17 posthatch. In this study, CO2

production and O2 consumption were measured in the thermoneutral zone (27.7°C)
and in a hot environment (34°C). On the basis of these values, RQ and heat
production were calculated daily through day 17 of the experiment. The basal diet
was supplemented by a 150 mg/kg diet of ascorbic acid (vitamin C). They found
that heat exposure lowered (P < 0.001) the respiratory quotient. Heat-exposed
birds consuming the ascorbic acid supplemented diet expressed lower respiratory
quotients than their unsupplemented counterparts. The authors concluded that this
effect resulted from a nonsignificant increase in O2 consumption and decrease in
CO2 production. They also concluded that further investigations are needed to
determine whether the ascorbic acid-induced change in the RQ value towards 0.70
reflects an increase in protein or lipid catabolism or both. In further study, the effect
of ascorbic acid on the energy metabolism and heat production of domestic animals
should also be elucidated.

Despite the many open questions, based on the findings made by McKee et al. in
their study, it seems that supplemental ascorbic acid may influence the body energy
stores during periods of reduced energy intake (during heat stress).

4.3 Using betaine as feed additive in the diet

Betaine chemical structure (C5H11NO2) contains three methyl groups which play
a role in transmethylation reactions [34]. Betaine (trimethylglycine) is an
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intermediate metabolite in the catabolism of choline which can modify osmolarity,
act as a methyl donor, and has potential lipotropic effects [9]. As a by-product of
sugar beet processing, betaine is commercially available as a feed additive [35].
Currently, betaine is available in several purified forms (anhydrous,
monophosphate and hydrochloride betaine) [36].

Betaine mainly functions as an osmolyte and a methyl-group donor [37]. Under
heat stress, betaine plays an important role in cellular osmotic regulation,
preventing dehydration by increasing the water-holding capacity of cells. It helps in
maintaining the protective osmolytic activity in birds under heat stress. Betaine
may promote various intestinal microbes against osmotic variations and this results
in improve microbial fermentation activity [38]. Furthermore, betaine is also found
to have anti-inflammatory properties and improves intestinal function [39].

Because betaine influences fat and protein deposition, it can also be used to
improve carcass quality and reduce fatty livers. Schrama et al. [40] showed that
energy retention in pigs improves over time following the supplementation of
betaine to the diet. They also found that under thermoneutral conditions, dietary
betaine supplementation (1.23g/kg diet) reduced the total heat production of pigs.
They suggest the same concentration of betaine in poultry diet, as well.

These scientific findings suggest that betaine may be suitable for reducing heat
production in livestock (e.g. in poultry) at high ambient temperatures. However,
only few research results have been published in this area to date. Therefore,
further studies are needed to determine the impact of betaine on heat production in
animals under high ambient temperature.

Another problem is that many of published papers are not clear on the source of
betaine used (natural, extracted betaine anhydrous or synthetic betaine hydrochlo-
ride). The source is important, as it is likely that the efficacies of the different
betaine sources differ.

5. Effects of heat stress on anti- and prooxidant status in birds.
Mitigation using different feed additives

5.1 Anti- and prooxidant status

5.1.1 Impacts of heat stress

Increased environmental temperature caused increased lipid peroxidation
(as well as induced formation of malondialdehyde (MDA), which is an indicator
for lipid peroxidation). Therefore, the antioxidant defense system is altered
[41–43].

According to the latest research, the elimination of the free radicals activates
three level antioxidant systems (Figure 3, based on Babinszky et al. [10]).

Elimination is done by the first level of the antioxidant system which functions
at the same time as the detoxification and regeneration pathways of the second
level. The third level starts working after damage has been done, to repair and
eliminate damaged cells. This first level (direct enzymatic pathway) includes the
neutralization of the oxygen and nitrogen centred free radicals by enzymes. The
second level includes the detoxification and regeneration reactions of the small
molecule antioxidants. The third level is activated when damaged systems (pro-
teins, DNA) have to be repaired and/or removed from the cells by chaperones and
DNA-repair enzymes.

In general, it can be concluded that a large amount of Reactive Oxygen Species
(ROS) causes disruption of mitochondrial function, increased lipid peroxidation,
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and decreased the concentration of so called antioxidant vitamins, furthermore
induce stress gene expression, and finally it leads to dysfunction in antioxidant
enzymes and also causes DNA damage.

According to Yang et al. [44] in heat stressed broilers (35°C for 3h/day), the
activity of the mitochondrial respiratory chain is reduced, which led to over-
production of ROS. This situation results in lipid peroxidation and oxidative stress
in the birds.

In another study [7] lipid peroxidation and superoxide dismutase (SOD) activity
was measured in broilers under heat stress (32°C for 6 h/day). The results showed
that high temperature disturbed the equilibrium between the synthesis and catabo-
lism of ROS production. Glutathione peroxidase (GPx) and SOD activity increased
and catalyze (CAT) activity decreased under heat stress (34°C 5 h/day from d28 to
d38) [45].

ROS production reduced Vitamin A and E levels. Vitamin C concentration
decreased under heat stress in poultry [46]. It has been reported that heat stress
increased zinc (Zn) mobilization from tissues, and thus may cause marginal Zn
deficiency and increase requirements [47]. According to Zeng et al. [48, 49], SOD,
MDA, CAT activity and the total antioxidant capacity (T-AOC) in Muscovy duck
liver increased under short term heat stress (39°C for 1 hour then 3-hour recovery
at20°C). The same results were found in broilers [50]. During heat stress in broilers,
the serum concentrations of Vitamin C, E, A, iron (Fe), and Zn decreased, while the
copper (Cu) concentration increased [51].

Figure 3.
Three level antioxidant system. Based on Babinszky et al. [10]. CAT = catalase; Cu SOD = copper superoxide
dismutase; GPx = glutathione peroxidase; GR=glutathione reductase; GSH = glutathione; GSSG = glutathione
disulphide; H2O = water; H2O2 = hydrogen peroxide; HSF = heat shock factors; HSP70 = heat shock protein 70;
Mn SOD = manganese superoxide dismutase; NADH=nicotinamide-adenine-dinucleotide; NADP+ = oxidised
nicotinamide-adenine-dinucleotide-phosphate, NADPH=nicotinamide-adenine-dinucleotide-phosphate, O2

�

= superoxide anion radical; OH = hydroxyl radical; PUFA = polyunsaturated fatty acids; ROO� = peroxyl
radical.
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5.1.2 Using feed additives

5.1.2.1 Vitamin supplementation

High environmental temperature decreases the concentrations of vitamins and
micro minerals in serum and increases excretion [52]; therefore, supplementation of
direct or indirect antioxidant compounds (e.g. vitamins and micro nutrients) at
higher levels is commonly recommended. These additives support mechanisms
against lipid peroxidation, improve immune status and performance.

5.1.2.1.1 Vitamin E

Vitamin E functions as a fat-soluble antioxidant which protects cellular and
membrane lipids from peroxidation-catalyzed free radicals due to heat stress.
In cell membranes and lipoproteins, the essential antioxidant function of
Vitamin E is to trap ROO� and to break the chain reaction of lipid peroxidation.
While it cannot prevent their formation, it can reduce the formation of secondary
radicals [53]. Vitamin E is known as the first line of defense against lipid peroxida-
tion caused by heat stress. It has free radical quenching activity and attacks free
radicals in an early stage. When feed was supplemented with Vitamin E
(200-250 mg/kg feed), the serum concentration of Vitamins E and A increased in
serum and MDA concentration decreased under long term heat stress [51]. Maini
et al. [54] reported that CAT, GR, GSH, MDA and SOD level decreased under heat
stress due to Vitamin E supplementation. Short term heat stress increased the
concentration of Zn in serum when the diet was supplemented with Vitamin E [55]
(Table 2, [56]).

Author(s) Spices Duration
of the
study

Environmental
temperature

Amount of
vitamin

supplementation

Effects on
antioxidant status

Kucuk et al.
[57]

broiler 1–42 day 34°C (24 h/day) Vitamin A: 15
000 IU/kg diet

↓MDA

Mahmoud
and Edens,
[58]

broiler 1–42 day 30 °C (3.5 h/ for
3 days)

Vitamin C: 500 mg/
kg diet

↑plasma ascorbic
acid concentration
↓Hsp70 expression

Sahin et al.
[51]

Japanese
quail

10–40day 34°C (24 h/day) Vitamin E: 250 mg/
kg diet

↑Vitamin E, A
concentration in

serum
↓ MDA

Maini et al.
[54]

broiler 1–49 day 38.6 � 1.3 °C
(24 h/day)

Vitamin E: 200 mg/
kg diet

↓CAT, GR, GSH,
MDA, SOD

Harsini
et al. [55]

broiler 1–49 day 37°C (8 h/day) Vitamin E: 250 mg/
kg diet

↑Zn concentration
in serum

CAT = catalase concentration in blood; GR = glutathione reductase concentration in blood; GSH = reduced
glutathione concentration in blood; MDA = malondialdehyde concentration in blood; SOD = superoxide dismutase
concentration in blood; Zn = zinc.
↑ Increase; ↓ decrease.

Table 2.
Effects of selected vitamin supplementation under heat stress based on different studies [56].
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5.1.2.1.2 Vitamin C

Vitamin C protects against oxidative stress-induced cellular damage in the pres-
ence of scavenging ROS, and is capable itself of inhibiting lipid peroxidation in
plasma. Ascorbic acid can directly scavenge radicals in the aqueous compartment.
Ascorbate can scavenge O2

�, H2O2, the OH, hypochlorous acid, aqueous ROO�, and
singlet oxygen. Under its antioxidant activity, ascorbate has a two-electron reduc-
tion [53]. Although chickens are known to synthesize ascorbic acid in the kidney,
increased supplementation has proved beneficial effects in broilers reared under
heat stress [59]. Ascorbic acid is actively absorbed. This active transport is
supported by the sodium electrochemical gradient. However, the vitamin C
requirements increase under heat stress. According to different studies, ascorbic
acid supplementation (200 mg/kg feed) caused a significant increase in plasma
ascorbic acid levels [59, 60] in broilers under heat stress. This indicates that the
higher Vitamin C concentrations in the broiler diet could be used against heat stress
successfully.

5.1.2.2 Micro-mineral supplementation

5.1.2.2.1 Zinc

Zn is a “member” of the antioxidant network because it is a cofactor of a very
important antioxidant enzyme: Cu/Zn-SOD. Zinc plays a role in depressing the free
radicals and inhibiting lipid peroxidation and GSH depletion. Zn can have direct
antioxidant function and it is necessary for the prevention of free radical formation.
However, it does not act directly against them [53]. Zinc supplementation has
positive effects on antioxidant status of birds [61–63]. Zinc may play an important
role in suppressing free radicals because it works as a cofactor (Cu/Zn-SOD) and
inhibits NADPH-dependent lipid peroxidation [64], thus improving antioxidant
status: increased serum Vitamin C and E concentrations [65] and decreased MDA
levels [57, 66] (Table 3, [56]).

5.1.2.2.2 Selenium

Organoselenium compounds are essential micronutrients and are required for
cellular defense against oxidative stress and optimal immune function. Selenium is
necessary for cellular function and is a component of antioxidant enzymes: an
important part (cofactor) of GPx, which works as an important antioxidant
enzyme, protecting cells against free radical damage and oxidative stress [53].
Selenium supplementation improved antioxidant status in poultry under heat stress
[51, 55, 58]. It is suggested that the metabolic role of Se is to protect cells against
oxidation and tissue damage. Rapid oxidation of GSH to GSSH is necessary to
compensate the heat stress caused ROS production. However, Se supplementation
increases the level of available NADPH to promote the activation of GR, leading to
increased GSSH reduction to GSH [67]. Therefore, Se supplementation affected
GPx activity and the GPx/GSH ratio (Table 3).

Results of studies done with separated supplementation of Vitamin A (9000–
15000 IU/kg diet), Vitamin E (150–500 mg/kg diet), Vitamin C (150–500 mg/kg
diet), Zn (30 or 60 mg/kg diet) and Se (0,1-1 mg/kg diet), show that antioxidant
status improved in poultry under heat stress. Antioxidant potential has been
reported to be more efficient and important in combination than single antioxidant
nutrients [68]. The latest research studies show that interactions between vitamin-
vitamin and vitamin-minerals used in combination have more improved effects on
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the antioxidant status and performance of poultry under heat stress than they do
separately. Literature data on combinations of vitamin and mineral supplementa-
tion can be seen in Table 4 [56].

5.1.2.3 Plant extracts

Dried oregano powder (0.5% and 1%) can be supplemented for ducks. Oregano
(Origanum vulgare L.) is an herb extract used as an additive in poultry nutrition. It is
an aromatic plant, containing more than 30 phenolic antioxidants constituents,
including also anti-inflammatory and anti-microbial activity. It can also have

Author(s) Spices Duration
of the
study

Environmental
temperature

Amount of
supplementation
(mg/kg diet)

Other effects

Sahin et al. [65] Japanese
quail

10–42 day 34°C (8 h/day) Zn:30 or 60 mg/kg
diet

↑Vitamin C
concentration in

serum
↓ MDA

Kucuk et al. [57] broiler 1–42 day 34°C (24 h/day) Zn: 30 mg/kg diet ↓MDA

Kucuk, [66] Japanese
quail

10–40day 35°C (8 h/day) Zn: 30 mg/kg diet ↓ MDA

Harsini et al. [55] broiler 1–49 day 37°C (8 h/day) Se: 1 mg/kg diet ᴓZn
concentration

↑GPx

Mahmound and
Edens, [58]

broiler 1–28 day 33°C (24 h/day
for 4 weeks)

Se: 0.46 ppm/ kg
diet

↑GSH, GSSG,
GPx, GPx/GR

ratio

Sahin et al. [51] Japanese
quail

10–40 day 34°C (24 h/day) Se: 0.1 / 0.2 mg/kg
diet

↑serum Vitamin
E, A, Zn
↓ MDA

GPx = glutathione peroxidase concentration in blood; GR = glutathione reductase concentration in blood;
GSH = reduced glutathione concentration in blood; GSSG = glutathione disulphide concentration in blood;
GPx = glutathione peroxidase concentration in blood; MDA = malondialdehyde concentration in blood;
Se = selenium; Zn = zinc.
↑ Increase; ↓ decrease; ᴓ no effect.

Table 3.
Effects of micro mineral supplementation under heat stress based on different studies [56].

Supplementation Author(s) Spices Duration of
the study

Environmental
temperature

Amount of
supplementation

Other
effects

Vitamin C + Zn Naila et al.
2014

broiler 22-42d 40 °C
(12 h/day)

300 mg Vit.
C + 60 mg Zn

↓mortality

Vitamin A+ Zn Kucuk
et al. [57]

broiler 1-42d 34°C (24 h/day) 15 000 IU Vit
A + 30 mg

↓MDA

Vitamin E+ Se Harsini
et al. [55]

broiler 1-49d 37°C (8 h/day) 0.5 mg
Se + 152 mg Vit.E

↓MDA
↑SOD

MDA = malondialdehyde concentration in blood; SOD = superoxide dismutase concentration in blood, Se = selenium,
Zn = zinc.
↑ Increase; ↓ decrease.

Table 4.
Effects of vitamin and mineral interactions under heat stress based on different studies [56].

81

Perspective Chapter: Using Feed Additives to Eliminate Harmful Effects of Heat Stress…
DOI: http://dx.doi.org/10.5772/intechopen.101030



beneficial effects on production, mortality, microflora, and the immune system
[69]. Antioxidant enzyme activity (SOD, GPx) was improved in poultry [69]. These
results suggest that dried oregano powder addition could decrease the changes in
antioxidant enzymes under heat stress.

5.1.2.4 Probiotics

Probiotics are non-digestive alternative growth promoters used in poultry
nutrition. Probiotics can improve animal performance, and it can manipulate and
maintain beneficial microflora in the gut. Several studies prove that probiotics
supplementation to feed improves production parameters in poultry [70, 71]. Sup-
plementation of probiotics (Bacillus Subtilis: 1x108 CFU/kg feed) decreased MDA
activity and uric acid concentration, and also improved antioxidant response in
ducks [72, 73].

6. The effect of heat stress on the performance of broilers reduced by
using feed additives

6.1 The effect of heat stress on the performance of broilers

After reviewing the relevant research, we identified three different types of heat
stress (HS) that have been applied in experiments: acute, cyclic and chronic. In the
case of acute HS, the elevated temperature lasts from several hours up to 24 hours.
After exposure to HS, sample and data collection occurs. This type of arrangement
is suitable to study the immediate effect of heat stress. However, in temperate
countries, even in the case of cooled stables, the actual barn temperature shows a
daily cycle which can be mimicked by the cyclic HS environment (4–10 hours per
day in the range of three days per week to daily up to 10 days long). In tropical
countries, this kind of fluctuation is much less pronounced. Therefore, the envi-
ronmental conditions can be best modeled with a chronic HS (continuous HS
environment usually during the second half of fattening) model [74].

The most often claimed effect of heat stress is a reduction of feed intake. As an
immediate effect, acute heat stress reduces feed intake by about 25% (Table 5).

Applying the heat stress repeatedly but allowing regeneration at thermoneutral
(TN) temperature (cyclic HS-simulating the day-night temperature fluctuation)
results in an adaptation, as during this period the lowest decline (in between 5 and
15%) in performance data (feed intake, daily gain and feed conversion ratio) can be
observed (Table 5). Chronic heat stress will approximately double the negative
effect compared to cyclic heat stress (7–11% point), but still some adaptation can be
seen compared to acute heat stress. Acute HS has a dramatic effect on daily gain, as
even negative values (weight loss) can occur, which makes it impracticable to
calculate the feed conversion ratio. Therefore, researchers did not publish such data.
The nutrient content of the unconsumed feed itself does not justify the negative
energy balance; therefore, one can assume that the energy and nutrient needs of the
HS response are high. When adaptation can occur; cyclic HS has a less adverse
effect than chronic HS on both daily gain and the feed conversion ratio (Table 5).

6.2 Mitigation capacity of various feed additives on HS in broilers

One long term aim of researchers is to be able to mitigate the negative effects of
heat stress. Supplementation of effective feed additives could be useful for improv-
ing intestinal absorption and minimizing the adverse effects of HS [92]. To have
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more clear information on effectiveness of various feed supplements Ortega and
Szabó [93] suggested the calculation of mitigation capacity (see subsection 2 in the
present chapter). However, researchers [93] also point out that contrary to the
numerous publications in the field, only a limited number of studies are suitable for
using this calculation, as it requires at least three treatment groups. HS effect
mitigating supplements are usually vitamins expressing antioxidant capacity,
probiotics and plant extracts (Tables 6–8).

It can be seen that - overall - the most difficult parameter to improve is that of
feed intake (Table 7), as the feed additives studied have quite variable mitigation
capacities. The overall mitigation percentage is only about 5–15%.Bettervalueswere
obtained in the case of chronic heat stress compared to cyclic heat stress, but
different feed additives were used. The highest improvement (above 85%) was
achieved with a probiotic [88]. However, other probiotics were much less effective.

The adversely affected daily gain can be improved by about 30–35%, and the
feed conversion ratio increased up to 60–70%. Observing the mitigation capacity of
different feed additives in this regard, it seems that probiotics and vitamins can be
the most effective mitigators, especially when they are applied in combination [84].
However, further research is needed to determine the most effective microbe com-
bination(s), and the most effective levels of vitamins, as well as their interactive
effects. Only one study reported results with fumaric acid supplementation which
also seems promising, but more research is still needed [86]. Quite a few authors
have tested the feed supplements in combination, which is in line with feed indus-
try trends. Therefore, we calculated the average % mitigation value for combined
and single applications. Data shows that combined applications are more effective
in cyclic heat stress conditions, while that benefit cannot be observed in chronic
heat stress.

7. Conclusions

Based on the scientific findings presented in this chapter, the following impor-
tant conclusions can be drawn:

• Using fat in the diet (up to 5%) can reduce heat production in livestock.

• Vitamins (e.g. A, E and C) are capable of reacting with free radicals, thereby
reducing their amounts and lipid peroxidation in the poultry. However, micro
minerals (e.g. Zn, Se) are not directly capable of preventing or reducing ROS-
formation, but they are essential cofactors for those enzymes which are
reacting with free radicals.

• Vitamin E and Vitamin C supplementation improved antioxidant parameters
(CAT, GR, GSH, MDA, SOD) due to their essential antioxidant function. Both
Zn and Se are also improving antioxidant parameters (GR, GSH, GPx, and
MDA).

• Antioxidant potential of vitamins and micro minerals is more efficient in
combination under heat stress in poultry nutrition.

• Plant extracts (e.g. oregano) could decrease the negative effects of heat stress
on antioxidant enzyme activity due its antioxidant constituents.

• Betaine reduces heat production in animals at high ambient temperatures.

90

Advanced Studies in the 21st Century Animal Nutrition



• Acute heat stress induced a drop in feed intake and increased nutrient demand
will result even in weight loss. However, if heat stress is prolonged, adaptation
will occur.

• Probiotics and vitamins (C and E) seem to be the most effective means of
reducing the negative effects of heat stress.

• Main conclusion for the practice: Different feed additives and supplementation
strategies (single vs. combined) can be more effective in temperate and
tropical countries. Therefore, in order to decide which feed additive to use and
in what form (single or combined) the most effectively, it is recommended
that farmers carry out a pre-study in the given climatic and feeding conditions.
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Chapter 6

Use of Aromatic Seeds as 
Feed Additives to Improve the 
Production of Anatolian Water 
Buffaloes
Taşkın Değirmencioğlu

Abstract

Buffaloes have a strong population of rumen microorganisms that can utilize 
different feeds. Other features that make this animal unique are its compatibility 
with nature, its ability to withstand difficulties, and the nutrient richness of animal 
products. Today, the emergence of residues such as animal origin diseases, pesti-
cides and antibiotics in animal food products has led organic products to be pre-
ferred more by consumers. Due to the increase in consumption demand of natural 
products, the share of buffalo products in the world market is gradually increasing. 
Focusing on the use of natural additives in buffalo feeding is important for the 
diversity of healthy products. Examples of natural additives are cumin and fenu-
greek seeds. In addition to being natural products, these seeds are reported to have 
versatile functions in the animal body. The purpose of this chapter is to show how to 
use aromatic seeds as feed additives in the feeding of Anatolian water buffaloes. The 
chapter also includes various articles on the use of aromatic seeds in buffalo rations 
in international fields. This review focuses on the current research relating to the 
use of aromatic seeds as feed additives to improve the production of Anatolian 
water buffaloes. Based on the scientific results presented in this chapter, authors 
drew the following main conclusions: (1) The use of aromatic seeds as feed additives 
of Anatolian water buffaloes feeding enabled in enhancing milk production, with-
out changing the taste and chemical composition of the milk. (2) Milk production 
can be improved up to 0.67 kg and 0.85 kg day-1 by adding 50 g Fenugreek seeds 
and 30 g Cumin seeds to the ration of buffaloes in the early lactation period. (3) The 
use of aromatic seeds in the feeding of water buffaloes has been proven therefore, 
their use in the buffalo sector should be encouraged.

Keywords: Cumin seeds, fenugreek seeds, feed consumption, milk yield, organic 
animal

1. Introduction

With the increase in population, the product range for commercial purposes 
has gradually expanded in the food industry. Especially in the feed sector, new 
feed sources, corn chips, biscuits and chocolate residues were offered to animals. 
However, the reliability of these feed sources is a matter of debate. In intensive 
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dairy buffaloes, green feeds are harvested and brought to the feet of the animal. 
Buffalo cows are fed with blended feed consisting of alfalfa hay, corn silage, straw, 
concentrate feed and sometimes food agricultural residues (such as tomato peel, 
beer grinder residues, sugar beet pulp). The Anatolian buffalo has a great potential in 
terms of organic animal husbandry because of its resistance to diseases, its diet based 
on pasture, not adding synthetic additives to its feed, and its usefulness for human 
health. On the other hand, considering the insufficient technological and economic 
infrastructure of the breeders, the drying of wetlands to agriculture, the risk of drug 
residues, the use of genetically modified feed in feed factories, the above-mentioned 
negative effects constitute a serious risk in terms of this potential [1]. Organic (eco-
logical, biological) animal production is a production method of ecological balance, 
animal welfare and product quantity, criteria of health criteria in product quality [2]. 
In organic animal production enterprises, species and breeds which are resistant to 
environmental and climatic conditions and diseases should be selected [3]. Buffaloes 
are resistant to sudden feed changes and can feed on low-quality forages. They are 
also resistant to diseases caused by blood parasites in their feet and mouth, namely 
BSE, IBR-IPV [4]. Therefore, because the Anatolian water buffalo does not need a 
special care, they are sought for organic livestock. In organic livestock, hormones, 
antibiotics and the like substances cannot be used to speed up the growth rate and 
maximize the feed utilization. Genetically modified (GMO) feeds, chemically 
treated feeds or synthetic additives cannot be used [5]. Studies have been carried out 
to improve natural consumption and rumen conditions as well as natural additives 
in rations of Anatolian water buffaloes. As example of this additive can be given 
aromatic plants [6]. As it is known, the milk yield of an animal after giving birth 
reaches its peak level in 8–10 weeks. On the contrary, the ability to consume food can 
not rise rapidly to meet the increase in milk yield [7]. The energy imbalance seen in 
this period is called as negative energy balance [8]. During this period, animals try 
to compensate their energy insufficiency by breaking up fat tissues in their bodies. 
The risk of metabolic disease increases significantly when fat breakdown exceeds 
physiological limits [9]. In this period, however, the use of aromatic plants in live-
stock increases feed consumption, thereby reducing the energy imbalance The milk 
yield-increasing effect of aromatic seeds has been investigated mainly in ruminants. 
The milk productivity of AWB is very low because of traditionally feeding based on 
pasture. Milk supply can be increase with some herbal in cattle.

2. Anatolian water Buffalo

Buffaloes in our country have their origins in the Mediterranean buffalo, one 
of the subspecies of river buffaloes, and are defined as the Anatolian water buffalo 
(AWB). (Bubalusbubalis). It is a domestic race registered by the race registration 
committee with the communiqué dated 12.12.2004 and numbered 25668 of the 
Official Gazette 2004/39 [10]. The AWB showing a distribution to all parts of 
Turkey mainly the Black Sea region and the north of the Central Anatolia has a live 
weight ranging between 400 and 450 kg in adult females and 450–500 kg in adult 
males. It has a height of 129 to 136 cm in the shoulder region (cidago height). The 
AWB has a rough, angular and muscular body, a low rump and thick and strong 
joints. The hair color is black and dark gray in adult buffaloes. Some individuals 
may have whiteness at their heads, feet and tails (Figure 1).

The lactation period ranges between 200 and 250 days and the total milk yield in 
the lactation period ranges between 800 and 1000 kg. The fat ratio in the milk varies 
between 6 and 8% [11]. During the Ottoman Empire period, Turks passing to the 
Balkans took their buffaloes with them. The Turkish buffalo spread to a wide area 
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in the Balkan countries with wet and fertile lands (Mecadonia, Western Thrace and 
Bulgaria) [1]. There is a wide range of AWB products. For example, Ney is the only 
woodwind of Turkish Classical Music and the head instrument of Turkish Sufi Music. 
Ney is one of the instruments whose sound is closest to human voice. A mouthpiece 
called baspare is attached on the top hole in order to obtain a clearer sound and to 
prevent the lips from being hurt. Baspare is usually made of water buffalo horn. 
Similarly, buffalo horn is used in the production of Turkish bows and combs. Yoghurt, 
cream and mozzarella cheese are made from its milk and sausages are made from its 
meat. According to the recent scientific findings it can be stated that milk and meat 
yields of buffaloes are lower than those of cattle. However, products obtained from 
buffalo can be sold at a low cost and a higher price than cattle [12].

3. Aromatic seeds

The Saponins are naturally occurring surface-active glycosides. Chemically, 
saponins are high-molecular-weight glycosides in which sugars (glycone) (1–8 
residues) are linked to a triterpene or steroidal aglyconemoiety [13]. Johnson et al. 
[14] found that some saponins increase the permeability of intestinal mucosal cells. 
Herbal containing saponin can contribute to nutrient requirements, stimulate the 
endocrine system and affect intermediate nutrient metabolism [15, 16]. In addition 
saponin-rich materials increase the partitioning of nutrients towards microbial 
mass, mainly by affecting protein degradation and by having anti-protozoal effects 
[17]. The seeds of fenugreek and cumin contain alkaloids, flavonoids, saponins, 
amino acids, tannins and some steroidal glycosides [18].

Fenugreek seeds (FS) (Trigonellafoenumgraecum) is an annual crop belonging to 
the legume family [19]. Fenugreek has a positive effect on the lactation performance 
of ruminants. Diocin is a natural saponin found in Fenugreek and has a structural 
similarity to estrogen [20].

There are two main purposes of grinding the fenugreek substance. The first is 
to separate the grain into small particles that can be found in the same proportion 
throughout the mixed feed. The other should be given roughly broken in order to 
facilitate digestion in buffaloes. Otherwise, a significant portion of the seeds is 
thrown out without being digested. Treatment of grinding fenugreek seeds pro-
ceeded at 3-mm intervals (Figure 2).

Figure 1. 
Anatolian water Buffalo (Bupalusbupalis).
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Cumin seeds (CS), whose scientific name is Cuminumcyminum L. and belonging 
to the apiacea family is a well-known herbal medicine in Iran [21]. Its fruits contain 
2–5% volatile oil, usually obtained by steam distillation of the dried and crushed 
fruits. This oil has the ability to easily diffuse across cell membrane to induce 
biological reactions. Cuminaldehyde is one of the major flavoring components of 
cumin essential oil that can induce different biological activities. Previous studies 
showed that the antimicrobial and fungitoxic activity could be linked to the main 
compound, cuminic aldehyde [22]. Positive effects of CS on feed consumption in 
ruminants have been reported by some researchers [23, 24].

This herbal is a very good source of iron which is a mineral that plays many vital 
roles in the body. CS has traditionally been noted to be of benefit for digestive sys-
tem and also has anti-carcinogenic properties [25]. Moreover, Cumin fruit has been 
used to stimulate breast milk production in Iranian traditional medicine [26]. The 
nutrient composition of seed depending on the raw material source and the storage 
conditions. Many studies have shown that the protein content of FS varies between 
27.42–42%, and However, the oil content was low, below 10%, Linolenic acid (18: 3) 
was present at low relative level (below 1.0%) [27], totalcarbohydrate 56.14%, neu-
tral detergent fiber 18.62%, acid detergent fiber % 4.38 and hemi cellulose 14.24% 
[28]. The chemical composition of FS and CS respectively contained on dry matter 
basis (DM) 91.11 and 92.43%, crude protein (CP) 29.49 and 19.64%, ether extract 
(EE) 3.86 and 15.68%, crude ash (CA) 3.23 and 6.95% ME 2373.67 and 2461.07 kcal/
kg. Chemicalcomposition of FS and CS seeds are presented in Table 1.

As can be seen in Table 1, crude cellulose content of FCS and CS and was 6.20 
and 11.23% depending on the crust ratio in the seed. The chemical composition 
of FS and CS respectively contained on dry matter basis (DM) 91.11 and 92.43%, 
crude protein (CP) 29.49 and 19.64%, ether extract (EE) 3.86 and 15.68%, crude ash 
(CA) 3.23 and 6.95% ME 2373.67 and 2461.07 kcal/kg (Table 1).

The crude protein of FS is higher than the CS. However, the ether extract, 
cellulose, crude ash, ADF and NDF content of the CS was higher compared 
with the FS.

Figure 2. 
The form of the fenugreek seed used in trial.
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In addition to the crude protein content of over 29%, fenugreek seeds are 
increasingly replacing plant-based meal feeds with its nutrient profile.

Experimental rations were as follows: control Concentrate feed mixture-(CFM) and 
CFM consisted of 31% barley, 32% wheat, 30% sunflower meal, treated 5% Fenugreek 
seed 1% marble powder, 0.75% salt and 0.25% vitamin+ mineral mix (Figure 3) [30].

3.1 The use of aromatic seeds in buffaloes

To summarize thousands of studies on aromatic seeds in this review it does not 
seem possible. Therefore, this chapter focuses only on the most important aromatic 
seeds those can be considered in buffaloes feeding.

3.2 The effects of aromatic seeds on dry matter intake

Daily intake of dry matter (DM) in an animal defines its capability of feed 
consumption. Dry matter consumption; It is affected by factors such as animal 
factor, environmental factor and feed [1]. Positive effects of aromatic seeds on dry 
matter intake in buffaloes have been reported by some researchers. When studies 
on milk buffaloes were examined, it was seen that aromatic seeds were used in early 
lactation buffalo rations.

Feed DM OM CP EE CE CA NFE ADF NDF ME 
(kcal kg−1)

Fen. 91.11 87.88 29.49 3.86 6.20 3.23 48.33 11.50 14.44 2373.67

Cum. 92,43 85.48 19.64 15.68 11.23 6.95 38.93 20.66 44.90 2461.07

Cumin DM: Dry Matter; OM: Organic Matter; CP: Crude Protein; EE: Ether Extract; CE: Cellulose; CA: Crude 
Ash; NFE: Nitrogen Free Extract; ADF: Acid Detergent-Fiber; NDF: Neutral Detergent Fiber; ADL: Acid Detergent 
Lignin; ME: Metabolizable Energy calculated according to the equation of [29].

Table 1. 
Chemical composition of fenugreek [30] and cumin seeds [31] DM (%).

Figure 3. 
Concentrate feed mixture (CFM).
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Değirmencioglu et al. [30] 24 lactating Anatolian buffaloes at lactation stage 
30–45 days of lactation were randomly selected and distributed into two different 
groups with 12animals in each group. Animals in Group I fed by control ration and 
in Group II fed by control ration plus fenugreek seeds (GFS) 50 g kg−1. In a related 
study, Total DM consumption in group 2 was higher than in the control group 1 
(5.92% (P < 0:05)); it was determined that the grinding fenugreek seeds (GFS) at 
a level of 5% had a significant effect on dry matter consumption (0.83 kg/day) in 
buffalo rations (Table 2) [30].

In another study, Değirmencioğlu et al. [31] A total of 27 multifarious AWB at stage 
40–50 days of lactation were randomly selected and distributed into three different 
groups with 9 animals in each group. Animals in Group I fed by control ration, in 
Group II fed by control ration plus cumin seeds (GCS) 10 g kg−1 and in Group III fed 
by control ration plus 30 g GCS kg−1. GCS application significantly increasedto a total 
DM consumption (P < 0.01; 11.69,12.14 and 13.01 kg day−1 for S1, S2 and S3 diets, 
respectively). The total DM consumption washigher in buffaloes fed by S3 diet than in 
buffaloesfed by the S2 and S1 diets (6.68% and 10.14%, P < 0.01) (Table 3) [31].

Parameter Groups Significance
2Group I (Control)

n = 9
1% (GCS)1 

Group II
n = 9

Group III
3% GCS

n = 9

Total DM intake2 11.69 ± 0.20a 12.14 ± 0.20a 13.01 ± 0.27b **

Milkyield (kg d−1) 5.83 ± 0.09a 6.17 ± 0.14a 6.68 ± 1.28b **

4% FCM 7.73 ± 0.21a 7.46 ± 0.25ab 8.38 ± 0.19b *

Fat (%) 6.27 ± 0.32 5.45 ± 0.30 5.62 ± 0.25 NS

SNF (%) 10.32 ± 0.08 10.14 ± 0.06 10.15 ± 0.06 NS

Protein (%) 4.53 ± 0.10 4.24 ± 0.08 4.20 ± 0.07 NS

SCC(x log10 mL−1) 159.74 ± 39.00 153.78 ± 20.51 92.29 ± 9.60 NS
1Ground cumin seed (GCS) SE = Standard error, NS = Not significant; The difference between the treatment was 
significant at P = 5% (*) and 1% (**) level, respectively. Different superscripts in the same row indicate significant 
differences among treatments. Significant levels are defined in the footnote of Table 2.

Table 3. 
The effects of grounding cuminum seeds on the performance of Anatolian water buffalo (mean ± SE) [31].

Parameter Groups Significance

Group I (Control) n = 12 5% (GFS)1 Group II
n = 12

Total DM intake2 13.17 ± 0.41 14.00 ± 0.34 *

Milkyield (kg d−1) 7.34 ± 0.24 8.01 ± 0.19 **

Fat (%) 5.80 ± 0.19 6.06 ± 0.17 NS

SNF (%) 10.18 ± 0.05 10.30 ± 0.04 NS

Protein (%) 4.95 ± 0.15 5.11 ± 0.21 NS

SCC(x log10 mL−1) 60.35 ± 6.83 53.70 ± 7.57 NS
1Ground fenugreek seed (GFS).
2Total DM intake values for buffaloes were not added to pasture consumption. 4% FCM = 4% fat-corrected milk; 
SNF=Solids-not-fat; SCC = Somatic Cell Count; SE = Standard error, NS = Not significant; The difference between 
the treatment was significant at P = 5% (*) and 1% (**) level, respectively.

Table 2. 
The effects of grounding fenugreek seeds on the performance of Anatolian water buffalo (mean ± SE) [30].
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In another study, Kirar et al. [32] 12 lactating Murrah buffaloes of 1st to3 parity 
were randomly selected and distributed into two different groups with six animals 
in each group. Animals in Group I were control without any supplementation and in 
Group II were supplemented with soaked fenugreek seeds 50 g per animal per day 
(Table 4) [32].

In another study, Choubey et al. [28] a total of 18 lactating Surti buffalos at 
stage 55.52 ± 8.61 day of lactation) were selected and divided into 3 homogenous 
groups with 6 animals in each group. Animals in Group I fed by control ration, in 
Group II fed by control ration plus fenugreek seeds (GFS) 1.5% and in Group III 
fed by control ration plus 3.0% FS. During the research, organaleptic taste tastes 
were determined in the milk obtained from I, II and III groups. 6.47, 6.80 and 6.84 
As a result of the study, it was determined that the use of fenugreek in milk did not 
affect the aromatic structure of the milk negatively (Table 5) [28].

As it can be seen in Tables 2 and 3, it is seen that the use of aromatic seeds in the 
ration has a significant effect on the total dry matter intake of buffaloes.

Parameters Group I
Control diet

n = 6

Group II
50 g FS1/head

n = 6

Milkyield (kg d−1) 5.40 ± 0.13 6.80 ± 0.08

Fat (%) 6.47 ± 0.11 6.45 ± 0.11

Milk SNF (%) 9.63 ± 0.10 9.95 ± 0.15

Milk protein (%) 3.57 ± 0.05 3.55 ± 0.06

Milk lactose (%) 4.95 ± 0.08 5.08 ± 0.06
1Fenugreek seed (FS).

Table 4. 
Effect of fenugreek on the performance of Murrah buffaloes (mean ± SE) [32].

Parameter Groups Significance2

Group I (Control)
n = 6

Group II
1.5% FS1

n = 6

Group III
3.0% FS

n = 6

Milkyield (kg d−1) 3.72a ± 0.20 4.05b ± 0.22 3.87ab ± 0.34 0.049

Fat (%) 8.21 ± 0.86 8.19 ± 0.86 7.72 ± 0.77 0.697

Density 31.94 ± 1.40 32.99 ± 0.88 33.01 ± 0.51 0.452

SNF (%) 9.95 ± 0.37 10.24 ± 0.13 10.10 ± 0.20 0.453

Protein (%) 4.19 ± 0.21 4.33 ± 0.16 4.44 ± 0.25 0.442

Laktose (%) 5.10 ± 0.17 5.15 ± 0.18 5.15 ± 0.07 0.806

Appearance 6.47 ± 0.09 7.06 ± 0.08 7.24 ± 0.09 0.133

Flavor 6.51 ± 0.09 6.76 ± 0.05 6.80 ± 0.13 0.060

Palatability 6.47 ± 0.11 6.80 ± 0.11 6.84 ± 0.16 0.073
1Fenugreek seed (FS).
2Different superscripts in the same row indicate significant differences among treatments. Significant levels are 
defined in the footnote of Table 2.

Table 5. 
Effect of fenugreek on the performance of Surti buffaloes (mean ± SE) [28].
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The positive effects on DM consumption of aromatic seeds could be explained 
by effect hypothalamus to stimulate hunger centers in the brain and increasing 
the desire for eating [33]. Fenugreek may also increase food consumption through 
inhibition of leptin secretion [34]. In addition, due to the rich nutrient content of 
aromatic seeds, increases the number of rumen microorganisms, which positively 
affects the degradability of roughage.

3.3 The effects on milk production

As it can be seen in Tables 2-5, in the case of using aromatic seeds in the water 
buffalo’s diet, this could be resulted in significant increasing in milk yield 8.36%, 
12.72%, (P < 0:01) 20.58%(P > 0:01) and 8.14%.

Fenugreek seeds contain a fair amount of steroidal saponnin which may improve 
the nutrient absorption by altering the mucosal permeability of intestine [35]. 
Stimulation of endogenous hormone secretion could be hypothesized through a 
mechanism by which fenugreek exerts its action on milk yield. In buffaloes, fenu-
greek feeding increased plasma levels of prolactin [36]. However, the role of this 
hormone in the lactating ruminants is not far away from understanding [37, 38]. 
Present results indicate that growth hormone might be a possible candidate as a 
mediator of fenugreek action on milk production. Growth hormone (GH) is known 
to have a strong galactopoietic effect on lactation performance in ruminants since 
the exogenous administration of bovine somatotropin stimulates milk yield [39]. GH 
levels reported to increase in response to fenugreek feeding [40]. These seeds posses, 
an estrogen like substance which is also supposed to accomplish its galactagogue 
role [41–43] observed that the herbs increased in milk production by stimulat-
ing the endogenous hormonal secretion in mammals. They have also proved their 
worth as component of herbal preparation to improve the lactation performance 
and health of dairy buffalo [30] found an improvement in milk yield (0.67 kg/day) 
through supplementation of grounded FS (50 g/kg in concentrate) in Anatolian 
water buffaloes (Table 2). Other researchers [28, 32], like showed that supplementa-
tion of fenugreek seeds (100 g/day) and (% 1.5) on lactating Murrah buffaloes and 
surti buffaloes resulted in a increase in milk production although nonsignificant, 
no change in milk composition (Tables 4 and 5). With the progress of experiment, 
there appeared an improvement in the daily milk yield due to supplementation of 
soaked fenugreek seeds at both the dosage level. It was decided to be used of lowest 
dosage in diet so that could not pass bad smell into milk and as well as economic 
costing [30]. Değirmencioğlu et al. [31] also reported that supplementation of 30 g 
cumin seeds significantly (P < 0.01) increased mean daily milk production (0.85 kg) 
in Anatolian water buffaloes (Table 3). In these studies, CS and FS supplementation 
did not affect milk composition of buffalo and this result complies with the other 
studies [28, 32] who reported that differences in SNF, protein and fat contents of 
buffalo milk fed ration supplemented with SC were not significant (Tables 4 and 5). 
Conversely, [25] showed that milk protein contents were significantly (P < 0.05) 
affected by CS supplementation. Similarly [44] reported that decreasing in milk fat 
of goats due to FS supplementation at very high dosage. There was a concern that the 
pungent aroma or taste of the fenugreek seeds could be transmitted to milk and alter 
milk flavor. Some of the prior studies, suspect that a higher dose supplementation of 
any herbal supplement having distinct aroma or taste may impart off flavor to milk 
[45]. Each raw milk sample was tasted to assess sweetness, saltiness, bitterness or 
rancidity. Thus a sensory evaluation was carried out to determine the organoleptic 
acceptability of milk. Shah and Mir [46] reported that dietary fenugreek seeds did 
not adversely affect milk production, DM intake and organoleptic acceptability of 
milk of cows, and can be used to improve milk quality by reducing milk cholesterol 
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content and increasing desirable functional fatty acids in milk. Similarly researcher 
determined a positive effect on the flavor and palatability of milk with increasing 
fenugred dose p = 0.060 and p = 0.073 (Table 5) [28]. This can be explained by the 
powerful antioxidant effect of fenugreek. It is stated that the milk with fenugreek 
prevents oxidative loss in the fat during heating, and thus a flavor and aromatic 
structure is formed in the milk [47].

4. Conclusion

Based on the scientific results presented in this chapter, the following main 
conclusions can be drawn:

1. The use of aromatic seeds as feed additives of Anatolian water buffaloes feed-
ing enabled in enhancing milk production, without changing the taste and 
chemical composition of the milk.

2. Milk production can be improved upto 0.67 kg and 0.85 kg day−1 by adding 
50 g Fenugreek seeds and 30 g Cumin seeds to the ration of buffaloes in the 
early lactation period.

3. The use of aromatic seeds in the feeding of water buffaloes has been proven 
therefore, their use in the buffalo sector should be encouraged.
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Microbial Inoculation to High 
Moisture Plant By-Product Silage: 
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Abstract

Use of microbial inoculants during silage making have drawn interest to silage 
producers including those who are feeding their livestock on silage produced 
from by-products (e.g. pulps). Many farmers in the developing countries rely on 
agro-industrial by-products to feed their livestock, which is limited by the high 
moisture content of the by-products. This review pertains to issues related to silage 
production from high moisture plant by-products (e.g. pulps or pomaces), chal-
lenges involved in the ensiling of these resources, the use of additives (e.g. microbial 
additives), and growth performance of the animals that are fed silage from these 
resources. This information will be helpful to better understand the key roles of 
silage production from these resources.

Keywords: additives, digestion, forages, inoculation, methane, pulps

1. Introduction

The increasing demand for sustainable animal production is driving animal 
nutritionists to explore strategies for using high moisture by-products in animal feed-
ing. Several researchers [1, 2] have reviewed the use of agro-industrial by-products as 
animal feed resources. These by-products are available during food processing and or 
beverage production, and are often produced in abundance, making it difficult to use 
them in a short period. Using these by-products in animal feeds will assist the food 
producing factories to reduce disposal costs while minimising the environmental 
impacts that these by-products would otherwise create [3].

The high moisture (>25%) content of these by-products makes it difficult to 
transport and handling during processing and storing [4]. While disposing these 
by-products might seem as a solution, such an act is associated with potential envi-
ronmental pollution [5]. Subsequently, the high moisture coupled with high sugar 
content of these by-products allows for easy contamination by foreign materials 
and unwanted microbes, which leads to spoilage [1]. Despite the negative factors 
that are linked with these by-products, they contain valuable nutritional properties 
such as crude protein, organic matter, fibre and oil [1]. These resources should be 
processed and stored for animal feeding.



Advanced Studies in the 21st Century Animal Nutrition

112

The drying of high moisture by-products to produce meals for animal feeding is 
technically feasible, but is costly and laborious [6]. Research has shown that ensil-
ing can be an alternative for processing and storing of these resources, provided all 
basic principles of ensiling are followed [7, 8]. Ensiling entails the preservation of 
plant/crop resources through anaerobic fermentation, usually by epiphytic bacteria 
that converts soluble carbohydrates to mainly lactic acid, and minor amounts of 
volatile fatty acids. The production of organic acids during ensiling reduces the pH 
to 3.8 to 4.2 for a good quality silage, which inhibits growth of undesirable microbes 
and results in an ideal preservation on the ensiled material [9]. While ensiling 
represent an appropriate preservation method for forages, crops and high moisture 
by-products, it can also result in the losses of nutrients due to undesirable fermenta-
tion process in cases where lactic acid is not adequate [10]. To overcome the nutri-
tive losses of the ensiled material, different additives are used.

Additives are constituents that contribute to the reduction of losses, stimulate fer-
mentation, and enrich nutritional value of silage [10]. Such additives include chemi-
cals, enzymes, absorbents and microbial inoculants [11]. Chemical additives such 
as propionic acid, formic acid, sulphuric acid have been applied to high moisture (> 
70% moisture) forages during ensiling for some decades. However, their use in silage 
is limited due to their toxic nature if not properly applied [10]. Enzymes such as xyla-
nase, cellulase etc. are usually added to forage at ensiling to partially degrade fibre 
to fermentable water-soluble carbohydrates (WSC) that are consumed by lactic acid 
bacteria (LAB). The LAB can use fibre as source of energy to produce lactic acid [12]. 
The use of microbial inoculants ensures rapid and efficient fermentation of WSC to 
lactic acid and further predicts the adequacy of silage fermentation [13]. Lactic acid 
bacterial inoculants have been introduced some decades as one of microbial additives 
that improve forage fermentation, aerobic stability of silage and silage utilization by 
ruminants [14]. The most commonly LAB inoculants are obligate homofermentative, 
obligate heterofermentative and facultative heterofermentative LAB [15].

However, it should be noted that the addition of LAB inoculants to forage of 
low WSC (< 30 g/kg) content, could result to poor fermentation of the forage [16]. 
Haigh and Parker [17] concluded that WSC content as low as 30 g/kg may be suf-
ficient for a stable fermentation where an effective additive is added during ensiling. 
In many instances, a source of readily fermentable substrate for LAB is included 
with commercial bacterial inoculants.

Given that LAB inoculants have been used as silage additives for a long time, 
their utilization is however more prominent on the ensiling of forages/crops. 
However, research on the use of LAB inoculants during the ensiling of high 
moisture by-products is limited. The present study therefore reviewed the use of 
microbial inoculants on high moisture by-products with special emphasis on silage 
fermentation and aerobic stability and livestock performance.

2.  Addition of high-moisture by-products to improve the ensiling  
of forages

High moisture by-products such as those from the fruit juice processing contains 
soluble sugar that can benefit silage making from low sugar forages such as alfalfa. For 
example, sugar beet pulp [18] and apple pomace [19] contain WSC of 26% and 12% 
respectively, can be used to improve the fermentation characteristics of silage from low 
sugar forages. Ke et al. [20] ensiled wilted alfalfa with or without pomaces (i.e. grape 
and apple) and reported a reduction in silage pH, reduced proteolysis and increased 
lactic acid production compared to the untreated silage. In contrast, pomace addition 
reduced silage aerobic stability compared to the untreated silage. Fang et al. [21] added 
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0, 5, 10 and 20% apple pomace in a total mixed ration that was ensiled for 90 days, 
and reported an increased silage ethanol production with the 20% inclusion of apple 
pomace. This was attributed to the increased sugar content of the silage mixture.

3.  Use of absorbents to improve the ensiling of high moisture plant 
by-products

One of the major setbacks in ensiling agro-industrial by-products is their high 
moisture contents (>25%) that requires the by-products to be dehydrated or mixed 
with absorbents to improve the dry matter contents, compaction and ensiling pro-
cess [22]. When silage DM content is less than 300 g/kg, conditions for clostridial 
activity are favourable, resulting in high losses and silage of low nutritional value 
[23]. To enhance the fermentation process and sustain nutritional quality during 
ensiling, various additives such as feedstuffs, nutrients and absorbents [24, 25], and 
non-protein nitrogen agents, chemicals and enzymes have been used [26].

High moisture by-products such as pulps and pomaces are difficult to ensile and 
may lead to seepages, causing nutrient losses. These by-products are usually ensiled 
with absorbents (i.e. dry sources) to improve both the dry matter and fermentation. 
The effects of adding various absorbents to high moisture by-products at ensiling are 
shown in Table 1. Adding absorbents to high moisture plant by-products at ensil-
ing improved the fermentation (66%), silage aerobic stability (50%) and in vitro or 
animal performance by 74% of the responses. This variation in responses depends on 
the nutritive values and WSC content of the absorbents used. Nkosi et al. [45] ensiled 
potato hash with either Eragrostis curvula hay and poultry litter as absorbents. They 
reported higher crude protein content in the silage produced with poultry litter than 
that produced with the grass hay. Migwi et al. [46] ensiled citrus pulp with either straw 
or poultry litter and reported improved silage fermentation dynamics with these two 
absorbents. The addition of straw to the beet pulp improved the DM content, WSC, 
in vitro dry matter digestibility (IVDMD) and increased the fibre fraction of the silage 
compared to the control. Megias et al. [27] and Paya et al. [28] reported that hay and 
wheat straw improved silage fermentation when used as absorbent in citrus pulp silage. 
Islam et al. [47] reported that wheat bran and wheat straw did not improve silage 
fermentation when used as absorbent in apple pomace silage. Zhang et al. [32] further 
reported that dry rice; dry beans and dry corn stover did not improve silage fermenta-
tion when used as silage absorbent when ensiling potato pulp. Khattab et al. [48] ensiled 
banana wastes mixed with wheat straw and broiler litter. The silage was treated with 
either diluted molasses or sweet whey as nutrient (sugars) additives, which improved 
growth performance of buffaloes. The addition of Eragrostis curvula hay as an absorbent 
did not improve the quality of the potato hash silage [49]. Álvarez et al. [40] ensiled 
tomato fruit mixed with either dehydrated beet pulp or cereal straw and reported 
improved nutrient content in silage mixed with dehydrated beet pulp. Hadjipanayiotou 
[50] added either poultry litter or straw to tomato pulp silage and reported greater CP 
content in silage treated with poultry littler compared to the straw treated silage.

4.  Use of microbial inoculants during the ensiling of high moisture 
by-products

4.1 Microbial inoculants

Microbial inoculants are products that are added or inoculated to forages to 
increase the number of microbes (e.g. LAB) in the forage at ensiling and influence 
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the fermentation process of the forage in the silo [51]. The forage at ensiling is 
generally dominated by aerobic micro-organisms or facultative aerobes, with less 
population of LAB [52]. Forages are usually inoculated with homofermentative 
and facultative heterofermentative LAB to enhance LA fermentation of forages. 
Homofermentative LAB produces 2 moles of lactic acid from one mole of glucose, 
and these products contain strains species such as Lactobacillus (e.g. planturum, 
pediococcus species, and enterococcus species) [52] and the recent meta-analysis 
by Oliviera et al. [53] showed Lactobacillus planturum as the mostly used species. 
Heterofermenters produces one mole of lactic acid, one mole of carbon dioxide and 
one mole of acetic acid [52]. Homofermentative LAB are reported to yield high DM 
recovery and little energy loss from the silage while the heterofermentative LAB 
results in high DM losses, increase in silage pH and volatile fatty acids such as acetic 
and propionic acids [54]. According to Avila et al. [55] facultative heterofermenta-
tive LAB strains are not good for producing sugarcane silages due to increased DM 
losses. However, inoculation of forages with heterofermentative LAB increase the 
concentration of acetic acid or propionic acid, which are suitable for yeast control 
because of their fungicidal effect [56]. This means that heterofermentative LAB 
inoculants improve the aerobic stability of silage while it can be reduced with 
Homofermentative LAB inoculation [51, 57]. According to Muck [52] the rumen 
bacteria ferment lactic acid whereas acetic acid is a product of rumen fermentation. 
Hence there are benefits to rumen microbial growth from producing lactic acid 
from the silo during ensiling of forages. In a recent meta-analysis on the inoculation 
rates of LAB to forages, the 106 colony forming units (CFU)/g was common, and the 
105 and 106 cfu/g inoculation rates were most effective for improving silage fermen-
tation, reducing acetic acid production and improving DM recovery [53]. This study 
further reported that the recommended inoculation rate for silage inoculants varies 
by region, with 105 cfu/g being common in the United States, 106 cfu/g in Europe, 
and 104 cfu/g being common in some Asian and South American countries. The 
type of forage was the most consistent factor affecting the silage quality response to 
LAB inoculation [53]. With cereal grain forages such as corn, the lack of response 
with LAB inoculation is probably because these forages contained sufficient WSC, 
epiphytic bacterial population and low buffering capacity.

4.2 Silage fermentation characteristics

Bouillant and Crolbois first adopted the principle of microbial inoculation in 
1909 when they applied LAB inoculants to beet pulp to improve fermentation [58]. 
Later in 1934, Rushmann and Meyer (1979, were cited by [59]) documented that the 
rate of acidification during silage fermentation is dependent on epiphytic bacteria 
found on forages. Currently, there are several silage inoculants available on the 
market with inoculation rate that ranges between 104 and 106 colony forming unit 
(CFU)/g [60]. Most commercially available inoculants contain homofermentative 
LABs, which are fast and efficient producers of lactic acid, and thus improve the 
silage fermentation. However, these LAB inoculants are mostly designed/produced 
to be used in the ensiling of forages to ensure enough LAB inoculation at ensiling. 
Most studies (e.g. [61, 62]) showed an increased in LAB population when LAB 
inoculants were applied to forages at ensiling. The response to LAB and enzyme 
inoculation to various high moisture by-products at ensiling are presented in  
Table 2. Literature shows that the response to LAB inoculation to forage varies a lot. 
Some reported positive effects in the terms of fermentation dynamics while some 
reported lack of response. LAB inoculation to high moisture by-products at ensil-
ing have underwent the same pattern as with the forages. For instance, Parigi-Bini 
et al. [68] found that the inoculation of lactobacilli (Lactobacillus plantarum and 
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Streptococcus) to pressed sugar beet pulp did not affect the nutritional value and fer-
mentation of the silage. Similarly, Okine et al. [66] ensiled a daikon by-product with 
or without L. plantarum and reported no effect on fermentation characteristics of 
the silage. In contrast, Okine et al. [69] ensiled potato pulp with bacterial inoculants 
(Lactobacillus rhamnosus) alone, Rhizopus oryzae alone and their combinations, and 
reported reduced content of the main carbohydrates, starch and pectin in the pulp 
with bacterial inoculation. Table 2 shows that 63% of the responses in this review 
were positive towards LAB inoculation to high moisture by-products at ensiling.

4.3 Aerobic stability of silage

The aerobic stability is a term that nutritionists have used to define the length of 
time that silage remains cool and does not spoil after it is exposed to air [70]. The 
aerobic deterioration of silage may increase the risk of proliferation of potential 
pathogenic or undesirable microorganisms thus affecting the performance of animals 
fed the silage. In most cases, aerobic deterioration of silage happens with silages that 
contain high residual sugars [14]. It is noteworthy that Lactobacillus buchneri (LB), 
a heterofermentative LAB inoculant [51, 57] have been reported to improve the 
aerobic stability of silages due to increased acetic acid production. Previous research 
with potato hash silage [49, 71] showed improved aerobic stability of silage with LB 
inoculation. Li et al. [72] ensiled a mixture of corn steep liquor with wheat straw and 
treated with either heterofermentative or homofermentative LAB. They reported 
an increase in acetic acid content and improved aerobic stability of silage with 
heterofermentative LAB compared to untreated silage. The inoculation of LB during 
the ensiling of forages is often criticised due to increase in silage pH, acetic acid and 
losses in DM and energy [12, 15, 56, 73–80]. However, if aerobic stability is improved, 
the loss of nutrients incurred by the addition of LB may be moderate in comparison 
with what might have been lost at feed out through aerobic deterioration [71].

5.  Effects of microbial inoculation to ensiled totally mixed rations 
(TMRs) on fermentation and aerobic stability

Due to the high moisture content in fresh high moisture by-products, it is more 
advantageous to mix them with other dry feed materials before ensiling. This tech-
nique helps to omit the time of mixing before feeding, minimize the risk of effluent 
production and avoids self-selection of feeds by animals [81, 82]. In some studies, 
TMRs that contained high moisture by-products (e.g. [83]) [49] were formulated 
and ensiled. Nkosi and Meeske [71] reported an improved silage fermentation, 
aerobic stability and animal growth performance when TMR that contained potato 
hash was treated with LAB inoculant. However, Nishino and Hattori [83] reported 
improved silage fermentation but LAB inoculation was not worth in the aerobic 
stability of TMR silage. This might be attributed to the addition of various feed 
ingredients that might have helped to stabilize the TMR silage.

6. Animal performance

The production of silage will not be worth if it is rejected by animals during 
the feeding out phase. Animal performance includes feed intake, feed palatability, 
nutrient digestion, daily gains, milk and meat production. The results on the 
performance of animals fed plant by-product silage treated with LAB varies like 
when animals are fed LAB treated silages from plants/forages. According to Table 3, 
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LAB inoculation to high moisture plant by-products improved animal performance 
in almost all the literature consulted, except for the sugar beet pulp silage reported 
by O’Keily [43]. It is well known that improved performance by animals fed LAB 
treated silages are difficult to explain [26]. However, Weinberg et al. [88] suggested 
that the interaction of LAB and rumen microbes and the alteration of LAB and 
rumen fermentation might be attributed to the improvement of animal perfor-
mance with LAB treated silages.

Inoculation of potato hash silage with L. buchneri did not change the DM or 
organic matter (OM), but bonsilage forte inoculation improved digestibility of ether 
extract and increased nitrogen (N) intake and retention in sheep fed the silage [49]. 
Further, Thomas et al. [89] compared the effects of two bacterial inoculants on digest-
ibility, growth performance and carcass characteristics of growing pigs fed the ensiled 
potato hash, and reported no improvement with LAB inoculation on the growth 
performance and meat characteristics of growing pigs. Okine et al. [69] ensiled potato 
pulp with L. rhamnosus and Rhizopus oryzae, and reported lack of influence from LAB 
inoculation on the digestibility of the silage by ruminants. In contrast, Li et al. [72] 
treated corn steep liquor silage with LAB and reported improved DM digestibility, 
which resulted in less methane production compared to untreated silage. Further, a 
study by Pulido et al. [90] showed an improvement in the nutritive value of sugar beef 
pulp silage with LAB inoculation, which increased milk production from dairy cows 
by 2%, though milk composition was not affected by the inoculation.

Methane, a greenhouse gas produced from enteric fermentation in the rumen, 
is a major concern in ruminant production globally. It is well indicated that by 
improving forage quality and digestibility, this gas production can be reduced. In 
terms of reduction gas production with LAB inoculation, very few studies have 
tested this effect in silages from high moisture by-products. Cao et al. [7] reported 
a reduced gas production with L. plantarum inoculated to vegetable residue silage, 
which suggest that LAB inoculation can be effective in reducing gas emission in 
silages. However, Ellis et al. [91] have cautioned that LAB inoculation to forage will 
not always give positive response. They mentioned that the strain and dose differ-
ences, different basal silages and ensiling conditions might be responsible for the 
variability in responses from LAB inoculation.

7.  Properties required in high moisture plant by-products for efficient 
silage fermentation

As indicated earlier, the low DM content in high moisture plant by-products is 
a concern since it can promote a clostridial type of fermentation if not improved 
prior to ensiling. According to Muck [52], most silages are produced at DM content 
that ranges from 300 to 500 g/kg, hence the DM of these by-products should be 
increased. This can be achieved by mixing with absorbents/dry forages. Also, the 
success of ensiling is determined by various factors that include the anaerobic con-
ditions in the silo, WSC content, the buffering capacity of the pre-ensiled forage, 
and the epiphytic bacteria. Bacterial inoculation will be worthless if the by-products 
contain insufficient sugars, which should be consumed by LAB to produce lactic 
acid, which will reduce silage pH and preserve the crop [23].

8. Conclusion

Good quality silage can be produced from high moisture plant by-products with 
or without LAB inoculation. Increasing the DM content of high moisture plant 
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by-products to >30% is required for efficient fermentation. It should be noted that 
there are no specific LAB inoculants designed for inoculation to high moisture plant 
by-products. The efficacy of LAB inoculation to forages depends highly on the type 
of crop/by-product, the strain and different doses and the ensiling management.
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Chapter 8

Incorporating Silages into 
Preweaned Dairy Calf Diets
Sylvia I. Kehoe, Paweł Górka and Zhijun J. Cao

Abstract

Supplementing forage to preweaned calves has shown some positive effects, 
such as stabilization of the rumen environment, limiting abnormal behaviors, and 
increasing starter intake. However, dry forages can be limited and cost prohibitive in 
some areas of the world. Contrastingly, ensiled forages are commonly found on most 
dairy farms and are low cost. Therefore, the objective of this review was to focus 
specifically on ensiled forages and how they affect preweaned calves. There are few 
studies that have focused on providing ensiled forages and most of them have used 
corn silage. Although impacts on rumen development and nutrient digestibility have 
been variable, feed intake and efficiency were not affected in most reviewed studies. 
Growth and health parameters were also either not affected or improved. Therefore, 
with careful silage feeding management, the supplementation of ensiled feeds may 
be used to provide similar benefits of dry forages to preweaned dairy calves.

Keywords: rumen development, forage, digestibility, feed intake, performance

1. Introduction

Ensiled feeding has become more common around the world and is becoming an 
active area of calf nutrition research. So far, thorough reviews have been published 
on the effects of different feed type exposure to dairy calves, including the influence 
of forage feeding on rumen development, growth rate, feeding behavior, and many 
other factors in young calves [1, 2]. Also, an excellent meta-analysis on the effects 
of forage provision to dairy calves is available in the literature [3]. In this meta-
analysis, 27 studies were evaluated and the authors found an increase in starter feed 
intake, average daily gain (ADG), body weight (BW) and modulation of ruminal 
fermentation when forage sources were offered to preweaned calves. But they also 
found a decrease in feed efficiency (FE) when calves were offered alfalfa hay (AH) 
in addition to grain based starter feed. An important conclusion from those reviews 
is that there are multiple interactions between the type of starter, the forage source, 
and the amount of forage offered, thereby, not allowing any simple guidelines to be 
offered to dairy farmers. Although those reviews provide excellent information on 
forage feeding to preweaned calves, this chapter is designed to focus specifically on 
ensiled forages in preweaned calf diets.

Feedstuffs for calves are separated into two categories: liquid and solid feeds. 
Liquid feed is either milk or milk replacer and provides the main source of nutrients 
for the growing calf until its gastrointestinal tract and rumen become developed 
enough to transition to solid feed. The solid feed is usually a grain of some kind, 
either whole, processed, or pelleted, with or without a forage source. The addition 
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of solid feed to the calf ’s diet should be done early in life to promote the develop-
ment of the calf ’s rumen [1, 4]. However, the individual ingredients in solid feed for 
calf diets have been a hot research topic since the 1950s and earlier. As dairy produc-
tion has progressed scientifically with more data and research available, farmers 
have struggled to keep up with current recommendations, including feeding forage 
sources. Therefore, calf feeding recommendations, in terms of forage supplemen-
tation, differ depending on the geographical region. Some countries, such as the 
United States (US), generally recommend that dairy calves are not fed forage before 
weaning [5]. Other countries, such as those located within the European Union 
(EU), recommend that these pre-ruminants are provided with a forage source, as 
also indicated by numerous studies on feeding forage to calves conducted in EU and 
their results being widely propagated in EU [6, 7], but that feeding forage can be 
also avoided e.g. by including whole grain in starter feed [8–10].

In a survey of eleven dairy farms in South East England, two farms supplemented 
hay, two supplemented silage, four supplemented straw, and three supplemented with 
no forage to calves [11]. The age of calves or method of forage supplementation was 
not described but it is concluded to be more common to provide than not to provide 
forage to calves in South East England. In the US, a nationwide survey indicated small 
farms (30–99 lactating cows) begin providing calves with forage at 31.5 days of age, 
medium farms (100–999 lactating cows) at 43.1 days of age, and large farms (1,000 
or more) at 58.1 days of age. The forage type was not described. However, it is evident 
that in the US, smaller farms provide forage earlier than larger farms. In Canada, 
farms possessing automatic calf feeders offered hay more commonly (93% of farms) 
than farms using manual calf feeding (66% of farms). Age for access to hay was as 
early as 5–7 days and access to a total mixed ration (TMR), usually a silage based 
feed mix, as early as 15–30 days of age for both types of calf feeding systems [12]. An 
Australian farm survey reported 64% of farms allowed calves access to roughage at 
less than 1 week of age, 23% at 2 weeks of age, and 13% at 3 or more weeks of age. Of 
those farms, 62% offered hay, 23% offered straw, 13% offered hay and straw, and 2% 
offered grass only [13]. All of these studies support substantial differences between 
geographical regions in terms of feeding forages to preweaned dairy calves.

The evaluation of using ensiled feeds to enhance calf gain and health needs to 
be reviewed purposefully, as a separate component from dry forages. Feeding dry 
forages, such as hay or straw, has been reported to improve calf performance in 
numerous studies (as summarized, for example, by [1] or [3]); however, these dried 
forages, especially AH, may be difficult and expensive to obtain in certain parts of 
the world. Contrastingly, most farms throughout the world have some ensiled feed 
present on the farm that could be an easy potential feedstuff to supplement calf 
diets. Silages are usually staple ingredients in a lactating cow ration and, therefore, 
accessible and less costly than dried forages. However, based on aforementioned 
reports of forage feeding to calves in commercial settings [11–13] and available litera-
ture reviews [1–3], a usage of silages in diets for preweaned calves is not very com-
mon. The objective of this review is to summarize available research to determine 
whether ensiled forages can be considered as a valuable forage source in calf diets.

2. Why is forage important for young calves?

Although dairy calves grow and mature into functional ruminants, they are born 
with an underdeveloped rumen [4, 14]. These pre-ruminants need to be cared for in 
a way that will help develop their rumen function as well as provide them nutrients 
for growth and development. A smooth transition from liquid to solid feed can be 
accomplished by providing a good quality solid feed alongside adequate levels of 
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milk [1, 4]. However, the parameters for what constitutes good quality solid feed are 
variable, depending on the research study and the nutritionist.

Despite aforementioned discrepancies on specific recommendations for solid 
feed composition, it is widely accepted that concentrates, and particularly cereal 
grains, should be the most important ingredient of solid feed offered to dairy calves 
[1, 4]. This is due to the stimulatory impact of early intake of cereal grains on rumen 
epithelium development in calves. Compared to consumption of forages which 
mainly provide cellulose and hemicellulose, consumption of cereal grains which are 
abundant in starch, results in greater concentrations of propionate and butyrate in 
the rumen, in expense of acetate [15, 16]. Both propionate, and especially butyr-
ate, are the most potent stimulators of ruminal epithelial cell proliferation [17, 18]. 
Thus, early intake of cereal grains by calves translates into faster ruminal papillae 
growth and greater surface area for nutrient absorption early in life [19, 20]. This 
consequently leads to higher solid feed intake, greater BW gain, and easier transi-
tion from milk or milk replacer to diets based on solid feeds only. Therefore, grain 
based starter feeds are a standard part of diets for preweaned dairy calves.

Because some earlier studies showed that forage intake may even decrease intake 
of grain based starter by calves [21, 22], it has been a common recommendation to 
avoid feeding forages to calves, in order to prevent the delay of rumen development 
[1, 4]. In some countries, such as the US, such a recommendation is widespread by 
extension agents and online publications articles, such as that published by the Bovine 
Alliance on Management and Nutrition (BAMN) which is composed of representa-
tives from American Association of Bovine Practitioners (AABP), American Dairy 
Science Association (ADSA), American Feed Industry Association (AFIA), and US 
Department of Agriculture (USDA) [5]. However, as forage supplementation research 
is continued, it has become recognized that forage intake for preweaned dairy calves 
is also important for rumen development. In nature, ruminants evolved to efficiently 
use forages and thus forage intake by newborn calves is what naturally would occur.

Forage intake stimulates rumen muscle growth and the development of rumi-
nation. Calves that were offered dry forages (grass hay, Lucerne hay or straw), in 
addition to grain sources, were shown to have greater rumen muscle thickness and 
rumination earlier in life, compared to calves that were fed only concentrates [7, 23, 
24]. Furthermore, faster digesta passage out of the rumen was observed and many 
pathological changes within ruminal epithelium were reduced. Specifically, feeding 
solely grain based starter feed to calves oftentimes leads to para- and hyperkera-
tosis, which are evident by the formation of feed and hair plaques firmly attached 
to the rumen mucosa and ruminal epithelium para- and hyperkeratosis [25–27]. 
Forage particles present in the rumen stimulate rumen motility thereby prevent-
ing plaque formation [26, 27]; whereas, abrasiveness of forage particles enhances 
keratinized ruminal epithelial cell desquamation thereby preventing para- and 
hyperkeratosis [25, 28]. Simultaneously, increased rumen motility and digesta 
passage out of the rumen, in combination with increased time spent ruminating, 
prevents excessive ruminal pH drop, via increased volatile fatty acid (VFA) passage 
to the omasum and increased delivery of buffers to the rumen within saliva. A very 
low pH is commonly reported in calves fed grain based starter feeds ad libitum 
and there are indications that it may have a negative impact on performance of 
calves [29]. Beneficial impacts of forage intake on rumen development are further 
supported by higher expression of some VFA transporters in ruminal epithelium 
of calves offered forages in addition to grain based starter feed, compared to those 
fed only concentrates [7], indicating that the development of ruminal epithelium 
may also be, to some extent, positively affected by forage intake. When forages are 
offered, e.g. bulky feed, this also stimulates the development of rumen capacity  
[7, 19], which is very limited in calves in the first several weeks of life [30].
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Altogether, forage intake stabilizes the rumen environment, affects rumen 
capacity development, and prevents rumen epithelium abnormalities. These positive 
impacts of forage intake by calves were accompanied by increased solid feed intake 
and ADG of calves in numerous studies (for details, see latter part of the chapter) 
[1–3]. Likely, forage feeding to preweaned dairy calves also prepares the rumen for 
efficient forage digestion after weaning; however, evidence of this is limited [1].

Besides beneficial impacts on rumen development, access to forage limits abnor-
mal behavior of calves, [6, 24, 31, 32]. These behaviors, such as sucking, licking 
or biting different objects, other calves or themselves, are quite often reported in 
dairy calves that are kept individually and fed limited amounts of liquid feeds with 
access to grain based starter feed only. Thus, feeding forage to calves also should be 
considered from a welfare viewpoint.

3.  How are dry and ensiled forages different, especially with regard to 
preweaned dairy calves?

3.1 Cost and labor

In 2015, an invited review described changes in the dairy industry in North 
America, Europe, Australia, and New Zealand. One important highlight was the 
low average number of cows per herd, which was largest in New Zealand, at over 
400, and smallest in Norway and Germany, at under 50 [33]. Although only certain 
nations were reported, other developed and developing countries would most likely 
be similar, indicating that no matter the dairy cow population in the country, most 
dairy farms are still small in size. This is an important distinguishing feature of the 
dairy industry because smaller farms have less resources, labor, and equipment.

A feeding recommendation of adding forage to calf diets can come with unfore-
seen problems. If a small farm were to consider this recommendation, they would 
have to evaluate not only what forage to provide their calves but how to process this 
forage, which would add required labor and equipment use.

The availability of dried forages on a dairy farm varies. Many lactating rations 
use either straw to add roughage to the lactating diet or high quality hay for high 
producing animals. Even in areas of the world where dairy farms include a significant 
portion of hay in their ration, current farm data from the Midwest shows a reduction 
in hay fed to dairy cows. One of the reasons for this is due to the lack of available hay. 
Many areas in the US have a severely low hay inventory due to poor growing and dry-
ing conditions making this a feedstuff that is either unavailable or too costly [34].

The cost of good quality hay at 150 Relative Feed Quality (RFQ ) can be priced 
up to 50% more than 100 RFQ hay [35]. Due to calves and heifers not providing 
a current income source, farmers may be hesitant to use a higher quality, more 
expensive hay to meet calf forage feeding recommendations. But using lower qual-
ity forages, with higher neutral detergent fiber (NDF) and lower RFQ, for feeding 
young calves can be detrimental to their growth and development. Specifically, 
when dry forages are used in calf diets not only as a supplement aiming to ensure 
‘optimal’ rumen development and preventing stereotypic behavior, but also as an 
important source of nutrients, such as protein, low quality hay can significantly 
reduce nutrient intake [27, 36]. The cost and availability of higher quality forages 
may leave farmers little choice as to what to supplement their calf diets.

There are many ways to estimate the price of ensiled feeds; however, the result 
is always significantly less than dried forages. In the US, corn silage (CS) can be 
priced around $30 per ton, resulting in less than two pennies per pound of forage. 
Contrastingly, AH can cost around 10 cents per pound, depending on the RFQ and 
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year of harvest. Additional time and labor also need to be taken into account since 
ensiled feeds are already chopped at the time of supplementation but dry forages 
need to be further chopped to provide calves with manageable (and also desirable, 
based on some studies; see latter parts of the chapter) particle length. Thus, feeding 
silages may be more justified than feeding dry forages due to lower costs, practical 
convenience, and higher accessibility on farms.

3.2 Moisture

The main difference between dry forages, such as hay and straw, and silages 
is moisture content, which is much higher for silages. The moisture of a feed can 
influence its palatability and acceptance for young dairy calves.

Kargar et al. [37, 38] fed reconstituted hay soaked in water to a dry matter 
(DM) content of 20%. When dry hay was replaced in the same concentrations in 
the calf starter with the moist hay, calves had similar DM intake (DMI) and ADG 
but digestibility of NDF was higher, and fecal scores and general appearance were 
also better as moisture increased. Similarly, Beiranvand et al. [39, 40] added water 
directly to starter diets in the summer and winter. They found that increasing mois-
ture levels from 10 to 50% linearly increased DMI, ADG, and rumen VFA produc-
tion, compared to calves eating dry calf starter in hot weather. Thus, adding a moist 
forage source, such as a silage, would not only provide necessary fiber to stabilize 
the developing rumen environment but may enhance feed intake by reducing dusti-
ness and increasing palatability of dry, fine or pelleted calf starters.

Although soaking dry forages is difficult to apply on farm, adding water to calf 
starter that is already mixed with processed dry forages (e.g. chopped hay) is a pos-
sible method to enhancing starter intake. However, practical applications are also 
limited, especially in cold weather where water would freeze. Hot weather may also 
cause practical handling issues where higher moisture feeds can heat up. Although 
water soaked calf starter may have this problem, silage would also be difficult to 
handle during hot temperatures. Felton and DeVries [41] added water to a TMR for 
lactating cows and found an increase in feed temperature by the end of the day due 
to microbial respiration. This may reduce feed intake since hot silage is indicative of 
feed spoilage. Therefore, if silages are provided to calves, they must be changed out 
daily so as to prevent any palatability issues.

3.3 Forage particle length and processing

As already mentioned, the preweaned calf rumen is small and underdeveloped 
with a lower digestive capability and capacity. During calf growth and develop-
ment, rumen weight (both full and empty) expressed as a proportion of BW 
increases up to the age of six months, indicating its immaturity within this period 
of life [30]. This immaturity especially limits intake of voluminous feeds, such as 
forages. This, in turn, requires solid feedstuffs provided to calves to be less bulky 
and more digestible as calf rumens fill quickly with less digestible feeds.

Dry forages can be fed to calves without processing or being processed prior 
to feeding, e.g. chopped to reduce their bulkiness to make feeding and prehension 
easier. Nevertheless, when calves were fed long or chopped hay, the former one 
was more willingly consumed, indicating that calves prefer long dry forages [42]. 
There are also indications that long, dry forages may be more effective in prevent-
ing stereotypic behavior of young calves [43]. However, intake of long hay was 
shown to vary substantially between calves and results in a lot of waste where hay 
is removed from hay racks but not eaten [44]. Furthermore, because intake of long 
hay by some animals may account for 20% of consumed DM this may reduce intake 
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of concentrates, efficiency of nutrient digestion, and growth of calves preweaning, 
as shown in several studies [31, 36, 45]. Therefore, if dry forages are fed to calves, 
such as hay or straw, they should be fed chopped (e.g. 2–4 cm long) and offered 
limited amounts in order to prevent feed waste and performance reduction due to 
higher intakes of feed that is not easily digested. However, chopping of dry forages 
requires more efforts, labor, and costs associated with feeding calves. Particularly, 
suitable equipment for chopping dry forages may be a limitation for some farms.

Ensiled forages are typically chopped before fermentation which reduces the 
bulkiness of the feedstuff. For example, CS is harvested and chopped to primar-
ily provide adequate physically effective NDF (peNDF) to lactating dairy cows. 
Although variable from farm to farm and dependent on many factors, theoretical 
length of cut (TLC) of CS averages 3/8 – ¾ of an inch and geometric mean averages 
9.5 mm [45]. The threshold particle size of particles leaving the rumen in adult 
cattle was reported to be under 1.18 mm geometric mean [46]. With an average 
geometric mean of 9.5 mm, chopped CS will increase rumen fill, however, not to 
the extent of long-stemmed hay; this average length should also stimulate chewing 
to help regulate rumen pH. Actually, there are reports indicating that providing 
chopped CS to calves affects rumination and feeding behavior [6, 43]. Using a 
chopped forage source compared with simply providing long-stemmed hay or 
straw will reduce rumen fill and allow the calf to eat more starter grain. Many 
farms also utilize an additional step prior to ensiling to further ‘destroy’ structure 
of the plant material and thus increase its digestibility in the rumen. This applies 
especially for whole plant CS by using processing rolls which reduce particle size 
and increase starch digestibility for better silage fermentation [47]. This allows 
the protein matrix that encapsulates the starch to be disrupted thereby improving 
fermentation. For a pre-ruminant with low rumen digestibility, these chopping and 
processing methods can allow easier utilization of nutrients. Research feeding dif-
ferent processed corn types within a texturized starter to calves reported the type of 
processed corn can influence intake, growth, and rumen parameters [48]. Various 
parameters were affected differently depending on whether calves received whole, 
roasted rolled, dry rolled or steam flaked corn within their texturized starter. Not 
one of these corn types was overall better than another but if ensiled feeds are 
processed, this may affect calf performance.

Nevertheless, the optimal particle size of forage may differ depending on 
inclusion of forages in the diet. Results from research using short AH at 2.92 mm 
compared to long at 5.04 mm (as geometric means) with low inclusion at 8% and 
high inclusion at 16%, on a DM basis in starter feed, showed that particle size may 
inhibit calf performance. If calves were fed the longer particle size, they did best 
with the lower inclusion level. And calves that were fed shorter particle size did best 
with the higher inclusion level, indicating there is a balance between length and 
volume of forage included in calf diets [36].

It has to be also mentioned, that forages that are finely chopped or pelleted have 
no beneficial impact on rumen function or performance of calves [48].

3.4 Forage type and its nutritional value

Various plant materials can be dried or ensiled, resulting in different hays 
and silages. The nutritive value, particularly digestibility, may differ, affecting 
performance of animals. For example, when grass from the same sward was dried 
or ensiled, NDF digestibility was higher for resulting hay than silage in bulls [49, 
50]. However, studies comparing feeding the same plant material dried or ensiled 
to calves on nutrient digestibility and their performance are lacking. Thus, an 
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unequivocal answer to the question of whether dried or ensiled forage is a better 
source of nutrients for preweaned calves cannot be given.

Nevertheless, when it comes to dried forages, studies indicate that those having 
higher nutritive value (e.g. higher crude protein (CP) and lower fiber concentra-
tion), such as good quality grass or AH, are more willingly consumed by calves than 
those having lower nutritive value, such as straw [6]. However, good quality grass 
hay or AH feeding to calves was shown to reduce intake of grain based starter feed 
and feed efficiency, thus negatively affecting growth of calves and costs of rearing 
[3, 6, 43]. Therefore, feeding chopped straw to calves may be an even better option 
than feeding chopped grass hay or AH. Such an option may be especially attractive 
for farms that contend with limited resources of good quality hay. When straw is 
used in diets for calves, the aim of its feeding is simply to include forage in the diet 
in order to ensure proper physical stimulation for the rumen, rumination, and to 
limit stereotypic behavior of animals.

On the other hand, not many studies compare impact of various ensiled for-
ages on feed intake and performance of calves. Of those available, triticale silage 
was more willingly consumed by calves than CS, and also its feeding resulted in 
higher starter feed intake; however, ADG of calves and FE was not affected [6]. 
Nevertheless, in the majority of studies, CS feeding to calves was investigated (see 
Table 1) due to common usage of this feed in dairy production. Compared to other 
forages, CS has also substantial starch content. Thus, this feed can be considered 
as not only a source of fiber and physical structure in the diet, but also a source of 
easily fermentable starch in the rumen. Whole crop silages may, therefore, be an 
especially attractive source of forage for preweaned calves.

3.5 Microbials

The principle of silage fermentation is to convert water-soluble carbohydrates 
into organic acids. In an anaerobic environment, lactic acid bacteria are able to 
rapidly reduce the pH and increase stability of the silage. The resulting fermented 
product contains populations of lactobacilli and other microbial species [56] that, 
in general, are lacking in dry forages.

There have been hundreds of published papers evaluating probiotics and their 
effects on health and productive parameters of dairy calves. From meta-analyses, 
many reviews present nonsignificant or positive responses in growth, feed effi-
ciency, and health when microbial-based products have been fed to growing calves 
[57]. Conclusions tend to support the use of probiotics as low risk with a potential 
positive benefit for the growing calf.

Many of these probiotics include lactobacilli species which are also found in prop-
erly fermented silages. Hypothetically, the question would be whether supplementing 
calves with silage could potentially enhance their rumen and intestinal microbiota 
similar to probiotic supplements available on the market. Xu et al. [58] evaluated the 
use of Saccharomyces cerevisiae, which is reported to promote rumen development, as 
a silage inoculant. In the fermented silage end product, they found higher microbial 
communities of S. cerevisiae, which further increased in abundance after aerobic 
exposure. Furthermore, one study reported positive effects feeding Lactobacillus 
plantarum, a commonly used silage inoculant, to preweaned dairy calves. The treat-
ments of L. plantarum were fed to calves at 0, 4, and 8 g/day resulting in positive 
linear growth and fecal score improvements [59]. Other research is being conducted 
to determine whether some of these silage inoculant bacteria types may help enhance 
the health and performance of animals when directly fed. This could also be an added 
benefit for supplementing growing dairy calves with ensiled feeds.
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3.6 Palatability

Palatability is defined as the collective aspects of a feed material that are sensed 
before being swallowed. Adult cows have been reported to enjoy sweet and umami 
flavors and avoid bitter tastes although not to the extent as other mammals, such 
as sheep [60]. There are few research studies that report on palatability in calves. 
Calf palatability and preference have been researched mostly in regard to ingredi-
ent use in calf starters. Calves have clear preferences for certain ingredients that 
should be considered when formulating their feedstuffs. Wheat meal and soybean 
meal were most preferred; however, previous experience with these ingredients, 
difference in age, and current nutrition status (whether receiving enough milk 
and nutrients) can play an influential role [61]. On the other hand, no typical 
preference tests for forages were conducted in calves. However, based on results 
of Castells et al. [6] it can be concluded that AH and oat hay is more willingly 
consumed by preweaned calves, and thus likely more palatable, than ryegrass hay, 
barley straw, CS, and triticale silage.

As opposed to dry forages, silages are acidic and this acidic taste may potentially 
affect their intake. Similar to what is known for adult cattle, calves have a preference 
for sweet flavors such as found in whole milk [62]. However, they will consume 
feedstuffs with a lower pH, such as acidified milk and milk replacer, which have 
been fed for decades to preweaned dairy calves. In the US, 1.7% of farms feed acidi-
fied milk by using an organic acid to preserve the milk so it can be stored and fed 
at ambient temperatures [63]. Typical pH range of acidified milk or milk replacer 
can be anywhere from 5.5 to as low as 4.0; if pH drops too low, research has found 
decreased intake as reported with acidification with citric acid between a pH of 
4.2 and 5.2 [64]. Since silages can be acidified anywhere from 3.8–5.5 depending 
on their forage source [56], it can be speculated that this may have some inhibitory 
effect on palatability and DMI. Nevertheless, studies conducted so far indicate that 
at least palatability of CS or triticale silage for calves is more or less comparable to 
palatability of different dry forages [6, 32].

It is also worth mentioning that the preference for certain tastes can result from 
the nutrients contained in the feedstuff. For example, sweet flavor may be pre-
ferred due the correlation with the presence of carbohydrates and umami may be 
preferred due to the presence of amino acids within the feedstuff. In adult animals, 
post-ingestive feedback plays a large role in preference for feed types [65]; however, 
preweaned calves have a low solid feed intake and may not be influenced by this.

4.  What are the effects of feeding silage on performance parameters  
in dairy calves?

Taking into account information presented in previous paragraphs, silages 
possess potential advantages and disadvantages when it comes to feeding them 
to preweaned calves. Hence, the following paragraphs will focus on the effects of 
feeding ensiled feedstuffs on rumen development and digestibility, feed intake, and 
growth and health parameters in preweaned dairy calves and will discuss those in 
terms of practical application of silages in calf diets.

4.1 Rumen development and digestibility

The impact of forage quality and quantity has been well established in lactating 
cows and has also been shown in previous reviews to affect preweaned calves [2, 3]. 
In this review, which focuses solely on silages, there seems to be a similar impact on 
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rumen development and rumen functions of feeding silage in addition to calf starter 
as dry forages, compared to feeding calf starter only.

When CS was provided to calves in addition to calf starter, rumen pH signifi-
cantly increased compared to only calf starter feeding [32, 52]. This ensiled forage 
source acts similarly to its inclusion in lactating rations, stimulating chewing to 
increase saliva and buffer the VFAs and resulting acids in the rumen. Calves that 
are fed a readily fermentable feed, such as a ground or fine calf starter can develop 
low rumen pH which can lead to keratinization and ulceration of the rumen wall 
and feed plaque formation [25, 27, 66]. At day 35, calves fed CS mixed with ground 
or texturized starter had higher ruminal pH (5.98 vs. 5.31) compared to calves that 
did not receive CS in their starter [52]. Calves that were fed AH, CS or a mixture of 
both, tended to increase their meal length and decrease their eating rate when fed 
CS compared with AH but significantly increased their rumination length [67]. 
This indicates that although CS did not take as long to eat as AH, calves spent time 
ruminating which would lead to increased salivation and improved rumen environ-
ment via delivery of more buffering substances into the rumen.

High fiber and high DMI diets tend to decrease digestibility in weaned calves 
[68, 69] so it is important to evaluate whether the addition of a forage source would 
reduce feedstuff digestibility in the preweaned calf. Adding forage to preweaned calf 
diets increases the fiber content of the diet which may lead to a decrease in digest-
ibility and nutrient intake. Calves that were supplemented with triticale silage had 
greater CP intake compared to control calves fed only calf starter (235 vs. 171 g/d) 
but due to the higher fiber and bulkiness of the triticale silage, CP content of the 
total diet consumed relative to the control calves was actually decreased by 0.4 
percentage units. However, an increase was seen in CP digestibility when calves were 
offered (in addition to starter feed) AH, rye hay, and CS compared to control, oat 
hay and barley straw with triticale silage being intermediate [6]. The digestibility 
of NDF in CS treatment was also significantly higher than AH soaked in water [38] 
which may be attributed to the fermentation the corn plant undergoes in the silo 
[70]. This is a positive effect since the microbes have begun the process of breaking 
down the nutrients thereby making it easier for the pre-ruminant calf to access them 
in their underdeveloped rumen environment. Although the bulkiness of silages 
can reduce the total intake of nutrients, because the digestibility of these nutrients 
increases, there is no negative impact on calf performance, especially when silage is 
fed in addition to starter feed, since the overall amount fed is rather small [6].

The evaluation of rumen parameters from the previous section, and also from 
other research trials, include physical rumen appearance of color and feed plaque 
formation, rumen papillae morphology, rumen papillae density, and rumen wall 
thickness. In studies conducted in 1980, calves fed CS had significantly shorter 
papillae (0.9, 3.5, 1.6 cm3 for CS, pellets, and wood fines, respectively) but those 
were more dense (118.1, 51.9, 66.4 No./cm2 for CS, pellets, and wood fines, respec-
tively) compared to calves fed pellets or pellets with wood fines [55]. In a different 
study, 100% of calves fed solely calf starter had rumen plaque compared with 63% 
of calves fed a mixture of 40:60 starter and CS and 88% of calves fed 70:30 starter 
and CS. Additionally, 25% of calves fed 40:60 mixture had poor development of 
mucosa [54]. Rumen weight was highest and ventral muscle thickness was lowest 
for calves fed calf starter only compared to treatments receiving CS. The authors 
hypothesized that this may be influenced by feed plaque formation. Although the 
plaque formation was concerning, the authors concluded that microscopic evalu-
ation of the rumen was not significantly different among treatments and that, 
overall, calves were healthy and silage can be added to the diet [54].

In a study in which calves were fed solely with CS without calf starter, reduced 
papillae length and width was observed, compared with calves fed CS and starter 
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(50:50 DM) and calves fed only calf starter. Papillae concentration was not different 
from the CS and starter mixture with CS but denser than calf starter alone [51]. 
Only this study evaluated intestinal morphology where CS treatment had the short-
est crypt depth and mucosa thickness (villus length plus crypt depth). The authors 
hypothesized that lower dietary protein intake in CS only calves could have been 
one of the factors leading to these results; a lack of calf starter in the diet would not 
only reduce VFA production but dietary protein intake since CS is low in CP. This 
morphology indicates a potential reduction of surface area for nutrient absorption 
in the rumen as well as epithelial cell proliferation in the intestine.

Butyrate concentration in the rumen has long been a standard indicator of the 
potential of a feed to stimulate rumen development in the calf because it is the main 
stimulatory VFA for rumen epithelial development [71]. It should follow that the 
metabolized form of butyrate, ẞ-hydroxybutyrate (BHB), should be increased in the 
blood if feed consumed promotes ruminal butyrate production, and thus enhances 
rumen development. In fact, the supplementation of sodium butyrate in the feed has 
been reported to improve rumen and gastrointestinal development in preweaned 
calves [72]. Although not all silage research trials reported on rumen development, of 
the ones that did, only a few showed increases in blood BHB or other rumen parameters 
when calves were fed silages. For example, calves fed CS were reported to have lower 
blood BHB concentrations [37], not different [51, 53] or higher BHB blood concentra-
tions [32], compared to calves fed diets without silages. Therefore, blood BHB concen-
tration may not be the best indicator of rumen development and potential of a feed to 
stimulate rumen development since it may be strongly influenced by differences in trial 
methods, such as starter quality, forage type, and forage quality or quantity.

The type of starter fed has an influence on how forage inclusion affects rumen 
parameters. When calves were fed a pelleted versus texturized starter with or without 
forage inclusion, calves receiving the pelleted starter with forage had a higher rumen 
fluid pH and intake than calves on just the pelleted starter. Similarly, calves receiving 
texturized starter had similar rumen pH to calves fed the pelleted starter with forage 
[9]. This indicates that forage is especially appropriate to include in the diet when 
the type of starter provided leads to apparent reduction in rumen pH. Adding a dry 
forage source to a pelleted starter has also been shown to increase post-weaning DMI 
and live weight [24, 73]. The only available study suggests that when ensiled feed 
(CS) is combined with a different form of starter feed, no impact on rumen pH can 
be expected; however, in that study, starter feed form (mesh or texturized) also had 
no impact on rumen pH [52]. Dry forage has different qualities from ensiled forage 
so more research needs to be done to discover whether a similar impact on rumen 
pH can be expected depending on the physical form of starter feed offered to calves. 
Also, different types of starter quality makes it difficult to compare results from 
research projects attempting to evaluate forage effectiveness in calf diets. However, 
the cost of pelleted or ground calf starter is lower than a texturized starter, making it 
more attractive to farms looking to reduce cost; forage supplementation may posi-
tively affect feeding such starter feeds or even may be required.

In summary, supplementing preweaned calves with ensiled feeds results in 
variable rumen development and nutrient digestibility. About half of the trials 
reported benefits and the other half reported reductions in either pH, VFAs or 
morphometric analyses.

4.2 Feed intake parameters

In older dairy cattle, particle length and moisture content can affect DMI but, 
as seen in Table 1, the majority of research trials evaluating feeding silages to calves 
compared to feeding dry forages or only calf starter reported no differences in DMI. 
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Only Castells et al. [6] did find lower intake of silages compared to some (but not all) 
dry forages tested in their study. However, in their study, calves were offered silages 
separately from starter feed, allowing them to choose to consume it rather than being 
‘force-fed’ in a TMR protocol such as in other trials. This caused forage intake to 
decrease but inversely increased calf starter intake [6]. Although triticale silage and 
CS were consumed at only half the amount of AH and oat hays, similarly to rye hay 
and barley straw, the calves having access to silages increased starter consumption 
to a higher level than calves fed AH. In fact, triticale silage significantly increased 
total DMI and ADG compared to calves fed only starter and AH. This could be due 
to rumen fill [1]; however, considering intake of the triticale silage was only half of 
AH, this is not likely. Calves offered CS had greater ADG than calves fed only starter, 
although in the end, there were no differences between any treatments for gain to feed 
ratios. Thus, method of feeding ensiled forages may be an important factor affecting 
final results of their use in diets for calves. Perhaps the silage pH may inhibit its will-
ing consumption, as discussed previously, or simply silages fed separately are more 
difficult to eat. Nevertheless, feeding ensiled forages as a mixture with grain based 
starter feed seems the best option to ensure ensiled forages are willingly consumed.

Mirzaei et al. [32] reported a significant increase of DMI when starter feed was 
mixed with CS compared to AH. The increase in dietary moisture level may have 
increased digestibility [37, 38], and thus feed intake, or palatability, by reducing 
dustiness of the TMR. Supportive of the latter, when calves were fed CS compared 
to reconstituted AH, where AH was soaked in water to reach a moisture of 20% 
DM to match the DM% of CS provided, no differences were reported in overall 
feed intake [37, 38]. This indicates that moisture may play a role in palatability and 
DMI of calves. Contrary to this, calves fed a TMR based on CS and legume haylage 
had significantly reduced DMI, although as-fed feed intake was not different from 
calves fed only starter, or starter supplemented with chopped grass hay in TMR 
or chopped grass hay separately. The TMR had significantly lower DM% at 51% 
compared with the other treatments which all were 88–90% concluding that calves 
were unable to eat enough DM to make up for the higher moisture [53].

Thus, keeping in mind calf palatability and digestive capacity, the amount of 
forage provided should be restricted if mixed in a TMR fashion. When calves were 
allowed to choose how much forage they ate with their calf starter, silages were 
consumed at 4 and 5% for triticale and corn silage, respectively [6]. Dried forages 
were not much higher at 8, 5, and 4% for oat hay, barley straw, and rye hay, respec-
tively. Other research trials have fed a TMR style where percentages were anywhere 
from 30 to 60% of DM [51, 54] and some positive effects, such as increasing DMI, 
ADG or FE were not seen. It has been shown that mixing forages at higher levels (up 
to 10% DM) can reduce ADG and DMI [21, 22]. Based on result of studies in which 
ensiled forages were fed as a mixture with starter feed it seems that their inclusion 
of up to 15% of DM does not negatively affect DMI [32, 52].

Some of the lack of differences in DMI may relate to the type of calf starter fed 
with the forage, as already discussed for potential interaction between forage type 
and starter feed form. Corn silage mixed with a pelleted starter containing either bar-
ley grain or corn grain increased overall and post-weaning feed intake as compared 
to AH fed with either grain [32]. Others also found an increase in DMI with a pelleted 
starter [6]. On the other hand, different researchers that fed a texturized starter saw 
no differences in performance parameters for calves fed with or without CS [51, 52], 
although feed intake was increased in some of those when CS was mixed with textur-
ized starter [52]. Another research study using a pelleted starter found an increase in 
CS DMI compared with a diet with added straw but no differences compared to the 
control treatment fed only calf starter [54]. More studies in dairy calves are needed 
on the form of starter feed and particle size of ensiled feeds and their effects on DMI.
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In summary, feeding ensiled forages to calves has little effect on DMI and FE. 
The moisture difference of silage compared to dry forages or only calf starter may 
increase palatability of feed for preweaned dairy calves. However, more research 
is needed on the interaction of starter feed form and particle size of ensiled feeds. 
Keeping silage inclusion below 15% of DM is important to allow for calves to intake 
their solid feed to their full potential.

4.3 Growth and health parameters

The increase of DMI will usually increase BW and ADG due to an increase in 
nutrient intake. Because in the majority of studies in which ensiled forages were fed 
to calves, overall DMI was increased (Table 1), BW and ADG of animals were also 
positively affected. For example, regardless of calf starter form (mash vs. textured), 
calves receiving CS had significantly greater preweaning ADG (564 vs. 411 g/d) and 
overall ADG (598 vs. 443 g/d; 61) compared to calves not receiving CS in their diet.

An obvious explanation for this is already discussed and reported in numerous 
studies explaining the positive impact of feeding forages on rumen environment, 
nutrient digestibility, or both. Another explanation, already partially discussed, 
could be that ensiled feeds, especially CS, contain higher levels of digestible starch 
which is a valuable nutrient addition to the rumen environment. Since most trials 
discussed in this paper utilize CS as the main ensiled feed, it is important to keep in 
mind that other ensiled feeds may have different results. Starch content and digest-
ibility in CS is much higher than in hays such as AH and, especially, straw. The starch 
content of CS is typically 25 to 35% and starch digestibility of CS that has been kernel 
processed can be over 87%. In comparison to AH and straw, which contain mostly 
structural carbohydrates and little starch [74], CS starch content can improve the 
rumen environment. And lastly, a third explanation could be that calves receiving 
forage ruminated more and had reduced nonnutritive behaviors, which would lead to 
greater DMI and, therefore, ADG [6, 32]. Interestingly, these two research trials found 
opposite effects where Mirzaei et al. [32] reported calves supplemented with CS spent 
more time ruminating compared with AH but Castells et al. [6] reported calves fed 
AH spent more time ruminating compared to other groups, including the CS group. 
The difference may be with the feeding method where the former trial fed a TMR 
and the latter trial fed starter and forage separately. However, both trials found that 
non-forage supplemented treatments had the lowest rumination times and highest 
non-nutritive oral behaviors as well as lower feed intake and ADG.

Other studies evaluating ensiled forage compared with a dry hay or only calf 
starter reported no differences in BW or nutrient intake. Research using veal 
calves concluded that forage may be added to the veal calf diet since performance 
parameters were not affected. No difference in BW at slaughter was reported 
with ADG ranging from 688 to 779 g/d [54]. Even in research where DMI was 
reduced in calves fed TMR (a silage based lactating ration TMR) with a low DM 
(51.5% DM), due to higher milk intakes, calves were able to maintain their ADG 
until weaning [53]. Once at weaning and during post-weaning, TMR fed calves 
reduced ADG due to the higher moisture content and diluted nutrient content 
compared with calves receiving starter, starter mixed with grass hay, and starter 
fed separately from grass hay.

Health scores of calves, if reported, were also not different for most trials 
[38, 51, 52]. One research trial reported a tendency of higher rectal temperature 
probability (≥40°C) before weaning in CS fed calves compared to calves fed recon-
stituted beet pulp, which was soaked in water to 20% DM (P ≤ 0.08) and a lower 
probability of having pneumonia (P ≤ 0.09). Since number of days and treatment 
frequency were not different, it was concluded that calves were in general very 
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healthy and these data were unusual [38]. Overall, the addition of ensiled forages 
to calf diets has no effect on health parameters.

In summary, although there were some negative rumen parameter and digest-
ibility effects, ensiled feeds either had no effect or a positive effect on other perfor-
mance parameters, such as ADG and health. If a farmer were to incorporate ensiled 
feeds into their calf nutrition plan, they would most likely see positive or no effects 
on calf growth, health and feed intake.

5. Potential limitations of feeding ensiled forages to calves

As with any new practical application, the addition of ensiled forages to calf 
diets needs to be evaluated carefully on each farm. There are limitations that 
come with the addition of ensiled forages to calf diets. But with careful manage-
ment, these can be overcome and this type of feedstuff can become useful and 
advantageous for use on farm.

As mentioned in a previous section, ensiled feed will heat up during the day 
when exposed to oxygen. This indicates bacterial respiration which can not only 
reduce nutrients and DM but palatability [75]. Because silages are made throughout 
the world, there are challenges to overcome when ensiling forages, especially in hot 
or cold climates [76]. Although most of the studies reviewed in this chapter have not 
found reductions in silage consumption if fed in low amounts in TMR style, feed-
ing well fermented silage needs to be a priority; young animals are typically most 
susceptible to poor nutrition.

With increasing knowledge of proper ensiling practices, it is well known that 
mycotoxins may be produced when silage is not properly fermented [77]. Mycotoxins 
are secondary metabolites of fungi that may be produced due to a number of different 
factors, such as weather, improper packing and sealing, and forage quality and mois-
ture. They can cause adverse health effects and have been reported in young growing 
animals, such as juvenile goats, to reduce growth and immune system function [78]. 
When considering the addition of ensiled feeds to calf diets, the quality of the ensiled 
feed needs to be evaluated. Spoiled or hot silage should not be fed to young animals.

Although this chapter refers to silages in general, most research has been done 
with CS. Only one of the research papers presented used triticale silage with all oth-
ers using CS [6]. The nutritional properties of CS compared to other silages being 
used worldwide, such as oatlage, barlage, or sugar cane silage, can be very different 
in nutritional content. It is important to keep this in mind when considering the 
implementation of feeding ensiled forage to calves.

All of these limitations can be overcome with careful management and planning. 
To overcome these limitations, farmers should consider their calf feeding manage-
ment. If the farm is able to change out solid feed on a daily basis, the old, heated 
silage will be replaced with more palatable feed. If the farm is currently using 
proper silage management techniques during harvesting, storage, and feedout, this 
will reduce the chances of mycotoxins being fed to young calves. And if the farm 
feeds a different silage than CS, they should consider its slow incorporation and 
evaluating its effects on their calves since more research needs to be done using 
different ensiled forages in calf diets.

6. Conclusions

Corn silage (CS), haylage, and other small grain and grass silages are fermented 
to improve digestibility and nutrient access which can be beneficial to animals 
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whose rumen is not fully developed. Silages also contain other byproducts such as 
active microbes that may be beneficial in a probiotic sense. With the reduced acces-
sibility of good quality hay in certain parts of the world, silages may be the answer 
as a common feedstuff found on farm that is low in cost for the farmer. Without the 
need of further processing, silages can be easily utilized in a preweaned calf diet.

As dairy markets continue to be volatile and farmers are faced with tough 
economic choices, the search continues for providing good quality feed at a lower 
cost. Research shows that the addition of silage to calf feed either does not affect 
or may have a positive influence on calf growth and performance. Although some 
trials reported some reduction in rumen parameters, at the same time these trials 
showed no differences in calf growth and health compared to no forage or other 
forage treatments. Keeping in mind some limitations of ensiled forages, this review 
indicates that silages may be used for preweaned calf diets. Silage management is 
important since this fermented feed may heat during the day; using small amounts 
mixed into calf starter like a TMR and providing fresh silage daily can allow ensiled 
feeds to be easily incorporated into calf diets on farm. Further research is required 
with different types of silages and mixtures and each farmer should assess this 
available feedstuff carefully on their own farm.
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Chapter 9

Bromatological Analysis of the 
Fodder Marketed in the  
Peri-Urban Areas of Bujumbura 
(Burundi): Towards Spontaneous 
Fodder Conservation by 
Transformation into Silage
Joseph Butore, Daniel Sindaye, Mathias Hitimana, 
Jacques Nkengurutse and Tatien Masharabu

Abstract

Peri-urban areas of Bujumbura host a significant number of dairy cattle, which 
consequently ensure a substantial production of milk consumed in the Burundian 
capital. The presence of these cows in peri-urban areas has led to the emergence of an 
atypical market for spontaneous forage species. The present study seeks to determine 
the food and nutritional value of this fodder. A test on its conservation by trans-
formation into silage was also carried out. Botanical field investigations and plant 
samples collection were carried out under the guidance of fodders suppliers. Based 
on the bromatological value deficiency thresholds for cattle, the results showed that 
the content of digestible nitrogenous matter and major elements (Ca, P, K, and Mg) 
in the forage is within acceptable limits. The final product obtained after fermenta-
tion, based on its color, its smell, and its consistency, is indeed silage. The chemical 
composition of fermented fodder showed that the nutritional quality has remained 
almost the same. Further research on digestibility of this forage is necessary. A study 
of the environmental determinants of spontaneous forage distribution at multiple 
sites and over a wide range of parameters may contribute to a better understanding 
of the importance of this fodder particularly in times of fodder deficit.

Keywords: Anaerobic fermentation, animal feed, floristic composition, forage, silo

1. Introduction

Buringa and Maramvya localities in peri-urban neighbourhoods of Bujumbura 
City (Burundi) house many dairy cow heads. Therefore, this ensures a significant 
production of milk consumed in the Burundian economic capital. In the past, this 
breeding was practiced either in the capital Bujumbura, in the Rusizi National 
Park -Palm Area (Rukoko), or other areas surrounding Bujumbura. As a result of 
the administrative and environmental protection measures, these cows have been 
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moved to the peri-urban areas of Bujumbura, where it is sometimes difficult to find 
enough and sustainable feed for livestock.

The presence of these cows in the peri-urban areas of Bujumbura has led to the  
creation of a market for forage species to feed these animals. The reasons for the 
set-up of this new type of market include the fact that along the Rusizi River is 
the Rusizi National Park, where it is strictly forbidden to graze the herds, the 
proximity to Melchior Ndadaye International Airport, and plots of the Regional 
Development Corporation of Imbo (SRDI) for rice growing, etc.

This market system addresses the problem of grazing. It is so new and unusual 
in Burundi. However, it is a business that sustains the livelihood of a Sample of 
people and contributes to the development of the country. It is with this business 
that the city of Bujumbura is supplied (in part) with milk. However, the food and 
nutritional value of these plant species need to be documented as well as the socio-
economic aspects of this trade.

Indeed, it is only in the peri-urban areas of the city of Bujumbura, where this 
type of business exists while livestock farming is practiced throughout the country. 
Again, those who trade are not native to the region in question. They come from dif-
ferent provinces of the country including Ngozi with a workforce of about 68% of 
sellers of this forage market of Buringa [1]. Thus, the present study seeks to deter-
mine the nutritional value of these fodders through an analysis of their bromato-
logical value, firstly. Secondly, spontaneous fodder marketed at the Buringa market 
having already been described and characterized [2], their regular use confirmed 
by local breeders [1]. In addition, a test on their conservation by transformation 
into silage was also carried out in this study with a view to improve animal feed, and 
above all contributing to the sustainable use of this spontaneous fodder.

The socio-economic aspects of this new type of livestock and trade will be 
addressed in other publications.

2. Material and methods

2.1 Material

2.1.1 Study area

2.1.1.1 Buringa and Maramvya areas

The exploratory study was conducted at the Buringa fodder market (Figure 1) 
in the peri-urban area of Bujumbura. The sampling of forage plants studied has 
been carried out in the Buringa and Maramvya areas, located in Gihanga commune 
of Bubanza province, and Mutimbuzi commune of Bujumbura province. Figure 2 
showing the sampling area was generated using the QGIS Desktop 2.18.11 software. 
These areas are crossed by the National Road Nr 5 (RN 5). A seven-kilometer 
distance separates Melchior Ndadaye International Airport from the Buringa Forage 
Market. They are all part of the Imbo Plain [3]. The natural region of Imbo is char-
acterized by a low altitude of about 1000 m and warm weather. This region is made 
up of the plain of Rusizi and the coastal plain of Lake Tanganyika. It is between 2045 
‘and 4027’ South latitude and 290 and 39040′ East longitude. The plain is bounded 
by two major horsts: the watershed of the Basins of the Congo and the Nile and the 
Itombwe massif, which borders the plain to the west in DR Congo. These mountains 
peak respectively at 2600 m and 3200 m of altitude. This particular situation, in an 
overheated basin and the south-east trade wind that crosses it further accentuates 
the semi-arid climate that characterizes it [4].
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2.1.1.2 Nyabunyegeri pisty and its facilities

The pigsty (Figure 3) in which the spontaneous anaerobic fodder fermentation 
experiment was carried out is on Nyabunyegeri hill in Mutimbuzi commune. This 
pigsty started its activities in 2016 and during our stay, it had around 150 pigs divided 
into different categories (suckling sows, gestating sows, empty sows, growing piglets, 
fattening pigs and boars).

Figure 1. 
Partial view of Buringa fodder market located in Gihanga commune of Bubanza province, Burundi.

Figure 2. 
Location of Buringa and Maramvya fresh fodder markets, located respectively in Gihanga commune of 
Bubanza province, and Mutimbuzi commune of Bujumbura province, Burundi.
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The Nyabunyegeri pigsty has a few silos that are regularly used for anaerobic 
fermentation of herbs, wastes of seasonal fruits and other vegetables used in animal 
feed. One of these silos was used for our experiment (Figure 4).

Figure 4. 
The silo used during the experiment at Nyabunyegeri pigsty, Burundi.

Figure 3. 
Partial view of Nyabunyegeri pisty, Burundi.
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The silo has a cylindrical shape with 0.5 m internal diameter; 0.6 m high 
with an almost smooth internal wall where there was no need to use cling film 
to ensure waterproofing except for the roof; volume 11.775,000 Cm3. All parts 
of the silo are made of reinforced concrete, with a cylindrical wall 11 Cm thick; 
a heavy and circular cover which properly close the walls. The base of this small 
structure, but whose dimensions are well adapted to this type of experiment, 
was equipped with a few small pipes allowing the effluent to be released to the 
outside of the silo.

In the pigsty, the fodder chopping is carried out using a chopping machine 
brand ITARA- M 9186/BI (Figure 5) manufactured by young burundians grouped 
together in a cooperative called Cooperative of Innovation and Reflection for 
Integrated Development (CIRDI: Coopérative d’Innovation et de Réflexion pour le 
Développement Intégré).

2.1.2 Other material used

A bicycle for the transport of the fodder to be fermented (Figure 6), cook-
ing salt (NaCl), molasses from sugar cane produced by the Mosso Sugar Factory 
(SOSUMO) located in Eastern Burundi in the Province of Rutana, 16 piglets in 
growth aged three months on which palatability was tested, and a camera.

The following equipment was used for the various analyzes carried out at the 
Agricultural Chemistry Laboratory of the Institute of Agronomic Sciences of 
Burundi (ISABU):

• The humidity/dry matter (crude and analytical) was analyzed with the fol-
lowing devices: analytical balance to within 1/10,000, an oven set at 105°, an 
appropriate crucible;

• The total ash at 600°C was determined using: an analytical balance, a porcelain 
capsule, an oven set at 600°C.

Figure 5. 
Partial view of the chopping machine brand ITARA-M 9186/BI. (a) Outside view and (b) Chainsaw part.
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• The quantity of total phosphate was calculated using the following device: a 
mineralizer, U.V-visible.

• The protein contents were analyzed using: nitrogen mineralizer (Kjeldahl), 
Kjeldahl tube, digital burette, nitrogen still.

• The minerals Ca, Mg and K were calculated using: mineralizer, SSA, analytical 
balance.

• Crude cellulose (fibers) was analyzed using as devices: a hot plate, a refrigera-
tor, a fiber extractor, an analytical balance.

• An analytical balance and a separating funnel were used for the analysis of the fat.

2.2 Methodology

2.2.1 Floristic composition and bromatological value

Collection of forage samples was made in the Buringa Zone of Gihanga 
Commune in Bubanza Province and the Maramvya Zone of Mutimbuzi Commune 
in Bujumbura Province under the guidance of fodders suppliers. The collection of 
samples can be described as follows: with the guide (a seller), we walked and when 
we arrived at the site of collection, he cut the grass as usual and put them at our 
disposal. Then, we reviewed all the species constituting the sample he handed to us. 
We took a small pile of 150–200 grams which was later subjected to analysis of the 
bromatological value. Three sites considered for having a relative high production 
of forage marketed in the fodder market had attracted our attention. These sites 

Figure 6. 
Three bunches (batches) of a mixture of fresh fodder used for fodder conservation test by transformation 
into silage.
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were rice plots, Mpanda cemetery and its surroundings, and the level curves. In 
each site, three forage samples were collected at different localities and in total nine 
forages samples were taken for bromatological analysis.

The database of flowering plants of tropical Africa [5] put online by the 
Conservatory and Botanical Garden of the City of Geneva and South African 
National Biodiversity Institute, Pretoria (African Flowering Plants Database version 
3.3.4, http://www.ville-ge.ch/musinfo/bd/cjb/africa/) was consulted to check the 
nomenclature of species and families.

The analyses of the bromatological value of the forage batches were carried out 
in the Soils and Agro-Food Products Analysis Laboratory (LASPA) of the ISABU. 
The parameters analysed as follows:

• raw dry matter (DM) in % and analytical DM in % was analyzed using the 
gravimetric method at 105°C.

• fat in % DM was analyzed using the gravimetric method (petroleum ether 
extraction).

• protein in % DM was analyzed using the standardized method (ISO 11261, 
Modified Kjeldahl method, volumetric assay.

• crude cellulose in % DM was analyzed using WEENDE method (gravimetric 
method, attack by acid + soda).

• phosphorus in mg/kg DM was analyzed using the vanado-molybolic complex 
method by Ultra-Violet spectrophotometry, after mineralization (dry and 
with acid).

• potassium in mg/kg DM, Calcium in mg/kg DM and Magnesium in mg/kg DM 
were analyzed with the spectrophotometric atomic absorption (SSA) /flame 
assay method after dry and acid mineralization.

Nine samples from nine different sites were analyzed.

2.2.2 Anaerobic fermentation of spontaneous forages at Nyabunyegeri pigsty

The sample used to carry out a test on the fodder conservation by transformation 
into silage consisted of 3 bunches of a mixture of fresh forages dominated by Poaceae. 
The fodder used for this test was bought at the Buringa market, and transported 
by bicycle to Nyabunyegeri hill in the neighboring Commune of Mutimbuzi in 
Bujumbura province where there is a pigsty with vertical silos within it, regularly used 
in the manufacture of silage. One of the silos was used to conduct this experiment.

The fodder chopping was carried out using a chopping machine brand  
ITARA- M 9186/BI.

It should be noted that the fodder used was fresh, therefore, purchased, 
chopped, and fermented on the same day. The chopper had been set to cut the for-
age into 1 cm segments to meet the chopping dimensions at this host farm.

Always to comply with the practices of the host pigsty, cooking salt and molasses 
(were added to the chopped forages before fermenting them. These two products 
were added with respective doses of 1 kg and 2 kg per 100 kg of chopped fodder. 
The salt and molasses were first mixed separately, before being gradually incorpo-
rated into the chopped fodder during the various stages of compaction when filling 
the silo.
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The compaction was done gradually and in two complementary ways, always 
following the practices of this farm in the fermentation of plants for pigs. First, the 
farm workers dipped their feet in boots (carefully washed first) in the silo to pack 
the fodder to ferment, layer by layer, jumping on the chopped fodder. Then the 
heavy silo cover was used and placed on the top layers inside the silo as well; this is 
to have a perfect settlement, that i.e.to completely expel the air from the biomass in 
order to guarantee anaerobic fermentation. The same cover was put on the silo at 
the end to close it tightly with its content.

Once cut and mixed with the molasses + salt solution, a sample of the fodder was 
analyzed at the same laboratory of ISABU in order to assess the biochemical com-
position of this type of food before fermentation. Another sample was taken from 
the finished product to undergo the same analyzes in the same laboratory, with the 
same methods, in the aim of determining possible changes in nutritional value.

The metabolizable energy was calculated using a formula provided by the same 
laboratory:

Metabolizable energy in Kcal / kg of dry matter x fat
x fibers .8x ash

= +
− −
3951 54.4
88.7 40   (1)

The palatability test [6, 7].was conducted on pigs since the test was carried out 
in a pigsty where animals were fed with similar feed (but made from other types 
of forages) and on a regular basis. Thus, 6 kg of chopped fodder was taken from 
the mass to be fermented and distributed to 16 piglets aged three months. Once the 
silage was ready, i.e. 3 days after storage and closing the silo, the palatability test was 
repeated on the same piglets.

2.2.3 Statistical analysis

In order to assess the degree of similarity of forage samples in terms of presence-
absence of the species, a dendrogram (Cluster analysis) was subsequently generated 
using the MVSP 3.1 software (Multi-Variate Statistical Package) with the Jaccard 
coefficient [8].

One-way ANOVA following Duncan’s multiple ranges test (SPSS programming 
toll, IBM SPSS. 25) was performed to test whether within the rice plots, Mpanda 
cemetery and its surroundings, and the level curves, the bromatological value of the 
batches of forage samples collected differ significantly.

3. Findings

3.1 Floristic composition of analyzed samples

The analysis of the bromatological value included 9 batches of samples gathered 
from 9 collection sites. These 9 batches consisted of 5 to 11 species each one; 20 spe-
cies in total including two undetermined species. The Poaceae family has 15 species. 
The five remaining species are families of Commelinaceae (2), Convolvulaceae (1), 
Portulacaceae (1), and Euphorbiaceae (1). Annex 1 shows the floristic composi-
tion of each batch which has been subject of a bromatological analysis. No species 
of the family of the Fabaceae were recorded and analyzed. Commelina diffusa L. 
(Commelinaceae) and Leersia hexandra Sw. (Poaceae) occur in almost all batches 
analysed. This could provide information on their relative abundance in the study 
area. Figure 7 illustrates the degree of similarity between the nine batches of forage 
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samples in terms of presence-absence of species: there is no significant difference in 
terms of floristic composition.

3.2 Bromatological value of the fodder studied

The bromatological value of the fodder sold is not the same depending on their 
origin. The bromatological value analysis of the fodder is therefore very important 
for understanding its quality. The Table 1 shows the nutrients composition of 
fodder from 3 different sites: rice plots, Mpanda cemetery and its surroundings, 
and the level curves. There was a significant difference (p < 0.05) both in crude fat 
and crude fiber. Likewise, none of the prospected sites produces a forage richer and 
more balanced in all nutrients compared to the other sites.

Figure 7. 
Floristic affinities among the nine batches of forage samples collected in Buringa in Gihanga Commune and 
Maramvya in Mutimbuzi Commune (Burundi). Batch 1: Village 6 Gihanga, on rice dykes, Batch 2: Rubira/
Mpanda, Batch 3: Rukaramu- Mutimbuzi Commune, Batch 4: Gihanga-Rukoko 1, Batch 5: Gihanga-Rukoko 
2, Batch 6: Mpanda Cemetery, Batch 7: in the premises of SRDI (Imbo Regional Development Corporation) 
headquarters, Batch 8: Rukaramu 2, Batch 9: Maramvya, on the edge of the irrigation canal of rice fields 
near a road.

Item Rice plots Mpanda Cemetery Level Curves p-value

Crude DM % 78.11 ± 1.48 79.00 ± 1.64 77.33 ± 1.61 0.768

Analytical DM in % 94.08 ± 0.82 93.58 ± 0.73 94.26 ± 1.71 0.915

Crude Fat % in % DM 2.74 ± 0.12 2.64 ± 0.23 3.37 ± 0.98 0.03*

Crude Proteins % in % DM 18.09 ± 2.91 12.74 ± 1.22 17.04 ± 1.63 0.229

Crude fiber % in % DM 26.40 ± 0.68 28.69 ± 1.12 25.70 ± 0.42 0.085*

P in mg/kg DM 3144.66 ± 484.37 2860.00 ± 63.37 3034.33 ± 310.04 0.836

K in mg/kg DM 26156.33 ± 2905.08 29499.00 ± 2015.93 23057.00 ± 643.80 0.170

Ca in mg/kg DM 4246.33 ± 476.66 4925.66 ± 429.21 3950.00 ± 188.35 0.263

Mg in mg/kg DM 2403.33 ± 159.21 3519.33 ± 593.50 2483.00 ± 312.06 0.167

Table 1. 
Bromatological value of the batches of forage samples collected at Buringa and Maramvya fresh fodder markets, 
respectively in Gihanga and Mutimbuzi Communes, Burundi based dry matter (DM) (DM: Dry Matter).
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3.3  Food and nutritional value of spontaneous forage before and after anaerobic 
fermentation (direct silage)

The assessment of the food and nutritional value of the spontaneous fodder used 
was carried out in two stages: before and after anaerobic fermentation. Figure 8 
shows the forage ready to be fermented under anaerobic conditions; and Figure 9 
shows the forage resulting from the anaerobic fermentation. Initially, the forage was 
green in color. After fermentation, the color was yellow-brownish, a pleasant smell 
with a scent of molasses, and the fodder pieces separated easily from each other.

The results of the chemical composition analysis of the sample of fodder cut and 
mixed with the molasses + salt solution before fermentation, as well as that of another 
sample which was taken from the finished product (silage) is shown in Table 2.

3.4 Metabolizable energy

By applying the formula provided by ISABU, the metabolizable energy found for 
unfermented fodder was:

, 4x1, – ,7x , – ,8x , kcal / kg of dry matter+ =3951 54 84 88 32 5 40 11 5 699.146  (2)

For fermented fodder, the metabolizable energy is as follows:

.4x1, – .7x , – .8x , kcal / kg of dry matter+ =3951 54 26 88 26 9 40 17 2 931.754  (3)

Figure 8. 
Chopped fodder ready for fermentation.
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3.5 Palatability test

The 6 kg of chopped fodder which was taken from the quantity to be fermented 
was completely consumed by 16 three-month-old piglets in 25 minutes. For the 
ready silage, i.e. 3 days after storage and closure of the silo, the same amount of feed 

Figure 9. 
Fermented fodder when the silo is opened (clearly visible brownish-yellow color).

Sample Forage cut and mixed with the molasses 
+ salt solution before fermentation

Final product after 
fermentation (Silage)

Laboratory Number K 481 K 482

Raw Dry Matter (DM) % 24,2 22,7

Analytical DM in %, 98,4 97,9

Fat in % DM 1,84 1,26

Total ash in % DM 11,5 17,2

Proteins in % DM 7,73 8,44

Crudes fibers in % DM 32,5 26,9

Magnesium in mg/kg DM. 2660 2513

Calcium in mg/kg DM 2891 8864

Potassium in mg/kg DM 25104 19374

Total Phosphorus in mg/kg DM 171 160

Table 2. 
Chemical composition of a sample of forage cut and mixed with the molasses + salt solution before fermentation 
(K 481), as well as that of another sample that was taken from the finished product after fermentation (K 482). 
DM: Dry Matter.
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was this time consumed by the 16 young pigs in 28 minutes. It should be noted that 
no discomfort was observed in any of these animals after consuming both types 
of feed, one from chopped fodder ready for fermentation, and the other from the 
silage itself.

4. Discussion

4.1 Floristic composition of forage samples

The degree of similarity among the nine samples of forage samples in terms of 
presence-absence of the species does not suggest a significant difference. However, 
the nutritional value of the forage sold is not the same (Table 1). The bromatologi-
cal value of forages varies according to several parameters including the richness 
of the soil in fertile elements, the vegetative stage of the plant, and the mode of 
preservation of the fodder (fresh or preserved) [9].

Given that the consideration of several environmental variables is  
likely to increase the explained floristic variability [10, 11], a study of the envi-
ronmental determinants of the distribution of spontaneous forages at several 
sites and on a varied range of parameters is to consider. In fact, in nature,  
environmental factors (biological, physical, historical, etc.) do not act in isola-
tion: they can influence one another or in synergy. Other factors that are  
difficult to quantify and dissociate, such as climatic fluctuations, chance,  
mortality, inter-and intraspecific competition, predation, geographical barri-
ers to the spread of plant diaspores, dispersal agents, substrate, etc. may also 
 interfere [12].

4.2 Bromatological value of forage samples

It was observed a significant difference (p < 0.05) both in crude fat and crude 
fiber. Except Phosphorus (P) composition which is relatively high in rice plot 
and level curves, the forage from Mpanda cemetery and its surroundings had a 
relative high composition in Potassium (K) Calcium (Ca), and Magnesium (Mg). 
In line with that, many researches had shown many factors which are responsible 
for the spontaneous species nutritional value composition. These include soil 
factors, such as soil pH, available nutrients, soil texture, organic matter content 
and soil-water relationships, weather and climatic factors, the crop and culti-
var, postharvest handling and storage, and fertilizer applications and cultural 
practices [13–17].

Based on the bromatological value deficiency thresholds for cattle, the results 
show that the content of digestible nitrogenous matter (DNM) and major elements 
(Ca, P, K, and Mg) in the forage is within acceptable limits. The mineral content 
is greater than 0.26% Ca, 0.18% P, 0.60% K and 0.10% Mg/kg DM, and the DNM 
content is greater than 25 g/kg of DM [18].

The specific differences observed in the indicators of the bromatological value 
of the fodder sold at the Buringa fodder market would be linked to the nature of the 
soil and to the activities taking place regularly on each site. But it should be noted 
that the average quantities found, indicator by indicator, fall within the range of 
biochemical standards for green feed for animals [19].

There is always compensation and supplementation. The farmers mix forage 
from different localities or associate them with some concentrates for livestock, 
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which increases the fodder quality. Burundian breeders traditionally provide a 
mineral supplement to livestock from mostly the Imbo saline soils (Icuhiro) [20]. 
These salty soils can ultimately correct sodium deficiency and meet the calcium 
and magnesium requirements of livestock. Then, the deficiency in some mineral 
elements of the forage is compensated by these salty soils.

4.3  Assessment of the food and nutritional value of spontaneous fodder before 
and after fermentation (direct silage): towards fodder conservation by 
transformation into silage of spontaneous fodder

For the sample of unfermented spontaneous fodder, the data in Tables 1 and 2 are 
very close. This is because the spontaneous fodder used came from the same region. 
After fermentation, a slight decrease was observed for the following indicators: dry 
matter, fat, raw fiber, Magnesium, and Phosphorus. A small increase was observed 
for protein.

The sound variations were observed for the total ash for which the content went 
from 11.5% to 17.2%; and Calcium, for which the quantity tripled from 2891 mg/kg  
of dry matter to 8864 mg/kg of dry matter. Similar changes in mineral content 
have also been reported by Agence Française de Sécurité Sanitaire des Aliments, 
AFSSA [21].

4.4 Metabolizable energy

The metabolizable energy found for unfermented forages was 699.146 kcal/kg of 
dry matter while for fermented fodder it was 931.754 kcal/kg of dry matter.

This increasing trend of metabolizable energy would be a combined conse-
quence of mastering good storage conditions by fermentation, plus the influence of 
added silage agents (molasses).

But it should also be noted that growing piglets need more metabolizable energy 
[19] which our fermented fodder cannot provide on its own; hence the need to 
supplement it with other types of feeds more rich in energy.

4.5 Palatability

A relative decrease in appetite for fermented forage was observed in this study. 
This relative decrease in palatability is also mentioned by AFSSA [21] which speci-
fies that with rare exceptions, the ingestibility of fodder stored as silage is lower 
than that of the corresponding green fodder. The 3-day waiting period after stor-
age and closing the silo were considered to meet the time usually observed in this 
pigsty during the fermentation of fodder. It should be noted that no discomfort was 
observed in any of these animals after consuming both types of feed, one from the 
chopper fodder before fermentation and the other from the silage itself. It was this 
encouraging observation, moreover, that led us to distribute to the piglets the entire 
quantity of the fermented fodder up to the end. Finally, it should be noted that in 
comparison with the silage prepared previously in this pigsty, it is the one resulting 
from our experiment that the piglets ate more quickly, i.e. 6 kg in 28 minutes for 16 
piglets against 31 minutes for the same quantity of silage, and the same number of 
growing piglets.

Our results on the palatability test are similar to those of other studies [22, 23] 
who confirmed that the aroma of molasses improves food consumption by swine 
species.
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5. Conclusion

This study focused on the assessment of the bromatological value of the fodder 
traded in Buringa, in peri-urban areas of the city of Bujumbura, Burundi. A test on 
their conservation by transformation into silage was also carried out in this study 
with a view to improve animal feed, and above all contributing to the sustainable 
use of these fodder.

Given that from a qualitative point of view stating that the bromatological value 
of the fodder sold at the fodder market is not the same (DM, Protein, Fat, Mineral 
matter), it is possible for a breeder to choose a fodder supplier site for his livestock 
taking into account the specific needs of the animals.

It was observed that the fodder content in minerals is relatively high. This 
is explained by the fact that the soil of the Imbo plain is generally saline [20]. 
Finally, the overall quality of the fodder is good although the nutritional 
value of each forage species sold, and considered individually, has not been 
documented.

Organoleptically speaking, the final product obtained, based on its color, its 
smell and its consistency, is indeed silage. The chemical composition of the product 
(fermented fodder) indicates that the nutritional quality has remained almost 
the same. The stored food is well palatable by the animals. Finally, the conserva-
tion of spontaneous Buringa fodder by anaerobic fermentation makes feasible the 
sustainable use of this feed in the farm without compromising its food and nutri-
tional value.

Further research on digestibility of this forage is necessary. Moreover, a study of 
the environmental determinants of spontaneous forage distribution at multiple sites 
and over a wide range of parameters may contribute to a better understanding of 
the importance of this fodder particularly in times of fodder deficit.
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Annex 1:

Floristic composition of the nine batches of forage samples collected from 
Buringa in Gihanga Commune and Maramvya in Mutimbuzi Commune 
(Burundi), and subjected to bromatological analysis. These samples represent 
the forage traded in Buringa (+: Presence, −: Absence). Sample 1: Village 6 
Gihanga, on rice dykes, Sample 2: Rubira/Mpanda, Sample 3: Rukaramu-
Commune Mutimbuzi, Sample 4: Gihanga-Rukoko 1, Sample 5: Gihanga-Rukoko 
2, Sample 6: Mpanda Cemetery, Sample 7: Sample 7: in the premises of SRDI 
(Imbo Regional Development Corporation) headquarters Sample 8: Rukaramu 2, 
Sample 9: Maramvya, on the edge of the irrigation canal of rice plots near a road.

Family Species/Batch samples 1 2 3 4 5 6 7 8 9

Commelinaceae Commelina diffusa L + + + — + — + + +

Commelina africana L. — — — + + — — —

Convolvulaceae Ipomoea aquatica 
Forssk.

— + — + — — — + +

Euphorbiaceae Euphorbia sp. + — — — — — — —

Portulacaceae Portulaca oleracea L. + — — — — — + —

Cynodon nlemfuensis 
Vanderyst

— — + + + + + — +

Digitaria abyssinica 
(Hochst. ex A. Rich.) 
Stapf

— — — — — + — — —

Echinochloa pyramidalis 
(Lam.) Hitchc. & Chase

— — — + — — — — —

Eriochloa meyeriana 
(Nees) Pilg.

— — — + — + — —

Indet.1 — — + — + — + — —

Indet.2 — — — + — — — — —

Poaceae Leersia hexandra Sw. + + + + + — + + +

Oryza longistaminata A. 
Chev. & Roehr.

+ + — + — — + +

Panicum maximun Jacq. — — — — — — + + +

Panicum trichocladum 
Hack. ex K. Schum.

— — — + + + + — —

Paspalidium germinatum 
(Forssk.) Stapf

— — + — — — + — —

Pennisetum purpureum 
Schumach.

— + + — — — — —

Pseudobromus silvaticus 
K. Schum.

— — — — + + — — —

Setaria homonyma 
(Steud.) Chiov.

— — — — — + — — —

Setaria longiseta P. 
Beauv.

— — — + + + — — —

Total 20 5 5 5 12 7 8 7 6 6



165

Bromatological Analysis of the Fodder Marketed in the Peri-Urban Areas of Bujumbura…
DOI: http://dx.doi.org/10.5772/intechopen.98217

5. Conclusion

This study focused on the assessment of the bromatological value of the fodder 
traded in Buringa, in peri-urban areas of the city of Bujumbura, Burundi. A test on 
their conservation by transformation into silage was also carried out in this study 
with a view to improve animal feed, and above all contributing to the sustainable 
use of these fodder.

Given that from a qualitative point of view stating that the bromatological value 
of the fodder sold at the fodder market is not the same (DM, Protein, Fat, Mineral 
matter), it is possible for a breeder to choose a fodder supplier site for his livestock 
taking into account the specific needs of the animals.

It was observed that the fodder content in minerals is relatively high. This 
is explained by the fact that the soil of the Imbo plain is generally saline [20]. 
Finally, the overall quality of the fodder is good although the nutritional 
value of each forage species sold, and considered individually, has not been 
documented.

Organoleptically speaking, the final product obtained, based on its color, its 
smell and its consistency, is indeed silage. The chemical composition of the product 
(fermented fodder) indicates that the nutritional quality has remained almost 
the same. The stored food is well palatable by the animals. Finally, the conserva-
tion of spontaneous Buringa fodder by anaerobic fermentation makes feasible the 
sustainable use of this feed in the farm without compromising its food and nutri-
tional value.

Further research on digestibility of this forage is necessary. Moreover, a study of 
the environmental determinants of spontaneous forage distribution at multiple sites 
and over a wide range of parameters may contribute to a better understanding of 
the importance of this fodder particularly in times of fodder deficit.
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Annex 1:

Floristic composition of the nine batches of forage samples collected from 
Buringa in Gihanga Commune and Maramvya in Mutimbuzi Commune 
(Burundi), and subjected to bromatological analysis. These samples represent 
the forage traded in Buringa (+: Presence, −: Absence). Sample 1: Village 6 
Gihanga, on rice dykes, Sample 2: Rubira/Mpanda, Sample 3: Rukaramu-
Commune Mutimbuzi, Sample 4: Gihanga-Rukoko 1, Sample 5: Gihanga-Rukoko 
2, Sample 6: Mpanda Cemetery, Sample 7: Sample 7: in the premises of SRDI 
(Imbo Regional Development Corporation) headquarters Sample 8: Rukaramu 2, 
Sample 9: Maramvya, on the edge of the irrigation canal of rice plots near a road.

Family Species/Batch samples 1 2 3 4 5 6 7 8 9

Commelinaceae Commelina diffusa L + + + — + — + + +

Commelina africana L. — — — + + — — —

Convolvulaceae Ipomoea aquatica 
Forssk.

— + — + — — — + +

Euphorbiaceae Euphorbia sp. + — — — — — — —

Portulacaceae Portulaca oleracea L. + — — — — — + —

Cynodon nlemfuensis 
Vanderyst

— — + + + + + — +

Digitaria abyssinica 
(Hochst. ex A. Rich.) 
Stapf

— — — — — + — — —

Echinochloa pyramidalis 
(Lam.) Hitchc. & Chase

— — — + — — — — —

Eriochloa meyeriana 
(Nees) Pilg.

— — — + — + — —

Indet.1 — — + — + — + — —

Indet.2 — — — + — — — — —

Poaceae Leersia hexandra Sw. + + + + + — + + +

Oryza longistaminata A. 
Chev. & Roehr.

+ + — + — — + +

Panicum maximun Jacq. — — — — — — + + +

Panicum trichocladum 
Hack. ex K. Schum.

— — — + + + + — —

Paspalidium germinatum 
(Forssk.) Stapf

— — + — — — + — —

Pennisetum purpureum 
Schumach.

— + + — — — — —

Pseudobromus silvaticus 
K. Schum.

— — — — + + — — —

Setaria homonyma 
(Steud.) Chiov.

— — — — — + — — —

Setaria longiseta P. 
Beauv.

— — — + + + — — —

Total 20 5 5 5 12 7 8 7 6 6
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