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ABSTRACT

Poultry industry has undergone rapid growth during last three decades. For which even higher usage of
antibiotics, both as growth promoters as well as therapeutic agents, has been adopted. However, due to
the fear of resistance development in bacterial populations to antibiotics, presence of antibiotic residues
in poultry products and increasing consumer demand for products free from antibiotic residues, search
for alternatives that could replace antibiotics without causing loss to productivity or product quality has
accelerated. Such alternatives in poultry include the use of organic acids, probiotic microorganisms,
prebiotic substrates that benefit proliferation of beneficial bacterial populations or synbiotic
(combinations of prebiotics and probiotics) ensuring better production and maintaining health of the
birds. Others include vitamins and minerals, herbal drugs, plant extracts, phytobiotics and antimicrobial
peptides. Probiotic organisms provides competition to pathogenic organisms for intestinal colonizing
sites, reduce the diversion of nutrients for harmful microbes and the toxins produced by them and
stimulates the immune systems. Similarly, prebiotic offers an alternative, as it alters the intestinal
microbes and immune system to reduce colonization by pathogens and allows proliferation of beneficial
microflora in the gut. Even using synbiotic is a better strategy for enhancing poultry production,
however, more research is needed for selection of probiotic, prebiotics or synbiotics either alone or in
combination that can result in the selection of strains capable of performing effectively in the
gastrointestinal tract. The contents of this review will be useful for researchers to enrich their knowledge
on alternatives of antibiotics in poultry birds without compromising performance of birds and bird
welfare.
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1 Introduction

Poultry industry has seen an unparalleled growth during last
three decades and is now recognized as one of the fastest
growing component of agriculture sector. This has happened
due to increased consumption of eggs and meat with their easy
availability, relatively inexpensive cost and rich in all essential
nutrients which can meet the deficiencies of critical dietary
minerals, vitamins and amino acids (Dhama et al., 2014a).
High growth contributing factors have been exploited for
optimal genetic potential of birds, availability of quality of the
feed, providing optimal environmental condition and
preventing disease outbreaks. In recent years, gut health of
poultry birds has been the area of intense studies in poultry
production for higher production (Rinttila & Apajalahti, 2013),
as this is the main site where nutrient uptake takes place. The
gastro-intestinal tract is the organ which exposed to majority of
environmental pathogens next to skin (Yegani & Korver,
2008). Thus, the main thrust in poultry production is to
maintain sound gut health and function ensuring proper health
and production. Due to impaired gut function and health, both
the digestion and absorption of nutrients are affected and thus
the overall health and performance of birds will be
compromised which ultimately affect economics of poultry
production.

Antibiotics have been widely used in poultry production
worldwide due to their easy availability and low cost. It has
revolutionized the intensive poultry to promote growth,
production and feed conversion efficiency by improving gut
health and reduction of sub-clinical infections. Antibiotics
inclusion at low concentration augment gut health by reducing
the pathogen load and helps in preventing sub-clinical
infection normally present continuously in the birds even in the
well-organized poultry units. The beneficial effects of using
antibiotics include the thickening of intestine which leads to
more nutrient absorption. Thus, it can spare the critical
nutrients for the host by reducing the competition between host
and pathogens and by preventing the microbial adherence and
invasion to the gut wall lowers the production of toxic amines
thus preventing stress to birds. The effect of antibiotics is more
pronounced when the birds are kept under unhygienic
conditions and are maintained on relatively vitamins and or
amino acid imbalance /deficient diet that clearly indicate the
nutrient sparing effect of antibiotics. Penicillin G was the first
antibiotic introduced in veterinary medicine in 1947 for use as
intramammary infusions. Since that time the use of antibiotics
has become an integral part of managing animal health in
agriculture. Antibiotics are administered to food animals
including poultry by several different routes including
injections, orally in feed and water. Commonly employed
antibiotics for preventative and therapeutic purposes in poultry
are chlortetracycline (Athar & Ahmad, 1996; Kodimalar et al.,
2014), furazolidones (Oluwasile et al., 2014),
fluroroquinolones ~ (Anderson &  Macgowan  2003;
Luangtongkum et al., 2006; Martinez et al. 2006; Billah et al.,
2015), oxytetracycline (Adel Feizi, 2013), sulphonamides
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(Persoons et al., 2012), gentamicin (Alm El Dein & Elhearon,
2010), Quinolones (Naeem et al., 2006).

Despite tremendous beneficial use, the practice of using
antibiotics in poultry is being questioned, owing to increased
resistance to antibiotics (Tiwari et al., 2014a). The mechanism
of resistance development in antibacterial population happens
when an antibiotic is applied in food animal at sub-therapeutic
level, which results in eliminating the sensitive population of
bacteria leaving the variants having unusual traits and resists
the effect. These resistant bacteria then multiply becoming the
predominant. The resistant population so produced transmits
the resistance which is genetically defined to subsequent
progeny and also to other bacterial strains via mutation or
plasmid mediated (Catry et al., 2003). Human may get
exposure to such resistant bacteria population through
consumption and handling of meat contaminated with such
pathogens (Van den Bogaard & Stobberingh, 2000). Once
these are acquired, such resistant bacteria can colonize the
intestinal tract of human and the genes coding resistance to
antibiotics in these bacteria can be transferred to other bacteria
belonging to the endogenous microflora of humans (Ratcliff,
2000; Stanton, 2013), thus causing impediments in effective
treatment of bacterial infections.

Because of drug resistance associated with use of antibiotics in
poultry production, there has been a big push to find alternative
treatment methods for common poultry ailments. The
alternatives to antibiotics are needed to maintain the gut health
and performance by controlling pathogens and increased
nutrient digestion and absorption. Some of the ways to
minimize antibiotics in poultry include use of whole grain
cereals, live microbial cultures, use of fermentable sugars and
processing/ sterilization of feeds. Prominent alternatives in
poultry production include organic acids, probiotics, prebiotics,
synbiotics, herbal drugs, vitamins, minerals and plant extracts
(essential oils) etc. (Dhama et al., 2014a). The attributes of
alternatives are as follows:

1. It should improve performance effectively

2. It should have little therapeutic use in human or
veterinary medicine

3. It should not cause deleterious disturbances of the
normal gut flora

4. It should not be involved with transferable drug
resistance

5. It should not be absorbed from the gut into edible
tissue

6. It should not cause cross-resistance to other
antibiotics at actual use level

7. It should not promote Salmonella shedding

8. It should not be mutagenic or carcinogenic

9. Itshould not give rise to environmental pollution

10. It should be readily biodegradable

11. It should be non-toxic to the birds and its human
handlers.
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Even combined supplementation of prebiotics and probiotics
which is referred as symbiotic is a better strategy for enhancing
production, however, more research is needed for selection of
probiotic, prebiotics or synbiotics either alone or in
combination that can result in the selection of strain/s capable
of performing effectively in the gastrointestinal tract. The
present review discusses the valuable alternatives to antibiotics
as health promoting agents in poultry production system,
including of organic acids, probiotics, prebiotics, synbiotics,
vitamins and minerals herbal drugs, plant extracts, phytobiotics
and antimicrobial peptides. The contents of the review will be
useful for researchers to conduct more research on alternatives
of antibiotics in poultry birds without compromising
performance of birds and bird welfare.

2 Alternatives to antibiotics as health promoting agents in
poultry

2.1 Organic acids

Organic acids are being considered as one of the effective
alternative of the antibiotics in recent years because of their
antimicrobial activity against wide range of pathogenic
bacteria because of their ability to induce a pH reduction in the
gut and these can improve nutrient utilization in poultry diets
(Eidelsburger et al., 1992; Boling et al., 2000; Kil et al., 2011).
These have been used either as single acid or combination of
several acids (Wang et al., 2009). Use of organic acids and
their salts in poultry has been permitted as safe by the
European Union (Adil et al., 2010).

Basically, organic acid includes carboxylic acids and fatty
acids having a chemical formula of R-COOH, where R
represents chain length of the acids. In poultry feeding, organic
acids of short chain length like formic (C1), acetic (C2),
propionic (C3) and butyric acid (C4) had been tried more
often. Other carboxylic acids used include citric, lactic,
fumaric, malic and tartaric acids (Dibner & Buttin, 2002).
Generally, organic acids are weak acids and these are
dissociated only partly and most organic acids possessing
antimicrobial activity have a pKa value (defined as the pH at
which the acid is half dissociated) in the range of 3 to 5.
Organic acids are also available as calcium, potassium or
sodium salts. The salts are being preferred as these are odorless
and easy to handle during feed processing owing to their less
volatile property and solid in their state. Further, the organic
acids are less corrosive in nature and more soluble in water
(Huyghebaert et al., 2011).

These can be used both in water and feed. The proposed
sequential mechanisms of action as bactericidal exhibited by
organic acid are as follows: Initially acid form of organic acids
can penetrate across the bacteria cell wall and subsequently
penetrated organic acids within bacterial cells dissociate into
the conjugated base form (non-protonated form) leading to a
reduction in cellular pH and the decreased intracellular pH
creates a stressful environment for bacteria leading to cellular
dysfunctions thereby preventing bacterial growth (Mani-
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Lopez et al., 2012). On other hand, sorbic acid increases the
permeability of the bacterial cell as well as causing
interference with membrane proteins (Abdelrahman, 2016).

Role of organic acids in poultry production include lowering
down the pH of the poultry feed and gastrointestinal tract
(GIT), improved nutrient utilization in diets by increasing
nutrient retention, preventing the growth of pathogens
(Afsharmanesh & Pourreza, 2005; Mroz, 2005). Capacity to
decrease pH in the feed and Gl tract by the organic acid likely
dependent on the pH conditions of the GIT and pKa values of
the organic acid used (Kim et al., 2005). The pH reduction in
Gl tract is more pronounced in the upper part. Application in
drinking water ensures pathogen reduction and subsequently
crop besides regulating normal gut flora (Agkgoz et al. 2011;
Hamed & Hassan 2013).

Organic acids are readily absorbed in the proximal part of
gastro-intestinal tract. Their ability to acidify the gut
environment results in increased intestinal protease enzyme
activity which in-turn increases the nutrient digestibility and
utilization. This may be due to fact that acidic digesta may be
retained for longer time in Gl tract, and therefore provide more
time for nutrient digestion in the GIT (Kidder & Manners,
1978; Mayer, 1994). Inhibition of undesirable microbes not
only prevents the accumulation of toxic metabolites, but also
spares more nutrients available for the host, ensuring higher
feed utilization efficiency. Moreover, stabilization of intestinal
pH also increases the efficacy of all digestive enzymes.
Organic acids are used in feed sanitation programme, acting as
feed additives and preservative. By preventing the growth of
pathogenic bacteria it prevents the feed deterioration and
extends the shelf-life of perishable food ingredient.

Organic acids commonly used to reduce the pathogenic
microbial load (like Salmonella and Escherichia coli) include
short chain fatty acids, volatile fatty acids and weak carboxylic
acids. Organic acids also reduce the colonization of pathogens
on intestinal wall, preventing damage to epithelial cells. Daily
application of short chain fatty acids increases epithelial cell
proliferation; quick repairing of intestine, increased villous
height and in turn increased absorptive capacity. Medium chain
fatty acids (MCFA) destroys the bacteria by penetrating its
phospholipid layer and alters the cell membrane through the
formation of pores resulting in leakage of contents (Hermans &
De Laet, 2014).

It provides an early pathogen barrier for the inhabiting
pathogens. Propionic acid is an effective mold inhibitor (Zha &
Cohen, 2014) and can completely inhibit feed mycotoxin.
Continuous feeding of propionic acid to chicks reduced
Salmonella Gallinarum count of crop and caecal contents.
Addition of 0.36% Calcium formate also reduced Salmonella
level both in carcass and caecal samples.
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Akyurek et al. (2011) observed increase in Lactobacilli
population and reduction in coliforms and Clostridia in ileum
in broilers fed blends of organic acids than the antibiotic
groups. Similarly, reduction is Salmonella in caecum through
synthesis of antimicrobial peptides in chickens fed with
acetate, propionate and butyrate salts (Sunkara et al., 2011,
Sunkara et al., 2012). Organic acids cocktail (Hassan et al.,
2010; Hamed & Hassan, 2013) is reported to have more
synergistic effect with better efficiency compared to antibiotic
growth promoters against intestinal colonized pathogens viz. E.
coli, Salmonella. N-heterocyclic dicarboxylic acids and
pyridyl-mercapto-thiadiazoles are the new generation organic
acid types as a future broad-spectrum inhibitors of the metallo-
b-lactamases (MbLs) which can be used in conjunction with
beta lactam antibiotics for counteracting drug resistant
serotypes (Abdelrahman, 2016).

The availability of calcium especially in egg producing
chickens is influenced by the presence of oxalic acid which is
present in plant sources. This oxalic acid form insoluble
calcium oxalate salts (Jadhav et al., 2015). An increase in
calcium solubility and availability was observed in the studies
of Tang et al. (2007) who fed the birds with Lactobacillus
strains which is attributed to its ability to reduce the gut pH
due the production of lactic and acetic acids.

Organic acids also reduce contamination of litter with
pathogens and diminish the risk of re-infection, thus reducing
the bacterial challenge to poultry birds. Organic acids possess
potent property to reduce pH and have been found to reduce
pathogens in Gl tract, however, more studies are needed to
elucidate the mode of action of dietary organic acids and their
effects on growth performance of broiler chickens by various
combinations of acids and their concentration in feed or
drinking water.

2.2 Probiotics

Probiotics are either single and/or mixture of live microbial
culture which promote health benefits to the host (Fuller,
1992). Mode of probiotic bacteria involves competition with
receptor sites in the intestinal tract, production of specific
metabolites (short organic fatty acids, hydrogen peroxide, other
metabolites possessing antimicrobial activity) and immune
stimulation effect (Madsen et al., 2001; Sherman et al., 2009).
Microorganisms used as probiotics include Lactobacillus,
Streptococcus, Enterococcus, Bacillus, Clostridium,
Bifidobacterium species and E. coli while yeast and fungus
used as probiotics include Saccharomyces cerevisiae and
Aspergillus oryzae (Fuller, 1999). Bacteria and yeasts have
been included as spores or as living microorganisms.
Probiotics classified as non-colonizing species such as
Saccharomyces cerevisiae and Bacillus spp. (spores) while
colonizing species include Lactobacillus and Enterococcus
spp. Saccharomyces known to offer a source of good quality
protein and B complex vitamins. Due to immunomodulatory
properties, yeast extract, the non-antibiotic functional product
is suggested to be the potential non-antibiotic alternative for
decreasing pathogenic bacteria in turkey production (Huff et
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al., 2010). Currently, yeast cell derivatives are gaining
importance as zootechnical feed additives (Swigtkiewicz et al.,
2014). Similarly, feeding of Aspergillus awamori (0.05%)
improved growth performance through the release of growth
promoters (Yamamoto et al.,, 2007) and meat quality by
increasing unsaturated fatty acid content in breast meat (Saleh
et al., 2012) of broiler chickens.

The reason behind the use of probiotics has been primarily to
establish normal intestinal flora with broad target of prevention
or minimizing the disturbances caused by enteric pathogens
(Dhama et al., 2008). Probiotics are not the substitute of
antibiotics in birds with serious infections but these are useful
in restoring the normal bacterial population. The effect of
probiotic depend on physiological state of the bird, type and
concentration of probiotic strain, persistence in intestine,
ability to survive during feed processing and gastrointestinal
track and compatibility with natural microbiota of the intestine.
The strain of probiotic to be called as ideal should be resistant
to acid, bile salts and digestive enzymes. It should also possess
property of rapid multiplication so as to produce microbial
population required for producing desirable effect. Further, the
strain used should not impart antibiotic resistance into the
intestinal microflora (Seema & Johri, 1992; Pal & Chander,
1999; Dhama et al., 2011; Mookiah et al., 2014).

Benefits of probiotics:

1. Improves the health of gut health by upholding a
desired equilibrium in its microbial population and
reducing incidences of diarrhea.

2. Inhibits growth of pathogens and reduces the
mortality

3. Results in better feed conversation efficiency

4. Improves growth rate and body weight gain

5. Improves the digestive enzymes and in turn nutrient
absorption

6. Reduces circulating cholesterol level through
regulation of lipid metabolism

7. Enhances efficacy of vaccines

8. Plays important role in fast detoxification of
mycotoxins

9. Reduce stress associated with administration of
antibiotics, temperature, vaccination, transportation
etc.

10. Synthesis Vitamin B complex vitamins

11. Improves litter quality via. enteric and also litter
ammonia production

12. Enhances the intestinal short chain fatty acids which
could alter the microbial composition in gut

13. Leaves no residues effects in products

14. Decreases environmental pollution

One mode of action associated with probiotics is the
competitive exclusion as these produce some substances which
inhibit growth of pathogens. Moreover, the pathogens also
compete with them for a place in the intestinal epithelium.
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The substances produced by probiotic bacteria are short-chain
organic acids (lactic, acetic, propionic), hydrogen peroxide,
bacteriocins which includes nisin, acidolina, lacocydyna,
lacatcyna, reutryna, entrocine, laktoline. Bacteriocins produced
by probiotics possess a high antibacterial activity against
Salmonella, Campylobacter, Escherichia coli and Clostridium
perfringens. Probiotic (s) supplementation in feed is
considered to be the potential candidate strategy for controlling
necrotic enteritis (Mahmood et al., 2014) and Eimeria
acervulina and E. tenella with effective reduction of oocysts
(Lee et al., 2007).

Another mode of action of probiotics is by stimulation of
immune system due to their ability of adhesion to the intestinal
mucosa which allows creating a natural barrier for entry of
pathogens thereby enhancing immunity. Further, probiotic
stimulation of the immune system exhibited higher production
of  immunoglobulins,  stimulation  macrophages and
lymphocytes activity and also by augmentation of the
production of y-interferon (Yang & Choct, 2009). Ensuring
antibiotic  efficacy  without therapeutic  involvement,
consumer’s demand for antibiotic free products and animal
welfare promotion are considered to be the key drivers for
increased use of probiotics in poultry production currently
(Blanch, 2015).

A latest approach in probiotics feeding especially in poultry is
the in ovo injection of probiotic culture. As the newly hatched
chick will have a sterile gastro-intestinal tract, so it harbors the
microflora when they are exposed to various microbes in the
environmental on its arrival to its rearing house system.
Colonization in chicks takes place after hatching (Amit-
Romach et al., 2004) but presence of few numbers of microbes
in their intestine during pre-natal stage itself was reported by
Pedroso (2009) and Bohorquez (2010). Various available
scientific reports showed that feeding of probiotics in birds
reduced the impact of various stress conditions. Similarly, the
newly hatched chicks are being exposed to different types of
stresses like hatching, sexing vaccination, dehydration,
starvation, transport, etc. Various in ovo injection studies have
shown that embryonic administration of essential amino acids,
minerals, carbohydrates, fatty acids reduced the impact of
these stress and enhanced the growth performance in broilers.
Hence, the administration of probiotic culture in in ovo
condition could also be help in overcoming various stresses
during early life. In an experiment in broilers, in ovo injection
with combination of probiotic organisms at 17.5 days of
incubation significantly reduced the Salmonella counts in
intestine (de Oliveira, 2014).

2.3 Prebiotics

Prebiotics are certain non-digestive feed components that
benefit the host by selectively accelerating growth rate and /or
proliferation of one or more of a limited number of bacteria in
the colon of host so that the health of the gut can be improved.
These provide the substrate to the beneficial intestinal
microorganisms. The main function associated with prebiotics
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include alteration of GI microflora, immune stimulation,
preventing colon cancer and reducing pathogen invasion,
reduction of cholesterol and odor compounds (Cummings &
Macfarlane, 2002), improve gut health through intestinal
microbial balance, promotion of enzyme reaction, reduction in
ammonia and phenol products and ultimately reducing
production cost (Ghiyasiet al., 2007; Khksar et al., 2008; Peric
et al., 2009). The predominant prebiotics tried in chickens are
gluco-oligosaccharides (GOS), fructo-oligo-saccharides (FOS),
mannan-oligo-saccharides (MOS), stachyose and oligochitosan
(Jiang et al., 2006). Some attributes for being a good prebiotic
include (i) it should neither hydrolyzed nor absorbed in the
upper part of the gastrointestinal tract, (ii) induce systemic
effects to enhance health of the host and palatable as feed
ingredient and (iii) easy to process in large scale.

Addition of prebiotics to poultry diets can minimize the use of
antibiotics ultimately reducing bacterial drug resistance
(Patterson & Burkholder, 2003). Further, use of prebiotics in
poultry diet can reduce colonization of pathogens such as
Escherichia coli, Vibrio cholera, S. Typhimurium, S.
Enteritidis etc. (Bailey et al., 1991). Supplementation of
oligosaccharides reduced total viable counts in meat and
caecum. Prebiotics also promotes the growth of Bifidobacteria
and Lactobacillus and reduces the harmful intestinal pathogens
(Dhama et al., 2007) Thus, prebiotics can be used as one of the
alternative of antibiotics with an aim to improve poultry health
and performance through alteration of intestinal microbial
population and stimulating immune system by pathogen
reduction, however, more studies are needed to elucidate exact
role and mode of action as single component or in
combination.

The presence of microfloral population in gastro-intestinal tract
influences the growth and immune system in chickens.
Prebiotics are well known for its ability to enhance the
establishment of good microbes (Gibson, 1999; Van Loo et al.,
1999) but they also involved in altering the innate immune
response through binding with receptors, promotes
endocytosis, cytokines and chemokines (Di Barolomeo et al.,
2013). Inulin, a polymer of fructose is widely used as prebiotic
in both human as well as in animals. Even though, they are
indigestible in the intestinal tract but serves as a substrate for
the growth of Bifidobacteria (Niness, 1999; Kelly, 2008).
Inulin also promotes the production of secretory
immunoglobulin A (SIgA) at ileum (Nakamura et al., 2004)
and increases the immunity against invading bacteria in the gut
(Buddington et al., 2002).

2.4 Synbiotics

The mixture of probiotics and prebiotics (synbiotics) which
provides the live culture and feeding them from better survival
in the bird’s intestinal tract (Yang et al., 2009; Gaggia et al.,
2010). Fructo-oligosaccharides and bifidobacteria, and lactitol
and lactobacilli are the commonly known combinations of pro
and prebiotics for use as synbiotics (Yang et al., 2009).
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Microflora of intestine play important role in bird health and if
this balance between useful microorganisms gets disturbed,
then the health and overall performance of the bird is affected.
This invites to explore role of dietary supplementation in the
form of prebiotics which can be supplemented to support the
growth of beneficial microflora so that production in poultry
birds can be enhanced. The supplementation of prebiotics
which ensure growth of probiotics is called synbiotics
(Huyghebaert et al.,, 2011). The supplementation of both
probiotics and prebiotics could improve the survival and
persistence of the useful organism in the gut of birds as
specific substrate is available for fermentation (Yang et al.,
2009; Adil & Magray, 2012). Synbiotics were effective in
improving the growth of broiler in the diet of chickens (Abdel-
Raheem et al., 2012; Mookiah et al., 2014). Feeding of
synbiotics in broiler chicken was found to have beneficial
effect on intestinal morphology and nutrient absorption leading
to enhanced performance (Awad et al., 2008; Hassanpour et
al., 2013). Very few studies have reported the optimal benefits
of synbiotics in poultry (Li et al., 2008). Much attention has to
be paid to find out the best combination of pro and prebiotic
and its subsequent evaluation of their synergistic effects for use
as potential synbiotics to ensure maintenance of proper health.
An investigation by Madej et al. (2015) in broilers revealed
that in ovo administration of inulin (prebiotic) along with
Lactobacillus organism altered the development of various
immune organs.

2.5 Vitamins and minerals as growth promoters

Use of minerals and different vitamins can improve the health
status of the poultry which has been proved in the growth of
broilers. Minerals and vitamin supplements has increased the
poor health status of birds hence increasing the cost benefit
ratio of the farm (Prescott & Baggot, 1993; Peric et al., 2009).
Several beneficial effects like improved immune status of the
bird increased feed conversion ratio, alteration of beneficial
microflora in the gut and intestine. Vitamins like vitamin C has
a major role to reduce stress mainly during summer months,
increases feed intake thereby improving metabolism of the
feed (Sahin et al., 2003). Other health promoting effects of
vitamin C include reduction of weight loss in birds mainly due
to summer stress. Antioxidant vitamin C is synthesized
naturally in birds using an enzyme gulonolactone oxidase that
is absent in guinea pigs and human (Lin et al., 2006; Khan,
2011). There is no recommended dose for vitamin C in birds
but it may aid in suppressing stress by its antioxidant nature.
Study reveals that broilers fed with vitamin C have shown
good performance even under different environmental stress
(McKee & Harrison, 1995). Vitamin C plays an important role
in the metabolism of amino acids and promotes the absorption
of minerals mainly iron by maintaining them in the reduced
ferrous state (McDowell, 1989). Supply of L-arginine along
with vitamin C has improved meat quality in broilers. Another
vitamin namely vitamin E also showed improvement in feed
conversion ratio and improved growth performance in poultry.
Recommended dose of vitamin E is 5 to 25 1U/kg of feed for
normal functioning of bird though higher doses has also

Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org

Ajitetal

increased poultry’s performance (NRC, 1994). Minerals like
iron has growth promoter and inhibitor role while phosphorus
has role in weight gain of broilers (Abudabos, 2012). Vitamin
Q is most commonly known as ubiquinone due to its
distribution among various systems. This is produced
endogenously as lipid soluble compound which plays an
important role in the energy transformation process inside the
cellular mitochondria (Gopi et al., 2015). However, their
synthesis will not be sufficient as the age advances. Similarly,
in birds especially of fast growing varieties their endogenous
production might not be sufficient along with various stress
conditions. Gopi (2013) reported an improvement in feed
efficiency in broilers fed high energy diet. Moreover, intake of
the compound increases their anti-oxidant defence mechanism
especially lipophilic systems. Intake of vitamin Q increases the
host defence against various microbes bacteria, virus, protozoa
(Bliznakov, 1978), activation of macrophages (Hogenauer,
1981) through increased energy availability. Folkers et al.
(1982) and Gopi (2013) observed an increase in
immunoglobulin G production and haemeagglutination titer
(HI) against Newcastle disease virus in broilers, respectively.

Some of the beneficial applications of probiotics, prebiotics,
vitamins, antimicrobial peptides and herbs as growth
promoters in poultry are presented in figure. 1.

2.6 Antimicrobials of plant origin / phytobiotics

Phytochemicals (commonly known as phytobiotics) as the
plant derived compounds have wide range of activities in
plants, animals and humans. These compounds are the
secondary metabolites produced by the plant which possesses
characteristic flavor and taste, primarily for its self-protection
from being grazed/ eaten by animals and from pest attack.
Over the years, more than 80, 000 compounds have been
identified so far like phenols, flavonoids, tannins, saponins,
essential oils, etc. Initially, these compounds were considered
as waste, anti-nutritional and health affecting ones. But, now-a-
days the approach towards them is changing globally as an
antioxidants, digestive enhancer nutraceutical and health
promoting substances (Narimani-Rad et al., 2011). Since, the
identification of its anti-microbial activity across different
groups of organisms (Brut, 2004; Murali et al., 2012) (both
gram positive and gram negative organisms). In view of animal
production especially in monogastrics (pigs and poultry
production) they are mainly used as an alternative antibiotic
growth promoter (Khaksar et al., 2012; Karangiya et al., 2016).
Although, the exact mechanism of action is not yet known they
have been found to favourably alters the gut micro-flora by
reducing the number of pathogenic organisms (Salim, 2011).
The probable mechanism of action is the through the alteration
in membrane permeability to hydrogen ions (H"). In addition
to its antibacterial activities, it also shows antiviral, anti-
protozoan and anti-fungal actions. Their anti-fungal actions are
getting more importance as these compounds are now being
incorporated in to fungicide preparations which are cost
effective as well as environmental friendly (Afzal et al., 2010)
and also as fly repellent (Mansour et al., 2011).
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Figure 1 Beneficial effects of probiotics, prebiotics, vitamins, antimicrobial peptides and herbs as growth promoters in poultry.

The anti-parasitic property is very well studied especially of
tannins (condensed tannins) which are more potent against
gastro-intestinal parasites of sheep and goats. They also show
potent anti-coccidial activity against chicken coccidia. In case
of large animals (cattle, buffaloes) the phyto-compounds
especially essential oils, exhibits methanogenic suppression
effect (reduces the methane enteric methane production).
Phytochemicals possesses antioxidant (both hydrophilic and
lipophilic activity). Due their antioxidant activity these
compounds are being used during stress periods including the
heat stress conditions (Wei & Shibamoto, 2007). Their anti-
oxidant property could be helpful in improving the keeping
quality of processed meats and also reduces the muscle drip
loss during thawing of cold stored products (Windisch et al.,
2008). These plant derived compounds shows typical flavors
which could be exploited in human and pig foods. These
compounds attract the consumers and increase their intake.
Currently, essential oils are being used in preparation of ice-
cream and others. However, their role as a flavoring agent in
poultry production is still questionable. The dietary addition of
active principles or its ingredient source increases the digestive
process in the body. They were found to increase the secretion
of digestive enzymes mainly trypsin, amylase and bile from the
pancreas and liver respectively (Gopi et al., 2014a). This will
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help to improve the overall digestibility of the feed and feed
efficiency. However, the higher level of incorporation of
certain compounds especially polyphenols which lead to
negative effects on digestive efficiency due to their ability to
bind with the digestive enzymes. Staying with digestion these
substances also increases the nutrient absorption capacity
through increase in the intestinal villi length and crypt depth.
They also alter the lipid metabolism in the system by inhibiting
the activity of hepatic 3— hydroxy—3-methylglutaryl coenzyme
A (HMG-CoA) reductase which reduces the cholesterol
synthesis in the liver (Lee et al., 2004). This effect could be
utilized for production of low cholesterol meat and eggs
(Mohamed et al., 2012). Although, these compounds are
generally recognized as safe (GRAS) their level of use is still
debatable due to their unknown mechanisms for various
activities and their possibility of deposition in the body.

Shift towards herbal medicine in the recent years is more due
to advantages of these over chemical drugs which include
reduced or zero toxicity, available naturally and possess ideal
qualities as feed additive (Khan et al., 2010; Khan et al.,
2012a). Plant parts such as herbs and spices are well known to
have antimicrobial activities (Nychas & Skandamis, 2003).
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The products derived from plant parts, specifically essential
oils, are known to possess active ingredients that exhibit
antimicrobial activity against bacteria, yeast and molds.
Among the major groups of principle ingredients that impart
antimicrobials property in their essential oils (EOs) include
thymol, eugenol, saponins, flavonoids, carvacrol, terpenes and
their precursors. Essential oils are volatile compounds due to
which they possess characteristics fragrance of their origin and
named after them (Oyen & Dung, 1999).

The portion of plant from which essential oils can be derived
include bulbs of onion and garlic, seeds of parsley, fruits,
rhizomes, leaves of basil and tea plant, clove buds and other
plant parts (Nychas & Skandamis, 2003). For example,
cinnamon barks having high levels of cinnamamic aldehyde
and spices with a high level of eugenol are reported to have
potent antimicrobial activity (Davidson & Naidu, 2000).
Essential oils from plants are reported to exhibit a broad
antimicrobial spectrum against a wide range of bacterial and
fungal agents (Tiwari et al, 2009). The antimicrobial property
also depends on many biological factors (plant species,
growing location and harvest stage), manufacturing processes
(extraction/distillation) and conditions during storage
(temperature, light, oxygen level and time). Thus, it remains a
subject of investigation to identify and quantify the multitude
of actions and claims improving feed efficiency and health
status of poultry birds. The antimicrobial potential of essential
oils also depends on the structural conformation of active
ingredients and their concentration. Currently, herbs targeting
bacterial quorum sensing disruption (Goossens, 2016) are
gaining interest.

Antimicrobial property of essential oils such as thymol and
carvacrol has been widely studied against range of bacteria
such as L. monocytogenes, S. Typhimurium, and Vibrio
parahaemolyticus (Karapinar & Aktug, 1986; Tassou et al,
1995; Dhama et al., 2015a). Cinnamic aldehyde present in
cinnamon oil have been found to exhibit antimicrobial action
against a broad spectrum of bacteria such as L. monocytogenes,
C. jejuni, and S. Enteritidis (Smith-Palmer et al, 1998).
Eugenol present in clove essential oil has been widely studied
for antimicrobials and antifungal activities (Deans et al., 1995;
Smith-Palmer et al., 1998).

Use of EOs in poultry ration has been found to exert beneficial
effect on body weight again and feed efficiency in broilers
(Cross et al., 2002; Bampidis et al., 2005; Cabuk et al., 2006).
Similarly, feeding of turmeric powder enhances the circulatory
anti-oxidant defence and in turn immune system (Madpouly et
al., 2011). Similarly, incorporation of garlic at 3% level as feed
additive has been found to enhance growth and performance of
broiler chicks (Elagib et al., 2013). Incorporation of blends of
different essential oils (lemon, basil, oregano, tea, etc.) in diet
showed higher body weight gain (Khattak et al., 2014) in
broilers, egg production with better feed conversion efficiency
in laying quails (Cabuk et al., 2014). Recently, Salmonella
Enteritidis and Salmonella Typhimurium has been found to be
inactivated on skin of broiler birds using acidified sodium
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chlorite, trisodium phosphate or carvacrol (Karuppasamy et al.,
2015, Yadav et al., 2016). Several plants and its derivates are
extensively studied and used in poultry production including
Aloe vera, Astragalus membranaceus, Ginger, Garlic, Noni,
Onion, Turmeric and Thyme (Dhama et al., 2015b). These
compounds have improved growth of broilers and also
increased egg production of layers (Guo et al., 2004; Sunder et
al., 2013; Sunder et al., 2014).

Natural resin acid composition (RAC), resinol is shown to
possess antibacterial, antifungal and antiparasitic properties
and its inclusion in feed reduced the percentage of gram
positive population in vitro and modulated the intestinal
microbiota besides improving the growth performance
(Vuorenmaa, 2015). Zhang et al. (2012) observed higher
growth performance in broilers fed fermented leaves of Ginkgo
biloba along with Aspergillus niger. Many active principles of
the herbs have been identified but mechanism of action for all
has not been elucidated though for some it has been reported.
Reports reveal that active principles of these herbs improves
the normal microbiota of the gut thereby increasing the
nutritional metabolism, absorption leading to better growth and
production (Hashemi & Davoodi, 2011). The increase in
pancreatic enzymes (trypsin, chymotrypsin, amylase and
lipase) activity due to feeding of turmeric, which is being
attributed towards its active principle curcumin, has been seen
(Khan et al., 2012b). Ginger increases secretion of enzymes
like enterokinases and other enzymes important for digestion
hence improving the digestion and metabolism of feed (Zhao et
al., 2011). Similarly, addition of essential oils in feed has also
improved secretion of digestive enzymes, increasing feed
assimilation, overall activity of broilers were improved (Al-
Kassie et al., 2011). These active principles also possess
antioxidant properties thereby reducing the free radicals that
are produced in the cells.

Herbal products not only possess antioxidant and digestive
properties but also possess antimicrobial, antiparasitic and
immunomodulating properties. Though immunostimulants are
available they possess side effects warranting for a
replacement hence herbal drugs can be a better alternative as
an immunostimulant. There are established reports regarding
the potential of flavonoids, lectins, polysaccharides, peptides
and tannins as immunomodulators. Plants like Neem,
Ashwagandha, Guduchi, Noni etc., possess
immunomodulatory properties and its effects are well
documented (AbdElslam et al., 2013; Bhatt et al., 2013;
Latheef et al., 2013a; Latheef et al., 2013b; Tiwari et al.,
2014a; Tiwari et al., 2014b). Herbs like cinnamon, nishyinda
and black pepper has been reported to have promising growth
promoter effects without exhibiting side effects in broilers
(Chowdhury et al., 2009; Mode et al., 2009; Molla et al., 2012;
Saminathan et al., 2013). Several herbal extracts exert
antibacterial action when fed to poultry thereby preventing
infectious diseases and enhancing growth of the poultry
(Dhama et al., 2014b; Dhama et al., 2015b). Active ingredients
of thyme namely thymol and carvacrol shows antimicrobial
action especially against gram negative bacterial pathogens by
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penetrating the cell wall and causing damage to the cells by
binding to the amine and hydroxylamine groups (Juven et al.,
1994; Helander et al., 1998; Abd El-Hack et al., 2016).
Curcumin has better action against Eimeria spp. that causes
coccidiosis in poultry (Khalafallah et al., 2011).

Garlic increases phagocytic activity, production of interferon,
interleukin and tumor necrosis factor a (Hanieh et al., 2010).
Allicin, the bio-active component of garlic is reported to have
the ability to infiltrate pathogen’s cellular membranes and
subsequent binding to key enzymes that results in blockage of
cellular activities. Cineol and eucalyptol of eucalyptus oil
provides relaxing effect on air sacs with appropriate ventilation
during respiratory tract infections of bird (Nakielski, 2015).
Comprehensive knowledge about the single active compound
or their possible synergistic or negative effects is required for
the solution oriented developments in herbal treatment (Heinzl
& Borchardt, 2015).

Several benefits of phytobiotics have been elucidated in past
(Lee et al., 2004; Windisch et al., 2008; Salim, 2011; Gopi et
al., 2014b; Dhama et al., 2014b; Karangiya et al., 2016) and
summarized as below:

Salient benefits of phytobiotics are as follows:

1. Favorably alters the microbial population for
maintaining the gut health

2. Reduces the insult of pathogenic bacteria, virus and
parasites in the gut thereby reduces the need for
anti-biotic therapy

3. Improves the body weight gain and feed efficiency

4. Increases the anti-oxidant defense against oxidative
stress

5. Decreases cholesterol content through inhibiting
hepatic enzyme activity

6. Stimulates the digestive enzyme secretions and
nutrient absorption

7. Ameliorate the negative effects of heat stress

8.  Environmental friendly insecticide and pesticide

2.7. Antimicrobial peptides

Antimicrobial peptides are also termed as host defense
peptides which are present in all living organisms with an
amino acid length of about 30 to 60 numbers. These peptides
possess immunomodulatory and antimicrobial activity that can
damage bacteria (by targeting cell membrane), virus and also
fungus (Li et al., 2012; Parachin et al., 2012). Several of these
antimicrobial peptides are identified and many were tested for
their beneficial effects like growth promoter activity in poultry.
Antimicrobial peptides like colicin and cecropin, especially
cecropin A (1-11)-D (12-37)-Asn (CADN) has been studied as
growth promoter in poultry which indicated that this could be a
possible alternative for antibiotics as growth promoters (Liu-Fa
& Jian-Guo, 2012). In vitro studies indicated that, peptides
isolated from chicken leukocytes have significantly inhibited
L. monocytogenes and E. coli, Candida albicans (Harwig et al.,
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1994). Bacteriocins, the non-toxic ribosomal antimicrobial
peptides secreted by bacteria on their cell surface are observed
to effectively reduce the campylobacter colonization in poultry
(Svetoch & Stern, 2010). These are new generation
antimicrobials that may have potential to eradicate drug
resistant bacteria. Nisin is the extensively studied bacteriocin
for its use in food and therapeutic purpose in poultry (Joerger,
2003). Extraction of antimicrobial peptides from transgenic
plants and application in poultry feed have been thought of
(van t’ Hof et al., 2001).

Conclusions

Antibiotics have ruled the poultry industry since several
decades as a growth promoter. However, due to their over
usage bacteria has developed resistance against them thus
threatening human community with the emergence of
extremely drug resistant pathogens. Hence, it is must to
eliminate the use of antibiotics as growth promoters and search
for alternatives that can aid in beneficial activities. Recently
much research has been diverted towards the search for
antibiotic alternatives and which in turn has resulted in the
enhanced use of probiotics, prebiotics herbal drugs, etc. The
use of probiotics, prebiotics, synbiotics, plant extracts and
organic acid has many potential benefits including
improvement in digestion and absorption of nutrients,
modification of birds” metabolism, immunomodulation, and
improvement in functioning and health of gut through
exclusion and inhibition of pathogens in intestinal tract and
improvement in safety of poultry products for human
consumption. However, additional studies are still needed
which  would explore various combinations of these
alternatives with specific target to enhance the production.
Moreover, keeping in view the consumers demand for
functional foods, efforts are being needed to explore further
possibilities where alternatives of antibiotics in poultry
production and poultry products with desirable attributes
without affecting the welfare of the poultry birds, can be used.
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