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Abstract
With increasing menace of antimicrobial resistance, demand for organically grown chicken is increasing and the concept
of gut health is attracting huge interest among all stakeholders of chicken production system. Chicken gut microbiome
plays a key role in the maintenance of gut health and productivity of host through competitive exclusion of pathogens,
contribution to the development and function of host immune system and gut epithelial barrier, besides contributions to
host nutrition. Recently research focus has shifted towards defining gut microbial community composition in relation to
performance variables in different breeds or lines of chicken using high throughput sequencing technologies and towards
development of feed additives to support development and maintenance of healthy gut. Host, diet and environment play
key role in succession of gut microbial community of chicken, although some evidence suggest that some form of microbial
inheritance occurs naturally from dam through the pores of the eggshell and that early interventions can influence
intestinal colonization of birds with a healthy microbiota. This review compiles information about the connection of gut
microbiome with gut health and performance of chicken and advances in technologies related to dietary interventions to
modulate gut health in chicken favorably.
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Introduction
Among traditional livestock species, chicken
is the most efficient converter of feed, with a
feed conversion ratio in modern commercial
broiler chicken being in the range of 1.5-1.7.
Feed efficiency and faster growth rate are the
crucial goals in highly competitive poultry
production system. For attaining these goals
maintaining a healthy gut is an important
prerequisite. The intestinal mucosa is
responsible for absorption of nutrients.
Intestinal tract in chicken consumes about 19.3
to 50% of oxygen utilized in whole body. A
substantial proportion of this consumption is
due to the higher rate of turnover of cellular
protein, which permits the intestine to expand
in size and activity or nutrient uptake capacity

(Cant et al., 1996). Further, intestine is one of
the most active organs of immune system with
more than 70% resident immune cells of the
entire body (Vighi et al., 2008). Over the last
decade, the concept of “gut health” is attracting
significant interest amongst all stakeholders of
food animal production (Kogut and Arsenault,
2016). This can be attributable to general urge
for developing nutritional interventions for
modulating gut health towards optimal health
and production so as to facilitate rearing
chickens organically. Poor gut health in broilers
has been associated with gut wall morphology
changes, inflammation, systemic infection and
malabsorption. The importance of gut health
in chicken can be gauged from the fact that more



than 50% of the therapeutic use of antibiotics
in broilers in the European Union is to control
intestinal pathologies (Persoons et al., 2012).
The gastrointestinal tract of chickens is densely
populated with complex microbial communities
(bacteria, fungi, archaea, protozoa and virus)
with bacteria being the most dominant one. The
interactions between the host and the chicken
gastrointestinal (GI) bacterial microbiome are
considered to play important roles in bird
nutrition, physiology and gut development. To
maintain a good intestinal barrier function, an
optimal balance between the mucus layer, the
intestinal epithelium and the microbiota is
crucial. In this review we will focus mainly on
connection of gut microbiome with gut health
and performance of chicken and advances in
technologies related to dietary interventions to
modulate gut health favorably.

Colonization and succession of chicken gut
microbiome
The initial colonization of the GI tract of birds
begins by passing of microorganisms from dam
through the pores of the eggshell (Lee et al.,
2019). After the initial colonization of the
intestine a succession of microorganisms is
observed in which the species richness and
diversity of the community structure of the
microbiota increase as the birds grow, until
microbiota reaches a state of maturation and
stabilizes.  In case of commercial broiler
chickens this stabilization period has been
shown to be around three weeks of life (Diaz
Carrasco  et al., 2019). However, development
times and succession patterns of gut
microbiome species can vary greatly depending
on the genetic makeup of the birds, nature of
feed (feed processing, feed components, feed
buffering activity and feed additives) and farm
management factors (Choi et al., 2014). Lots
of environmental microbes try to get established
within gut of chicken but host plays very
important role in selection of its symbionts in
gut through immune response and other

attributes like pH, etc. Already inhabited
microbes also play important role in selection
of other microbes (Baumgartner et al., 2020).
Also some microbes have evolved mechanisms
for evading host immune response (de Jong and
Alto,  2018) and have developed complex
metabolic profile so as to make them fit into
particular environment to make them
compatible with other microbes within the
ecosystem. Such complexities involved in
shaping microbial community structure are
frontline areas of current research in human
nutrition. Recently focus on such studies in
chickens has also gathered momentum (Saxena
et al., 2016; Pandit et al., 2018; Paul et al.,
2019). It has been suggested that early
colonization of the intestine is of great
importance for poultry health and productivity,
since it can alter the morphology and
physiology of the intestine by contributing to
the construction of intestinal barrier function
and susceptibility to infectious diseases by
modulating development and function of host
immune system (Kers et al. ,  2018). The
inoculations with prebiotics, probiotics and
consortia of microorganisms applied directly in
ovo have been shown to favor the early intestinal
colonization of birds with a “healthy”
microbiota from the moment of hatching (Simon
et al., 2016; Baldwin et al., 2018). The reuse
of litter during consecutive flocks is a common
practice that is usually applied to reduce cost
in broiler production. Since the first day of life,
chicks start pecking and ingesting li tter
materials and hence litter microbial load may
influence gut microbiome of chickens. In one
study, it has been shown that reused litter does
not lead to higher abundances of 
C. perfringens or Salmonella (Wei et al., 2013).
However, chickens raised on fresh li tter
showed an increasing  colonization  with
beneficial microbes such as Lactobacillus spp.
(Cressman et al., 2010). Wang et al. (2016)
reported that reuse of litter increased the
prevalence of halotolerant/alkaliphilic bacteria
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in litter, but also altered the intestinal microbiota
of the birds, increasing the levels of
Faecalibacterium prausnitzii, a commensal
butyrate-producing species, in the cecum of
young chickens. More studies are needed to
assess how litter reuse can influence chicken
gut health.

Costs and benefits of gut microbial community
A gut microbial community has benefits as well
as costs to the host. The main benefits that are
provided by commensal microbiota are
competitive exclusion of pathogens or non-
indigenous microbes (Dibner and Richards,
2005), immune stimulation and programming
of host immune system development, and
contributions to host nutrition. It was shown that
a germ-free mouse can be killed with 10 cells
of Salmonella enteritidis, although it requires
106 cells to kill a conventional mouse (Collins
and Carter, 1978). It has been shown that
commensal gut microbes can stimulate the
development of immune system including the
mucus layer, epithelial layer, the intestinal
immune cells (e.g., cytotoxic and helper T cells,
immunoglobulin producing cells and
phagocytic cells), and the lamina propria
(Oakley et al., 2014). These tissues work as
barriers between the host and the microbes, and
prevent invasion of opportunistic pathogens. In
the hindgut, the microbiota also produces short
chain fatty acids (SCFA), vitamins (e.g., vitamin
K and vitamin B groups) and amino acids from
the undigested feeds, which eventually become
available for the host. SCFA produced in
hindgut acts as source of energy for host. Data
on exact contribution of SCFA to chicken
nutrition could not be traced. However, studies
with pigs have shown that the SCFA produced
in hindgut may provide approximately 20 -
30% of their energy requirement for
maintenance (Rérat et al. 1987; Bergman, 1990;
Yen et al., 1991). SCFA can also kill or suppress
pathogens, such as Salmonella spp. (Ricke
et al.,  2003) and can further stimulate gut

epithelial cell proliferation, thus increasing the
area of absorption surface of villi. In addition,
gut microbiota also contributes to metabolism
of host nitrogenous compounds and they can
convert uric acid to ammonia, which is
subsequently absorbed by the bird and further
used to produce amino-acids such as glutamine
(Singer, 2003) and influence bile salt metabolism
and recycling (Suzuki, 1970). The gut
microbiota can form a protective barrier by
attaching to the epithelial walls of the enterocyte
and thus reduce the opportunity for the
colonization of pathogenic bacteria (Yegani and
Korver, 2008).

On the other hand, commensal microbiota
also incurs cost to the host. The gut microbiome
can also be a source of bacterial pathogens
including those having potential zoonotic role
such as Salmonella and Campylobacter which
can harbor antibiotic resistance genes and
therefore may pose a serious threat to public
health. In the proximal gut, microbes compete
with the host for energy and protein. In entire
gut, microbes may produce toxic metabolites
(e.g., amino acid catabolites) and catabolize bile
acids, which may depress growth and decrease
fat digestibility of the birds, respectively
(Gaskins et al., 2002). Further, microbes in gut
increases mucin secretion, increases rate of
epithelial cell turnover and increases secretion
of IgA. While generally beneficial, these
processes do increase the demand for energy
and protein from the host and therefore have
an influence on the growth performance of the
birds.

Relation of gut microbial community
composition and performance
The relationship between the diversity of species
in the intestinal microbiota and the feeding
efficiency of poultry is not very clear. But recent
use of high throughput sequencing technologies
and real time PCR has helped to understand gut
microbiome composition comprehensively in
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relation to different performance levels. Based
on such analysis, potential performance-related
phylotypes were assigned to some
bacteria species such as Lactobacil lus
salivarius, Lactobacillus aviarius, Lactobacillus
crispatus,  Clostridium lactati fermentans ,
different members of family Ruminococcaceae,
Bacteroides vulgatus,  Akkermansia,  and
Faecalibacte-rium, among others (Torok et al.,
2011; Han et al., 2016; Yan et al., 2017). In
another study involving analysis of feces
samples, Singh et al.  (2012) identified
eight families (Fusobacteriaceae,  Flavo-
bacteriaceae, Rhizobiaceae, Vibrio-naceae,
Xanthomona-daceae,  Comamonadaceae,
Campylo-bacteraceae and Incertae Sedis XIII)
linked to high feed conversion ratio (FCR) birds
and six  families (Victivallaceae,  Syne-
rgistaceae, Prevotellaceae, Rike-nellaceae,
Enterobacteriaceae  and  Ruminococcaceae)
associated with low FCR birds. In another study,
broiler chickens with a high FCR exhibited a
higher abundance of the genera Actinobacter,
Bacteroides, Streptococcus, Clostridium,  and
whereas in low FCR chickens Escherichia,
Shigella and Salmonella  were more abundant
(Singh et al. ,  2014). Campylobacter
colonization of broiler chickens has been
shown to be associated with reduced economic
performance in terms of an increase in
cumulative FCR (Awad et al. , 2015). The
abundances of Escherichia, Shigella were found
to correlate negatively with growth and fat
digestibility in broiler chickens (Rubio et al.,
2015).

Feed additives with potential to modulate gut
microbiota favourably
The potential restriction of antibiotics as growth
promoters in different countries has led to the
search for alternatives to improve growth
performance and to prevent gut diseases such
as gut dysbiosis, necrotic enteritis, diarrhea,
loss of appetite and underdevelopment of the
immune system.

Poultry diets have a tremendous impact on the
gut microbial community structure. Diets with
high levels of non starch polysaccharides (NSP),
such as rye, barley and wheat-based diets,
increase gut viscosity, increase the retention
time of feed and reduce nutrient digestibility.
Such conditions favor the colonization
of Clostridium perfringens  and increases
occurrence of necrotic enteritis (Pan and Yu,
2014). Use of enzymes such as xylanase and
-glucanase are known to reduce gut viscosity
and stimulate the growth of lactic acid bacteria
having the ability to adhere to the gut epithelium
and compete with pathogens for its colonization
(Rodríguez    et al., 2012). The NSP enzyme
market is globally dominated by endo-1,4--
xylanase and endo-1,3(4)-glucanase (Adeola
and Cowieson, 2011). This corresponds with
arabinoxylan and glucan substrates as the
predominant NSP types in common broiler diet
raw ingredients. It has been shown that use of
xylanases and beta-glucanases in high NSP
containing diets such as diets rich in wheat and
barley reduced the viscosity of the digesta by
30 to 50% and 300%, respectively (Juanpere et
al. ,  2005). Reduced viscosity results in
improvements of protein digestibility, apparent
metabolizable energy, feed consumption, body
weight gain, and feed conversion. Xylanases
also increased the apparent ileal digestibility of
amino acids by 15% in a corn-based diet and
for wheat- and rye-based diets by 16% and 30%,
respectively (Cowieson and Bedford, 2009).
However, several studies have reported no effect
of enzymes on performance of birds (Olgun
et al., 2018; Walters et al., 2018) probably due
to variation in structure of NSP and that of ideal
substrate required for the enzymes.

Phytase is commonly supplemented in poultry
diet  to increase uti lization of dietary
phosphorus. In the crop, phytase supports to
increase in abundance of Aeromonadaceae and 
Flavobacteriaceae   while reducing the
dominance of  Lactobacillus (Witzig et al.,
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2015). In another study it has been shown that
phytase supplementation increases the
abundance of Lactobacillus sp., Clostridium
leptum  and Enterococcus sp. in the ileum (Ptak
et al., 2015). The authors stated that these
findings might be associated with the greater
availability of P in the lumen of the
gastrointestinal tract and that such effects of
phytase are influenced strongly by Ca and P
content of a diet and that excessive P supply,
perhaps achieved by the combination of the
high Ca:P diet with phytase addition, may
negatively influence some bacterial
populations.

Organic acids (OA) have been reported to exert
antimicrobial activities that are similar to
antibiotics and which induce significant benefits
in poultry. Similar to that of antibiotics, OA also
have a specific antimicrobial activity. The main
modes of action of OAs are: dissociating into
ions and protons, reducing the cytoplasmic pH,
causing cell death by inhibiting enzymatic
reactions and denaturing proteins and DNA
(Cherrington et al., 1991). Organic acids are
particularly effective against acid-intolerant
species such as Escherichia coli, Salmonella
and Campylobacter (Dibner and Buttin, 2002).
Organic acids improve animal performance due
to their wide ranging effects, such as;
improvement of protein and energy utilization,
(which may be attributed to their ability to
reduce microbial competition with the host for
nutrient and endogenous nitrogen loss),
reduction in bacterial toxin, ammonia
production and other growth-depressing
microbial metabolites (in order to lower the
incidence of subclinical infections), and the
regulation and secretion of immune mediators
(Dibner and Buttin, 2002). Besides antibacterial
action, OA causes reduction in digesta pH,
increase of pancreatic secretion, and have
trophic effects on the GI mucosa and changing
the morphology of the intestinal wall in a way
that reduces colonization of pathogens, thus

preventing damage to the epithelial cells
(Langhout, 2000; Dibner and Buttin, 2002).
Sodium butyrate has been shown to favor the
establishment of lactic acid producing bacteria
including  Lactobacil lus spp.  and 
Bifidobacterium  spp., while reducing the
colonization by harmful bacteria such as
Salmonella and Campylobacter (Van Deun
et al., 2008). Effectiveness of different OA
against different pathogens depends on pKa
and chain length of the OA. A combination of
different OAs can also expand the spectrum of
activity against pathogens. Organic acid
mixtures (fumaric acid, calcium formate,
calcium propionate, potassium sorbate, calcium
butyrate, calcium lactate) were found to be more
effective than the antibiotic growth promoter
(enramycin) in decreasing intestinal E.coli and
Salmonella spp. (Hassan et al., 2010). Paul
et al. (2007) reported that organic acid salt
(ammonium formate or calcium propionate)
reduced coliform count in broiler feed
compared to control, whereas the Clostridium
count was not affected. The authors also showed
that ammonium formate supplementation also
lowered E. coli count in the gut but the
Clostridium count was unaffected. In another
study, Mikkelsen et al. (2009) showed that
0.45% potassium diformate in diet reduced
mortality associated with necrotic enteritis
(Clostridium perfringens). Fernndez-Rubio
et al. (2009) reported that sodium butyrate (in
both partially protected and unprotected forms)
was able to prevent Salmonella colonization in
the crop and caeca of broilers, whereas only
the partially protected source of the butyrate
salt reduced internal organ colonization (liver).
Gheisari et al. (2007) showed that supple-
mentation of 0.2% encapsulated OA to the diet
might improved the proliferation of
Lactobacillus spp. and reduced the population
of Clostridium perfringens ,  E. coli and
Salmonella spp. in poultry gut contents.

Antimicrobial activities of plant extracts and
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essential oils (EO) have been demonstrated in
several animal experiments. A mixture of EO
containing carvacrol and thymol reduced the
shedding of E. coli and C. perfringens in
broilers (Jang et al., 2007). Siragusa et al.
(2008) reported that adding extracts
of Humulus lupulus into drinking water
decreased the number of C. perfringens in the
broiler intestine. Essential oils are shown to be
more effective against Gram-positive bacteria
than Gram-negative bacteria. Among Gram-
negative bacteria E. coli are inhibited by low
dose of EOs whereas Salmonella inhibition
require high dose of most of the EOs.
Sensitivity of microbes to particular EO may
differ under aerobic and anaerobic growth
condition and strains or species of same genus
may differ in sensitivity to EOs (Singh et al.,
2011). Several recent studies show that
mugwort, fennel, or oregano EO, as well as their
components, including eugenol, isopulegol,
carvacrol, carvone and thymol, can be used in
the prevention of coccidiosis in poultry (Drãgan
et al., 2014; Murakami et al., 2014). Essential
oil compounds and their combinations also
show antifungal activity (Ownagh et al., 2010).
Saderi and Abbasi (2011) reported that thyme
oil is effective against adenoviruses. Oregano
oil and one of its components, carvacrol, have
been demonstrated to be effective against
entero- and rotaviruses (Sánchez et al., 2015).

The components of EOs permeate the cell
membranes and mitochondria of the
microorganisms and inhibit the membrane
bound electron flow and there with the energy
metabolism. High concentrations may also
cause lysis of the cell membranes and
denaturation of cytoplasmic proteins (Gopi
et al., 2013; Nazzaro et al., 2013).

In a review (Adaszyñska-Skwirzyñska and
Szczerbiñska, 2017) of data from 11 feeding
trials on broiler chickens involving different
EOs (dose rate 75 to 1200 mg/kg feed)  the

increase in ADG ranged from -4 to 20.6% and
improvement in FCR ranged from -23.5 to
+13.2%.

In a study involving broiler chicken, Bozkurt
et al.  (2012) supplemented the corn and
soybean based-basal diet with three doses of
one of the following additives: Antibiotic growth
promoter (AGP) (Avilamycin, 10 mg/kg diet),
organic acid blend (OAB) (0.9, 1.8, 2.7 g/kg diet,
respectively), EO mixture (EOM) (12, 24,
36 mg/kg diet, respectively) and OAB – EOM
combination. The study indicated that addition
of EOM to the diets of broiler either alone or in
combination with OAB significantly improved
body weight or feed efficiency of broilers without
affecting mortality. Results obtained with EOM
or OAB were comparable to that of AGP. In other
study of Basmacioðlu-Malayoðlu et al. (2016)
it was shown that the use of the combination of
OA and EO was more effective, in some respects,
than their individual use.

Prebiotics are oligosaccharides such
as fructooligosaccharides (FOS), galacto-
oligosaccharides (GOS), mannanoligosac-
charides (MOS), and related carbohydrate
polymers that can be utilized by beneficial
bacteria such as Bifidobacterium and
Lactobacilli but not by common pathogens.
Prebiotics have 2 major modes of action.
Initially, the prebiotic remain undigested in the
upper part of the GI tract and are selectively
utilized by some of the beneficial bacteria in
intestine and hind gut. Secondly, prebiotic
fermentation results in generation of short-chain
fatty acids and lactic acid and a decreased rate
of pathogen colonization (Ricke et al., 2020).
In the gut, xylo-oligosaccharides (XOS) were
shown to increase the abundance of
 Lactobacillus and Clostridium cluster XIVa
which is known to possess genes related to
butyrate production (De Maesschalck et al.,
2015). Beta-D-glucan and MOS, components
of yeast cell wall was shown to bind to the
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receptor mannose-specific type-1 fimbriae and
prevent pathogen colonization while favoring
the genus Faecalibacterium which is
considered as beneficial bacteria for gut health
(Park et al., 2016).

Probiotics are living microorganisms that
improve gut health and animal performance by
competing with pathogenic bacteria for
adhesion sites at the intestinal epithelium.
Mechanisms of action from probiotics include
enhancement of activity of digestive
enzymes like proteases, lipases and amylases,
the improvement of mucosa ultrastructure, thus
also increasing nutrient absorption (Borda-
Molina et al., 2018). Various strains used as
probiotic include Lactobacillus plantarum,
Enterococcus faecium,  Bacillus spp.,
Bifidobacterium and yeast such as
Saccharomyces cerevisiae which were shown
to impact the small intestinal microstructure with
an increase of villous height and Lactobacillus 
and  Bifidobacterium counts in the ceca. Its
supplementation decreases the presence of
harmful bacteria such as E.coli   and
 Salmonella sp. (Yang et al., 2017).

Synbiotics denotes combined effects of pre- and
probiotics. Synbiotics have been shown to
improve the implantation and survival of the
supplemented bacteria in the GIT (Awad et al.,
2009). Synbiotics was shown to be effective in
the reduction of C. jejuni,  which causes
zoonosis frequently and causes a strong
inflammatory effect (Humphrey et al., 2014).
The combination of   Bif idobacterium
longum PCB133 with a XOS successfully
reduced the load of Campylobacter spp. and
C. jejuni  (Baffoni et al., 2017). Humam et al.
(2019) reported that supplementation with
postbiotics improved growth performance,
intestinal morphology and immune response in
broiler chickens under heat stress.

Metabolites synthesized from probiotics are

referred to as “postbiotics” and represent an
alternative to antibiotic growth promoters since
exerting the positive effect of probiotics without
applying living cells (Sobolewska et al., 2017).
Kareem et al.  (2014) reported that
 Lactobacil lus sp. is able to produce OA
and bacteriocins in their culture medium that
promote the presence of lactic acid bacteria. On
administration of metabolites produced by 
L. plantarum, there was a decrease of pH and
counts of enterobacteria, an intensification of
mRNA IGF1 expression which is an indicator
for stimulation of body growth. Humam et al.
(2019) reported that supplementation with
postbiotics improved growth performance,
intestinal morphology and immune response in
broiler chickens under heat stress.

Bacteriophages are a group of viruses whose
replication is dependent on invasion of bacterial
cells. Bacteriophages exhibit strong bactericidal
activity. Some phages display specific affinity
for single types of bacteria, while others have a
broad range of activity. Phages have been
shown to be effective in preventing infections
and in treatment of colibacteriosis in poultry
(Barrow et al., 1998). Phage therapy has also
been shown to be effective in necrotic enteritis
infections of broiler chickens by anaerobic
Clostridium perfringens (Miller et al., 2010).
Fiorentin et al. (2005) observed that single oral
dose of a blend of phages (CNPSA1, CNPSA3
and CNPSA4) at a dosage of 1011 plaque
forming unit (PFU) decreased the occurrence
of Salmonella enteritidis strains by 3.5 log units
and shown that application of a single dose of
a bacteriophage suspension with a high titre was
more effective in reducing the population of
pathogenic bacteria in the gut than long-term
application of a lower titre.

Besides EO, various plant bioactive compounds
can stimulate growth and immunity in chickens
and may also influence gut microbial
community structure. Inclusion of sea weed
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extract rich in plant phycobillins was recently
shown to increase growth of broiler chickens
significantly along with intensification of gene
expression of gut immunity and porosity related
genes (Paul et al., 2020).

Conclusion
The increasing use of molecular biology tools
has helped in studying succession of gut
microbiome and factors influencing microbial
community composition in chicken gut in

relation to performance comprehensively. Detail
understanding of such factors has helped in
development of several feed additives with
potential to modulate gut microbiome
favorably. Various innovative dietary
supplements as outlined in this document have
the potential to offer environmental friendly
solution as alternative to antibiotic growth
promoters to increase growth and feed
efficiency by helping to maintain healthy gut
in chickens.
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