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POULTRY: A REVIEW

Webert Aurino da Silva
Universidade Federal Rural de 

Pernambuco, Departamento de Zootecnia
Recife-PE

https://orcid.org/0000-0003-0802-1773

Júlio Cézar dos Santos Nascimento
Universidade Federal Rural de 

Pernambuco, Departamento de Zootecnia
Recife-PE

https://orcid.org/0000-0003-3107-5876

Carlos Bôa-Viagem Rabello
Universidade Federal Rural de 

Pernambuco, Departamento de Zootecnia
Recife-PE

https://orcid.org/0000-0002-5912-162X

Lilian Francisco Arantes de Souza
Universidade Federal Rural de 

Pernambuco, Departamento de Zootecnia
Recife-PE

https://orcid.org/0000-0002-0142-664X

Apolônio Gomes Ribeiro
Universidade Federal da Paraíba, 

Departamento de Zootecnia
Areia-PB

https://orcid.org/0000-0001-6730-0209

Dayane Albuquerque da Silva
Universidade Federal Rural de 

Pernambuco, Departamento de Zootecnia
Recife-PE

https://orcid.org/0000-0001-6243-3969

Daniela Pinheiro de Oliveira
Universidade Federal Rural de 

Pernambuco, Departamento de Zootecnia
Recife-PE

https://orcid.org/0000-0001-7955-3780

Hilton Nobre da Costa
Universidade Federal Rural de 

Pernambuco, Departamento de 
Entomologia

Recife-PE
https://orcid.org/0000-0002-3485-3162

Maria do Carmo Mohaupt Marques 
Ludke

Universidade Federal Rural de 
Pernambuco, Departamento de Zootecnia

Recife-PE
https://orcid.org/0000-0003-4895-2599

Elisabete Albuquerque dos Santos 
Benvenuto

Universidade Federal Rural de 
Pernambuco, Departamento de Agronomia

Recife-PE
https://orcid.org/0000-0002-6625-4797

Adrielle Carneiro de Araújo Santos
Universidade Federal Rural de 

Pernambuco, Departamento de Zootecnia
Recife-PE

https://orcid.org/0000-0002-4793-5167

https://orcid.org/0000-0003-0802-1773
https://orcid.org/0000-0003-3107-5876
https://orcid.org/0000-0002-5912-162X
https://orcid.org/0000-0002-0142-664X
https://orcid.org/0000-0001-6730-0209
https://orcid.org/0000-0001-6243-3969
https://orcid.org/0000-0001-7955-3780
https://orcid.org/0000-0002-3485-3162
https://orcid.org/0000-0003-4895-2599
https://orcid.org/0000-0002-6625-4797
https://orcid.org/0000-0002-4793-5167


Agricultural sciences unveiled: Exploring the dynamics of farming and sustainability Chapter 8 68

Elton Francisco de Oliveira
Universidade Federal Rural de Pernambuco, Departamento de Zootecnia

Recife-PE
https://orcid.org/0000-0002-5861-0202

ABSTRACT: The gastrointestinal tract (GIT) and the community of intestinal microorganisms 
play a crucial role in the health and functioning of birds, influencing nutrient absorption, 
strengthening the immune system, and protecting against diseases. Changes in the 
composition of this microbial community can negatively impact food efficiency, productivity, 
and bird welfare. The gastrointestinal compartments of birds are inhabited by complex 
bacterial communities, which recent studies have recognized as having fundamental roles 
in bird nutrition, physiology, and intestinal development. The intestinal microbiota can act 
as a protective barrier, adhering to the intestinal epithelial walls and reducing colonization 
by pathogenic bacteria. These bacteria produce beneficial compounds such as vitamins, 
short-chain fatty acids, and antimicrobial compounds, which provide nutrition and protection 
to the animal. However, the intestinal microbiome can also serve as a source of bacterial 
pathogens, posing a threat to public health. A healthy intestinal microbiota brings significant 
benefits, including effective competition against pathogens, immune system development, 
and the creation of protective barriers against undesirable microorganisms. On the other 
hand, the commensal microbiota also presents challenges, such as competition for energy 
and proteins in the proximal intestine and the generation of harmful metabolites. Despite 
the benefits, these processes increase the demand for energy and protein from the host, 
impacting bird growth performance. In summary, understanding and managing the intestinal 
microbiota is fundamental to sustainably promoting birds health and productivity. This study 
aims to analyze the influence of the intestinal microbiome on commercial poultry health and 
production, focusing on its effects on the immune system, digestion, and disease resistance.
KEYWORDS: intestinal health, symbiotic, probiotic

O PAPEL DO MICROBIOMA INTESTINAL NA SAÚDE E PRODUÇÃO DE AVES 
COMERCIAIS: UMA REVISÃO

RESUMO: O trato gastrointestinal (TGI) e a comunidade de microorganismos intestinais 
desempenham um papel crucial na saúde e funcionamento das aves, influenciando a 
absorção de nutrientes, fortalecimento do sistema imunológico e proteção contra doenças. 
Alterações na composição dessa comunidade microbiana podem impactar negativamente a 
eficiência alimentar, produtividade e bem-estar das aves. Os compartimentos gastrointestinais 
das aves são habitados por complexas comunidades bacterianas, que recentes estudos 
têm reconhecido como tendo papéis fundamentais na nutrição, fisiologia e desenvolvimento 
intestinal das aves. A microbiota intestinal pode agir como uma barreira protetora, fixando-
se às paredes epiteliais do intestino e reduzindo a colonização por bactérias patogênicas. 
Essas bactérias produzem compostos benéficos, como vitaminas, ácidos graxos de cadeia 
curta e compostos antimicrobianos, que fornecem nutrição e proteção ao animal. No 
entanto, o microbioma intestinal também pode servir como fonte de patógenos bacterianos, 
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representando uma ameaça à saúde pública. Uma microbiota intestinal saudável traz 
benefícios significativos, incluindo competição eficaz contra patógenos, desenvolvimento do 
sistema imunológico e criação de barreiras protetoras contra microrganismos indesejáveis. 
Por outro lado, a microbiota comensal também apresenta desafios, como competição por 
energia e proteínas no intestino proximal, e geração de metabólitos prejudiciais. Apesar dos 
benefícios, esses processos aumentam a demanda por energia e proteína do hospedeiro, 
impactando o desempenho de crescimento das aves. Em suma, entender e gerenciar a 
microbiota intestinal é fundamental para promover a saúde e produtividade das aves de forma 
sustentável. Este estudo tem como objetivo analisar a influência do microbioma intestinal na 
saúde e na produção de aves comerciais, explorando seu impacto no sistema imunológico, 
na digestão e na resistência a doenças.
PALAVRAS-CHAVE: saúde intestinal, simbiótico, probiótico

INTRODUCTION
The health and proper functioning of the gastrointestinal tract (GIT) and the intestinal 

microorganism community are crucial for efficient nutrient absorption, strengthening the 
immune system, and protection against diseases. Changes in the composition of the 
microbial community in the GIT can impair feed efficiency, productivity, and poultry welfare 
(GASKINS; COLLIER; ANDERSON, 2002; KOHL, 2012). The gastrointestinal compartments 
of chickens are densely populated by complex microbial communities dominated by 
bacteria (FARKAS et al., 2022). Recent studies on interactions between the host and the 
intestinal bacterial microbiome of commercial poultry have been conducted, emphasizing 
the importance of the microbiome in the nutrition, physiology, and intestinal development of 
birds (FENG et al., 2023; NEMATHAGA et al., 2023).

The intestinal microbiota can form a protective barrier by attaching to the epithelial 
walls of enterocytes, thus reducing the opportunity for colonization by pathogenic bacteria 
(KHAN et al., 2021). These bacteria produce vitamins, short-chain fatty acids, organic 
acids, antimicrobial compounds, and triglycerides, and induce non-pathogenic immune 
responses, providing nutrition and protection to the animal (PAN; YU, 2014). Conversely, the 
intestinal microbiome can also be a source of bacterial pathogens such as Salmonella and 
Campylobacter, which can spread to humans or act as a reservoir for antibiotic resistance 
and transmission, posing a serious threat to public health (JUN-XION, 2016).

A healthy intestinal microbiota brings both benefits and costs to the host. Primary 
benefits offered by commensal microbiota include effective competition against pathogens or 
non-native microorganisms, as well as contributions to host nutrition (DIBNER; RICHARDS, 
2005). Additionally, commensal microbiota can promote the development of the immune 
system, including different components such as the mucosal layer, intestinal epithelial cells, 
intestinal immune cells, and lamina propria (SHAKOURI; IJI; MIKKELSEN; COWIESON, 
2009). These tissues play a crucial role in creating barriers between the host and microbes, 
as well as combating undesirable intestinal microorganisms (OAKLEY et al., 2014).
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On the other hand, commensal microbiota also presents challenges for the host. 
In proximal intestinal segments such as the gizzard and small intestine, microorganisms 
compete with the host for energy and proteins. In both proximal and distal intestines, 
microbes generate potentially harmful metabolites, such as amino acid catabolites, and 
degrade bile acids, which can negatively affect bird growth and fat digestibility, respectively 
(GASKINS; COLLIER; ANDERSON, 2002).

In the presence of microbiota, the intestinal mucus layer increases mucin production 
and the rate of epithelial cell turnover, ensuring lubrication of the gastrointestinal tract and 
preventing the invasion of microorganisms into the host intestinal epithelial cells (ARIYADI, 
B.; HARIMURTI, 2015). Furthermore, the intestinal immune system is more robust and 
secretes immunoglobulin A (IgA), which specifically binds to bacterial components, aiding 
in regulating bacterial composition in the gut (GUTZEIT; MAGRI; CERUTTI, 2014). Despite 
its benefits, these processes increase the host’s demand for energy and protein, which can 
influence bird growth performance (SUZUKI; NAKAJIMA, 2014).

Considering these factors, this study aims to analyze the impact of the intestinal 
microbiome on the health and production of commercial poultry, exploring its influence on 
the immune system, digestion, and disease resistance.

THE FUNCTION OF THE GASTROINTESTINAL MICROBIOTA
The entire gastrointestinal tract (GIT) of chickens is colonized by complex 

microbial communities, composed of viruses, protozoa, fungi, bacteria, and archaea (WEI; 
MORRISON; YU, 2013). The set of interactions between the avian microbiome and the host 
has been extensively studied by many researchers (KUMAR et al., 2018; KOGUT, 2017; 
YITBAREK, A. et al 2018; WARD, T.L. et al. 2019), given that such factors play important 
roles in the physiology, intestinal morphology, and nutrition of birds (KOGUT et al., 2018).

A balanced intestinal microbiota brings benefits and costs to the host. The main 
attributions given by the balanced microbiota include the reduction of pathogenic or non-
native bacteria through competitive exclusion mechanisms, stimulation of the birds’ immune 
system, and contributions to the host’s nutrient metabolism (DIBNER; RICHARDS, 2005). 
Previous studies have established that conventionally raised animals are less susceptible 
to pathogenic microorganisms compared to germ-free animals (AL-ASMAKH; ZADJALI, 
2015).

Additionally, symbiotic microbiota can stimulate the development of the immune 
system, including stimulation of intestinal mucosa, intestinal immune cells (T cells, 
immunoglobulin-producing cells, and phagocytic cells), and lamina propria. These tissues 
constitute barriers between bacteria and the host, assisting in combating undesirable 
intestinal microorganisms (OAKLEY et al., 2014). In the distal portion of the avian intestine, 
the microbiota also produces energy and nutrients such as amino acids, short-chain fatty 
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acids (SCFAs), vitamins, and amino acids from undigested food, which are eventually 
available to the host (DIBNER; RICHARDS, 2005). These SCFAs have bacteriostatic 
components capable of eliminating pathogenic bacteria such as Salmonella spp and 
Clostridium perfringens (RICKE, 2003). SCFAs are also a source of energy for animals and 
can increase stimulation for the proliferation of intestinal epithelial cells, thus increasing the 
gastrointestinal absorption area (DIBNER; RICHARDS, 2005).

On the other hand, beneficial microbiota incurs costs for the host. In the small intestine 
and gizzard, microorganisms compete with the host for energy and protein (BARKO et 
al., 2017). In both the proximal and distal intestines, bacteria produce toxic metabolites 
and catabolize bile acids, which can reduce bird growth and decrease fat digestibility 
(GASKINS; COLLIER; ANDERSON, 2002). In the presence of diverse microbiota, the 
intestinal mucus layer increases mucin secretion and turnover of epithelial cells, thereby 
keeping the gastrointestinal tract lubricated while preventing microorganisms from invading 
avian intestinal epithelial cells (SHIRA; FRIEDMAN, 2018).

The more developed intestinal immune system secretes IgA, which specifically binds 
to bacterial antigenic determinants, helping to regulate the bacterial composition in the 
intestine (SUZUKI; NAKAJIMA, 2014).

An imbalanced intestinal microbiota is often referred to as dysbiosis, which can be 
conceptualized as a qualitative and quantitative imbalance of the normal microbiota in the 
small intestine, which may lead to adverse reactions in the GI tract, including decreased 
intestinal barrier function (such as reduction of intestinal villi) and poor nutrient digestion, thus 
increasing the risk of colonization by pathogenic bacteria that may cause an inflammatory 
response. Both infectious and non-infectious stress conditions can lead to dysbiosis. 
Infectious causes include bacterial, viral, coccidial challenges, or toxic metabolites such 
as toxins produced by bacteria like Clostridium perfringens. Non-infectious agents include 
factors of nutritional imbalances, environmental stress, mycotoxins, and host genetic or 
enzymatic dysfunction (TEIRLYNCK et al., 2011).

The gastrointestinal microbiota can also be classified as mucosal microbiota and 
luminal microbiota. The composition of mucosa-related microbiota is influenced by various 
host factors such as expression of specific adhesion sites on the enterocyte membrane, 
immunoglobulin secretion, and mucin production ratio. The composition of luminal microbiota 
is established by available nutrients, food passage rate, and the presence of antimicrobial 
substances. Mucosal microbiota and luminal-associated microbiota also mutually influence 
each other; therefore, it is of paramount importance to consider that diet can modify both 
mucosal and luminal microbiota and consequently influence intestinal health (JEURISSEN 
SHI et al., 2002).

Studies have already compared the taxonomic composition of these two partitions 
in birds and highlighted how variability changes according to the food or additive in bird 
diets (AWAD et al., 2016; METZLER-ZEBELI et al., 2019; PARASKEUAS; MOUNTZOURIS, 
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2019). However, studies on the metabolic functions of these two microbial habitats have 
not yet been evidenced. Nevertheless, the ongoing study of variations between luminal 
and mucosal bacterial communities and studies on metabolic functions of the microbiota of 
each partition are of great importance for a better understanding of the modulation of the 
intestinal microbiota in birds. Additionally, the study of the bacterial community linked to the 
mucosa is fundamental to understanding the host mucosal responses, as all changes in 
mucosal immunity may have implications for the health and productive performance of birds 
(BORDA-MOLINA et al., 2016).

COMPOSITION OF THE GASTROINTESTINAL MICROBIOTA
The small intestine (duodenum, jejunum, and ileum) of birds primarily functions 

in the digestion and absorption of nutrients from food (SOUSA et al., 2015). Alongside 
these microenvironments of the small intestine, other areas such as the esophagus, crop, 
proventriculus, and gizzard harbor microbial colonies that perform important functions in 
the growth, health, and productive performance of the animal (CHRISTOFOLI et al., 2020).

The composition of the gastrointestinal tract microbiota in laying hens differs 
among segments, and its composition reflects the physicochemical changes of different 
microenvironments (Figure 1). The pH of the compartment, growth substrates, redox 
potential, antibacterial secretions, and host and microbiota metabolites directly influence the 
colonization efficiency of microorganisms in intestinal segments. Segments of the proximal 
part of the intestine are characterized by low pH, which selects for acid-tolerant bacteria and 
eliminates most pathogenic microorganisms (THOMPSON; HINTON, 1997).

Figure 1. The composition of predominant microorganisms and the variation in diversity of the 
gastrointestinal microbiota in different segments of birds. Adapted from (KHAN et al., 2020).
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The crop is responsible for storing food during periods without food and for 
moistening the food before enzymatic digestion, harboring approximately 108 to 109 bacteria 
per gram of crop contents (KIEROŃCZYK et al., 2016; YEOMAN et al., 2012). The crop 
microbiota is predominantly dominated by Bacillus, Blautia, Enterococcus, Lactobacillus, 
Pseudomonas, and Staphylococcus (SAXENA et al., 2016). Lactic acid-producing bacteria, 
such as Lactobacillus, can almost entirely colonize this segment, reducing their proportion 
along the GI tract (CHRISTOFOLI et al., 2020). The proventriculus is considered the true 
stomach of birds. The proventriculus is the part of the GI tract that secretes hydrochloric 
acid and pepsin, aiding in chemical digestion and chyme production, while the gizzard acts 
as a mechanical function on food (BEDFORD, 2006).

Together, such organs harbor fewer bacteria due to the acidity of the environment 
(REHMAN et al., 2007). The gizzard has approximately 107 to 108 bacteria per gram of chyme. 
Predominant bacterial populations in the chicken gizzard include Enterobacteriaceae and 
Lactobacillus (YEOMAN et al., 2012). Within what has been reported, in the proventriculus, the 
microorganism population is 104 to 106 CFU/g of bacteria. The proventricular microbiota of birds 
is dominated by Lactobacillus, similar to the gizzard, but unlike the crop, Lactobacillus does not 
adhere to the proventricular epithelium (FULLER; TURVEY, 1971; OAKLEY et al., 2014).

The small intestine of birds is divided into three different segments: the duodenum, 
jejunum, and ileum. The duodenum has a short transit time with a low pH, which functions 
to activate enzymes. Pancreatic and biliary secretions aid in digestion, ultimately diluting the 
chyme and limiting the number of bacteria capable of colonizing the GI tract (REHMAN et 
al., 2007). It is observed that the duodenal microbiota of birds consists mainly of Clostridia, 
Streptococcus, Enterobacteria, and Lactobacillus (WAITE; TAYLOR, 2015).

Therefore, as the chyme enters the jejunum and ileum, there is a decrease in 
digestive enzyme activities, and bile acids are unconjugated, thereby facilitating bacterial 
colonization with increased pH in the following portions (REHMAN et al., 2007), with the 
jejunum inhabited by Lactobacillus, Streptococcus, and Proteobacteria, and the ileum by 
Lactobacillus, Enterococcus, Bifidobacterium, Bacteroides, Streptococcus, Clostridium, 
Fusobacterium, and Coliforms. The jejunum and ileum have approximately 108 to 109 
bacteria per gram of digestive matter, while the duodenum has 103 to 105 (STANLEY; 
HUGHES; MOORE, 2014).

The ceca contributes to various functions in avian physiology, such as nitrogen 
recycling, water absorption, and electrolytes. The cecal microbiota is capable of food 
fermentation and synthesizing metabolites such as SCFAs, which can then be used by the 
host. The intestinal segment has the highest bacterial density in birds; this segment has a 
cecal content pH ranging from 6.0 to 7.0 and a bacterial concentration of 1010 to 1012 CFU/g 
and can be colonized by Lactobacillus, Bacteroides, Proteobacteria, Bacillus, Clostridium, 
Bifidobacterium, Fecalibacterium, Ruminococcus, Eubacterium, and Fusobacterium 
(STANLEY; HUGHES; MOORE, 2014; SVIHUS, 2014). 
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MICROBIAL COMPOSITION ACCORDING TO AGE
The structure of the microbiota undergoes several changes throughout the life of birds 

due to modifications in metabolic function and cell density (SHANG et al., 2018). Differences 
in microbiota structure change with age, which, in turn, alters modulation and mechanisms in 
the intestine. Structure refers to total population density, the main community colonizing the 
microenvironment, the native population, and how these microorganisms interact with each 
other. In a favorable scenario, this balanced population structure can exclude pathogenic 
bacterial populations. Intestinal stability reduces the possibility of dysbiosis, resulting in a 
healthy microbiota (FEYE et al., 2020). The intestinal microbiota rapidly increases from 
the 1st to the 3rd day, and around the 7th day, most microorganisms inhabiting the mature 
microbiota are already present; therefore, the number of colonies varies weeks before 
stabilizing. Two weeks after hatching, Oscillopira and Ruminococcus bacteria significantly 
increase their population, whereas the number of Enterococcus is reduced (BALLOU et al., 
2016). When comparing chickens at 8 and 30 weeks of age, it is observed that bacteria 
of the Firmicutes and Bacteroidetes genera become more abundant in the GI tract (CUI 
et al., 2017). Evaluating the effect of age on laying hens from 1 to 60 weeks old on the 
composition of the intestinal microbiota, it was observed that Bacteroidetes, Firmicutes, 
and Proteobacteria formed the vast majority of the microbiota population at all evaluated 
stages (VIDENSKA et al., 2014). These data show that gram-negative bacteria dominate 
the intestine in younger birds, while Firmicutes become more prevalent in the later stage of 
the laying hen cycle (KHAN et al., 2020).

As chickens age, the intestinal barrier is compromised due to changes in the 
composition of the intestinal microbiota, and studies indicate that reducing microbiota 
variation may trigger dysbiosis in older birds, thus requiring the use of intestinal microbiota 
balancers (BALLOU et al., 2016; MALIK et al., 2019; XU et al., 2016).

As chickens age, the intestinal barrier is compromised due to changes in the 
composition of the intestinal microbiota, and studies indicate that reducing microbiota 
variation may trigger dysbiosis in older birds, thus requiring the use of intestinal microbiota 
balancers (BALLOU et al., 2016; MALIK et al., 2019; XU et al., 2016).

CONCLUSION
In recent years, significant advances have been made in understanding the taxonomic 

composition of the gastrointestinal microbiome and its impact on intestinal health. However, 
there is a growing recognition of the need to expand our knowledge about the crucial role 
that the microbiome plays in the nutrition, health, disease, and productivity of birds. To 
advance in this direction, future studies need to adopt integrative approaches, combining 
data from genomics, transcriptomics, proteomics, and metabolomics. This holistic approach 
will allow for a more comprehensive understanding of the interactions between intestinal 
microorganisms and their hosts.
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By better understanding the complex interactions between the microbiome and 
its host, we will be able to develop more targeted and effective interventions to promote 
intestinal health in birds. This includes modifying the metabolic pathways associated with 
the microbiome, which may open up new opportunities for innovative therapeutic and 
preventive interventions.
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