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Impact of probiotics on chicken
gut microbiota, immunity,
behavior, and productive
performance—a
systematic review
Peter A. Idowu *, Takalani J. Mpofu ,
Aletta M. Magoro , Mamokoma C. Modiba ,
Khathutshelo A. Nephawe and Bohani Mtileni

Department of Animal Sciences, Faculty of Science, Tshwane University of Technology,
Pretoria, South Africa
The poultry industry is continuously seeking strategies to improve chicken health,

welfare, and productivity while minimizing the use of antibiotics. Probiotics, as a

natural alternative, have gained considerable attention due to their ability to

modulate the gut microbiota, enhance immune function, and improve

productive performance. The aim of this article is to provide updated

information on the importance of probiotics in chicken. To achieve this, a

systematic review was conducted to synthesize current findings on the impact

of probiotics on chicken gut microbiota composition, immune responses,

behavior, productive traits, and meat quality using literature databases such as

PubMed, CABI Abstract, Google Scholar, and ScienceDirect from April 2010. The

PRISMA method was adopted, where 85 articles met the criteria for this review

article after several exclusion criteria. The review stated that due to the influence

of the intestinal microbial balance, probiotics promote beneficial bacterial

populations, suppress pathogens, improve gut health, and enhance nutrient

absorp t ion , improv ing growth per fo rmance . Add i t iona l l y , the

immunomodulatory effects of probiotics help strengthen the chicken’s

immune system, reducing disease susceptibility. Moreover, recent studies

suggest that probiotics may positively influence chicken behavior, particularly

by reducing stress, enhancing overall health, and improving welfare conditions.

This review also addresses gaps in knowledge, highlighting areas where further

research is needed to optimize probiotic use in poultry production systems.

Understanding both the short- and long-term effects of probiotics on chicken

health and performance will provide critical insights for developing sustainable

strategies to boost poultry industry outcomes.
KEYWORDS

chicken, immunity, gut microbiota, supplementation, stress, poultry production,
antimicrobial resistance, chicken behavior
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Introduction

Chickens are considered monogastric, meaning they have a

single-chambered stomach also known as the gastrointestinal tract

(GIT) (Varastegani and Dahlan, 2014). The GIT of chickens is

divided into three sections: the upper segment/gizzard, where food

is broken into smaller units; the small intestine, which assists with

digestion and nutrient absorption; and the large intestine, with the

primary function to absorb water, dry out indigestible foods, and

expel waste items (Borda-Molina et al., 2018). All these segments

are populated with microbiota that aid in digestion and nutrient

absorption (Borda-Molina et al., 2018). These microbiota form a

symbiotic relationship with the chicken gut, which is essential for

poultry health and production (Shang et al., 2018).

The activity of gut microbiota in digestion and absorption of

nutrients is mostly through the process of breaking down complex

nutrients into more digestible and absorbable forms in chickens

(Apajalahti and Vienola, 2016).

Furthermore, microbiota sustain the wellbeing of chickens by

regulating several physiological processes, such as immunity,

metabolism, and nutrition (Diaz-Carrasco et al., 2019). As

mentioned earlier, the majority of these microbiota are found in

the glandular stomach/gizzard, ileum, cecum, and colon with

different functions (Stanley et al., 2014). Chickens develop

resistance to bacterial infections such as pathogenic Escherichia

coli, Clostridium perfringens, and Salmonella spp. due to millions of

microbiota colonization present in the gut such as Firmicutes,

Bacteroidetes, and Proteobacteria (Rychlik, 2020).

To maintain microbiota integrity, several probiotics have been

used as dietary supplements with great therapeutic likelihood and

capacity to reduce stress, emotions, and feeding habits, which in

turn improves productivity. The recent definition of probiotics by

the International Scientific Association of Probiotics and Prebiotics

(ISAPP) stated that probiotics are “living microorganisms that give

the host health benefits when given in the right proportion”

(Salminen et al., 2021).

Probiotics, also known to be biofriendly agents or

psychobiotics, are widely used as a dietary supplement to target

the microbiome “community of microorganisms found in the GIT

of chickens” (Puri et al., 2023). This approach is emerging as a

promising therapeutic strategy for various diseases, heat stress

modulators, productivity enhancers, and treatments for diseases

in chickens.

The findings from several studies established that probiotics

influence chicken’s behavioral patterns, immune cells and function,

stress resistance, and productivity (Gadde et al., 2017; Jiang et al.,

2022; Puri et al., 2023). Precisely, the actions of probiotics are

influenced by the specificity of the probiotic strain, its concentration

or dosage, and duration of use, as well as the host’s age and health

condition among other factors.

Over the past few years, probiotics have gained significant

attention and are considered as a safe and viable alternative to

commercial antibiotics. This review highlights the importance of

probiotics on chicken gut microbiota, immunity, behavior, and

productive performance. It aims to provide insights into the current
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findings, mechanisms of action, blueprints of probiotics, and the

growing necessity of probiotics as a crucial alternative to antibiotics

in global poultry production.
Literature review

This systematic review aimed to compile and critically analyze

the available data on the use of probiotics in poultry, focusing on

their impact on performance, immunity, behavior, and gut health in

chickens (Figure 1). Relevant studies were identified through

elec tronic search engines—PubMed, CABI Abstract ,

ScienceDirect, and Google Scholar—using the following

keywords: “( ‘probiotics’ OR ‘probiotic supplements ’ OR

‘Lactobaci l lus ’ OR ‘Baci l lus ’ OR ‘Streptococcus ’ OR

‘Bifidobacterium’)” AND “(‘gut microbiota’ OR ‘intestinal

microbiota’)” AND “(‘chickens’ OR ‘broilers’ OR ‘layers’) AND

“(‘immunity’ OR ‘immune response’) AND “(‘behavior’ OR

‘feeding behavior’)” AND “(‘productive performance’ OR ‘growth

performance’).” The inclusion criteria were as follows: studies

involving chickens—broilers, layers, and poultry in general

(population); administration of probiotics as a supplement, either

alone or in combination with other substances (intervention);

studies that include a control group [placebo, no probiotics, or

different probiotic doses (comparators)]; studies reporting the

effects of probiotics on i) gut microbiota, ii) immunity, iii)

behavior, and iv) productive performance (outcomes); studies

using randomized controlled trials (RCTs), controlled trials,

observational studies, cohort studies, and longitudinal studies

(study design); articles written in the English language; and

studies published from 2010 onward to capture the latest research

developments (publication date). The exclusion criteria were studies

conducted on other species. Also, conference abstracts;

commentaries; reviews; studies that do not measure at least one

of the four key outcomes (gut microbiota, immunity, behavior, or

productivity). Studies on combinations of probiotics with

antibiotics, the use of synbiotics, and the use of unspecified

prebiotics and studies with significant biases as shown in Figure 1.
Results and discussion

Overview of probiotics on
chicken production

Poultry production has become a major source of protein

globally due to its accessibility, acceptance, and affordability

(Idowu et al., 2019). However, poultry animals encounter

challenges from environmental conditions and disease prevalence,

which negatively affect their welfare and performance (Idowu et al.,

2024). Traditionally, antibiotics have been used in commercial

poultry production to enhance feed conversion, growth rates, and

overall health, thereby increasing output and profitability.

Nonetheless, the excessive use of antibiotics for prophylactic and

nutritional purposes has raised concerns about antimicrobial
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resistance, prompting some countries to prohibit their use (Idowu

et al., 2021; Summers et al., 2022).

In response to these challenges, many nations are exploring

alternatives to antibiotics, with probiotics emerging as a promising

option. Probiotics are living microorganisms that can serve as a

substitute for antibiotics by enhancing the gastrointestinal

microbiota of host animals when administered in appropriate

quantities (Silva et al., 2020; Summers et al., 2022). Research

indicates that probiotics can inhibit pathogen colonization,

stimulate the immune system, and produce antimicrobial

metabolites (Yadav and Jha, 2019). They also create an

environment conducive to beneficial organisms by adhering to

intestinal epithelium, which helps lower pH and neutralizes

toxins (Rodjan et al., 2018). This results in improved nutrient

absorption as probiotics increase the absorptive surface area of

the intestinal mucosa (Martinez-Guryn et al., 2018).

Probiotics enhance nutrient absorption through several

mechanisms. They colonize and adhere to the intestinal mucosa,

particularly in the small intestine where villi maximize the surface

area (Plaza-Diaz et al., 2019), fostering a beneficial habitat by

interacting with the protective mucus layer (Plaza-Diaz et al.,
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2019). This adhesion is facilitated by surface molecules like

mucus-binding proteins, enabling effective colonization and

competition with pathogens (Collado et al., 2010).

Additionally, probiotics stimulate epithelial cell proliferation,

promoting villi growth and enhancing nutrient absorption (Wang

et al., 2017). They maintain gut barrier integrity by increasing

mucus production and reinforcing tight junctions between

epithelial cells. This ensures efficient nutrient uptake while

blocking harmful substances (Collado et al., 2010; Wang et al.,

2017). By reducing inflammation that can damage intestinal villi,

probiotics support overall gut health and function in poultry.

The impact of probiotics on immune function and growth is

also well-documented. Dong et al. (2012) observed that

Lactobacillus strains enhanced T helper 1 (Th1) cytokine activity,

while Bifidobacterium strains promoted anti-inflammatory immune

responses. In terms of growth performance, Zaghari et al. (2020)

demonstrated that Bacillus licheniformis supplementation (1 × 10⁹

CFU/g) at 0.5 g/kg significantly outperformed Bacillus subtilis in

improving body weight gain (BWG) in chickens (2,580.70 g vs.

2,427.45 g). The B. licheniformis group also achieved a higher

production efficiency factor (418.95 vs. 374.49), lower feed costs
FIGURE 1

The PRISMA flowchart (Page et al., 2021).
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per kilogram of weight gain, and the highest return on investment.

Additionally, B. licheniformis showed superior nutrient digestibility

and significantly reduced ileal pH. Hossain et al. (2024) reported

that lyophilized probiotic supplementation led to improved BWG,

feed intake, and feed conversion ratio (FCR) compared to

antibiotic-fed groups. In addition to these benefits, Xu et al.

(2023) highlighted dynamic changes in gut microbiota

composition during different laying periods, and Soumeh et al.

(2021) found that Bacillus spp. reduced the levels of Bacteroides

fragilis, a marker for antimicrobial resistance. This indicates the

potential of probiotics to support performance and gut health in

poultry farming.

Given the ban on antibiotics as growth promoters, the

production and use of probiotics have garnered significant

attention (Wan et al., 2019). However, the efficacy of probiotics

can be influenced by factors such as age, nutrition, stress, and health

status, all of which directly affect the gut microbiota’s physical and

chemical composition, leading to dysbiosis and gastrointestinal

issues (Shang et al., 2018; Rama et al., 2023). Furthermore,

probiotics may be less effective under certain conditions: high

temperatures can reduce the viability of live cultures (Ahmed

et al., 2024); alkaline environments with high pH levels can

hinder their effectiveness (Al-khalaifa et al., 2019); insufficient

dietary fiber can impact their function (Singh et al., 2015); and

the presence of antibiotics can diminish their efficacy (Jankowski

et al., 2022). While some studies show that specific probiotics

improve gut health and growth performance under stress, Cengiz

et al. (2015) observed that they may not significantly reduce

oxidative stress or chronic heat stress.

Therefore, to be effective, a probiotic must be non-pathogenic

and non-toxic (Kesen and Aiyegoro, 2018), promote growth of gut

microbiota such as Lactobacillus johnsonii BS15 (Wang et al., 2017),

possess productive traits (Agustono et al., 2022), resist pathogenic

diseases (Raheem et al., 2021; Rabetafika et al., 2023), and maintain

a favorable gut environment by inhibiting low pH levels from

stomach acids and organic compounds (Rodjan et al., 2018). As

the poultry industry seeks sustainable solutions for improving

animal health and productivity without relying on antibiotics, the

role of probiotics becomes increasingly significant in ensuring the

welfare and performance of poultry.
Impact of probiotics on the gut microbiota
of chickens

Probiotics are non-pathogenic bacteria that colonize and

multiply in the chicken’s GIT while engulfing pathogenic bacteria

(Rabetafika et al., 2023). They are known to enhance the secretion of

digestive enzymes such as phytase, amylase, and protease for

nutrient digestion and absorption (Bedford and Apajalahti, 2022).

Probiotics exert their beneficial effects primarily through

several mechanisms.

Probiotics compete with pathogenic bacteria for space and

resources in the gut, thereby reducing the likelihood of infections.

Rabetafika et al. (2023) emphasize that probiotics can effectively
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engulf pathogenic bacteria, enhancing gut health. Probiotics are

known to stimulate the secretion of digestive enzymes such as

phytase, amylase, and protease, which are crucial for nutrient

digestion and absorption (Bedford and Apajalahti, 2022). This

enzymatic activity improves the overall efficiency of feed

utilization in chickens.

Probiotic supplementation has been demonstrated to restore

intestinal structures such as crypt depth and villus height, thereby

enhancing nutrient absorption (Aruwa et al., 2021). Biswas et al.

(2018) reported a significant increase in villus height, villus width,

crypt depth, and the villus height-to-crypt depth ratio in broiler

chickens on days 21 and 42 when their diet was supplemented with

Lactobacillus acidophilus at 106 and 107 CFU/g. Similarly, in cases

where excessive antibiotic use had compromised intestinal

morphology, He et al. (2019) found that supplementing basal

diets with a combination of probiotics, 500 mg/kg in phase 1

(days 0–21) and 300 mg/kg in phase 2 (days 21–42), containing

B. subtilis (5 × 109 CFU/g), B. licheniformis (2.5 × 1010 CFU/g), and

Saccharomyces cerevisiae (1 × 109 CFU/g) improved intestinal

health. This was achieved by enhancing the villus height-to-crypt

depth ratio, reinforcing the jejunal mucosal barrier, and optimizing

intestinal structure. These findings highlight the potential of

probiotic combinations to increase the absorptive surface area of

the ileum and duodenum in broiler chickens. Several studies have

consistently demonstrated that probiotics stimulate crypt cell

proliferation in the small intestine, thereby supporting intestinal

health (Cengiz et al., 2015; He et al., 2019; Chaudhari et al., 2020). A

healthy intestinal structure is crucial for efficient nutrient

absorption, maintaining gut integrity and promoting overall

health and productivity in chickens. Probiotics are known to

significantly influence the gut microbial landscape by enhancing

microbial diversity, which correlates with improved gut health. This

was demonstrated by Shahbaz et al. (2024), who isolated probiotic

strains like Limosilactobacillus antri and Lactobacillus delbrueckii

with resistance to bile salts and gastric acid, ensuring their viability

in the gut. These probiotics not only promote a varied microbiota

capable of outcompeting pathogens but also support essential

physiological functions critical for intestinal homeostasis and

overall chicken health (Diaz-Carrasco et al., 2019).

The adult chicken microbiota vary across different regions of the

GIT. The crop is rich in lactic acid bacteria, particularly Lactobacillus,

Enterococcus, and Gallibacterium. These bacteria aid in fermenting

feed and producing beneficial byproducts like short-chain fatty acids,

which are essential for energy metabolism (Garcıá-Amado et al.,

2018). The presence of yeasts and potential pathogens can also be

influenced by diet and health status. The gizzard microbiota are

dominated by acid-tolerant bacteria such as Lactobacillus,

contributing to feed grinding, though its microbial activity is limited

compared to other segments (Garcıá-Amado et al., 2018). The small

intestine is primarily populated by Lactobacillus, Enterococcus, E. coli,

Bifidobacterium, and various yeast species. These microbiota adapt to

dietary changes, facilitating nutrient absorption (Martinez-Guryn

et al., 2018). Lastly, the cecal microbiota host a rich diversity of

bacteria, including Lactobacillus, Clostridium, Faecalibacterium,

Bacteroides, Prevotella, and some E. coli. These bacteria play critical
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roles in metabolic processes, such as converting uric acid to ammonia,

which chickens utilize to produce amino acids like glutamine (Shang

et al., 2018).

In certain situations, an imbalance in the normal gut microbiota

of the small intestine may occur, either qualitatively or

quantitatively. Specifically, beneficial microbes are reduced, while

harmful or opportunistic microbes proliferate, disrupting gut health

and overall wellbeing (Shang et al., 2018). This dysbiosis can result

from environmental stressors, dietary imbalances, or selective

breeding practices. It is associated with weakened intestinal

barrier function such as thinning of the intestinal wall, decreased

nutrient absorption, increased risk of bacterial translocation, and

heightened inflammatory responses (Rama et al., 2023). Such an

imbalance can promote the growth of pathogenic bacteria such as

Salmonella and Campylobacter, which pose risks not only to

chicken health but also to food safety (Shang et al., 2018).

To mitigate dysbiosis and enhance chicken health through

probiotics, cost-effective feeding programs that include specific

probiotic strains can help restore healthy gut microbiota

composition under controlled conditions (Yadav and Jha, 2019).

In addition, maintaining optimal climatic conditions and ensuring

balanced nutrition are critical for preserving gut integrity and

preventing dysbiosis.

Recent research highlights innovative probiotic application

methods, such as in-ovo administration (Wishna-Kadawarage

et al., 2024; Abdel-Moneim et al., 2020), which promotes early

colonization of beneficial microbes in newly hatched chicks,

enhancing their resistance to pathogenic colonization. Future

studies should focus on identifying probiotic strains with superior

pathogen resistance, nutrient bioavailability, and immune-

modulating properties. Also, it is important to explore the

interactions between probiotic strains and their metabolites,

which can help in developing targeted formulations to optimize

chicken health and productivity.
Impact of probiotics on the chicken
immune system

Probiotics are known to promote synergy between the innate

and adaptive immune systems by interacting with various immune

cells, including monocytes, dendritic cells, T and B lymphocytes,

and macrophages. Lee et al. (2022) highlighted that probiotics such
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as Lactobacillus casei, L. acidophilus, and Streptococcus thermophilus

enhance the activity of these immune cells, leading to improved

immune responses. This interaction is facilitated by the regulation

of gene expression and signaling pathways within host cells,

underscoring the immunomodulatory abilities of probiotics

(Gilad et al., 2011).

For instance, a study by Wishna-Kadawarage et al. (2024)

observed the upregulation of the genes related to immune

response—AVBD1, IL8, and FFAR2—in the spleen of chickens

supplemented with Leuconostoc mesenteroides B/00288. Also, the

study reported increased expression of energy (COX16), protein

(mTOR), and lipid (CYP46A1) metabolism-related genes in the

liver, with a dosage of 106 CFU per egg in a volume of 0.2 ml. This

observation emphasizes how probiotics could influence both

immune and metabolic pathways, presenting a dual benefit for

health and productivity.

A study by Yan et al. (2018) observed a significant increase in

the level of serum calcium level of broiler chicken exposed to B.

subtilis on day 21. Table 1 shows some studies on the impact of

probiotics on chicken immunity. Therefore, the potential influence

of probiotics, particularly Bacillus subtilis, on calcium-dependent

innate immune proteins like mannose-binding lectin remains

unexplored and needs further research.
Impact of probiotics on
chicken immunoglobulins

A study by Vitini et al. (2000) demonstrated that oral

supplementation of L. casei, L. acidophilus, Lactobacillus rhamnosus,

and S. thermophilus increases the number of intestinal IgA-producing

cells. This supplementation also enhances the clonal expansion of B

cells, which are crucial for antibody production.

The ability of probiotics to influence immunoglobulin levels is

particularly relevant in chickens exposed to stressors, as observed by

Deng et al. (2012) and Mohammed et al. (2024), where dietary

inclusion of probiotics led to increased serum IgM levels by 0.25%

following preslaughter stress. Also, a diet supplemented with

Lactobacillus plantarum, L. acidophilus, Lactobacillus bulgaricus,

L. rhamnosus , Bifidobacterium bifidum, S. thermophilus,

Enterococcus faecium, Aspergillus oryzae, and Candida pintolopesii

caused a 55% reduction in plasma CRP levels (Jankowski

et al., 2022).
TABLE 1 Impact of probiotics on chicken immunity.

Probiotics Strain Host Age
(Condition)

Host Dosage Duration Results References

Bacillus subtilis Day old chicks
(Heat stress)

Broiler (0.5×) g/kg feed 35 days ↓ IgM Mohammed
et al (2024)

Bacillus subtilis 36 weeks Layers 4 × 109 cfu/g 90 days ↑IgM, IgY Fathi et al., 2018

Bacillus subtilis Day old chicks
(heat stress)

Broiler 1 × 106 CFU/g 43 days ↑IL-10, IL-6, heat shock protein, cecal
IgA and IgY

Wang et al., 2018b

Bactocell containing live bacteria
Pediococcus acidilactici

Day old chicks Broiler 1.6 and 1 g/
kg ration

42 days ↑ Antibody against Newcastle disease. Alkhalf
et al., 2010

(Continued)
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Wang et al. (2018a) observed that a basal diet with 1 × 106

colony-forming units significantly increased the serum levels of IgG

and IgA on day 21 compared to the control group with no significant

difference in IgM levels. Meanwhile, the basal diet with 1 × 105 group

did not show any significant changes in immunoglobulin levels on

day 21. This suggests that probiotic supplementation effectively

mitigated inflammation associated with heat stress in broiler

chickens. This is significant as high levels of inflammation can

impair growth, feed efficiency, and overall health.

Conversely, Deng et al. (2012) found that the immunoglobulin

levels in stressed laying hens exposed to B. licheniformis were

reduced in the ileum and cecum, suggesting a complex interaction

between stress and probiotic supplementation. Also, administration

of 5 ml of MolaPlus microbes had no significant influence on the

IgM antibody concentration (Khobondo et al., 2015). Administering

probiotics containing E. faecium and Bacillus amyloliquefaciens to

chickens at the early phase of life had no effect on the plasma levels of

either IgY or IgA (Jankowski et al., 2022).

Therefore, stress-induced reductions in immunoglobulins such

as IgA and IgM and the variable impacts of probiotics under stress

conditions suggest the need for tailored formulations to address

specific stressors like heat, feed deprivation, or transportation.
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Impact of probiotics on
cytokine production

Probiotics also play a role in modulating cytokine production

within the gut epithelium. They help maintain adequate pro-

inflammatory cytokine levels, which are crucial for an effective

immune response during stress. Abdelaziz et al. (2022) reported

that lactobacilli-treated macrophages exhibited increased

phagocytic activity and elevated nitric oxide production,

indicating enhanced immune function under both normal and

high-temperature conditions.

Moreover, probiotics have been shown to reduce the levels of

acute-phase proteins such as C-reactive protein and ceruloplasmin in

the blood, which are indicators of inflammation. This reduction may

contribute to a more balanced immune response during periods of

stress. Probiotics suppress pro-inflammatory cytokines like

interferon-gamma (IFN-g) and tumor necrosis factor (TNF-a),
reducing inflammation and intestinal damage caused by pathogenic

Salmonella while simultaneously enhancing interleukin (IL-10)

expression, an anti-inflammatory cytokine essential for controlling

excessive inflammation and maintaining immune balance (Raheem

et al., 2021). The immunomodulatory properties of probiotics could
TABLE 1 Continued

Probiotics Strain Host Age
(Condition)

Host Dosage Duration Results References

Enterococcus faecium and
Bacillus amyloliquefaciens

Day old chicks Broiler 1.0 × 107 CFU/
L water

35 days ↑ B- lymphocytes (CD3-Bu-1+). ↓ T-
lymphocytes CD3+CD4+

Jankowski
et al., 2022

Lactobacillus fermentum and
Saccharomyces cerevisiae

Day old chicks Broiler 1 × 107 cfu/g and
2 × 106 cfu/g

42 days ↑ CD3+, CD4+, and CD8+ T-
lymphocytes. ↑TLR 2 and TLR 4 at 21 d,
TLR2 level at 42 d

Bai et al., 2013

Lactobacillus acidophilus Day old chicks Broiler 1 x 109 CFU/kg 21 days ↑CD4+, CD8+, and TCR1+ cells in the
blood, ileum and cecal tonsils

Asgari et al., 2016

Lactobacillus spp Day old chicks Broiler 1 x 107 CFUs
(oral
administration)

21 days ↑ MHC II and B-cells in spleen. ↓ CD4+

CD25+ T regulatory cells in the spleen
Bavananthasivam
et al., 2021

Lactobacillus rhamnosus Day old chicks Layers Oral
supplementation
with 5 × 109 CFU

266 days ↑ Treg cells and cytotoxic T cells in the
spleen and cecal tonsils

Mindus
et al., 2021

Bacillus strains 4 – 6 weeks old Broiler 1×106 CFU/g feed 63 days ↑ CD4+ , CD25+, CD28, and CD8+, Larsberg
et al., 2023

Bacillus amyloliquefaciens Day old chicks Broiler 0.1%
inclusion level

42 days ↑ Eosinophils, IL-6 and IL-10 Mazanko
et al., 2022

Bacillus subtilis Day old chicks Broiler 1 × 106 CFU/
g feed

42 days ↑ IL-6 and IL-10 and ↓
Heterophil/ lymphocytes

Popov et al., 2024

Lactobacillus plantarum Day old chicks
(challenged
with Ammonia)

Broiler 2.5 × 108 CFU L.
plantarum kg−1

48 days ↑ IgY, IgM and IL-10
↓ IL-1b, IL-6, and TNF-a

Liu et al., 2023

Bacillus subtilis A, Bacillus
subtilis B, mixture of Bacillus
subtilis A and B

Day old chicks Broiler 500mg/kg 42 days ↑IgG, IgA, and IgM and serum lysozyme Qiu et al., 2021
↔ not significant; ↑: Increase; ↓: decrease MHC, Major Histocompatibility Complex; Ig, Immunoglobulin; TNF-a, Tumour necrosis Factor; IL, Interleukin; TLR, Toll like Receptor.
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therefore be a promising tool for enhancing disease resistance,

particularly in poultry exposed to pathogenic stressors.

A study by Zaghari et al. (2020) observed higher IL-6 gene

expression in broiler plasma supplemented with B. licheniformis

than the control group. Also, Cao et al. (2013) observed a significant

increase in IL-4 in the jejuna mucosa of broiler chicken

supplemented with E. faecium. However, chicken supplemented

with B. subtilis had no significant impact on cytokine expression as

shown in Table 1.
Impact of probiotics on
antibody production

Research indicates that probiotics can significantly improve

antibody responses against diseases such as Newcastle disease

(Alkhalf et al., 2010). Probiotic supplementation has been

associated with higher Newcastle antibody titers compared to

control groups. The beneficial effects of a diet containing

lactobacilli spp. (L. casei Shirota, L. rhamnosus GG, L. plantarum

NCIMB 8826, and L. reuteri NCIMB 11951) and Bifidobacteria spp.

(Bifidobacterium longum SP 07/3 and B. bifidum MF 20/5)

probiotics suggest that added bacteria enhance acquired immune

responses. This is achieved by increasing microbial populations in

the gastrointestinal tract, which stimulates the activation of T and B

lymphocytes (Dong et al., 2012).

Wang et al. (2018a) observed a significant increase in the

percentage of CD3+ and CD4+ T lymphocytes on days 21 and 42

in feed supplemented with a basal diet with 1 × 106 colony-forming

units. Only at day 14, chicken supplemented with L. salivarius had

significantly higher antibody titers to sheep red blood cell (Brisbin

et al., 2011). However, in the same study, there was no significance

in chicken supplemented with L. acidophilus and L. reuteri.

Therefore, the inconsistent results between probiotic strains such

as L. acidophilus and L. reuteri underline the need for comparative

studies to determine which strains are most effective for specific

immune functions.

While evidence supports the benefits of probiotics in poultry,

outcomes can vary based on factors such as strain type, dosage, bird

age, and environmental conditions. For instance, Alkhalf et al.

(2010) emphasized that bird type (broilers vs. layers) and age (7,

28, or 42 weeks) could influence dosage requirements and

administration intervals. Stress conditions also play a role; Deng

et al. (2012) reported reduced immunoglobulin levels in the ileum

and cecum of stressed laying hens exposed to B. licheniformis. This

variability underscores the need for tailored probiotic strategies to

optimize immune responses under different production conditions.

Probiotic supplementation has also been linked to improved

development of immune organs such as the bursa of Fabricius through

oral administration of L. casei, L. acidophilus, and Bifidobacterium (Zhang

et al., 2021; Jankowski et al., 2022). Early administration of probiotics like

E. faecium and B. amyloliquefaciens has been shown tomodulate adaptive

immunity, with a notable increase in CD3+Bu-1 (B cells) observed in the

spleen and blood of 6-day-old chicks relative to controls (Jankowski et al.,

2022). Additionally, reductions in acute-phase proteins such as C-reactive
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protein, ceruloplasmin, IL-6, and TNF were noted, suggesting an anti-

inflammatory effect.

Probiotics also demonstrate potential for mitigating heat stress

effects on immunity. Abdelaziz et al. (2022) reported that

macrophages treated with L. acidophilus and Lactobacillus crispatus

exhibited increased phagocytic activity and nitric oxide production

under both normal and high-temperature conditions. These

probiotics sustained macrophage function during heat stress by

enhancing cytokine expression such as IL-1b, IL-12p40, and IL-18

while reducing TLR2 and TLR4 expression. This highlights their role

in supporting immune function during environmental stressors.

In conclusion, probiotics offer significant potential for

enhancing chicken immunity (Table 1) by improving antibody

production, modulating cytokine responses, and supporting

adaptive immunity under stress conditions. However, their

effectiveness depends on factors such as strain specificity, dosage

optimization, bird type, and environmental conditions. Future

research should focus on long-term studies to refine probiotic

strategies tailored to specific poultry production systems for

maximum immunological benefits.
Impact of probiotics on chicken behavior

Probiotics have emerged as a significant factor influencing

chicken behavior through their modulation of gut microbiota,

which affects overall health and stress responses (Chen et al.,

2021). This analysis synthesizes recent literature on the behavioral

impacts of probiotics on chickens, focusing on aggression

reduction, social interactions, and neurochemical influences.

Probiotics can significantly alter chicken behavior by improving

gut health, enhancing nutrient absorption, and strengthening the

immune system. Chickens supplemented with probiotics exhibit

reduced aggressive behaviors such as feather pecking, anxiety, and

cannibalism, leading to improved social interactions among birds

(Figure 2). Jiang et al. (2022) found that such behavioral

improvements are closely linked to better gut health and

enhanced nutrient absorption, which collectively contribute to a

more stable emotional state in chickens.

Environmental factors such as global warming can elevate stress

levels in farm animals, negatively impacting their behavioral

welfare. Shehata et al. (2021) highlighted that endocrine

disturbances and immunosuppression are known to adversely

affect chicken behavior. Probiotic supplementation may mitigate

these stress-related behaviors by promoting a healthier gut

microbiome, thereby enhancing resilience against environmental

stressors. Also, probiotic supplementation may offer a solution to

stress-induced behavioral issues in poultry farming, which could be

critical for improving poultry welfare in the face of climate change.

Recent studies have explored the connection between gut health

and feather pecking (FP) behaviors in laying hens. Mindus et al.

(2021) demonstrated that feather peckers have a significantly lower

abundance of beneficial Lactobacillus bacteria compared to non-

peckers. The study also showed that hens supplemented with L.

rhamnosus had a reduced incidence of severe feather pecking by
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2.5-fold compared to the Placebo group in stressed birds.

Furthermore, stressed hens in the L. rhamnosus group maintained

more stable gut microbiota diversity over time than those in the

control group. It can also be suggested that oral supplementation of

L. rhamnosus might have led to the transfer of the bacteria to the

feather cover through preening or pecking hereby altering the

olfactory or taste characteristics of the feathers. This change may

have encouraged gentler feather pecking and discouraged more

harmful forms of feather pecking.

A study by Wang et al. (2018b) involved feeding male broiler

chickens either a standard diet or one supplemented with 250 part

per million concentration of the probiotic Bacillus subtilis,

containing about 1.0 × 106 spores/g of feed, from day 1 to day 43.

The probiotic supplementation was associated with positive

behavioral effects, potentially enhancing welfare and reducing

stress by influencing the central nervous system. This influence

may lead to changes in behavior and emotional responses. Also,

improved bone health could enhance mobility and reduce

discomfort, contributing to better emotional well-being. The

study found that broilers fed probiotics showed altered brain

chemistry, with increased serotonin levels in the raphe nuclei and

decreased dopamine and norepinephrine levels in the

hypothalamus. Higher serotonin level promotes positive

emotional traits like happiness, while reduced dopamine levels

could affect motivation and behavior (Bacqué-Cazenave, et al.,

2020). Hu et al. (2022) investigated the relationship between gut

microbiota, aggression, and physiological homeostasis in inbred

laying hen lines 63 and 72 that were diversely selected for Marek’s

disease. The study observed that line 63 hens had higher central

serotonin and tryptophan levels compared to line 72 hens. Also, line

63 hens showed lower plasma corticosterone levels, heterophil/

lymphocyte ratios, and central norepinephrine levels, indicating a

reduced stress response compared to line 72. The variations
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observed in serotonergic activity are linked to aggressive

behaviors, with higher central tryptophan levels associated with

reduced aggression and stress. This suggests that including

probiotics in the diet could enhance serotoninergic function,

helping to alleviate stress-related behaviors in chickens.

In this way, probiotics may not only improve physical health

but also positively influence neurochemical processes that affect

chicken behavior. More information about the impact of chicken

behavior is shown in Table 2.
Impact of probiotics on chicken
productive traits

Probiotic supplementation in poultry diets has garnered

significant attention due to its potential to enhance growth

performance, egg production, and overall health in chickens (Paz

et al., 2019; Agustono et al., 2022). This analysis synthesizes findings

from various studies to highlight the effects of probiotics on chicken

growth metrics, egg quality, and the underlying mechanisms

involved (Table 3). Probiotics have been shown to improve

chicken growth performance significantly. Studies indicate that

dietary supplementation can lead to enhanced body weight,

average daily weight gain, and improved FCRs. Specifically,

probiotics can improve FCR by approximately 5%–6%, which is

influenced by factors such as dosage, type of probiotic, and farming

systems. For instance, L. casei, L. acidophilus, and Bifidobacterium

lactis have been associated with increased intestinal villus height,

thereby enhancing nutrient absorption (Zhang et al., 2022). In

support of this, Agustono et al. (2022) confirmed that probiotics

enhance feed efficiency by improving gut health and nutrient intake.

Moreover, a review of multiple studies indicated that different

strains of probiotics can yield varying results based on their specific
FIGURE 2

Influence of probiotics on chicken behavior.
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properties and the health status of the chickens (Huang et al., 2023;

Qiu et al., 2021; Mazanko et al., 2022; Paz et al., 2019; Agustono et al.,

2022). However, Olnood et al. (2015) found no significant impact of

adding Lactobacillus spp. at a concentration of 106 CFU/g to the feed

on weight gain, feed intake, or FCR in broiler chickens at 6 weeks of

age. The discrepancies in these findings can be the result of inclusion

rates that are lower than the commonly recommended 108 CFU/g for

commercial probiotic feed additives and limited fermentation

capacity. Therefore, a probiotic’s capacity depends on factors such

as the appropriate concentration level and adequate fermentation.

Further understanding the influence of environmental factors, such

as temperature, humidity, and diet composition, on the activity of

probiotics performance is needed, and identifying how these variables

interact with probiotics will help refine supplementation strategies to

improve poultry productivity.

Probiotics also positively influence egg production and quality.

Studies have demonstrated that dietary supplementation can lead to

increased egg production rates, improved eggshell quality, and

enhanced egg weight. This is attributed to the improved

digestibility of calcium and phosphorus, which are the key

components in eggshell formation (Carvalho et al., 2023). For

example, research involving Clostridium butyricum and

Brevibacillus strains showed significant improvements in egg

quality parameters such as eggshell strength and albumen height

(Obianwuna et al., 2022). Additionally, probiotics like L. acidophilus

have been shown to enhance yolk color intensity by increasing

carotenoid absorption (Carvalho et al., 2023). Another study found

that probiotic supplementation significantly improved egg quality

metrics such as yolk pH and yolk index (Carvalho et al., 2022). These

findings suggest that probiotics not only contribute to higher egg

production but also enhance the nutritional profile of the eggs

produced. Conversely, feed supplemented with Bacillus

mesentericus TO-A, C. butyricum TO-A, and Streptococcus faecalis
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T-110 had no significance on the height of the thick albumen (egg

white) surrounding the yolk in relation to the egg’s weight (Inatomi,

2016). These contrasting results may stem from variations in the

ability of probiotics to enhance protein synthesis and facilitate the

transfer of water from the yolk. More impacts of probiotics on

chicken productive traits are presented in Table 3.

Generally, despite the positive outcomes associated with

probiotic supplementation, it is essential to note that not all

probiotics produce uniform results. The effectiveness of probiotics

can vary based on several factors. Different probiotic strains exhibit

distinct effects on growth performance and health. Dosage, which is

the amount of probiotic administered, plays a critical role in

determining its efficacy. Environmental factors such as

temperature, humidity, and diet composition can influence how

well probiotics perform in enhancing chicken health. Given the

variability in probiotic efficacy, further research is needed to explore

the cost-effectiveness of different probiotic strains in commercial

poultry production as well as the optimal inclusion rates for various

types of probiotics and the long-term impacts on chicken health

and productivity.
Future considerations

Research on probiotics in poultry has highlighted several

important gaps and areas for future exploration. One key

development is formulating probiotics tailored to specific poultry

types (broilers vs. layers) and production conditions, which could

optimize health outcomes. Understanding how probiotics produce

metabolites that modulate immune responses could enhance

chicken immunity and overall health. Future studies should also

explore the effects of combining different probiotic strains to

identify the most effective formulations.
TABLE 2 Impact of probiotics on chicken behavior.

Probiotics
Strain

Chicken
Age (Condition)

Chicken
type

Dosage Duration Results Reference

Bacillus subtilis Day old chicks (PHS) Broiler 0.25
and 0.5g

35 days ↓ Time spent and protein oxidation Mohammed
et al., 2024

Bacillus
amyloliquefaciens
SC06

37-38 days Broiler 4 × 108

CFU/mL
50 days ↓fear and damage to pia and cortex of the brain. Chen et al., 2024

Bacillus subtilis Day old chicks Broiler 250mg/
kg feed

43 days ↓norepinephrine and dopamine and ↓serotonin
in the raphe nuclei

Yan et al., 2018

Bacillus subtilis Day old chicks
(Heat stress)

Broiler
and Layers

1 × 106

CFU/g feed
43 days ↓ panting, wing spreading, squatting. sleeping,

standing, and dehydration
Wang
et al., 2018b

Bacillus subtilis Day old chicks Broiler 250mg/feed 40 days No significance Soroko and
Zaborski, 2020

Lactobacillus
rhamnosus

Day old chicks Layers 5 × 109 98 days ↑ gentle Feather pecking and social behaviour Mindus
et al., 2021

Lactobacillus
rhamnosus

70 weeks Layers 1 × 109 CFU 88 weeks ↓SFP. ↑TPH2 level and 5-HTRIA Huang
et al., 2023
↔ not significant; ↑: Increase; ↓: decrease MHC, Major Histocompatibility Complex; Ig, Immunoglobulin; TNF-a, Tumour necrosis Factor; IL, Interleukin; TLR, Toll like Receptor.
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Novel delivery methods, such as in-ovo administration, may

improve gut microbiota and immune system development early in

life, leading to better health and productivity. Identifying probiotics

that support immune function under heat stress is vital as climate

change impacts poultry farming. Research on probiotics’ effects on

vaccine efficacy, particularly for diseases like Newcastle disease, is

also needed to improve vaccination strategies.

In terms of chicken behavior, further research is required to

understand the link between gut health and behavioral changes

such as aggression and anxiety. Exploring the long-term effects

of probiotics on stress behavior and how environmental factors
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like heat and overcrowding influence their effectiveness is

crucial. Identifying probiotic strains that promote positive

social interactions and reduce negative behaviors will improve

poultry welfare.

Assessing the long-term impact of probiotics on chicken health

and productivity is essential for determining their cost-effectiveness

in commercial production. Future studies should also examine how

probiotics influence egg quality, focusing on mechanisms like

protein synthesis and water transfer in eggs. By addressing these

gaps, research can enhance our understanding of probiotics’ role in

improving poultry health, behavior, and productivity.
TABLE 3 Impact of probiotics on chicken production.

Probiotic strain Host Age
(condition)

Chicken
Type

Dosage Duration Results Reference

Lactobacillus rhamnosus 70 weeks Layers 1 × 109 CFU 88 weeks ↑ Egg Production Huang
et al., 2023

Bacillus subtilis Day old chicks Broiler 500mg/kg 42 weeks ↓ mortality. ↑ADFI and BW. ↔ FCR
and ADG

Qiu
et al., 2021

Bacillus amyloliquefaciens Day old chicks Broiler 106 CFU/g 42 days ↑body weight and average daily
weight gain

Mazanko
et al., 2022

Pediococcus acidilactici and
Lactobacillus plantarum

Day old chicks Broiler 2 × 109 cfu/chick 42 days ↑ feed conversion and production
efficiency fact. ↓ myopathies,

Paz
et al., 2019

Lactobacillus acidophilus,
Lactobacillus plantarum,
and Bifidobacterium spp

Day old chicks Broiler 1.2×109 CFU
unit/mL

21 days ↑ BW, FCR, Feed Consumption
(starter). ↑ weight, Breast muscles, liver,
heart, kidneys and lungs (slaughter)

Agustono
et al., 2022

Lactobacillus casei,
Lactobacillus acidophilus,
and Bifidobacterium

Day old chicks Broiler 10 mL of probiotics
/L water
Oral
supplementation

42 days ↑eviscerated yield and Breast yield, ↓
ADFI,FCR and abdominal fat.

Zhang
et al., 2021

Bacillus subtilis Day old chick Broiler 0.1% of probiotics 42 days ↑BW and ADWG Popov
et al., 2024

Bacillus subtilis Day old chick Broiler 1.0 × 10 6

spores/g of feed
42 days ↑ bone mineralization, bone density,

bone size, wall thickness, size, and
weight of tibias and femurs

Yan
et al., 2018

Bifidobacterium spp Day old chicks
(in
ovo
innoculation)

Broiler 2 × 108 CFU 28 days ↑ LBW and DBWG Abdel-
Moneim
et al., 2020

Lactobacillus fermentum
and
Saccharomyces cerevisiae

Day old chicks Broiler 1 × 107 cfu/g and 2
× 106 cfu/g

42 days ↑ADG and feed efficiency Bai et al., 2013

Lactobacillus johnsonii Day old chicks Broiler 1 × 105 cfu/g BS15/g 42-day No changes Wang
et al., 2018a

1 × 106 cfu BS15/
g BS15

28 days ↑ starter, finisher, and overall daily
weight gain

Bacillus subtilis 25-week-old Layers 9.0 × 105 cfu/g 122 days ↑hatchability, fertility, egg weight, yolk
colour and index, eggshell thickness.

Liu et al., 2019

Bacillus subtilis 28 weeks old Layers 1.0 × 105 , 1.0 × 106,
1.0 × 107, and 1.0 ×
108 (B4) cfu/g

24 weeks No significant in egg production. Guo
et al., 2017

Bacillus subtilis 32 weeks Layers 4 × 109 cfu/g 90 days No significant in ABWG and FCR, Fathi
et al., 2018
LBW, Live body weight; DBWG, Daily body weight gain; ABWG, Average body weight gain; FCR, Feed conversion ratio; ADG, Average daily gai; ADFI, Average Daily Feed Intake.
↔ not significant; ↑: Increase; ↓: decrease.
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Strengths and limitations

One of the strengths of this systematic review is the rigorous

methodology used to identify and evaluate relevant studies. The

literature search was conducted across multiple reputable databases,

including PubMed, CABI Abstract, ScienceDirect, and Google

Scholar, which increases the likelihood of capturing a

comprehensive range of relevant studies. Furthermore, the study

adhered to predefined inclusion and exclusion criteria, focusing on

high-quality research, such as randomized controlled trials (RCTs),

controlled trials, and observational studies, thereby enhancing the

reliability of the findings. The review specifically examined the

impact of probiotics on gut microbiota, immunity, behavior, and

productivity in chickens, providing a focused and structured

analysis of these critical areas. Additionally, limiting the selection

to studies published from 2010 onward ensures that the findings are

based on recent advancements in probiotic research.

Despite these strengths, there are several limitations to consider.

First, while multiple databases were searched, other relevant

databases or sources of gray literature were not included, which

may have led to the omission of some relevant studies. Second, only

articles written in English were considered, potentially excluding

valuable research published in other languages. Third, studies

involving combinations of probiotics with antibiotics, synbiotics,

or unspecified prebiotics were excluded, which may limit the

generalizability of the results to real-world poultry production

scenarios where such combinations are commonly used. Lastly,

inherent biases in the included studies, such as variations in

probiotic strains, dosages, and study conditions, may have

influenced the findings, though efforts were made to minimize

these biases through strict inclusion criteria.
Conclusion

This systematic review highlights the significant impact of

various probiotic strains on chicken gut microbiota, immunity,

behavior, and productivity. Probiotics such as Lactobacillus (L.

acidophilus, L. casei, L. rhamnosus, L. plantarum, L. reuteri, L.

salivarius, L. delbrueckii), Bacillus (B. subtilis, B. licheniformis, B.

amyloliquefaciens), Bifidobacterium (B. bifidum, B. longum),

Enterococcus (E. faecium), Clostridium butyricum, Brevibacillus, S.

thermophilus, S. cerevisiae, and L. mesenteroides play a crucial role

in maintaining gut health, improving nutrient absorption, and

reducing the colonization of harmful pathogens such as

Salmonella and C. perfringens.

These probiotics not only enhance digestion and feed efficiency

but also have immunomodulatory effects, increasing immunoglobulin

(IgA, IgM, and IgG) levels, cytokine expression (IL-6, IL-4, IL-10), and

T-cell activation (CD3+, CD4+), leading to improved disease

resistance. Furthermore, probiotics like L. rhamnosus and B. subtilis

have been linked to reduced stress and aggression, promoting better

welfare by modulating neurotransmitters such as serotonin

and dopamine.
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In terms of productive traits, L. casei, L. acidophilus, B. subtilis,

and B. licheniformis have been found to enhance body weight gain,

FCR, egg production, and eggshell quality, making them viable

alternatives to antibiotic growth promoters. However, the

effectiveness of probiotics varies based on strain specificity,

dosage, environmental conditions, and administration method.

To optimize probiotic use in poultry farming, future research

should focus on strain selection, combination formulations, and

novel delivery methods such as in-ovo administration. Overall,

probiotics offer a sustainable and effective approach to improving

poultry health, welfare, and productivity while reducing reliance on

antibiotics in poultry production.
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