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performance because the broilers are an economical source of a high-protein diet
and their short span of production. However, there are multiple problems being
faced by the broiler production, including stress, loss of production, and disease
vulnerability. Antibiotic resistance and a decline in the efficiency of growth
promoters have led scientists to focus on alternative strategies. Among all
alternative strategies, probiotics have been found to have multiple biological
activities. Probiotics such as Lactobacillus, Bacillus, and Bifidobacterium species
improve nutrient utilization, strengthen gut barrier integrity, and reduce pathogen
colonization. Enhanced butyrate production and activation of microbiota—immune
signalling pathways were identified as central mechanisms driving improved health
and productivity. This review mainly explains the activities of probiotics in
improving the carcass quality, immunity, and gut microbiota of broiler birds.
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INTRODUCTION

The poultry industry has expanded tremendously over
the recent decades (Kleyn and Ciacciariello, 2021). The
poultry industry's expanded growth is due to increased
demand for high-quality, low-priced animal protein
worldwide (Attia et al., 2022). The industry depends on
broiler chickens as they have a high rate of growth,
turnover rate, and are within a short span of production
(Maharjan et al., 2021). However, the broiler production
has come with its own multiple issues, including emerging
disease vulnerability, metabolic ailments and loss of
performance because of stress (Hafez and Attia, 2020;
Nawaz et al., 2021; Wickramasuriya et al, 2022).
Antibiotic growth promoters (AGPs) are in use for a long
time to combat these significant broiler problems birds
(Cowieson and Kluenter, 2019; Paul ef al., 2022). AGPs
enhanced growth rate and feed ratios and reduced
morbidity and mortality of flocks (Upadhayay and
Vishwa, 2014; Pewan et al., 2025). Uninhibited and
continuous usage of AGPs has raised the issue of
antimicrobial resistance (AMR) (Mesfin et al., 2024).
However, drug residues in broiler meat and eggs are a
major health concern caused by AGPs (Akram et al,
2023). These problems are increasing, pose a threat to

animal and human health, and result in significant
economic losses (Sagar et al., 2023; Khalifa et al., 2024).
Multiple countries have restricted the use of AGPs in
broiler birds to avoid the health and economic concerns
(Nordeus, 2023; Zheng et al., 2025). New alternative
strategies based on natural products are gaining significant
attention due to their low toxicity and high health benefits
in broiler birds (Vlaicu et al., 2023). There are multiple
alternative strategies suggested to improve the quality of
broiler carcass, immunity, health of gut microbiota, and
reduce the rising concern of antimicrobial resistance
(Abbas et al., 2025). Among all the alternative strategies,
probiotics are considered as the best because of their
diverse biological activities (Terpou et al., 2019; Sharifi-
Rad et al, 2020). The FAO and WHO recognize
probiotics as living microorganisms that, when consumed
in the right proportions, bring health benefits to the host
(Latif et al., 2023). Probiotics in broilers usually contain

useful  bacteria of the genus Lactobacillus,
Bifidobacterium, Bacillus, Enterococcus, and
Pediococcus, as well as strains of the genus

Saccharomyces cerevisiae (Yousaf et al., 2022; Soren et
al., 2024). These microorganisms can survive in the
uppermost part of the gastrointestinal tract, attach to the
lining of the gut, and colonize the intestine (Han et al.,
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2021). After colonization, probiotics then interact
dynamically with the digestive, immune and metabolic
systems of the host (Selvamani et al., 2021). However, for
better understandings, the mechanisms of probiotics must
be discussed.

Probiotics have multiple mechanisms of action. The
most important mechanism of probiotics is to facilitate the
growth of friendly microorganisms and suppress the
activity of the unfavourable organisms (Tegegne and
Kebede, 2022; You et al, 2022). Probiotics produce
antimicrobial agents, which include organic acids,
bacteriocins, and hydrogen peroxide (Hernandez-
Gonzalez et al., 2021). The organic acids produced by
probiotics significantly lower intestinal pH, making it
very difficult for harmful pathogens to survive (Stasiak-
Roézanska et al, 2021). Probiotics also increase the
amount of digestive enzymes (amylase, protease and
lipase) considerably to improve absorption of the nutrients
(Luo et al, 2022). These mechanisms of probiotics
significantly enhance carcass conversion, yield of the
feed, and meat quality (Maas et al., 2021). Probiotics
enhance the immune system of immunoprophylaxis and
adaptive immunity (Shaheen et al., 2019; Montesinos et
al., 2021). They activate the lymphocytes, macrophages,
and other important immune cells (Javanmardi et al.,
2024). Immunogenic cells and macrophages increase the
synthesis of antibodies and cytokine regulation (Strzelec
et al., 2023). This makes birds resistant and able to fight
against various infections and stress conditions (Cisneros
et al., 2022). Multiple studies indicate that the microbiota
of the gut has a direct relationship with the performance,
health, and diet of poultry (Fathima et al., 2022; Shehata
et al., 2022; Wickramasuriya et al., 2022). Broiler chicken
intestinal microbiota is a complicated community, which
stabilizes the condition of nutrient metabolism, immune
development, and the intestinal barrier (Liu et al., 2021).
When the intestinal community becomes imbalanced
(dysbiosis), nutrient absorption is affected, inflammation
rises, and the birds are most likely to die of enteric
diseases (Obianwuna et al., 2023). Probiotics would
contribute towards recovery of the microbial balance by
activating beneficial species like Lactobacillus and
Bifidobacterium and reducing harmful species like
Clostridium, Escherichia coli and Salmonella (Yue et al.,
2025). An increase in the microbial balance positively
impacts the intestinal health, nutrient digestion,
immunologic functionality and productivity of broiler
birds (Kyoung et al., 2023).

Probiotics enhance the increase in muscle mass,
reduce abdominal fat, and enhance meat quality (Saha et
al., 2023). These broiler meat qualities include colour,
tenderness, water retention, and oxidation stability
(Cartoni Mancinelli et al., 2023). The present review
combines an in-depth and recent review of the influence
of probiotics on broiler chickens by focusing on carcass
characteristics, immune responses, and gut microbiota.

Probiotics and Broiler Carcass Characteristics:
Carcass traits such as dressing percentage, breast muscle
weight, thigh muscle weight, abdominal fat and overall
carcass  composition are  important  economic
characteristics for broiler producers (Kokoszynski et al.,
2022). Meat quality characteristics, including pH, colour,
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drip loss, and tenderness, are equally important for
processors  (Alfaifi et al, 2023). Probiotic
supplementation has been continuously associated with
positive shifts in these characteristics (Mohammed et al.,
2021). The incorporation of probiotic mixes in the broiler
diets enhances the percentage of dressing as well as the
growth of the breast, probably because of the more
effective digestion of nutrients and the growth of lean
tissue (Soumeh et al., 2021). In a study by Valipourian et
al. (2025), broilers that were given different doses of the
commercial probiotic Protexin® experienced increased
weight gain and improved feed conversion ratios, but
most carcass traits, aside from dressing percentage, did
not significantly change.

Probiotics improve carcass composition by enhancing
digestive enzyme activity, increasing villus height, and
expanding nutrient absorption (Soumeh et al, 2021).
They also reduce intestinal inflammation, lower energy
loss to immune responses, and strengthen the gut barrier
for better overall growth (Ahmad et al., 2022). Probiotic
supplementation can regulate nutrient absorption and
interactions between the gut and microbiomes, thereby
improving production outcomes (de Sire ef al., 2022). The
use of probiotics is also associated with decreasing the
contours of abdominal and internal fat deposition, an
admirable aspect in the contemporary broiler production
(Herich et al., 2025). Multiple studies have found better
carcass and meat quality of the broilers fed probiotics
because of the enhanced protein utilization and the
decrease in the pathogenic load (Atela et al., 2019; Al-
Shawi et al., 2020; Khalil ef al., 2021; Muneeb ef al., 2025).

Gut-microbiota interactions directly affect the muscle
fibre diameter and myogenic gene expression (Abd El-
Hack et al., 2021). Bacillus subtilis in broilers found
increased butyrate-producing bacteria in the cecum
alongside improved growth and intestinal morphology,
indicating the link between gut microbial ecology and
muscle-related outcomes (Zhang et al., 2023). In practice,
the economic benefit of improved carcass yield (higher
breast meat, lower fat) combined with improved feed
conversion makes probiotic supplementation a viable
strategy, especially where antibiotic use is restricted
(Pewan et al., 2025).

However, results are inconsistent, as some studies
report no or limited effect of probiotics on specific carcass
traits (Estrada-Angulo et al., 2021). The inconsistency is
likely because of factors such as probiotic strain, dose,
bird age, diet composition, management conditions and
challenge status (pathogen load, stress). Further research
must be conducted for consistent results, and the safety
index of probiotics must be taken into consideration.

Role of Probiotics in Enhancing Broiler Immunity:
The immune system in broilers comprises both mucosal
and systemic components, with the gut being a major
immune organ (Shehata et al., 2022; Horodincu and
Solcan, 2023). Probiotics have been widely shown to
influence immune responses, through both direct and
indirect pathways (Wang et al., 2021). Probiotics
significantly enhance the humoral immunity, shown by
increased levels of immunoglobulins such as IgA and IgG
(Kazemifard et al., 2022). They also demonstrate
improved cell-mediated immunity, including higher
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lymphocyte proliferation and greater macrophage activity
(Yesilyurt et al, 2021). Modulation of cytokine
production, including interleukins, interferon gamma and
tumour necrosis factor alpha, has also been observed
(Farhadi Rad et al., 2024). Increased levels of 1L-4, IL-6,
IL-10 and enhanced T-cell populations (CD4*, CD8"),
which are associated with a broad immunomodulatory
effect (Rodrigues et al., 2021). The detailed mechanism of
probiotics enhancing the immunity in broilers is depicted
in Figure 1. In research by He et al. (2019), broilers fed
diets with 500mg/kg of Bacillus subtilis recorded high
serum immunoglobulin, renewed jejunal mucosal IgA and
IgG. The supplementation also improved the expression
of the jejunal barrier gene occludin, indicating improved
gut integrity. The enhanced barrier integrity implies that it
is a less translocation of the pathogens or endotoxins, and
this decreases inflammatory load and the diversion of
energy to growth (Awad et al.,, 2017). Moreover,
probiotics are able to concentrate innate immune cells to
respond to pathogens in a more appropriate manner
(Giorgetti et al., 2015). This is through up-regulation of
the toll-like receptors (TLRs) and facilitated phagocytosis
(Rehman et al., 2021). The initial expression of TLR2,
TLR4, IL-1, and IL-2 following  probiotic
supplementation increased (Slawinska et al., 2021;
Cappellucci et al, 2024). These activities indicate that
probiotics regulate interactions between host and microbe,
which enhances immune competence and resilience. Table
1 shows various mechanism and effects of probiotics
health, production, immunity, and gut health of broilers.

The probiotic mode of action is strongly associated
with shifts in microbial composition that boost short-chain
fatty acids (SCFAs) formation and stimulate downstream
immune responses (Liu et al.,, 2023). Probiotics increase
the growth of commensal bacteria upon their
establishment in the gut, where they ferment dietary fibers
into SCFAs, including acetate, propionate and butyrate
(Wang et al., 2019). The metabolites act as energy sources
to the intestinal epithelial cells, reinforce the tight
junctions, and ensure the integrity of the barriers (Panwar
et al., 2021). Another action of SCFAs is on G-protein-
coupled receptors on immune cells, which helps in the
production of cytokines and anti-inflammatory action.
Probiotics enhance intestinal homeostasis, minimize
pathogen settlement and improve the overall immunity via
this linking axon (Suganya and Koo, 2020).

Impact of Probiotics on Gut Microbiota Composition
and Function: Gut microbiota of broilers is a dynamic
and complex ecosystem that is vital in the digestion of
nutrients, immune development, gut barrier, pathogen
resistance, and gut metabolic signalling (Yue et al., 2024).
Probiotics contribute to the colonization of good bacteria,
the suppression or control of bad pathogens, the
enhancement of microbial diversity, and an increase in
functional capacity, e.g., SCFAs and enzymes (Cuciniello
et al., 2023). Probiotics have been shown to elevate
significantly the barrier and improve the gut architecture
(Konieczka et al., 2022). Various researchers demonstrate
that probiotic supplements to broilers enhance the relative
abundance of unitary beneficial bacteria like
Bifidobacterium, Lactobacillus, and some butyrate-
producing taxa (Onrust ef al., 2015; Jacquier et al., 2019;
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Bilal et al, 2021; Zhang et al, 2021; Memon et al.,
2022). It also decreases the existence of rodent or
opportunistic bacterial collections in the cecum and the
ileum (Averina et al., 2021; Kazmierczak-Siedlecka et al.,
2021). The abundance of Alistipes and Rikenellaceae in
the cecum was higher in broilers fed on a compound
probiotic (Qiu et al., 2022). However, lower abundance of
Proteobacteria at 42 days of age was also observed (da
Silva et al., 2024). The increase in butyrate-producing
bacteria is particularly significant because butyrate serves
as the primary energy source for enterocytes (Han et al.,
2022). It also enhances the expression of tight junction
proteins such as occludin and claudin and stimulates
mucus production (Rose et al., 2021; Matis et al., 2022).
These effects collectively strengthen the gut barrier and
improve the nutrient absorption capacity of broilers (Liu
et al., 2022). In parallel, improved intestinal morphology
(increased villus height, higher villus/crypt ratio) has been
reported in probiotic-fed broilers, reflecting improved
absorptive surface and gut health (Soren et al., 2024).
Probiotics also improve the enzyme activity in the
digestive tract (e.g., o-galactosidase, [-glucosidase),
indicating enhanced microbial and host digestive function
(Wlodarczyk et al., 2022). Through these mechanisms,
probiotics reduce the energy cost of immune activation,
reduce pathogen load, optimize nutrient utilization, and
thereby improve growth and carcass traits (Kober et al.,
2022).

Probiotics can change microbiota composition of the
gut, which can subsequently be converted to significant
immune and performance effects (Wang et al., 2019). The
positive bacteria cultivated in the intestine can increase
nutrient digestion and trigger the synthesis of short-chain
fatty acids that develop platforms in increasing gut barrier
integrity and anti-inflammatory signalling (Shin et al.,
2023). This decreases the colonization of pathogenic
agents and the gut inflammation to enhance better
digestion and nutrient absorption. An improved microbial
set up also leads to enhanced immune surveillance,
leading to increased disease resistance and the elimination
of energy used on immune stress (Soares et al., 2017).
These processes describe the role that the change in
microbiota composition during probiotic supplementation
is not only keeping the gut healthy but also in enhancing
growth performance and total bird productivity (Jha et al.,
2020).

The action of probiotics influences the microbiota in
strain, dose and environment. Scientists have raised
concerns about the potential transfer of antibiotic-
resistance genes by probiotic bacteria or their relationship
to the original microbiota. This risk has yet to be fully
investigated in chickens.

Synergistic Effects and Practical Considerations: The
benefits of probiotics are noticeable on their own, but they
are maximized when combined with an extensive
treatment regimen (Lopes et al., 2023; Dore et al., 2025).
Multi-strain  probiotic formulations often outperform
single strains because of potential synergistic interactions,
niche coverage, and cumulative functionality (Kwoji et
al., 2021; Puvanasundram et al., 2022). Combination of
probiotics with prebiotics (synbiotics), organic acids, or
enzyme additives further improves outcomes (e.g.,
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Fig. I: Mechanism of action of probiotics in broiler birds.

improved microbial colonisation, improved gut
morphology, enhanced immune responses) (Ma et al.,
2021; Atuahene et al, 2025). The interaction between
probiotic and MOS (mannan oligosaccharides) improved
antibody titres against infectious bursal disease in broilers
fed antibiotic-free diets (Teng et al, 2021; Ruvalcaba-
Gomez et al., 2022). Factors such as supplementation
timing, diet composition, and farm management
significantly affect the effectiveness of probiotics (Islam
et al., 2025). It is especially crucial in broiler production
where environmental stress (high stocking density, heat
stress, pathogen challenge) can blunt performance (Herich
et al., 2025; Vu et al., 2025). Probiotics play a significant
role in stress mitigation under these conditions (Bustos et
al., 2025).

Farmers should carefully select well-characterized
probiotic strains that survive feed processing and resist
gastric and bile conditions (Kouhounde ef al, 2022).
Dosage and timing are also necessary, with early-life
administration often promoting better gut colonization
(Pantazi et al., 2023). Cost-benefit considerations,
including feed savings, improved carcass yield, and
reduced disease losses, should guide decisions (Azabo et
al., 2022). Maintaining good farm management is equally
critical (Jones et al., 2005). Proper feed hygiene, litter
management, ventilation, and biosecurity are essential, as
probiotics cannot fully compensate for poor husbandry
(Gray et al, 2021). Probiotics can improve feed
conversion, lower mortality, enhance carcass quality, and

support premium pricing for antibiotic-free or natural
products, which directly reduces the economic burden
(Leistikow et al., 2022). Reduced antibiotic use and lower
pathogenic pressure contribute to more sustainable poultry
production (Tian et al., 2021).

Adverse effects of probiotics in broilers: Probiotics are
considered harmless and healthy (Zou et al., 2022). But
when the strains, doses and conditions of management are
not suitable in broiler production, they may cause adverse
effects (Arczewska-Wtosek et al., 2022; Luise et al.,
2022). One of the most frequent is gastrointestinal
disorder (Grozina et al., 2023). Higher doses or excessive
supplementation may cause temporary diarrhea, wet litter,
or digestive disturbances since there is a rapid change in
the microbial community (Ortiz Sanjuan et al., 2022). If
probiotics are over-supplied, they may compete with the
bird for dietary nutrients, potentially reducing feed intake
or slowing initial development (Krysiak et al, 2021).
Microbial translocation also represents a potential
problem, particularly when gut integrity is compromised
(Matara et al, 2022). In stressed birds with
immunocompromised, gut inflammation may result in the
cross of probiotic bacteria, including Lactobacillus and
Enterococcus (Sangiorgio et al., 2024). This may result in
infection or local inflammation (Jankowski et al., 2022).
Bacteraemia has occasionally been observed when the gut
lining is compromised (Ni et al., 2024). Strains that
generate surplus organic acids or bacteriocins may alter
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Table I: Effects of probiotics on health, production, immunity, and gut health of broilers

Sr.  Probiotic used Strain Dose Broiler Duration Study Carcass Immune Gut Other Reference
strain (days)  design effects effects microbiota reported
effects effects
| Multi-species  Lactobacillus  |g/kg Cobb 42 Randomiz Improved  Modulation Changes in - (Mountzo
probiotic Spp., feed (male) ed growth of cecal cecal uris et al.,
Bifidobacteriu  (and in controlled performanc microbiota; microbiota 2007)
m, water at feeding eand some metabolic  composition
Enterococcus, intervals trial, 4 improveme  activity and
and in one treatment nts in cecal changes metabolic
Pediococcus  group) s microbiota; reported.  activities
dressing
percentage
not
universally
different
across all
groups.
2 Yeast Saccharomyc 0, 2.5, Arbor 42 Randomiz Improved  Increased Improved Improved (Gao et al,
culture es cerevisige  5.0,7.5  Acres ed growth NDV villus height,  nutrient 2008)
yeast culture g/kg controlled performanc antibody crypt depth  digestibility
(best 4 e and meat titers, (duodenum,  (Ca?*and P*
effect at treatment  quality. increased  jejunum, ) and
2.5 g/kg) levels), n serum ileum), mucosal
=960 lysozyme,  improved developmen
chicks increased Ca?and P* ¢
1gM and digestibility.
secretory
IgA in
duodenum.
3 Lactobacillus ~ Multiple 0.1% of  Broilers 42 Randomiz  Reduced Serum - No (Kalavathy
mixture Lactobacillus  diet ed trial abdominal  lipids significant etal,
strains (~lg/kg) (control fat decreased differences  2003)
vs LC), deposition  (total in organ
n=136 (significant  cholesterol weights.

after 28 d), , LDL,
improved triglyceride

body s).
weight gain
and FCR.

4 Lactic acid Lactobacillus - Day-old  Early Challenge Maintained Reduction  Reduced Reduced (Higgins et
bacteria -based broiler life trials with  carcass of Salmonella pathogen al.,, 2008)
probiotic probiotic chicks (neonat Salmonella  quality Salmonella  counts in burden in
(commercial culture (FM- (neonatal al; (neonatal  under colonizatio  crop/ceca; neonates.

LAB Bl /LAB challenge evaluat  broilers) challenge n; temporal temporal
product) mix) model) edin (primary reduction  modulation
first outcome in pathogen of lactic acid
weeks) was a load and bacteria.
reduction  associated
in intestinal
Salmonella  lesions.
colonizatio
n rather
than
carcass
traits).
5  Badillus - 2x 10"  Arbor 35 Randomiz Improved  Increased  Altered cecal Reduced (Zhang et
subtilis CFU/g Acres ed growth serum microbial enteritis al,, 2021)
and 3 x controlled performanc immunity composition  index,
10'° trial; 270 e, carcass  markers, (increased improved
CFU/g chicks traits reduced beneficial intestinal
divided inconsisten mortality.  taxa relative = morphology
into 3 t, but ADG to antibiotic
groups and FCR control),
improved. improved
villus height
and mucosal
barrier
markers.

6  Badillus B. 1.0 x Commer up to Controlle  Increased Noted Increased Improved (Gharib-
amyloliquefaci amyloliquefaci  10° cial 35 d trials BWG and improveme Bacillusand ileal Naseri et
ens (CECT ens CECT CFU/g broiler (NE improved  ntsin Ruminococc  digestibility  al., 2021)
5940) 5940 strains challenge  FCR; health us DNA of certain

and carcass markers; copy amino acids,
reduced-  compositio notall numbers, resilience to
protein n effects immune increased subclinical
diets) not the cytokines cecal NE.

central reported in butyrate
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endpoint, detail. concentratio
but n, and
performanc reduced C.

e perfringens.
improved.

7 Clostridium C. butyricum | x 10° Ross308 Group Controlle Improved  Modulated Increased Protective (Huang et
butyricum YHO0I8 cfulg 1 (1-24 dand growth immune abundance of in NE and al,, 2019)

days), challenge  performanc gene beneficial improved
Group  (NE) eandfeed expression genera gut
2 (21-  n=120; efficiency.  (TLRs, (butyrate integrity.
23 divided However,  cytokines), producers),
days) into 2 specific improved  improved
groups carcass mucosal intestinal
improveme barrier barrier
nts not gene genes;
reported.  expression. reduced
lesion scores
under
challenge.
8  Multi-strain  Pediococcus 1 x 108  Cobb 500 One- Randomiz  Multi-strain Haemato-  Probiotic - (Reuben et
probiotics acidilactici 15,  cfu/ml day-old ed produced  biochemica supplementat al,, 2022)
P. chicks  controlled better | ion grossly
pentosaceus trials, performanc parameters reduced the
113, n=160 e, and were number of
Enterococcus dressing in  improved Enterobacter
faecium Cl4, Multi group significantly ia in the
Lactobacillus was gizzard,
plantarum C| significantly ileum and
6, higher. caeca.

9  Synbiotic Pediococcus  0.1g/lkg  Ross 308 35-42  Challenge Maintained Improved  Reduced Enhanced (Jazi et al.,
(probiotic +  acidilactici +  Pediococc trials (S. carcass innate Salmonella survival and  2018)
MOS) MOS us Typhimuriu  metrics immune colonization, resilience

acidilactic m under markers improved during
iand challenge), challenge and survival intestinal pathogen
2g/kg n=420 and under histology and  challenge.
MOS protected  challenge;  gut integrity.
against better
challenge-  antibody
related responses
carcass in some
losses cases.
| Lactobacillus L. plantarum 1.0 x Ross-308  One- Experime Lean mass  Enhanced Increased Reduced (Sampath
0  plantarum 108 cfulg  chicks day-old ntal trials; improveme humoral Lactobacillus ~ oxidative etal,
chicks  n=280 nt was immunity abundance stress and 2021)
observedin (increased and notable  significantly
the carcass. g levels) decreased E.  reduced H,S
and coli load in concentrati
modulation  birds. ons.
of
cytokines
in challenge
models

Abbreviations: MOS: Mannan-oligosaccharides, LAB: Lactic acid bacteria, FCR: Feed conversion ratio, BWG: Body weight gain, ADG: Average daily

gain.

gut pH beyond normal levels (Anjana and Tiwari, 2022;
Liang et al, 2025). Such alterations slow down the
absorption of nutrients, mineral bioavailability and
enzyme activity (Zang et al., 2025). Over-acidification of
the crop and intestine of some flocks has been associated
with a reduced digestibility of proteins and fat (Kang et
al., 2025).

Another adverse consequence is strain antagonism
(Kardooni et al., 2023). Antagonistic interactions can
occur when probiotics are incompatible with the current
gut microbiota (Wassenaar et al., 2021; Atanasov et al.,
2023). Such interactions can repress positive microbes
and disrupt the stability of microbes (Zeise et al., 2021).
Another effect of probiotics is the risk of antimicrobial
resistance gene entry into the poultry gut that may arise
because of the absence of proper screening of various
strains used as probiotics (Rokon-Uz-Zaman et al., 2023).
The quality of probiotic products with contaminants,

unstable strains, and a lack of viability can be harmful to
the health of the flock and detrimental to performance
(Chang et al., 2020; Idowu et al., 2025). In order to
guarantee the safe exploitation of probiotics in the
production of broilers, it is necessary to focus on the
selection of strains and the optimization of the dose,
compatibility testing, and quality control.

Conclusions: Probiotics are scientifically proven and
sustainable alternative to antibiotic growth promoters for
chickens. They produce numerous advantages, such as
better gut health, increased performance, and meat
quality. Probiotics enhance components like nutrient
absorption and digestion, thus increasing the yield of
carcasses. They also help maintain gut microbial balance
and reduce metabolic stress, leading to more lean muscle
and less fat. Probiotics protect against pathogens by
enhancing mucosal and systemic responses against
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pathogens, by increasing antibody titers, increasing
cytokine response, improving barrier properties, thus
decreasing the amount of energy expended by growth to
stimulate an inflammatory response. The probiotics
modulate the gut microbiota modulation is a major
process by the probiotics. They increase the concentration
of beneficial microorganisms, such as Lactobacillus and
Bifidobacterium, and reduce the concentration of harmful
organisms. This alters the intestinal morphology,
enhances the activity of enzymes and improves the
production of short-chain fatty acids, all contributing to
the efficient utilization of nutrients by the bird and the
constant stable internal environment. Even with the
advancement, the effects are inconsistent because of the
variation in probiotic strains, a dose, diet composition,
management, and environmental stressors. Further studies
are necessary to research strain-specific effects through
higher metagenomic and metabolomic approaches. It must
establish delivery systems that maximize stability and
effectiveness and determine the long-term effects of
commercial conditions. Probiotics are safe,
environmentally friendly, and acceptable to consumers,
and can be used to improve productivity, immunity, and
gut integrity in broiler chickens, creating a more
sustainable, antibiotic-free poultry market.

Conflict of interest: No conflict of interest was found by
authors regarding publication this review article.

Acknowledgements: This work was supported by the
Special Program for Building a South and Southeast Asia-
Focused Center for Science and Technology Innovation
(202403 AK 140028).

Authors contribution: ZL, MSR; Conceptualization,
investigation, methodology, resources, writing-review and
editing. HY, AL; data curation, visualization, writing-
original draft preparation, writing-review and editing. All
authors have read and agreed to the published version of
the manuscript.

REFERENCES

Abbas RZ, Qureshi MA and Saeed Z, 2025. Botanical compounds: A
promising control strategy against Trypanosoma cruzi. Bol Latinoam
Caribe Plantas Med Aromat 24(3):308-327.

Abd El-Hack ME, Alaidaroos BA, Farsi RM et al, 2021. Impacts of
supplementing broiler diets with biological curcumin, zinc
nanoparticles and Bacillus licheniformis on growth, carcass traits,
blood indices, meat quality and cecal microbial load. Animals
11(7):1878.

Ahmad R, Yu Y-H, Hsiao FS-H et al,, 2022. Influence of heat stress on
poultry growth performance, intestinal inflammation, and immune
function and potential mitigation by probiotics. Animals
12(17):2297.

Akram MS, Rani Z, Samad MA et al., 2023. Public health-associated issues
becaus e of chemical drug residues in poultry product. Continental
Vet ] 3(2):15-23.

Al-Shawi SG, Dang DS, Yousif AY et al, 2020. The potential use of
probiotics to improve animal health, efficiency, and meat quality: a
review.Agriculture 10(10):452.

Alfaifi BM, Al-Ghamdi S, Othman MB et al., 2023. Advanced red meat
cooking technologies and their effect on engineering and quality
properties:A review. Foods 12(13):2564.

Anjana a and Tiwari SK, 2022. Bacteriocin-producing probiotic lactic acid
bacteria in controlling dysbiosis of the gut microbiota. Front Cell
Infect Microbiol 12:851140.

Pak Vet J, 2025, 45(4): 1514-1523.

Arczewska-Wiosek A, Swiatkiewicz S, Ognik K et al., 2022. Effects of a
dietary multi-strain probiotic and vaccination with a live
anticoccidial vaccine on growth performance and haematological,
biochemical and redox status indicators of broiler chickens.
Animals 12(24):3489.

Atanasov N, Evstatieva Y and Nikolova D, 2023. Antagonistic interactions
of lactic acid bacteria from human oral microbiome against
Streptococcus mutans and Candida albicans. Microorganisms
11(6):1604.

Atela JA, Mlambo V and Mnisi CM, 2019. A multi-strain probiotic
administered via drinking water enhances feed conversion
efficiency and meat quality traits in indigenous chickens. Anim Nutr
5(2):179-184.

Attia YA, Rahman MT, Hossain MJ et al,, 2022. Poultry production and
sustainability in developing countries under the COVID-19 crisis:
Lessons learned.Animals 12(5):644.

Atuahene D, Sam BA, Idan F et al, 2025. Probiotics, prebiotics, and
synbiotics in pigs and poultry: A review of gut health, performance,
and environmental outcomes.Vet Sci 12(11):1054.

Averina OV, Poluektova EU, Marsova MV et al, 2021. Biomarkers and
utility of the antioxidant potential of probiotic lactobacilli and
bifidobacteria as representatives of the human gut microbiota.
Biomedicines 9(10):1340.

Awad WA, Hess C and Hess M, 2017. Enteric pathogens and their toxin-
induced disruption of the intestinal barrier through alteration of
tight junctions in chickens. Toxins 9(2):60.

Azabo RR, George ]I, Mshana SE et al,, 2022. Farm costs and benefits of
antimicrobial use reduction on broiler farms in Dar es Salaam,
Tanzania. Front Antibiot 1:1011929.

Bilal M, Achard C, Barbe F et al., 2021. Bacillus pumilus and Bacillus subtilis
promote early maturation of cecal microbiota in broiler chickens.
Microorganisms 9(9):1899.

Bustos AY, Taranto MP, Gerez CL et al., 2025. Recent advances in the
understanding of stress resistance mechanisms in probiotics:
Relevance for the design of functional food systems. Probiotics
Antimicrob Proteins 17(1):138-158.

Cappellucci G, Baini G, Miraldi E et al., 2024. Investigation on the efficacy
of two food supplements containing a fixed combination of
selected probiotics and B-glucans or elderberry extract for the
immune system: modulation on cytokines expression in human
THP-1 and PBMC. Foods 13(3):458.

Cartoni Mancinelli A, Baldi G, Soglia F et al., 2023. Impact of chronic heat
stress on behavior, oxidative status and meat quality traits of fast-
growing broiler chickens. Front Physiol 14:1242094.

Chang J, Wang T, Wang P et al., 2020. Compound probiotics alleviating
aflatoxin Bl and zearalenone toxic effects on broiler production
performance and gut microbiota. Ecotoxicol Environ Saf
194:110420.

Cisneros B, Garcia-Aguirre |, Unzueta | et al, 2022. Immune system
modulation in aging: Molecular mechanisms and therapeutic
targets. Front Immunol 13:1059173.

Cowieson A] and Kluenter AM, 2019. Contribution of exogenous
enzymes to potentiate the removal of antibiotic growth promoters
in poultry production.Anim Feed Sci Technol 250:81-92.

Cuciniello R, Di Meo F, Filosa S et al,, 2023. The antioxidant effect of
dietary bioactives arises from the interplay between the physiology
of the host and the gut microbiota: involvement of short-chain
fatty acids.Antioxidants 12(5):1073.

da Silva JMS, Almeida AMDS, Borsanelli AC et al, 2024. Intestinal
microbiome profiles in broiler chickens raised with different
probiotic strains. Microorganisms 12(8):1639.

de Sire A, de Sire R, Curci C et al, 2022. Role of dietary supplements
and probiotics in modulating microbiota and bone health: the gut-
bone axis. Cells 11(4):743.

Dore MP, Merola E and Pes GM, 2025. Advances and future perspectives
in the pharmacological treatment of Helicobacter pylori infection:
Taking advantage from artificial intelligence. Clin Res Hepatol
Gastroenterol 102689.

Estrada-Angulo A, Zapata-Ramirez O, Castro-Pérez Bl et al., 2021. The
effects of single or combined supplementation of probiotics and
prebiotics on growth performance, dietary energetics, carcass
traits, and visceral mass in lambs finished under subtropical climate
conditions. Biology 10(11):1137.

Farhadi Rad H, Tahmasebi H, Javani S et al, 2024. Microbiota and
cytokine modulation: innovations in enhancing anticancer immunity
and personalized cancer therapies. Biomedicines 12(12):2776.

Fathima S, Shanmugasundaram R, Adams D et al, 2022. Gastrointestinal
microbiota and their manipulation for improved growth and
performance in chickens. Foods 11(10):1401.



1521

Gao J, Zhang HJ, Yu SH et al., 2008. Effects of yeast culture in broiler
diets on performance and immunomodulatory functions. Poult Sci
87(7):1377-1384.

Gharib-Naseri K, Dorigam JCP, Doranalli K et al, 2021. Bacillus
amyloliquefaciens CECT 5940 improves performance and gut
function in broilers fed different levels of protein and/or under
necrotic enteritis challenge.Anim Nutr 7(1):185-197.

Giorgetti G, Brandimarte G, Fabiocchi F et al, 2015. Interactions
between innate immunity, microbiota, and probiotics. ] Immunol
Res 2015(1):501361.

Gray P, Jenner R, Norris | et al,, 202 1. Antimicrobial prescribing guidelines
for poultry. Aust Vet ] 99(6):181.

Grozina AA, llina LA, Laptev GY et al., 2023. Probiotics as an alternative
to antibiotics in modulating the intestinal microbiota and
performance of broiler chickens. ] Appl Microbiol 134(9):Ixad213.

Hafez HM and Attia YA, 2020. Challenges to the poultry industry:
current perspectives and strategic future after the COVID-19
outbreak. Front Vet Sci 7:516.

Han S, Lu Y, Xie | et al, 2021. Probiotic gastrointestinal transit and
colonization after oral administration: a long journey. Front Cell
Infect Microbiol 11:609722.

Han Y, Tang C, Zhao Q et al., 2022. Butyrate mitigates lipopolysaccharide-
induced intestinal morphological changes in weanling piglets by
regulating the microbiota and energy metabolism, and alleviating
inflammation and apoptosis. Microorganisms 10(10):2001.

He T, Long S, Mahfuz S et al.,, 2019. Effects of probiotics as antibiotics
substitutes on growth performance, serum biochemical
parameters, intestinal morphology, and barrier function of broilers.
Animals 9(11):985.

Herich R, Szabdova R, Karaffova V et al,, 2025. A Narrative Review on
the Impact of Probiotic Supplementation on Muscle Development,
Metabolic Regulation, and Fiber Traits Related to Meat Quality in
Broiler Chickens. Microorganisms |3(4):784.

Hernandez-Gonzilez JC, Martinez-Tapia A, Lazcano-Hernandez G et al.,
2021. Bacteriocins from lactic acid bacteria. A powerful alternative
as antimicrobials, probiotics, and immunomodulators in veterinary
medicine. Animals | 1(4):979.

Higgins SE, Higgins JP, Wolfenden AD et al, 2008. Evaluation of a
Lactobacillus-based probiotic culture for the reduction of
Salmonella enteritidis in neonatal broiler chicks. Poult Sci 87:27-31.

Horodincu L and Solcan C, 2023. Influence of different light spectra on
melatonin synthesis by the pineal gland and influence on the
immune system in chickens.Animals [3(13):2095.

Huang T, Peng X-Y, Gao B et al.,, 2019.The effect of Clostridium butyricum
on gut microbiota, immune response and intestinal barrier function
during the development of necrotic enteritis in chickens. Front
Microbiol 10:2309.

Idowu PA, Mpofu TJ, Magoro AM et al., 2025. Impact of probiotics on
chicken gut microbiota, immunity, behavior, and productive
performance-a systematic review. Front Anim Sci 6:1562527.

Islam M, Islam MR, Ahad NE et al,, 2025. Probiotics as Natural sources of
Poultry Gut Health: A Systematic Review on Microbial Balance,
Immunity, and Sustainable Production. Microb Bioact 8(1):1-8.

Jacquier V, Nelson A, Jlali M et al., 2019. Bacillus subtilis 29784 induces a
shift in broiler gut microbiome toward butyrate-producing
bacteria and improves intestinal histomorphology and animal
performance. Poult Sci 98(6):2548-2554.

Jankowski J, Tykatowski B, Stepniowska A et al., 2022. Immune parameters
in chickens treated with antibiotics and probiotics during early life.
Animals 12(9):1133.

Javanmardi Z, Mahmoudi M, Rafatpanah H et al, 2024. Tolerogenic
probiotics Lactobacillus delbrueckii and Lactobacillus rhamnosus
promote anti-inflammatory profile of macrophages-derived
monocytes of newly diagnosed patients with systemic lupus
erythematosus. Cell Biochem Funct 42(2):e3981.

Jazi V, Foroozandeh AD, Toghyani M et al., 2018. Effects of Pediococcus
acidilactici, mannan-oligosaccharide, butyric acid and their
combination on growth performance and intestinal health in young
broiler chickens challenged with Salmonella Typhimurium. Poult Sci
97(6):2034-2043.

Jha R, Das R, Oak S et al, 2020. Probiotics (direct-fed microbials) in
poultry nutrition and their effects on nutrient utilization, growth
and laying performance, and gut health: a systematic review.
Animals 10(10):1863.

Jones TA, Donnelly CA and Dawkins MS, 2005. Environmental and
management factors affecting the welfare of chickens on
commercial farms in the United Kingdom and Denmark stocked at
five densities. Poult Sci 84(8):1155-1165.

Pak Vet J, 2025, 45(4): 1514-1523.

Kalavathy R, Abdullah N, Jalaludin S et al., 2003. Effects of Lactobacillus
cultures on growth performance, abdominal fat deposition, serum
lipids and weight of organs of broiler chickens. Br Poult Sci
44(1):139-144.

Kang D, Lungu SE, Danso F et al, 2025. Animal health and nutrition:
Metabolic disorders in cattle and improvement strategies. Front
Vet Sci 12:1470391.

Kardooni Z, Alizadeh Behbahani B, Jooyandeh H et al., 2023. Assessing
Protection Mechanisms against Escherichia coli by Analyzing Auto-
and Co-Aggregation, Adhesion Ability, Antagonistic Activity and
Safety Characteristics of Potentially Probiotic Lactobacillus
acidophilus B103. Nutr Food Sci Res 10(1):11-21.

Kazemifard N, Dehkohneh A and Baradaran Ghavami S, 2022. Probiotics
and probiotic-based vaccines: A novel approach for improving
vaccine efficacy. Front Med 9:940454.

Kazmierczak-Siedlecka K, Roviello G, Catalano M et al, 2021. Gut
microbiota modulation in the context of immune-related aspects
of Lactobacillus spp. and Bifidobacterium spp. in gastrointestinal
cancers. Nutrients |3(8):2674.

Khalifa HO, Shikoray L, Mohamed M-YI et al, 2024. Veterinary drug
residues in the food chain as an emerging public health threat:
Sources, analytical methods, health impacts, and preventive
measures. Foods 13(11):1629.

Khalil F Ibrahim RR, Emeash H et al.,, 2021. Probiotic supplementation
alleviated stress and improved performance, meat quality, sensory
acceptability and microbiological status of broilers. ] Adv Vet Res
11(2):93-101.

Kleyn FJ and Ciacciariello M, 2021. Future demands of the poultry
industry: will we meet our commitments sustainably in developed
and developing economies? World's Poult Sci | 77(2):267-278.

Kober AKMH, Riaz Rajoka MS, Mehwish HM et al, 2022.
Immunomodulation potential of probiotics: a novel strategy for
improving  livestock  health, immunity, and productivity.
Microorganisms 10(2):388.

Kokoszynski D, Zochowska-Kujawska J, Kotowicz M et al., 2022. Carcass
characteristics and selected meat quality traits from commercial
broiler chickens of different origin.Anim Sci | 93(1):e13709.

Konieczka P, Sandvang D, Kinsner M et al., 2022. Bacillus-based probiotics
affect gut barrier integrity in different ways in chickens subjected
to optimal or challenge conditions.Vet Microbiol 265:109323.

Kouhounde S,Adéoti K, Mounir M et al., 2022. Applications of probiotic-
based multi-components to human, animal and ecosystem health:
concepts, methodologies, and action mechanisms. Microorganisms
10(9):1700.

Krysiak K, Konkol D and Korczynski M, 2021. Overview of the use of
probiotics in poultry production.Animals | 1(6):1620.

Kwoji ID, Aiyegoro OA, Okpeku M et al., 2021. Multi-strain probiotics:
synergy among isolates enhances biological activities. Biology
10(4):322.

Kyoung H, Kim E, Cho JH et al,, 2023. Dietary yeast cell wall enhanced
intestinal health of broiler chickens by modulating intestinal
integrity, immune responses, and microbiota. Poult Sci
102(6):102660.

Latif A, Shehzad A, Niazi S et al., 2023. Probiotics: mechanism of action,
health benefits and their application in food industries. Front
Microbiol 14:1216674.

Leistikow KR, Beattie RE and Hristova KR, 2022. Probiotics beyond the
farm: Benefits, costs, and considerations of using antibiotic
alternatives in livestock. Front Antibiot 1:1003912.

Liang Q, Liu Z, Liang Z et al., 2025. Current challenges and development
strategies of bacteriocins produced by lactic acid bacteria applied
in the food industry. Compr Rev Food Sci Food Saf 24(1):e70038.

Liu L, Li Q,YangY et al, 2021. Biological function of short-chain fatty
acids and its regulation on intestinal health of poultry. Front Vet Sci
8:736739.

Liu L, Ling H, Zhang W et al, 2022. Functional comparison of
Clostridium butyricum and sodium butyrate supplementation on
growth, intestinal health, and the anti-inflammatory response of
broilers. Front Microbiol 13:914212.

Lopes SA, Roque-Borda CA, Duarte JL et al., 2023. Delivery strategies of
probiotics from nano-and Microparticles: trends in the treatment
of inflammatory bowel disease-an overview. Pharmaceutics
15(11):2600.

Luise D, Bosi P, Raff L et al., 2022. Bacillus spp. probiotic strains as a
potential tool for limiting the use of antibiotics, and improving the
growth and health of pigs and chickens. Front Microbiol
13:801827.



1522

Liu XF, Shao JH, Liao YT et al., 2023. Regulation of short-chain fatty acids
in the immune system. Front Immunol 14:1186892.

Luo C,Wang L, ChenY et al., 2022. Supplemental enzyme and probiotics
on the growth performance and nutrient digestibility of broilers
fed with a newly harvested corn diet. Animals 12(18):2381.

Ma ], Mahfuz S,Wang ] et al., 2021. Effect of dietary supplementation with
mixed organic acids on immune function, antioxidative
characteristics, digestive enzymes activity, and intestinal health in
broiler chickens. Front Nutr 8:673316.

Maas RM, Deng Y, Dersjant-Li Y et al,, 2021. Exogenous enzymes and
probiotics alter digestion kinetics, volatile fatty acid content and
microbial interactions in the gut of Nile tilapia. Sci Rep | 1(1):8221.

Maharjan P, Martinez DA, Weil | et al., 2021. Physiological growth trend of
current meat broilers and dietary protein and energy management
approaches for sustainable broiler production. Animal 15:100284.

Matara D-l, Pouliakis A, Xanthos T et al., 2022. Microbial translocation
and perinatal asphyxia/hypoxia: a systematic review. Diagnostics
12(1):214.

Matis G, Mackei M, Boomsma B et al.,, 2022. Dietary protected butyrate
supplementation of broilers modulates intestinal tight junction
proteins and stimulates endogenous production of short chain
fatty acids in the caecum.Animals 12(15):1940.

Memon FU, Yang Y, Zhang G et al, 2022. Chicken gut microbiota
responses to dietary Bacillus subtilis probiotic in the presence and
absence of Eimeria infection. Microorganisms 10(8):1548.

Mesfin YM, Mitiku BA and Tamrat Admasu H, 2024. Veterinary drug
residues in food products of animal origin and their public health
consequences: A review.Vet Med Sci 10(6):e70049.

Mohammed AA, Zaki RS, Negm EA et al, 2021. Effects of dietary
supplementation of a probiotic (Bacillus subtilis) on bone mass and
meat quality of broiler chickens. Poult Sci 100(3):100906.

Montesinos CA, Khalid R, Cristea O et al, 202I. Space radiation
protection countermeasures in microgravity and planetary
exploration. Life | 1(8):829.

Mountzouris KC, Tsirtsikos P, Kalamara E et al., 2007. Evaluation of the
efficacy of a probiotic containing Lactobacillus, Bifidobacterium,
Enterococcus, and Pediococcus strains in  promoting broiler
performance and modulating cecal microflora composition and
metabolic activities. Poult Sci 86(2):309-317.

Muneeb M, Khan EU, Ali M et al., 2025. Effects of replacing antibiotics
with probiotics and antimicrobial peptides on performance, gut
health, carcass traits, meat quality, and welfare in broilers infected
with Eimeria and Clostridium perfringens. Trop Anim Health Prod
57(4):184.

Nawaz AH, Amoah K, Leng QY et al, 2021. Poultry response to heat
stress: Its physiological, metabolic, and genetic implications on meat
production and quality including strategies to improve broiler
production in a warming world. Front Vet Sci 8:699081.

Ni H, Chan BK-W,Ye L et dl., 2024. Lowering mortality risk in CR-HvKP
infection in intestinal immunohistological and microbiota
restoration. Pharmacol Res 206:107254.

Nordeus K, 2023. When science is not enough: antibiotic Growth
Promoters and the precautionary principle within the European
Union. In: From Breeding & Feeding to Medicalization: Animal
Farming, Veterinarization and Consumers in Twentieth-Century
Western Europe.pp:267-286

Obianwuna UE, Agbai Kalu N, Wang ] et al, 2023. Recent trends on
mitigative effect of probiotics on oxidative-stress-induced gut
dysfunction in broilers under necrotic enteritis challenge: a review.
Antioxidants 12(4):911.

Onrust L, Ducatelle R,Van Driessche K et al,, 2015. Steering endogenous
butyrate production in the intestinal tract of broilers as a tool to
improve gut health. Front Vet Sci 2:75.

Ortiz Sanjuan |JM, Manzanilla EG, Cabrera-Rubio R et al, 2022. Using
shotgun sequencing to describe the changes induced by in-feed
zinc oxide and apramycin in the microbiomes of pigs one week
postweaning. Microbiol Spectr 10(4):e01597-01522.

Pantazi AC, Balasa AL, Mihai CM et al, 2023. Development of gut
microbiota in the first 1000 days after birth and potential
interventions. Nutrients |5(16):3647.

Paul SS, Rama Rao SV, Hegde N et al, 2022. Effects of dietary
antimicrobial growth promoters on performance parameters and
abundance and diversity of broiler chicken gut microbiome and
selection of antibiotic resistance genes. Front Microbiol 13:905050.

Panwar S, Sharma S and Tripathi P, 2021. Role of barrier integrity and
dysfunctions in maintaining the healthy gut and their health
outcomes. Front Physiol 12:71561 1.

Pak Vet J, 2025, 45(4): 1514-1523.

Pewan SB, Kabantiyok D, Emennaa PE et al., 2025. Advancing Nigerian
Indigenous Poultry Health and Production, Use of Probiotics as
Viable Alternatives to Antibiotics: A Review. Antibiotics 14(8):846.

Puvanasundram P, Chong CM, Sabri S et al., 2022. Efficacy of single and
multi-strain probiotics on in vitro strain compatibility, pathogen
inhibition, biofilm formation capability, and stress tolerance. Biology
L1(11):1644.

Qiu K,Wang X, Zhang H et al,, 2022. Dietary supplementation of a new
probiotic compound improves the growth performance and health
of broilers by altering the composition of cecal microflora. Biology
11(5):633.

Rehman MS-u, Rehman SU,Yousaf W et al., 2021.The potential of toll-like
receptors to modulate avian immune system: exploring the effects
of genetic variants and phytonutrients. Front Genet 12:671235.

Reuben RC, Sarkar SL, Ibnat H et al., 2022. Novel mono-and multi-strain
probiotics  supplementation modulates  growth, intestinal
microflora composition and haemato-biochemical parameters in
broiler chickens.Vet Med Sci 8(2):668-680.

Rodrigues LS, Barreto AS, Bomfim LGS et al.,, 2021. Multifunctional, TNF-
a and IFN-y-Secreting CD4 and CD8 T Cells and CD8High T Cells
Are Associated With the Cure of Human Visceral Leishmania sis.
Front Immunol 12:773983.

Rokon-Uz-Zaman M, Bushra A, Pospo TA et al, 2023. Detection of
antimicrobial resistance genes in Lactobacillus spp. from poultry
probiotic products and their horizontal transfer among Escherichia
coli.Vet Anim Sci 20:100292.

Rose EC, Odle J, Blikslager AT et al, 2021. Probiotics, prebiotics and
epithelial tight junctions: a promising approach to modulate
intestinal barrier function. Int | Mol Sci 22(13):6729.

Ruvalcaba-Gémez |M, Villagran Z, Valdez-Alarcén J) et al., 2022. Non-
antibiotics strategies to control Salmonella infection in poultry.
Animals 12(1):102.

Sagar P, Aseem A, Banjara SK et al, 2023. The role of food chain in
antimicrobial resistance spread and One Health approach to
reduce risks. Int ] Food Microbiol 391:110148.

Saha S, Fukuyama K, Debnath M et al.,, 2023. Recent advances in the use
of probiotics to improve meat quality of small ruminants: a review.
Microorganisms | 1(7):1652.

Sampath V, Koo DH, Lim CB et al, 202I. Supplemental effect of
lactobacillus  plantarum on the growth performance, nutrient
digestibility, gas emission, excreta microbiota, and meat quality in
broilers. Braz ] Poult Sci 23(04):eRBCA-2021.

Sangiorgio G, Calvo M, Migliorisi G et al, 2024. The impact of
Enterococcus  spp. in  the immunocompromised host: a
comprehensive review. Pathogens 13(5):409.

Selvamani S, Dailin DJ, Gupta VK et al, 2021. An insight into probiotics
bio-route: translocation from the mother’s gut to the mammary
gland.Appl Sci | 1(16):7247.

Shaheen G, Akram M, Jabeen F et al, 2019. Therapeutic potential of
medicinal plants for the management of urinary tract infection: A
systematic review. Clinic Exp Pharmacol Physiol 46(7):613-624.

Sharifi-Rad ], Rodrigues CF, Stojanovi¢-Radi¢ Z et al., 2020. Probiotics:
versatile bioactive components in promoting human health.
Medicina 56(9):433.

Shehata AA, Yalgin S, Latorre |D et al,, 2022. Probiotics, prebiotics, and
phytogenic substances for optimizing gut health in poultry.
Microorganisms 10(2):395.

Shin Y, Han S, Kwon | et al, 2023. Roles of short-chain fatty acids in
inflammatory bowel disease. Nutrients |5(20):4466.

Slawinska A, Dunislawska A, Plowiec A et al, 202l. TLR-mediated
cytokine gene expression in chicken peripheral blood
mononuclear cells as a measure to characterize immunobiotics.
Genes 12(2):195.

Soares MP, Teixeira L and Moita LF 2017. Disease tolerance and
immunity in host protection against infection. Nat Rev Immunol
17(2):83-96.

Soren S, Mandal GP, Mondal S et al, 2024. Efficacy of Saccharomyces
cerevisiae fermentation product and probiotic supplementation on
growth performance, gut microflora and immunity of broiler
chickens.Animals 14(6):866.

Soumeh EA, Cedeno ADRC, Niknafs S et al, 2021. The efficiency of
probiotics administrated via different routes and doses in
enhancing production performance, meat quality, gut morphology,
and microbial profile of broiler chickens. Animals | 1(12):3607.

Stasiak-Rézanska L, Berthold-Pluta A, Pluta AS et al., 2021. Effect of
simulated gastrointestinal tract conditions on survivability of
probiotic bacteria present in commercial preparations. Int |
Environ Res Public Health 18(3):1108.



1523

Strzelec M, Detka |, Mieszczak P et al, 2023. Immunomodulation-a
general review of the current state-of-the-art and new therapeutic
strategies for targeting the immune system. Front Immunol
14:1127704.

Suganya K and Koo BS, 2020. Gut-brain axis: role of gut microbiota on
neurological disorders and how probiotics/prebiotics beneficially
modulate microbial and immune pathways to improve brain
functions. International journal of molecular sciences 21(20):7551.

Tegegne BA and Kebede B, 2022. Probiotics, their prophylactic and
therapeutic applications in human health development:A review of
the literature. Heliyon 8(6)

Teng P-Y, Adhikari R, Llamas-Moya S et al., 2021. Effects of combination
of mannan-oligosaccharides and B-glucan on growth performance,
intestinal morphology, and immune gene expression in broiler
chickens. Poult Sci 100(12):101483.

Terpou A, Papadaki A, Lappa IK et al., 2019. Probiotics in food systems:
Significance and emerging strategies towards improved viability and
delivery of enhanced beneficial value. Nutrients I1(7):1591.

Tian M, He X, Feng Y et al, 2021. Pollution by antibiotics and
antimicrobial resistance in livestock and poultry manure in China,
and countermeasures. Antibiotics 10(5):539.

Upadhayay U and Vishwa PCV, 2014. Growth promoters and novel feed
additives improving poultry production and health, bioactive
principles and beneficial applications: the trends and advances-a
review. Int ] Pharmacol 10(3):129-159.

Valipourian R, Shariatmadari F Ahmadi H et al., 2025. Probiotic post feed
restriction supplementation on realimentation performances,
carcass characteristic, gut morphology and gut microbes of broiler
chicken. ] Appl Poult Res 34(1):100502.

Vlaicu PA, Untea AE,Varzaru | et al., 2023. Designing nutrition for health-
Incorporating dietary by-products into poultry feeds to create
functional foods with insights into health benefits, risks, bioactive
compounds, food component functionality and safety regulations.
Foods 12(21):4001.

Vu QDH, Pham LP, Vo TD et al., 2025. Gut Microbiota deliverables:
reflecting the Efficacy of Dietary Probiotic Supplementation for
Growth and Feed Utilization in Litopenaeus vannamei Towards
Sustainable Aquaculture. Isr ] Aquac 77(2):377-390.

Wang X, Zhang P and Zhang X, 2021. Probiotics regulate gut microbiota:
an effective method to improve immunity. Molecules 26(19):6076.

Wang M, Wichienchot S, He X et al,, 2019. In vitro colonic fermentation
of dietary fibers: Fermentation rate, short-chain fatty acid
production and changes in microbiota. Trends Food Sci Technol
88:1-9.

Pak Vet J, 2025, 45(4): 1514-1523.

Wassenaar TM, Juncos VA and Zimmermann K, 202I. Interactions
between the gut microbiome, lung conditions, and coronary heart
disease and how probiotics affect these. Int ] Mol Sci 22(18):9700.

Wickramasuriya SS, Park |, Lee K et al, 2022. Role of physiology,
immunity, microbiota, and infectious diseases in the gut health of
poultry.Vaccines 10(2):172.

Wiodarczyk M, Slizewska K, Barczynska R et al., 2022. Effects of resistant
dextrin from potato starch on the growth dynamics of selected
co-cultured strains of gastrointestinal bacteria and the activity of
fecal enzymes. Nutrients 14(10):2158.

Yesilyurt N,Yilmaz B,Agagiindiiz D et al.,2021. Involvement of probiotics
and postbiotics in the immune system modulation. Biologics
1(2):89-110.

You S, MaY,Yan B et al., 2022. The promotion mechanism of prebiotics
for probiotics: A review. Front Nutr 9:1000517.

Yousaf S, Nouman H, Ahmed | et al, 2022. A review of probiotic
applications in poultry: improving immunity and having beneficial
effects on production and health. Adv Microbiol 61(3)

Yue T, Lu Y, Ding W et al, 2025. The role of probiotics, prebiotics,
synbiotics, and postbiotics in livestock and poultry gut health: a
review. Metabolites 15(7):478.

Yue Y, Luasiri P, Li ] et al., 2024. Research advancements on the diversity
and host interaction of gut microbiota in chickens. Front Vet Sci
11:1492545.

Zang J, Lin T, Xu C et al,, 2025. Advances in lactic acid bacteria and their
metabolites in fermented foods: mechanisms of food quality
enhancement, gut microbiota modulation, and future prospects.
Food Rev Int [-35.

Zeise KD, Woods R} and Huffnagle GB, 2021. Interplay between Candida
albicans and lactic acid bacteria in the gastrointestinal tract: impact
on colonization resistance, microbial carriage, opportunistic infection
and host immunity. Clinic Microbiol Rev 34:¢00323-00320.

Zhang L, Zhang R and Li L, 2023. Effects of probiotic supplementation on
exercise and the underlying mechanisms. Foods 12(9):1787.

Zhang S, Zhong G, Shao D et al, 2021. Dietary supplementation with
Bacillus subtilis promotes growth performance of broilers by
altering the dominant microbial community. Poult Sci 100:100935.

Zheng S, LiY, Chen C et al., 2025. Solutions to the dilemma of antibiotics
use in livestock and poultry farming: regulation policy and
alternatives. Toxics 13(5):348.

Zou Q, Fan X, Xu Y et al, 2022. Effects of dietary supplementation
probiotic complex on growth performance, blood parameters,
fecal harmful gas, and fecal microbiota in AA+ male broilers. Front
Microbiol 13:1088179.



