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ARTICLE INFO ABSTRACT

Modulating the gut microbiome is critical for maintaining the health and productivity of
laying hens. Nutritional interventions are essential for preserving gut integrity under the
pressures of high egg production and alternative housing systems. The present study
aimed to provide a comprehensive synthesis of current knowledge on the relationship
between nutritional strategies and gut microbiome modulation and productivity in
laying hens. A systematic literature search of PubMed, Scopus, and ScienceDirect (2015-
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Elhedc:tf:; 2026) retrieved 108 studies that met the eligibility criteria for qualitative analysis. The

P inclusion of probiotics, prebiotics, organic acids, exogenous enzymes, vitamins, minerals,

and amino acids in laying hen diets was associated with improved microbial balance,

Kevwords: intestinal function, immune status, and nutrient utilization, resulting in greater egg
E Y rodu'ction production and egg quality. These nutritional approaches provided sustainable
Gi% glicrobiome alternatives to antibiotic growth promoters, supporting resilient egg production systems
Lavine hen by improving gut health and maintaining productive performance in laying hens.
Nu}',critgional intervention Productive performance, short-chain fatty acid production, and reduced pathogenic
Welfare colonization in laying hens were all positively influenced by nutritional interventions

that effectively modulate the gut microbiome.

1. Introduction

Poultry eggs constitute a vital source of high-quality
animal protein globally, playing an important role in human
nutrition and food security!3. Increased global demand,
fueled by population growth and changing dietary habits, has
led to intensified egg production through advancements in
genetics, nutrition, and health management?45. Modern
commercial layer strains, such as ISA brown and Lohmann
brown, have been genetically selected for high laying
performance, with industry data indicating production of
over 300 eggs per hen annually under commercial
management conditions®-8.

Despite progress in genetics, nutrition, and health
management, intensified egg production poses significant
challenges. These challenges include increased vulnerability
to infectious diseases, diminished egg quality, and welfare
concerns’.  Prolonged high-intensity laying places
considerable physiological stress on hens, which has been
associated with impaired gastrointestinal function, altered
metabolic status, and increased susceptibility to disease,
particularly during the late laying phase1%11, These challenges
may be exacerbated in resource-limited production systems,

where optimal health management is more difficult to
maintain!2, Concurrently, rising consumer awareness of
animal welfare has prompted a shift from conventional cage
systems to alternative housing options such as free-range and
cage-free production!3. While these systems may enhance
behavioral welfare, they also expose hens to greater
environmental stressors, pathogens, and parasitesi4-16, Such
exposures can increase risks to gut health, productivity, and
food safety!”. Disruptions to the gut microbiome in free-range
and cage-free production environments have been linked to
higher shedding rates of foodborne pathogens
and reduced laying performance?s.

The gut microbiome of laying hens is a complex and
dynamic ecosystem essential for nutrient metabolism,
immune regulation, intestinal integrity, and overall
productivity®. The gut microbiota contributes to host health
through the production of short-chain fatty acids (SCFAs),
competitive exclusion of pathogens, and regulation of
intestinal barrier integrity20-22. However, different stressors,
including dietary imbalances, environmental changes, heat
stress, and pathogen exposure, can disrupt microbial

Cite this paper as: Anyigor EA, Jecinta EO, Ogbuewu IP, and Etuk EB. Nutritional Intervention: Impacts on Gut Microbiome, Health, and Productivity of Laying Hens.
Journal of World's Poultry Science. 2026; 5(1): 9-16. DOI: 10.58803 /jwps.v5i1.116

The Author(s). Published by Rovedar. This is an open-access article distributed under the terms of the Creative Commons Attribution License
—~ (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.


https://doi.org/10.58803/jwps.v5i1.116
http://creativecommons.org/licenses/by/4.0
https://doi.org/10.58803/jwps.v5i1.116
http://jwps.rovedar.com/
http://jwps.rovedar.com/
http://jwps.rovedar.com/
mailto:anyigoremeka@gmail.com
https://jwps.rovedar.com/index.php/JWPS/article/view/116?version=3
https://orcid.org/0000-0002-1153-5081
https://orcid.org/0009-0003-5864-1847
https://orcid.org/0000-0003-4895-7867
https://orcid.org/0000-0003-3385-8006

Anyigor EA et al. / Journal of World's Poultry Science. 2026; 5(1): 9-16.

homeostasis, leading to dysbiosis and compromised
performance?223,

Several nutritional interventions have emerged as
effective and sustainable strategies for modulating the gut
microbiome and enhancing the health, welfare, and
productivity of laying hens2425. Dietary supplementation with
probiotics?428, prebiotics2¢, organic acids, minerals, amino
acids, exogenous enzymes, and vitamins, has been shown to
improve microbial balance, enhance intestinal morphology,
strengthen immune function, and optimize nutrient
utilization. These effects can contribute to increased egg
production, improved egg quality, and may support overall
physiological resilience and health status. Importantly, these
dietary strategies may serve as viable alternatives to
antibiotic growth promoters, aligning poultry production
with antimicrobial stewardship and welfare-oriented goals2.
The present study aimed to synthesize current evidence on
the effects of nutritional interventions on the gut microbiome,
health, welfare, and productivity of laying hens.

2. Materials and methods

A systematic literature search was conducted using
PubMed, Scopus, and ScienceDirect databases for articles
published between January 2015 and January 2026. The
search strategy employed combinations of keywords,
including laying hens, gut microbiome, probiotics, prebiotics,

organic acids, enzymes, vitamins, minerals, amino acids, egg
production, and egg quality. A total of 312 records were
obtained from PubMed (n = 112), Scopus (n = 112), and
ScienceDirect (n = 98). After removal of 50 duplicates, 262
records were screened based on title and abstract, resulting
in 86 exclusions. Full-text assessment was conducted for 176
articles, of which 68 were excluded for reasons including
studies on broilers or other poultry (n = 35), absence of gut
microbiome outcomes (n = 8), non-nutritional interventions
(n =13), and conference abstracts or unavailable full texts (n
= 12). Inclusion criteria included studies that provided
information on nutritional interventions in laying hens and
included outcomes related to gut microbiome, performance,
welfare, health, or egg quality. Eligible studies were
conducted on laying hens at any stage of lay, contained
sufficient methodological detail to enable evaluation, and
presented unique quantitative or qualitative data relevant to
the review topic. Only articles published in peer-reviewed
journals between 2015 and 2026 were included. Ultimately,
108 studies met the inclusion criteria and were included in
the qualitative synthesis, as illustrated by the PRISMA flow
diagram (Figure 1). Data extraction focused on intervention
type, microbiome outcomes, health and productivity
measures, and study characteristics. Due to heterogeneity in
study designs, interventions, and outcome measures, a meta-
analysis was not feasible.

Targeting Gut Microbiome, Gut Health and Productive Outcomes
Records identified through data base search (2015 —2026)

Total records identified (n = 312)

Records screened (n =262) =)

Inclusion criteria
Focus: Nutritional interventions in the laying
hen

Outcome: gut microbiome, health, and
productivity.

Population: Laying hens (all stages).

Study design: quantitative or qualitative data
Publication: Peer-reviewed (2015 - 2026)

Included Eligibility Screening

Studies included in qualitative synthesis (n =108)

e

Duplicated removed (n=50)

Records excluded (n =86)

Full-text articles excluded (n = 68).
Studies on broilers or other poultry (n=35)
No gut microbiome outcomes(n=8),
Non-nutritional interventions (n=13),

Conference abstracts or unavailable full texts
(n=12).

e

Figure 1. PRISMA flow diagram for systematic review of nutritional interventions in laying hens from January 2015 and January 2026

3. Gut microbiome in laying hens

The gut microbiome of laying hens is characterized by a
delicate balance among commensal, beneficial, and
potentially pathogenic microbes21012, Key bacterial phyla in
this ecosystem include Firmicutes, which are involved in
energy harvesting and nutrient metabolism, Bacteroidetes,
which contribute significantly to carbohydrate digestion and
immune modulation, and Proteobacteria, which often include
opportunistic pathogens!214. Elevated proportions of
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Proteobacteria may indicate microbial imbalance or
dysbiosis’3. These microbial communities are constantly
changing, influenced by age, diet, environmental conditions,
and modifications in production systems. Early microbial
colonization during the initial stages of life is crucial, as it
helps establish a strong balanced gut microbiota. This
foundation supports lifelong health, optimal egg production,
and may improve the overall hen welfare2!2. Nutritional
interventions play a pivotal role in shaping this microbial
ecosystem. By modulating the abundance and activity of
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beneficial microbes and suppressing harmful bacteria, these
dietary interventions influence gut health, nutrient
utilization, and immune competencel1213,

4. Effects of nutritional intervention on the gut
microbiome

Nutritional interventions, including probiotics and
prebiotics (Table 1), organic acids, exogenous enzymes,
vitamins (Table 2), minerals (Table 3), and amino acids, are
essential for maintaining a balanced and resilient gut
microbiome!*. These additives can enhance gut health and
immune function, improve nutrient utilization and
absorption, strengthen disease resistance, and reduce
inflammation and stress. Ultimately, feed additives contribute
to increased productivity and welfare in laying hens1516.

4.1. Probiotics

Live beneficial bacteria, known as probiotics, form
symbiotic interactions within the host's gastrointestinal tract
and have been shown to enhance immunity, gut integrity, and
performance?*28, Probiotics modify the gut microbiome by
increasing beneficial microorganisms, improving gut
integrity and nutrient absorption, stimulating mucin
production, strengthening the mucosal barrier against
pathogens and toxins, and producing SCFAs2427, Additionally,
certain probiotic strains have been associated with improved
growth performance, egg production, egg quality, and overall
physiological status in laying hens28-31. Several probiotic
species, including Lactobacillus, Bacillus, Faecalibacterium,
Bifidobacterium, and Saccharomyces (yeast), have been
extensively studied for their roles in poultry nutrition. These
microbes promote gut health by modulating the intestinal
microbiota, enhancing food intake, and regulating immune
responsesi22425,

Lactobacillus species are among the most extensively
studied probiotics due to their ability to regulate intestinal
microbial ecosystems and improve host function.
Supplementation of late-phase laying hens with Lactobacillus
rhamnosus GG has been shown to improve eggshell
ultrastructure, lipid metabolism, and production
performance2829,

Another important category of probiotics for laying hen
nutrition includes Bacillus species. Bacillus aryabhattai
CKNJh11 has been demonstrated to significantly improve the
growth performance and egg quality of laying hens?2°. Bacillus
species remain highly stable during feed preparation and
storage due to their ability to form spores30-32, These species
synthesize digestive enzymes and antimicrobial peptides,
which can enhance feed digestibility and suppress pathogenic
bacteria30-32, These effects contribute to improved intestinal
health and microbial balance30-32, Supplementing laying hen
diets with Bacillus has been associated with improvements in
immunological homeostasis and stress resistance through
modulation of the gut-brain axis, in addition to intestinal
health30-32, Yeasts, particularly Saccharomyces cerevisiae,
provide additional functional benefits in poultry diets32-34,
These microorganisms offer bioactive metabolites, improve
feed efficiency and stress tolerance, stabilize gut microbiota,
and boost immunological responses in laying hens2427.34,
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4.2. Prebiotics

Prebiotics are non-digestible dietary fibers and
oligosaccharides that selectively stimulate the growth and
activity of beneficial intestinal microorganisms, such as
Lactobacillus and Bifidobacterium species3s. In poultry
nutrition, common prebiotics include fructo-oligosaccharides
(FOS), mannan-oligosaccharides (MOS), galacto-
oligosaccharides (GOS), and another complex glycans35-38,
These compounds resist digestion in the upper
gastrointestinal tract and are fermented by gut microbiota in
the lower gut!%37. Studies in laying hens have demonstrated
that dietary supplementation with MOS and FOS enhances
cecal fermentation, reduces populations of potentially
pathogenic bacteria, and promotes beneficial microbial
taxal038, These effects contribute to improved gut microbial
balance and enhanced overall stability of the intestinal
ecosystem?439. Prebiotics act as fermentable substrates that
selectively enhance populations of beneficial microbes and
modulate gut microbiome composition*%-43. Mechanistically,
prebiotics increase production of key SCFAs such as acetate,
propionate, and butyrate, which in turn improve nutrient
solubility, support energy supply for epithelial cells, and
inhibit pathogen proliferation2243. Prebiotic supplementation
has been associated with increased villus height and deeper
crypts, which expand the absorptive surface area of the small
intestine and contribute to improved nutrient uptake and
digestive efficiency3742. Morphological improvements
correlate with a more diverse and balanced microbiota, in
which beneficial microbes outcompete harmful bacteria via
mechanisms such as competitive exclusion and production of
inhibitory metabolites3839.

In laying hens, dietary prebiotic supplementation has
been associated with increased egg production rates,
improved feed conversion ratios, and enhanced egg quality
parameters compared with unsupplemented controls*?. The
MOS, in particular, has been shown to improve productive
performance and gastrointestinal function by modulating
intestinal microbial activity, enhancing nutrient digestibility,
and improving gut morphology and absorptive capacity38.
Under high-stress conditions, including thermal stress and
pathogenic challenge, prebiotic supplementation has been
shown to enhance resilience in laying hens by supporting
intestinal integrity, stabilizing gut microbial communities,
and reducing enteric pathogen load!337.

4.3. Synbiotics

Probiotics and prebiotics can create a synbiotic effect
when used together, enhancing microbial viability, functional
activity, and stable colonization of the gastrointestinal
tract2526, Synbiotics supplementation has consistently been
linked to increased SCFA production, enhanced mucosal
immune function, improved nutrient digestibility, and
strengthened intestinal barrier integrity in laying hens2225.26,
Increased SCFA production, particularly acetate and butyrate,
supports epithelial cell energy metabolism, modulates
inflammatory signaling pathways, and promotes intestinal
homeostasis under both normal physiological conditions and
during environmental or nutritional stress!32237. From a
practical poultry nutrition standpoint, incorporating
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probiotics and prebiotics into layer diets represents a
sustainable strategy for enhancing intestinal health,
productivity, and egg quality while reducing dependence on

antibiotic growth promoters?526, Synbiotics facilitate villus
development, SCFA synthesis, and mucosal defense systems
through complementary mechanisms?225.26,

Table 1. Influence of probiotics and prebiotics on gut microbiome, health, and productivity in laying hens

Probiotic / Prebiotic Influence on gut microbiome, health, and productivity effects Reference
e Outcompetes pathogens and increases villus he.lght, produces SCFAS,. which improve gut (28)
morphology, nutrient absorption, and eggshell quality
Bacillus spp. Modulates the microbiota-gut-brain axis and then enhances laying performance and stress (29-32)
tolerance

Saccharomyces spp. Ferments indigestible substrates and supports gut health, and immunity (32-34)
lggggt)o—ollgosaccharldes Supports beneficial bacteria, produce SCFA, improves egg quality, and reduces cholesterol level (36)
Glycans Modulates microbial composition and supports microbial balance (37)
Mannan-oligosaccharides Substrate for Lactobacillus/Bifidobacterium, maintains gut health, and disease resistance (38)

(MOS)

SCFAs = Short-chain fatty acid

4.4. Organic acids

Organic acids, including formic, acetic, lactic, and citric
acids, along with their respective salts, are increasingly
recognized as effective alternatives to antibiotic growth
promoters in poultry diets*t. These acids serve multiple
functions, including modulation of the gut microbiome,
enhancement of nutrient utilization, and improvement of
overall productivity#3-47. In the gut microbiome, organic acids
primarily lower gastrointestinal pH, creating an environment
unfavorable for acid-sensitive pathogens such as Salmonella
spp. and Escherichia coli, while promoting beneficial
populations of Lactobacillus and Bifidobacterium*34546, Lactic
acid, whether directly supplemented or produced by lactic
acid bacteria, enhances microbial fermentation, suppresses
coliforms, and supports SCFA production*s. Citric acid lowers
intestinal pH and chelates minerals, thereby enhancing
microbial balance*5-50. Additionally, citric acid increases
goblet cell density, reinforcing mucin production and
improving intestinal barrier function48-50. Regarding
intestinal morphology and nutrient absorption, organic acids
that modulate microbial populations and pH have been
shown to increase the villus height-to-crypt depth ratio,
thereby improving absorptive surface area and nutrient
absorption#5051, QOrganic acid supplementation has been
associated with improved feed conversion efficiency, egg
mass, and laying rate due to enhanced nutrient utilization and
reduced pathogen-associated energy costs*7-52,

4.5. Exogenous enzymes

In laying hens, exogenous enzymes such as xylanase,
phytase, B-glucanase, a-galactosidase, and protease help
degrade non-starch polysaccharides and other anti-
nutritional components in plant-based feeds®3-55. This
enzymatic hydrolysis reduces digest viscosity, increases
release of encapsulated nutrients, and enhances nutrient
digestibility and absorption>3-55. These effects supported a
healthier gut environment and can contribute to improved
gut integrity and immune competence>356. Dietary protease
supplementation improved protein hydrolysis and amino
acid availability, reducing undigested protein in the hindgut
and limiting substrates for pathogenic bacteria>6-58,

4.6. Vitamins

Vitamins A, D, E5960, and the B-complext162 are essential
for maintaining a healthy gut microbiome, supporting
immune function, promoting nerve health, facilitating
metabolic processes, and improving calcium/phosphorus
absorption®64,  Some evidence from poultry studies,
including broiler chickens, suggested that vitamin B6
supplementation may alleviate intestinal stress and modulate
gut microbiota®l. Vitamin B12 supplementation has been
linked to beneficial shifts in SCFA-producing bacteria and
improved eggshell quality®2. Vitamins A and C support
intestinal immunity and help stabilize microbial balance>°.
The gut microbiota, including that of chickens, contributes to
vitamin K2 biosynthesis®?, and distinct forms of vitamin K (K1
and K2) have been shown to play different roles in health and
disease®® (Table 2).

Table 2. Impact of vitamins on gut microbiome, health, and productivity in laying hens

Vitamin Microbiome influence Health and productivity effects Reference
Enhances Lactobacillus, Bifidobacterium and . . . . .
AC e T Supports gut integrity, egg production, and mucosal immunity (59)
B6 Promotes immune-related metabolism Prevents dysbiosis and supports immunity (61)
Improves Butyricicoccus, Ruminococcaceae and Improves nutrient utilization, eggshell quality, and gut
B12 . - . (62)
enhance SCFA-producing bacteria fermentation
D,E Supports beneficial bacteria and reduces Enhances mineral absorption, immunity and stress tolerance (60, 64)

oxidative stress-related dysbiosis
SCFAs = Short-chain fatty acid
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4.7. Minerals

Minerals such as calcium, magnesium, zinc, copper, iron,
selenium, phosphorus, sodium, iodine, and potassium are
vital for laying hens’ health¢7-6¢° (Table 3). In addition to
their structural and metabolic roles, these minerals
significantly affect the gut microbiome, intestinal health,
immune response, and overall egg quality®-71. Calcium
plays a crucial role in regulating gut pH, although excessive
levels can lead to increased Clostridium populations®8.
Magnesium helps maintain stable gut microbial
communities and enhances fermentation efficiency®972.
Zinc strengthens the gut barrier and increases villus
height, while organic or nano-zinc improves the balance of
gut microbiota and enhances zinc content in eggs7374.
Selenium promotes the growth of beneficial lactic acid
bacteria while reducing harmful strains, thus maintaining
a balanced gut microbiome®7.7576, Phosphorus enhances
microbial diversity and boosts the production of SCFA®S.
Sodium and potassium are essential for maintaining
osmotic balance and regulating gut pH, thereby supporting
stable microbial populations®777. Additionally, iodine
regulates thyroid hormone levels, contributing to
microbial stability and immune function?87?. In laying
hens, zinc, selenium, and copper are critical for immune
modulation®7.81.82, Calcium and magnesium are essential
for  eggshell  thickness®87283, Organic  mineral
supplementation, even at lower levels, may outperform
inorganic forms by improving egg mass, laying rates, shell
quality, and feed efficiency due to higher
bioavailability®.74.84,

Table 3. Impact of minerals on gut microbiome, health, and productivity in
laying hens

Health and
Mineral Gut microbiome role productivity Reference
effects
Maintain gut pH and Eggshell formation,
Ca, Mg microbial balance gut integrity (@ 77,68
Suppor.ts b‘eneflclal bacte.rla Improves egg (78,80, 67,
Fe,Na, K colonization and osmotic .
production 77)
balance
Zn, Cu, Support immune Disease resistance, (67, 73-76,
Se modulation egg quality 81,82)
P e ekl o e | (69)

diversity

Ca: Calcium, Mg: Magnesium, Fe: Iron, Na: Sodium, K: Potassium, Zn: Zinc,
Cu: Copper, Se: Selenium, and P: Phosphorus.

4.8. Amino acids

Amino acids are vital for shaping the gut microbiome by
maintaining mucosal integrity, regulating immune responses,
and influencing metabolite production such as histamine,
which affects gut motility and immunity®5-87. Methionine
exerts significant immunomodulatory effects and serves as a
precursor to glutathione®8-%0, Histidine and tryptophan play
essential roles in immune regulation and intestinal
immunological tolerance8>#7. Interactions between amino
acids and the microbiota significantly affect nitrogen
utilization efficiency and intestinal health87.9091, Synergistic
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interactions between minerals and amino acids further
enhance nutrient bioavailability and microbial stability8+87.
Calcium, phosphorus, zinc, copper, and iron influence gut
microbial function by regulating enzymes®2. Organic and
chelated minerals enhance bioavailability and regulate
microbial composition more efficiently than inorganic
sourcesss.

5. Conclusion

The present study demonstrated that a focus on dietary
interventions, including probiotics, prebiotics, organic
acids, exogenous enzymes, vitamins, minerals, and
functional amino acids, can influence the gut microbiota
and its metabolic processes in laying hens. The evidence
indicated that these interventions are associated with
increased SCFA  synthesis, improved intestinal
morphology, enhanced mucosal and systemic immune
responses, optimized mineral absorption, and reduced
pathogen colonization. Correspondingly, improvements
were observed in egg production rate, eggshell quality,
antioxidant status, and overall hen health resilience. The
current findings underscore the importance of nutritional
interactions, particularly between amino acids and trace
minerals in modulating microbial ecology, oxidative
balance, and optimal life expectancy. Precision nutrition
that integrates microbiome-aware feeding regimens offers
an appealing option for sustainable, reduced-antibiotic egg
production systems. The present study was limited by
heterogeneity of study designs, intervention types,
dosages, and outcome measures across the included
studies, which precluded meta-analysis. Additionally, most
studies were conducted under controlled experimental
conditions, which may not fully reflect commercial
production environments. Future studies should focus on
understanding how specific microbes and their byproducts
influence productivity, as well as on long-term studies of
nutrition across different housing systems and breeds.
Furthermore, studies on the interactions between multiple
dietary additives and their synergistic effects on gut health
and performance would provide valuable insights for
precision feeding strategies.
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