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Abstract

Animal-associated microbiomes are diverse groups of microorganisms that include bacteria, archaea, fungi, and
viruses, that play a vital role in maintaining host health and physiological stability (Zeineldin et al., 2023; Huws,
2019). These communities are involved in nutrient processing, immune system development, and protection against
harmful pathogens (Peixoto et al., 2021; Redfern et al., 2017; Song et al., 2019). The gut microbiome is particularly
significant because it facilitates the breakdown of complex dietary substances and produces bioactive metabolites that

enhance nutrient assimilation and energy utilization (Peixoto et al., 2021; Chen et al., 2021).

Modern advancements in high-throughput sequencing and metagenomic techniques improved understanding of host—
microbiome connections. Studies indicate that these microbial populations affect metabolic processes, growth efficiency,
behavioral patterns, and disease resistance in animals (Forcina et al., 2022). Interruptions in microbial balance, commonly
may refer as dysbiosis that are associated to negative health effects including lower productivity and increased

defenselessness to infections.

Emerging microbiome-based approaches, including probiotics, prebiotics, and fecal microbiota transplantation, provide
practical solutions for improving animal health and supporting sustainable livestock production (Chowdhury et al.,
2025). Continued research in this field is expected to strengthen disease control strategies and enhance agricultural

outcomes.
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1. Introduction continuously interact with host biological functions (Zeineldin et

. , _ al., 2023).
The perception of the microbiome has

become essential in understanding animal Among these, the gastrointestinal microbiome has attracted
physiology, referring to the combined genetic considerable attention due to its key role in digestion, metabolic
material and functional roles of processes, and immune regulation. The host and its associated
microorganisms residing in different part of microorganisms function together as an integrated system,
the body (Huws, 2019; Introduction to influencing overall physiological balance and efficiency (Peixoto
Animal Microbiome, 2024). These microbial et al., 2021). These microbes contribute to the breakdown of
communities inhabit regions such as the complex nutrients, synthesis of essential compounds, and
digestive tract, skin, respiratory system, and maintenance of intestinal structure (Chen et al., 2022; Huws, 2019)..

reproductive organs, where they
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Advances in genomic tools and sequencing
technologies have enabled detailed investigation
of microbial diversity and activity. Evidence
suggests that alterations in microbial composition
can disrupt normal physiological processes,
resulting in reduced growth performance,
metabolic imbalance, and increased vulnerability

to diseases (Forcina et al., 2022).

Host—microbe interactions understanding may

have great implications in veterinary medicine,

livestock production, and wildlife conservation

(Song et al., 2019; Peixoto et al., 2021).. It may
enables the development of targeted strategies,
including nutritional variations and microbiome-
based interventions, to improve animal health and

productivity as a whole.

2. Composition of the Animal

Microbiome

The animal microbiome consists of a complex
and dynamic community of microorganisms,
including bacteria, archaea, fungi, and viruses.
Its composition varies widely depending on
factors such as species, diet, environmental
conditions, and stage of development (Tardiolo

etal.,2025).

Recent study indicates that Bacteria are the
most abundant group and play a fundamental

role in metabolic activities. Archaea are usually

involved in specialized occupations such as methane
production, particularly in ruminant animals (Zeineldin
et al., 2023; Tardiolo et al., 2025).. Fungi are usually
assistted in the degradation of fibrous material, where
as viruses—especially bacteriophages—help in
regulation of microbial populations and smooth the
progress of genetic switch (Zeineldin et al., 2023; Song

etal., 2019).

The diversity and balance of microbial communities are
critical for maintaining host adaptability and resilience to
environmental changes (Forcina et al., 2022; Impact of

the Microbiome on Human, Animal, and

Environmental Health from a One Health Perspective,

2023).

3. Functions of Microbiomes in Animal

Health

3.1 Nutrition and Digestion

Microorganisms within the microbiome contribute
significantly to the digestion of complex dietary
components that cannot be broken down by host
enzymes alone. Through fermentation processes,
compounds such as cellulose are converted into short-
chain fatty acids, which serve as an important energy

source (Chenetal.,2021).

In addition, gut microbes synthesize essential nutrients
that includs B-complex vitamins and vitamin K (Peixoto
etal,, 2021; Chen et al., 2022). These functions has a

great significant in herbivorous specially in ruminant
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species, where microbial activity directly influences

feed efficiency and overall productivity (Tardiolo et

al., 2025; Forcina et al., 2022).
3.2 Immune System Regulation

The microbiome plays a crucial role in shaping and
regulating the immune system. It supports the
maturation of immune cells, enhances the body’s
ability to recognize pathogens, and helps control

inflammatory responses (Redfern et al., 2017).

A unprejudiced microbial community guarantees
proper immune functioning despite the fact that
preventing excessive inflammation. Disturbance in

this balance may compromises immune defenses and

increase disease disease susceptibility (Redfern

etal.,2017; Chen et al., 2022).
3.3 Protection Against Pathogens

Beneficial microorganisms contribute to host defense
by preventing the colonization of harmful pathogens.
They compete for nutrients and binding sites, thereby
limiting the growth of pathogenic organisms (Song
etal., 2019).

Furthermore, these microbes produce antimicrobial
compounds and strengthen epithelial barriers, further
falling the risk of infection (Song et al., 2019; Redfern

etal., 2017).

3.4 Metabolic Regulation

The microbiome influences host metabolism by
affecting energy extraction, lipid metabolism, and
glucose regulation. Microbial metabolites act as
signaling molecules that interact with host

physiological pathways (Maritan et al., 2024).

These interactions contribute to metabolic balance
and reduce the likelihood of metabolic disorders

(Maritan et al., 2024; Peixoto et al., 2021)..
3.5 Growth and Development

Microbial communities play a role in regulating
growth, development, and behavior through their
interaction with hormonal and physiological systems

(Griffiths etal., 2025).

In domestic animals, a well-balanced microbiome
is associated to improved growth rates, efficient feed
conversion, and enhanced production performance

(Griffiths et al., 2025; Forcina et al., 2022)..

3.6 Maintenance of Gut Integrity

The microbiome helps in maintaing the structural
integrity of the gastrointestinal tract by promoting
tight junction formation, stimulating mucus secretion,

and protecting epithelial tissues (Huws, 2019).

These processes improve nutrient absorption and
help in prevent gastrointestinal disorders (Huws,

2019; Redfern et al., 2017).

3.7 Dysbiosis and Disease
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Dysbiosis refers to an imbalance in microbial
communities that disrupts normal physiological
functions. It is associated with digestive disorders,
metabolic diseases, and weakened immune

responses (Thuet al., 2026).

In livestock production systems, such imbalances

can reduce productivity, increase disease incidence,

and lead to economic losses (Forcina et al., 2022;

Ihu et al., 2026). Maintaining microbial balance is

therefore essential for effective health management

4. Discussion

Forcinaetal., 2022, worked on gut microbiomes
and published their research article on
Animala,12(23), article 3375 under the title Gur
microbiome studies in livestock: Achievement,
challenges, and perspectives and lead to
conclusion that major advances in sequencing
technologies, microbiome-host interaction, and
applications for improving animal productivity and
health These findings support the growing use of
microbiome-informed breeding, nutrition, and
disease-management strategies for sustainable
animal agriculture (Peixoto et al., 2021;
Chowdhury et al., 2025). The authors discuss key
challenges such as standardization of sampling
methods data interpretation and translation
microbiome discoveries into practical livestock

management strategies. The paper concludes that

integrating microbiome-based approaches into
breeding, nutrition, and disease control programs
could significantly enhance sustainable livestock

production.

Peixoto et al., 2021 worked on microbiomes and
published his work in Annual Review ofAnimal
Biosciences, 9, 289-311 under the title Advances in
microbiome research for animal health. They
summarize recent development in animal microbiome
research and emphasizes the important of microbial
communities in nutrition, immunity, disease resistance,
and overall animal welfare. The authors examine
emerging technology such as metagenomics,
metabolomics, and microbial engineering,
demonstrating how these tools can improve disease
diagnostics and precision livestock management, The
article also identifies future opportunities for
microbiome manipulation to enhance animal health and

productivity.

Thu et al. (2026) worked on Gut microbiome and
presented a comprehensive review of the gut
microbiome in livestock and aquaculture species. They
examied how microbial alterations in these animals
may influence human health through food systems and
environmental pathways Their review demonstrates
that microbiome manipulation has become an
important component of precision livestock farming
and veterinary medicine (Song et al., 2019; Chen
et al., 2022). The authors adopt a One Health

perspective, emphasizing the interconnectedness of
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animal, human, and environmental health. Their
central argument is that dysbiosis in farm animals
and fish can affect food quality, pathogen
transmission, antimicrobial resistance, and ultimately
the risk of gastrointestinal disorders in humans These
observations reinforce the importance of adopting
One Health strategies for safeguarding animal
welfare, food safety, and public health (Impact of
the Microbiome on Human, Animal, and
Environmental Health from a One Health
Perspective, 2023)..

5. Conclusion

1. The microbiome plays a fundamental role in
maintaining animal health by influencing digestion,
metabolism, immune responses, and resistance to
disease. These microorganisms actively interact
with host systems rather than functioning as passive
inhabitants (Peixoto et al., 2021; Zeineldin et al.,

2023)..

2. A stable and diverse microbial community
enhances nutrient utilization, strengthens immune
function, and improves overall productivity. In
contrast, microbial imbalance can result in health
complications and economic challenges (Forcina

etal., 2022; Ihu et al., 2026).

3. Recent developments have introduced
innovative strategies such as probiotics, prebiotics,
and microbiome engineering, offering new

opportunities to improve animal health. Future

research should focus on host-specific interactions and

precision-based approaches for disease prevention and

sustainable livestock production (Chowdhury etal., 2025;

Song et al., 2019)..

4. Integrating microbiome research into veterinary and
agricultural practices will be essential for improving animal
welfare, increasing productivity, and addressing global
food security challenges (Forcina et al., 2022; Impact of
the Microbiome on Human, Animal, and Environmental

Health from a One Health Perspective, 2023)..
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