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Abstract

The gut microbiome is considered a fundamental component of animal biology and plays
important roles in nutrition, digestion, metabolism, immunity, intestinal health and
productivity. This review aims to collate and critically review the previous studies of gut
microbiome in different animal species with special focus on the microbial composition and
diversity, factors influencing the microbiome, host-microbe interactions and its relevance to
animal health and production. To this end, 20 pre-existing review studies on ruminants,
poultry, pigs, companion animals, horses and aquatic animals were reviewed and compared.
According to the literature reviewed, there appears to be a great deal of variation in the gut
microbial communities of different animal species. Diet, age, genetics, environmental
conditions, management practices and health status are major influences on gut microbial
communities. Collectively, the evidence suggests that gut microorganisms are involved in
nutrient utilization, fermentation, intestinal barrier integrity, immune regulation, resistance
to pathogens and efficiency of growth and production. The reviewed studies also highlight
the potential of probiotics, prebiotics, dietary manipulation and other microbiome-targeted
strategies to improve animal health and productivity. New developments in 16S rRNA
sequencing, metagenomics and metabolomics have further increased our knowledge on
microbial diversity and host-microbe interactions. To summarize, this review highlights the
gut microbiome as an important biological link between nutrition, health, immunity and
animal productivity, and calls for more standardized and species-specific research to
translate microbiome knowledge into practical and sustainable animal production strategies.
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1: Introduction

The gut microbiome is the collective name for the complex and diverse community of
microorganisms that live in the gastrointestinal tract of animals. This community is composed
of bacteria, archaea, fungi and viruses which continuously exchange with the host and
participate in the digestion, utilization of nutrients, metabolism, regulation of immune system,
development of the intestine and protection from pathogens [1]. Accordingly, the gut
microbiome is now recognized as a vital functional component of animal physiology and
health.The composition and activity of the gut microbiome varies greatly between animal
species and is influenced by a range of factors including diet, age, genetics, environmental
conditions, management practices and health status. These factors can alter microbial
diversity and metabolic activity and subsequently affect animal growth, nutrient utilization
and physiological performance. For example, in ruminants, ruminal microorganisms play a
key role in the fermentation of complex plant carbohydrates and supply metabolites that make
a substantial contribution to the animal’s energy supply [2,4].The gut microbiome also plays
an important role in maintaining the integrity of the gut and in regulating the immune system.
[5].In contrast, dysbiosis or disturbance of the normal microbial balance may compromise
intestinal health and increase susceptibility to disease [3,6].Recent developments in molecular
biology, 16S rRNA sequencing, metagenomics and other omics technologies have greatly
improved our knowledge of animal gut microbiomes. These technologies allow researchers to
study microbial composition, functions and host interactions [1]. At the same time, there has
been a growing interest in microbiome-based nutritional strategies such as probiotics,
prebiotics, dietary manipulation and functional feed additives as potential approaches to
improve animal health and production.

2. Previous Review Studies on Gut Microbiome in Animals

The gut microbiome is a complex and dynamic ecology of microorganisms such as bacteria,
archaea, fungus, viruses and protozoa dwelling in different regions of the digestive tract.
These bacteria strongly affect how the animal host interacts with its diet and environment.
These are extremely necessary for digestion, metabolism of nutrients, growth of the intestines,
control of the immune system, elimination of infections and maintenance of the body's
balance[7]. Recent research has revealed that the gut microbiome is more than a collection of
microbes. It is an important part of an animal’s body, which can change its metabolism,
health, ability to adapt and productivity.The gut microbiome is very different depending on
where you are in the digestive tract and the type of animal. Microbial diversity and abundance
are greatly affected by factors such as the structure of the digestive tract, diet, age, genetics,
environmental conditions, management techniques and the physical state of the person. In
ruminants, rumen microorganisms are important in fermenting plant-derived carbohydrates
and breaking down intricate feed components to metabolites usable by the host. This
microbial fermentation affects the availability of nutrients and feed efficiency. It is also linked
to methane production and environmental protection.

[8].
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Figure 1. The role of gut microbiota in animal health and productivity.

The intestinal microbiome also plays an equally important role in nutrient digestion ,
intestinal barrier function , immune development and resistance against pathogenic
microorganisms in monogastric animals such as pigs and poultry . The microbial community
is able to produce bioactive metabolites, particularly short-chain fatty acids (SCFAs), which
participate in the maintenance of epithelial integrity and regulation of inflammatory and
immune responses. Disturbances in microbial composition, often referred to as dysbiosis, can
adversely affect intestinal health and result in reduced growth, impaired nutrient utilization,
increased susceptibility to disease and lower production performance [9].Diet is one of the
most important determinants of the structure and function of the animal gut microbiome.
Dietary fiber, protein, carbohydrates, fats, minerals and various feed additives can cause
alterations in microbial populations and their metabolic activities. There is growing evidence
that nutritional strategies aimed at modulating the gut microbiome may offer important
opportunities to improve animal health and productivity. Thus, probiotics, prebiotics,
synbiotics, and postbiotics have attracted significant interest as potential alternatives or
adjuncts to conventional antimicrobial strategies. These therapies can trigger beneficial
bacteria, enhance the intestinal barrier function, alter immunological responses and promote
the consumption of nutrients [10].The link between the gut microbiota and animal health is
also very essential from a production perspective. A stable, functionally diversified microbial
population can increase feed conversion, growth performance, disease resistance and animal
wellbeing. Conversely, environmental stress, rapid dietary changes, viral illnesses, exposure
to antimicrobials and poor management may alter microbial homeostasis. Studies on farm
animals revealed that diversity of gut microbiota is connected with health, immunity,
behavior, stress reactions and welfare, suggesting that characteristics of the microbiome could
be used as biological markers of the health condition of animals .Another important
advancement in this field is the increasing use of high- throughput sequencing and
metagenomic methods. Methods such as 16S rRNA gene sequencing, shotgun metagenomics,
metatranscriptomics, metabolomics and other multi-omics methods have expanded our ability
to describe microbial communities and study their functional activities. These methodologies
are helping scientists to progress from microbial taxonomic identification to microbial roles,
host-microbe interaction and metabolic pathways. Recent reviews emphasize that future
animal microbiome studies will increasingly depend on multi-omics approaches, standardized
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databases, and targeted microbiome interventions to improve animal health, production
efficiency, and sustainability.Overall, the available literature shows that the gut microbiome is
an integral part of animal biology and an important research area linking nutrition, immunity,
metabolism, disease resistance, welfare, productivity and environmental sustainability.
However, there are large differences between animal species, and the mechanisms by which
specific microbial communities influence host physiology are not fully understood. Thus, a
comparative analysis of previous studies is useful to identify common patterns, species-
specific traits, main research gaps, and promising microbiome-based approaches. The table
below summarizes 20 selected review studies that address the gut microbiome of different
animal species and highlight their principal research

Table 1. Summary of Previous Review Studies on Gut Microbiome in Animals

o.N Study focus Animal Main findings
1 Gut microbiome Various animals Microbiota contributes to digestion,
overview immunity, and animal health.
2 Gut microbiota Ruminants & Microbial composition differs according to
comparison monogastrics digestive physiology.
3 Microbiota and Farm animals Gut microbiota is associated with health,
animal welfare stress, and welfare.
4 Microbiota and Livestock Microbial metabolites support intestinal
intestinal barrier barrier integrity.
5 Gut yeasts Livestock Yeasts may influence digestion and
gastrointestinal health.
6 Microbiome Calves Early diet strongly affects microbial
development colonization and development.
7 Microbiota and Young ruminants | Gut microbes interact with intestinal
immunity development and immunity.
8 Microbiome Ruminants 16S rRNA sequencing improves
sequencing characterization of gut microorganisms.
9 Microbiota and Ruminants Dietary manipulation can modify rumen
methane microbes and methane production.
10 | Essential oils and Ruminants Essential oils can modify rumen
microbiota fermentation and microbial activity.
11 | Microbiota and meat | Livestock Gut microbes may affect metabolism and
quality meat-quality traits.
12 | Microbiota and meat | Ruminants Microbial metabolism is linked to fat
quality deposition and meat characteristics.
13 | Poultry gut Chickens Microbiota modulation can improve
microbiota growth, health, and productivity.
14 | Genetic factors Chickens Host genetics and environment influence
gut microbial composition.
15 | Gut microbiota and | Pigs Microbes affect nutrient utilization,
production immunity, and growth performance.
16 | Diet and microbiome | Dogs & cats Dietary composition strongly influences
gut microbial communities.
17 | Microbiome and Dogs & cats Microbial imbalance is associated with
health obesity and chronic disorders.
18 | Equine microbiome | Horses Gut microbes participate in fermentation,
nutrition, and immune regulation.
19 | Fish gut microbiome | Aquaculture fish Gut microbiota plays an important role in
immunity and fish health.
20 | Probiotics and gut Finfish Probiotics can improve microbial balance,
health immunity, and disease resistance.
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3: Composition and Diversity of the Animal Gut Microbiome

The gut microbiome of animals is a highly diverse microbial ecosystem, the composition of
which varies according to the species of animal, the region of the gastrointestinal tract, age,
diet and environmental conditions . Bacteria are the dominant group of micro-organisms, but
other micro-organisms such as archaea, fungi, viruses etc also contribute to the general
microbial community. In bacterial groups, Firmicutes, Bacteroidetes, Proteobacteria and
Actinobacteria are commonly found in the gastrointestinal tracts of many domestic animals,
but their relative abundance differ widely among species [8].Ruminants possess a rumen,
which houses a distinctive community of microbes specialized for anaerobic fermentation.
Bacteria, archaea, protozoa and fungi together degrade plant structural carbohydrates, and
produce volatile fatty acids. The abundance and activity of these microorganisms are strongly
affected by diet and feeding conditions, thus the rumen microbiome is especially important
for feed digestion and energy metabolism [9].In monogastric animals such as pigs and
poultry, most of the microbial populations are present in the distal gastrointestinal tract where
undigested components of the diet provide substrates for microbial fermentation. These
microorganisms are involved in the metabolism of nutrients, in the production of short-chain
fatty acids, in the maintenance of intestinal integrity and in the protection of pathogenic
organisms. These communities are subject to considerable change in early life as the
gastrointestinal tract develops and 1s increasingly colonized by microorganisms
[10].Microbial diversity is also an important indicator of the stability of gut ecosystems . A
diverse microbial community can provide functional redundancy, where different
microorganisms can perform similar metabolic functions, and help the ecosystem be stable in
the face of diet or environmental changes . However, more diversity does not always translate
into better health, as the functional properties and interactions of microbial populations are
also important. Thus, recent work has increasingly moved away from measures of diversity
[8,11] and toward the composition and function of microbes.The characterization of animal
gut microbiomes has been greatly improved by advances in 16S rRNA sequencing,
metagenomics, metatranscriptomics, and metabolomics. These approaches enable researchers
to characterize microbial taxa and to study their functional genes, metabolic pathways and
interactions with the host. This information is crucial to understand how differences in
microbiome composition are linked to nutrition, immunity, disease resistance, growth, and
productivity of animals [11].

4: Results and Discussion of the Reviewed Literature

Analysis of the 20 studies reviewed shows that the gut microbiome plays a central role in
animal digestion, nutrition, immunity, health, growth and productivity. Different animal
species were employed, but some recurring themes were discovered in the studies reviewed:
the importance of microbial diversity, host-microbe interactions, dietary impacts and
microbial metabolites in maintaining intestinal homeostasis [12,13].Another more consistent
observation was the considerable effect of nutrition on the composition and activities of the
gut microbiota. Dietary substrates may influence the availability of nutrients for microbial
growth and fermentation, and hence modify microbial diversity and metabolic pathways. The
rumen microbiome is especially important in ruminants since microbes breakdown plant
structural carbohydrates and generate metabolites that contribute to host energy metabolism
[13,14]. Recent multi-omics investigations have further shown complicated relationships
between diet, host and rumen microbes, stressing the significance of microbial activities
rather than microbial composition solely [15].The study of literature also identified a
significant correlation between gut microbiota and the health and immunity of animals. A
healthy microbial community may participate in the integrity of the intestinal barrier,
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modulation of immune responses and inhibition of dangerous microorganisms. Conversely, a
disturbance of microbial balance may increase the vulnerability for intestinal disorders and
severely effect the animal health [12,16]. Probiotic supplementation has also been described
to alter intestinal microbial communities and immune status in monogastric animals with
potential benefits for digestion growth and disease resistance [17].Another important finding
is the link between gut microbiota and the growth and productivity of animals. Microbial
communities are associated with nutrient transformation and energy metabolism, which could
affect feed efficiency and growth. The existence of a core gut microbiota has been linked to
animal development and metabolism, indicating that particular microbial communities may be
responsible for stable physiological and productive characteristics in individuals [18].The gut
microbiome may also affect meat quality in livestock . Microbial activity can influence host
metabolism, lipid deposition, oxidative processes and other physiological pathways associated
with meat characteristics. Therefore, manipulation of gut microbial communities may be a
promising approach to improve not only the animal growth, but also the quality of animal-
derived food products [19].The reviewed studies further emphasized the possible role of
probiotics and microbial interventions. Probiotic microorganisms may improve the microbial
balance thru competitive exclusion of pathogens, alteration of intestinal conditions and
stimulation of the host immune response. Probiotic supplementation in ruminants has been
associated with improved nutrient digestibility, feed efficiency, growth and production, but
the response depends on the microbial strain, dose, diet, animal breed and management
conditions [20]. Similar benefits have been reported for multistrain probiotics applied to
ruminants, poultry and pigs although not all studies show consistent results [21].Microbial
metabolites are another key mechanism linking the microbiome and animal physiology. For
example, gut microbiota-derived metabolites are involved in host metabolic and physiological
processes in pigs, and probiotics can alter the production of these metabolites [22]. This
supports the idea that microbial functional activity and microbial metabolites may be more
informative than the mere abundance of single microbial species.Overall the evidence
reviewed suggests that the gut microbiome is a major biological link between nutrition,
intestinal health, immunity, growth, productivity and food quality. However, there is a large
variation between species of animals and experimental conditions. Different diets, ages,
breeds, environments, microbial strains, sequencing methods and experimental designs might
result in different microbiome responses. Therefore, future investigations should focus on
standardized methodologies, functional microbiome analysis, and controlled interventions to
determine causal relationships and to develop reliable microbiome-based strategies for animal
production

4. Conclusion

This review highlights the gut microbiota as an important feature of animal health and
productivity. Its composition and activity are greatly modified by diet, age, genetics,
environment and management, its key roles are digestion, nutrient metabolism,
immunological modulation and disease defense. Microbiome-targeted techniques such as
probiotics, prebiotics and nutritional manipulation offer potential opportunities to improve
animal performance and support sustainable production. Future work should focus on
identifying functional microbial communities and creating accurate and species specific
strategies for microbiome management.
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