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The rumen microbial population, as a complex and dynamic ecosystem, plays
a pivotal role in the health and productive efficiency of sheep. This review
aimed to comprehensively evaluate the role of the rumen microbial population
in sheep performance, health, and production, identify factors affecting its
composition and activity, and examine management strategies for modulating
this microbial community. In this study, research conducted over recent
decades was reviewed to assess the importance and composition of the rumen
microbial population and the factors affecting its dynamics. In addition,
strategies for modulating the microbial population, including probiotics,
prebiotics, yeasts, plant essential oils, and novel technologies such as
microbial population transfer, were considered. The findings indicated that the
rumen microbial population plays an important role in nutrient utilization and,
consequently, growth, feed conversion ratio, carcass characteristics, and milk
production through the fermentation of feed components, fiber digestion,
protein metabolism, volatile fatty acid production, and microbial protein
supply. Maintaining a balanced microbial population is associated with stable
fermentation conditions and animal health and may help reduce the risk of
disorders such as acidosis and bloat. However, inter-individual variation, the
complexity of microbial interactions, and differences in animals’ responses to
nutritional interventions remain important challenges for targeted
management of this community. Therefore, understanding the factors affecting
the structure and activity of the rumen microbial population and the targeted
application of nutritional and management strategies, particularly feed
additives and bioactive compounds, may improve nutrient utilization, maintain
animal health, and enhance sustainable productivity in sheep, while providing
a basis for more precise management of this ecosystem.
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Extended Abstract

Introduction

The rumen microbiome is a complex and dynamic ecosystem that plays a central role in sheep health and production. It consists mainly of
bacteria, archaea, anaerobic fungi, and protozoa that interact with each other and with the host. Through microbial fermentation, plant
structural carbohydrates are degraded and converted into volatile fatty acids (VFAs), while dietary nitrogen is transformed into microbial
protein. These processes contribute substantially to nutrient supply, host metabolism, and animal production. This review aimed to examine
the effects of the rumen microbiome on sheep health and production, identify major factors influencing its composition and activity, and
evaluate nutritional and technological strategies for its targeted management.

Bacteria constitute the dominant microbial group in the rumen, with genera such as Prevotella, Ruminococcus, Fibrobacter, and Butyrivibrio
contributing to carbohydrate degradation, protein metabolism, and VFA production. Anaerobic fungi, including Neocallimastix and
Pecoramyces, contribute to the degradation of lignocellulosic plant tissues through their extensive enzymatic activity. Protozoa participate in
feed particle degradation, bacterial predation, fermentation, and nitrogen metabolism. Methanogenic archaea, particularly members of
Methanobrevibacter, consume hydrogen and carbon dioxide and produce methane, thereby contributing to redox balance but also to
greenhouse gas emissions. The coordinated activity of these microbial groups supports fiber digestion, microbial protein synthesis, VFA
production, and energy supply to the host.

Rumen microbial colonization begins shortly after birth and changes substantially during early development. The introduction of solid feed
and progressive rumen maturation lead to the establishment of an adult-like microbial community. Host breed and genetics also contribute
to microbial variation, and some microbial traits and rumen enterotypes appear to have a genetic component. Among environmental factors,
diet is one of the most important determinants of rumen microbial composition. High-concentrate diets stimulate rapid fermentation of non-
structural carbohydrates, increase propionate production, and may reduce ruminal pH and increase the risk of subacute ruminal acidosis
(SARA). In contrast, forage-rich diets generally support fibrolytic microorganisms and fiber degradation. Heat stress can also alter microbial
composition, fermentation patterns, feed intake, and nutrient metabolism. Feed additives, including probiotics, yeasts, and phytogenic
compounds, may further modify the rumen microbial ecosystem.

The rumen microbiome contributes directly to nutrient availability and animal production through fiber digestion, protein metabolism, and
VFA synthesis. Acetate, propionate, and butyrate represent the major VFAs produced during fermentation and serve important metabolic
functions. Propionate is a major precursor for hepatic gluconeogenesis, whereas butyrate contributes to rumen epithelial development and
energy metabolism. Microbial protein provides an important source of absorbable amino acids after passage to the small intestine. Microbial
lipid metabolism and biohydrogenation can also influence the fatty acid profile of meat and milk.

Beyond nutrition, the rumen microbiome interacts with the host immune system and contributes to mucosal homeostasis. Microbial metabolites
and microbial-associated molecular patterns can influence epithelial integrity, inflammatory pathways, and immune responses. Dysbiosis
may disrupt rumen stability and increase the risk of digestive and metabolic disorders. SARA is particularly associated with high-concentrate
feeding and shifts toward starch- and lactate-producing microorganisms. Such alterations can reduce ruminal pH, suppress some fibrolytic
populations, and disturb normal fermentation. Methanogenesis represents another important microbial process; although it contributes to
hydrogen disposal and fermentation stability, methane formation is associated with energy loss and environmental emissions.

Dietary management is one of the most practical approaches for maintaining a stable rumen microbiome. Appropriate forage-to-concentrate
ratios, gradual dietary changes, and balanced nutrient supply can help prevent excessive fermentation disturbances. Probiotics, including
Saccharomyces cerevisiae, Bacillus spp., and lactic acid bacteria, have been investigated for their ability to stabilize ruminal conditions and
support beneficial microbial populations. Yeast products may stimulate fibrolytic and lactate-utilizing microorganisms, whereas prebiotics
and synbiotics may support the establishment and activity of beneficial microbial communities. Phytogenic compounds and essential oils can
also modify microbial populations and fermentation pathways and may contribute to reduced methane production. However, responses vary
according to additive type, dose, diet, and experimental conditions.

Emerging technologies provide new opportunities for targeted microbiome manipulation. Rumen microbiota transplantation (RMT) has been
proposed as a strategy for modifying microbial communities and restoring microbial stability, although its long-term effectiveness and
consistency require further investigation. Next-generation sequencing, metagenomics, metatranscriptomics, metaproteomics, and
metabolomics have improved the characterization of rumen microbial structure and function and can help identify microbial pathways
associated with health, nutrient metabolism, and methane production.

Despite substantial progress, high inter-animal variation and complex interactions among the host, microbiome, diet, and environment remain
major challenges. Differences in experimental conditions and farm management can also limit the reproducibility of microbiome-based
interventions. Antibiotic use may alter microbial communities and contribute to antimicrobial resistance, emphasizing the importance of
sustainable alternatives. Future research should integrate multi-omics data with host genetics, nutrition, and production information to
identify reliable microbial biomarkers and develop more precise interventions. Precision microbiome management may ultimately allow
nutritional and microbial strategies to be adapted to specific animals and production systems.

Conclusion

The rumen microbiome is a fundamental biological component of sheep health and production. Its microorganisms contribute to fiber
digestion, protein metabolism, VFA production, immune regulation, lipid metabolism, and methane formation. Age, genetics, diet,
environmental stress, and feed additives shape this ecosystem and consequently influence its interaction with the host. Targeted nutritional
management, probiotics, yeasts, phytogenic compounds, and emerging microbiome technologies offer promising approaches for maintaining
rumen stability and supporting sustainable sheep production. Further validation under practical farm conditions is necessary to translate
microbiome-based knowledge into reliable management strategies.
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