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Abstract 

The rumen, a vast and complex fermentation chamber, hosts a remarkably diverse and dense population 

of microorganisms, including bacteria, protozoa, fungi, and archaea. This symbiotic microflora is 

essential for the ruminant animal, as it breaks down complex fibrous plant materials, which the host 

cannot digest, into volatile fatty acids (VFAs) - the animal's primary energy source - and microbial 

protein. Understanding the distinct nutritional requirements and metabolic roles of these microbial 

groups is paramount for optimizing rumen fermentation efficiency. This review explores the 

composition of the rumen ecosystem, the specific nutrient needs (energy, nitrogen, minerals, vitamins) 

of its key microflora, and various dietary strategies and additives employed to manipulate this 

microbial community. Optimizing fermentation efficiency translates into improved animal performance 

(growth, milk yield), enhanced feed conversion, and a reduction in environmental impact, notably the 

mitigation of enteric methane emissions. Continued research in this area is crucial for sustainable and 

productive ruminant agriculture. 

 
Keywords: Ruminants, rumen, microflora, microbial digestion, volatile fatty acids 

 

Introduction 

The rumen can be perceived as an anaerobic and methanogenic fermentation chamber that 

contains microorganisms, hosting a diverse microbial community including bacteria, 

anaerobic fungi, archaea, protozoa, and viruses, that could utilize, and increase the 

productivity of, cellulolytic feeds (i.e. straw, hay, silage and grass). These microorganisms 

play a vital role in breaking down nutrients, producing energy-rich volatile fatty acids 

(VFAs) essential for the host. There are considerable benefits associated with understanding 

rumen function, as rumen dynamics are almost solely responsible for providing nutrients to 

the host animal (C. Matthews et. al, 2019) [10].  

At birth, the digestive system is germ-free, requiring contact with the mother to acquire 

rumen bacteria. In 24 hours, facultative anaerobic bacteria begin colonizing the rumen wall, 

with bacterial diversity reaching its peak among rumen microorganisms (Wei et al., 2022) [9]. 

These microbes collaboratively ferment cellulose, hemicellulose, starch, and proteins, 

generating VFAs, microbial proteins, and gases such as carbon dioxide and methane. The 

animal absorbs VFAs through the rumen wall to meet its energy needs, while microbial 

proteins are digested in the small intestine, contributing significantly to the animal’s amino 

acid intake and overall energy supply. 

Optimizing rumen fermentation efficiency is crucial in ruminant nutrition. Inefficient 

fermentation can result in energy wastage, decreased microbial protein synthesis, digestive 

issues like acidosis, and increased environmental pollution. The goal is to maximize feed 

energy conversion into VFAs and microbial biomass while reducing methane emissions and 

ammonia excretion. Achieving this balance requires a comprehensive understanding of the 

rumen’s microbial ecosystem, including the specific functions and nutritional needs of 

different microbial groups. Strategies such as dietary adjustments, feed processing 

techniques, and targeted additives are employed to modify the rumen environment, 

promoting more efficient fermentation pathways. This review explores the key microbial 

populations within the rumen, their nutritional requirements, and the implications for 
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improving fermentation efficiency in ruminant production 

systems, ultimately aiming to enhance productivity and 

reduce environmental impact. 

 

Rumen Microflora Composition and Diversity 
The rumen ecosystem is incredibly dense, with bacterial 

concentrations estimated at 1010 to 1011 cells per milliliter of 

rumen fluid, and protozoa around 105 to 106 cells/ml. 

Anaerobic fungi are also a vital part of the community, and 

archaea, though fewer in number, perform a critical, albeit 

sometimes detrimental, function. 

 

  
 

Fig 1: Ruminant stomach     Fig 2: Compartments of Ruminant stomach 

 

 
 

Fig 3: Fermentation, energy production and utilization by rumen microbes 

 

2.1 Rumen Bacteria 

Rumen bacteria are the most numerous and functionally 

diverse group in the rumen, accounting for roughly half of 

the total microbial biomass. They are responsible for most 

fermentation activities. Rumen bacteria can be broadly 

classified into different functional groups based on the 

substrates they prefer or utilize: 

 Fibrolytic bacteria: These specialize in breaking down 

complex structural carbohydrates like cellulose and 

hemicellulose. Major genera include Fibrobacter (e.g., 

F. succinogenes), Ruminococcus (e.g., R. albus, R. 

flavefaciens), and Butyrivibrio (e.g., B. fibrisolvens). 

Their enzymes (cellulases, xylanases) are crucial for 

initial fiber degradation. 

 Amylolytic bacteria: These ferment starch and simpler 

sugars. Key genera include Streptococcus (e.g., S. 

bovis, which can multiply rapidly on high-starch diets, 

potentially leading to acidosis), Succinitrio, Prevotella, 

and Ruminobacter. 

 Proteolytic bacteria: These degrade proteins, 
producing peptides and amino acids, which can then be 
further deaminated to produce ammonia. Many genera, 
including Prevotella, Butyrivibrio, Ruminococcus, and 
Streptococcus, exhibit proteolytic activity. 

 Lactic acid-utilizing bacteria: Important for 
preventing acidosis by converting lactic acid (produced 
by rapid starch fermentation) into other VFAs. 
Examples include Megasphaera elsdenii and 
Selenomonas ruminantium. 

 Methanogenic archaea: Though not technically 
bacteria, these single-celled organisms are crucial in 
removing hydrogen, an essential end-product that 
would otherwise inhibit overall fermentation. They use 
hydrogen to reduce carbon dioxide, producing methane 
(CH4) as a byproduct. Common genera are 
Methanobrevibacter and Methanosphaera. 

 

This diversity ensures that various components of the 

ruminant diet can be effectively degraded, albeit at different 

rates and by specialized microbial guilds. 
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Fig 4: Rumen Bacteria 

 
Table 1: Classification of major rumen functional bacteria. 

 

Classification Latin Name of Bacteria 
Gram 

Staining 
Function Source 

Cellulolytic bacteria Ruminococcus flavefaciens G+ degrade cellulose, hemicellulase, xylan Yeoman et al. [18] 

 
Ruminococcus albus G+ degrade cellulose, hemicellulase, xylan 

Rodriguez Hernandez 

et al. [28] 

 
Fibrobacter succinogenes G− ferment cellulose and cellobiose 

 

 
Butyrivibrio fibrisolvens G− 

utilize cellulose, starch, and other polysaccharides, 

secrete pectinase, utilize xylan  

Amylolytic bacteria Streptococcus bovis G+ degrade starch to produce lactic acid Cerqueira et al. [19] 

 
Prevotella ruminicola G− degrade starch, xylan, pectin Anderson et al. [29] 

 
Ruminobacter amylophilus G− ferment starch, degrade protein 

 
Protein-degrading 

bacteria 
Ruminobacter amylophilus G− ferment starch, degrade protein Anderson et al. 

 
Butyrivibrio fibrisolvens G− 

utilize cellulose, starch and other polysaccharides, 

secrete pectinase, utilize xylan 
Cotta et al. 

Fat-degrading bacteria Anaerovibrio lipolytica G− utilize fat and lactic acid Prins et al.  

Lactic acid-producing 

bacteria 
Bifidobacterium lactis G+ 

produce acetic acid, lactic acid, inhibit spoilage 

bacteria 
Uusitupa et al. 

 
Lactobacillus acidophilus G+ produce lactic acid and acetic acid Anjum et al. 

 
Streptococcus bovis G+ produce lactic acid and acetic acid Cerqueira et al. 

Lactic-acid-utilising 

bacteria 
Selenomonas ruminantium G− 

utilize lactic acid to produce acetic and propionic 

acids 
Fan et al. 

 
Megasphaera elsdenii G− ferment fructose, lactic acid Monteiro et al. 

Methanogens 
Methanobrevibacter 

ruminantium 
G+ reduce CO₂, CH₄ Ma et al.  

 
Methanomicrobium mobile G− reduce CO₂, CH₄ Yanagita et al.  

 

2.2 Rumen Protozoa 

Rumen protozoa, predominantly large ciliates, constitute a 

significant portion of the microbial biomass (up to 50% in 

some cases) due to their individual size. Their numbers can 

fluctuate significantly depending on the diet, typically being 

higher on high-forage diets (Morgavi et al., 2010).  

Protozoa perform several important roles: 

 Fermentation stabilization: They ingest starch and 

bacteria, effectively slowing down the rate of starch 

fermentation and reducing the population of lactic acid 

producing bacteria. This helps buffer the rumen pH and 

prevent rapid pH drops associated with acidosis. 

 Fiber digestion: Some protozoa exhibit cellulolytic and 

hemicellulolytic activity, contributing directly to fiber 

degradation, though potentially less efficiently than 

bacteria. 

 Bacterial predation: By engulfing bacteria, protozoa 

recycle microbial nitrogen within the rumen, which can 

reduce the efficiency of microbial protein synthesis 

reaching the small intestine. However, protozoa 

themselves are large, high-quality sources of protein for 

the host, but their slower turnover rate in the rumen 

means they contribute less than bacteria to the 

microbial protein flow. 

 Hydrogen metabolism: Certain protozoa harbor 

methanogenic archaea as endo- and ectosymbionts, 

contributing indirectly to methane production. 

 

Defaunation (removal of protozoa) can sometimes increase 

microbial protein synthesis but may destabilize rumen pH 

and potentially slightly reduce fiber digestion efficiency, 

illustrating the complex, nuanced role of protozoa in the 

ecosystem. 

https://www.biochemjournal.com/
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Fig 5: Rumen Protozoa 

 

2.3 Rumen Fungi 

Anaerobic fungi are another key component of the rumen 

microflora, particularly prominent in animals consuming 

high-fiber diets. Although their biomass might be relatively 

small compared to bacteria and protozoa, they have a unique 

and vital function: (Joblin & Naylor, 1994) [5]. Rumen fungi 

(103- 106 zoospores/ml) are anaerobic, falling into the class 

Neocallimastigomycetes, consisting of 6 previously 

recognised genera (Anaeromyces, Caecomyces, 

Cyllamyces, Neocallimastix, Orpinomyces and Piromyces) 

with 21 known species and, using molecular techniques, 2 

recently discovered genera Oontomyces and 

Buwchfawromyces. Their discovery required a reevaluation 

of the central dogma within microbiology that all fungi were 

aerobic (C. Matthews et. al, 2019) [10]. 

 Physical disruption: Fungi possess extensive 

filamentous hyphae that penetrate deep into tough plant 

material (like stems and leaf sheaths), physically 

breaking open the complex plant cell wall matrix. 

 Potent fibrolytic enzymes: They produce a wide array 

of highly active enzymes (cellulases, xylanases, 

pectinases) that degrade structural carbohydrates. 

 Facilitating bacterial access: By physically disrupting 

the plant tissue and initiating degradation, fungi 

effectively "soften up" the material, creating more 

surface area and points of entry for the much smaller 

fibrolytic bacteria to colonize and finish the job. Fungi 

are thus essential for the efficient utilization of low-

quality, highly lignified forages, and their activity is a 

prerequisite for subsequent bacterial degradation of 

complex fibers. 

 

 
 

Fig 6: Rumen Anaerobic fungi 

2.4 Methanogenic Archaea 

Archaea in the rumen are exclusively methanogens. As 

mentioned, they utilize hydrogen gas (H2), along with 

carbon dioxide (CO2) or other simple carbon compounds 

(like formate), to produce methane (CH4) via an anaerobic 

respiration pathway. This is a critical function because 

hydrogen accumulation in the rumen inhibits the re-

oxidation of cofactors like NADH, essential for ongoing 

carbohydrate fermentation. Methanogens thus act as a 

"hydrogen sink," maintaining low hydrogen levels and 

ensuring efficient fermentation (Cieslak et al., 2013) [8]. 

However, methane is a significant loss of energy for the 

ruminant (2-12% of gross energy intake) and a potent 

greenhouse gas. Consequently, methanogenesis represents 

both an essential microbial function and a significant 

inefficiency, making it a major target for mitigation 

strategies. 

 
Table 2: Concentration of rumen microbes and their function 

 

Microorganism Number Function in the Rumen 

Bacteria 10¹⁰ cells/mL Ferment/degrade a range of substrates and reproduce 

Protozoa 10⁵-10⁶ cells/mL Ferment/degrade substrates, engulf starch, bacteria, and particles, and reproduce 

Archaea 10⁷-10⁹ cells/mL Metabolize hydrogen 

Fungi 10³-10⁵ zoospores/mL Source of cellulolytic enzymes; Fiber degradation and digestion 

Bacteriophages 10⁸-10⁹ cells/mL Infect bacteria 

 

3. Nutritional Requirements of Rumen Microflora 

The dynamic populations of rumen microflora have specific, 

sometimes overlapping, but also distinct nutritional 

requirements for energy, nitrogen, and other essential 

nutrients to maintain growth, metabolism, and fermentation 

activity. Providing balanced and appropriate levels of these 

nutrients is fundamental for supporting a healthy and 

efficient microbial community. 

 

3.1 Energy Requirements (Carbohydrates) 

Carbohydrates are the primary energy source for almost all 

rumen microorganisms. However, the form and 

fermentation rate of these carbohydrates drastically 

influence microbial growth and fermentation patterns: (Van 

Soest, 1994) [7]. 

 Structural Carbohydrates (Fiber): Cellulolytic 

bacteria and fungi are highly adapted to fermenting 

cellulose and hemicellulose. This process is generally 

slow due to the complex structure and association with 

lignin, making overall fiber digestion slower and 

yielding relatively less energy per unit of time 

compared to starch. Adequate amounts of fermentable 

fiber are necessary to maintain optimal rumen motility, 

rumination, and buffering, thus supporting a stable, less 

acidic environment suitable for these fiber-digesting 

microbes. 
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 Non-structural Carbohydrates (Starch, Sugars): 

Amylolytic bacteria and some protozoa rapidly ferment 
starch and soluble sugars. This rapid fermentation 
provides abundant energy, supporting faster microbial 
growth and producing high levels of propionate (a VFA 
and key glucogenic precursor for the host). However, 
excessive and rapid starch fermentation can lead to a 
significant drop in rumen pH (acidosis) due to the 
accumulation of lactic acid, which inhibits fibrolytic 
bacteria and protozoa, negatively impacting overall 
rumen health and digestion efficiency. 

 
The balance and rate of carbohydrate availability are, 
therefore, crucial. Maximizing energy supply for production 
without compromising rumen stability requires careful 
management of the starch-to-fiber ratio and the inclusion of 
buffering capacity in the diet. 
 
3.2 Protein Requirements 
Rumen microorganisms synthesize their own protein 
(microbial protein) from dietary nitrogen (N) sources. This 
microbial protein is subsequent digested by the host animal, 
supplying a large proportion of its metabolizable protein 
needs, often of high amino acid quality (Baldwin & Allison, 
1983) [1]. Microflora primarily utilize: 

 Ammonia (NH3): Many bacteria (especially fibrolytic 
types) prefer or even require ammonia as their primary 
N source for protein synthesis. Dietary protein and non-
protein nitrogen (NPN) sources like urea are degraded 
to produce ammonia in the rumen. Optimal ammonia 
levels (5-10 mg/100 mL of rumen fluid) are necessary 
to maximize microbial growth. Excessive ammonia is 
absorbed and excreted, representing an efficiency loss 
and potential environmental concern. 

 Amino Acids and Peptides: While some microbes 
prefer ammonia, others (often amylolytic and 
proteolytic bacteria, and many protozoa) also readily 
utilize amino acids and peptides from dietary or 
microbial sources. Providing a mix of N forms can 
support more rapid and efficient microbial growth, 
particularly when energy is abundant. 

 
Efficient microbial protein synthesis relies critically on the 
synchronization of fermentable energy (carbohydrates) and 
degradable nitrogen availability. If energy is high but N is 
limiting, N will reduce microbial growth. If N is high but 
energy is limiting, excessive ammonia will be produced and 
wasted. Maintaining optimal and synchronous levels of both 
is essential for maximizing microbial protein yield and 
reducing N wastage. Rumen-undegradable protein (bypass 
protein) escapes rumen fermentation and passes directly to 
the lower digestive tract, useful for high-producing animals 
whose requirements exceed microbial protein supply, but its 
provision must not limit rumen microflora N needs. 
 
3.3 Minerals 
Mackie & White (1990) [3] stated that minerals are critical 
cofactors for numerous microbial enzymes and essential for 
cell structure and energy metabolism within the rumen 
ecosystem: 

 Phosphorus (P): Essential for microbial growth, cell 
wall structure, synthesis of nucleic acids (DNA/RNA), 
and energy compounds like ATP. P is typically 
supplemented, especially on high-fiber diets. 

 Sulfur (S): Required for the synthesis of sulfur-
containing amino acids (methionine, cysteine) and 

certain B-vitamins, particularly important when non-
protein nitrogen (like urea) is used as a significant 
portion of the N supply. 

 Magnesium (Mg), Calcium (Ca), Potassium (K): 
Play vital roles in enzyme function, cell membrane 
stability, and osmoregulation. While requirements are 
generally met by common diets, adequate levels are 
crucial for optimal microbial activity. 

 Trace Minerals (Cobalt, Copper, Zinc, Selenium, 
Iron): Essential cofactors for various microbial 
enzymes, including those involved in fiber digestion, 
hydrogen metabolism, and synthesis of essential 
compounds (e.g., Cobalt for vitamin B12 synthesis). 
Deficiencies, though less common under typical 
management, can significantly impair microbial 
function. Cobalt is particularly noteworthy due to its 
specific role in B12 synthesis by rumen bacteria. 

 
Appropriate mineral supplementation, informed by diet 
composition and animal needs, is vital to prevent 
imbalances that could compromise microbial metabolism 
and overall fermentation efficiency. 
 
3.4 Vitamins 
Rumen microorganisms are generally capable of 
synthesizing all water-soluble B-vitamins and vitamin K 
required by the host animal, eliminating the need for dietary 
supplementation under normal conditions. Some synthesis is 
extensive (e.g., B12, riboflavin, thiamine), while others are 
produced in smaller quantities. However, factors like high 
levels of dietary concentrate, disease stress, or extreme 
nutrient imbalances can potentially reduce microbial vitamin 
synthesis, suggesting that supplementation might be 
beneficial in specific situations for very high-producing 
animals, though definitive proof is often limited. 
 
4. Implications for Optimizing Fermentation Efficiency 
in Ruminants 
Manipulating the rumen microflora by understanding and 
meeting their distinct nutritional requirements offers 
significant opportunities to improve fermentation efficiency 
and overall ruminant productivity and sustainability. 
 
4.1 Dietary Management and Optimization 

 Balancing Forage and Concentrate: Maintaining an 
optimal forage-to-concentrate ratio is perhaps the most 
fundamental dietary management strategy. It involves 
providing sufficient concentrate (and starch) for high 
energy intake and productivity, while ensuring adequate 
effective fiber for proper rumination, buffering, and 
support of a robust fibrolytic population. This prevents 
acidosis, stabilizes pH, and ensures efficient utilization 
of both structural and non-structural carbohydrates. 

 Enhancing Fiber Digestibility: Improving the quality 
and digestibility of forages through physical processing 
(chopping, grinding), steam-flaking grains (increasing 
starch fermentability), or using alkali treatments on 
low-quality residues can enhance microbial access and 
degradation, increasing overall energy yield. 

 Improving Nitrogen-Energy Synchronization: 
Optimizing the timing and amounts of rumen-
degradable nitrogen (from protein and NPN) and 
fermentable carbohydrates in the diet is critical for 
maximizing microbial protein synthesis and reducing 
energy-costly urea recycling and excretion. 
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4.2 Feed Additives for Microbial Modulation 
Nagaraja & Titgemeyer, (2007) [4] observed that various 
feed additives were employed to selectively manipulate 
rumen microflora and fermentation pathways towards 
desired outcomes: 

 Ionophores (e.g., monensin): These antibiotics 
selectively inhibit certain gram-positive rumen bacteria, 
leading to several beneficial shifts: increased propionate 
production (improving energy efficiency), decreased 
methane output (energy capture), and reduced 
breakdown of dietary protein (increasing bypass protein 
and reducing ammonia). Their use significantly 
improves feed conversion and animal performance. 

 Buffers (e.g., sodium bicarbonate): Directly 
neutralize acids produced during rapid fermentation, 
helping to maintain an optimal rumen pH and prevent 
subacute rumen acidosis (SARA). This promotes 
stability, supporting fibrolytic bacteria and protozoa 
that are sensitive to low pH. 

 Direct-Fed Microbials (Probiotics): Additive 
microbes, commonly live yeasts (e.g., Saccharomyces 
cerevisiae) or beneficial bacteria (e.g., Lactobacillus 
species). Yeasts can improve fiber digestion by 
scavenging oxygen (creating a more anaerobic 
environment), stabilizing pH, and producing growth 
factors for cellulolytic bacteria. Bacterial probiotics 
may potentially improve health or competitively 
exclude pathogens, but their consistent efficacy in 
ruminants is less clear compared to monogastric, likely 
due to the robustness of the existing rumen community. 

 Prebiotics: Non-digestible carbohydrates (like 
oligosaccharides) that can selectively stimulate the 
growth and activity of beneficial bacteria already 
present in the rumen, potentially enhancing 
fermentation stability and efficiency. 

 Exogenous Enzymes (e.g., cellulases, xylanases): Can 
potentially complement and enhance the fibrolytic 
activity of rumen microflora, especially for lower-
quality forages, improving fiber digestibility and energy 
yield, though their effectiveness is often variable and 
depends on many factors. 

 Plant Secondary Compounds (e.g., Tannins, 
Saponins, Essential Oils): Natural compounds with 
antimicrobial properties. Some (like tannins) can reduce 
protein degradation and potentially decrease methane, 
though they can also negatively impact palatability and 
overall digestibility at higher concentrations. Saponins 
and certain essential oils are actively researched for 
their potential to inhibit protozoa and methanogens. 

 Methane Inhibitors: Specific chemical inhibitors are 
under intensive research and development to directly 
target methanogens and significantly reduce enteric 
methane emissions, thereby recapturing potentially 
wasted energy for the animal and minimizing 
environmental impact. Successful application of 
additives and dietary strategies requires careful 
consideration of the specific production system, diet 
composition, and desired outcomes, recognizing that 
the rumen ecosystem is complex and can exhibit 
varying responses. 

 
4.3 Conclusion 
Rumen microbiology is a dynamic field that has made 
substantial strides in understanding the vast diversity and 
complex metabolic networks within this unique ecosystem. 
Continued research leveraging advanced metagenomic, 

transcriptomic, and proteomic techniques is further 
elucidating the intricacies of microbial interactions, 
nutritional cross-feeding, and specific requirements under 
varied conditions. 
Optimizing rumen fermentation efficiency remains a core 
goal for enhancing sustainable ruminant agriculture. Future 
opportunities lie in: 

 Detailed Microbiome Engineering: Developing 
highly targeted interventions, potentially including 
engineered strains or specific inhibitors, to precisely 
manipulate microbial populations for improved nutrient 
utilization and reduced environmental impact. 

 Precision Feeding Strategies: Implementing 
sophisticated, synchronized dietary formulations and 
additive regimens tailored to individual animal genetics, 
life stage, and environmental factors to maximize 
efficiency and performance. 

 Harnessing Natural Biodiversity: Further exploring 
the diverse natural rumen microflora, including poorly 
understood groups like the vast array of protozoa and 
fungi, to discover novel enzymes, metabolic pathways, 
and approaches for enhancing fiber degradation and 
minimizing energy loss. 

 
A comprehensive understanding of the rumen microflora 
and their distinct nutritional requirements is foundational for 
implementing effective strategies that optimize fermentation 
efficiency, translating into economically viable, productive, 
and environmentally responsible ruminant production 
systems. 
 
References 
1. Baldwin RL, Allison MJ. Rumen metabolism. Annu 

Rev Microbiol. 1983;37(1):277-302.  
2. Hungate RE. The Rumen and Its Microbes. New York: 

Academic Press; 1966.  
3. Mackie RI, White BA. Recent advances in rumen 

microbial ecology and metabolism: Potential impact on 
nutrient utilization. J Dairy Sci. 1990;73(10):2971-
2995.  

4. Nagaraja TG, Titgemeyer EC. Ruminal acidosis in beef 
cattle: The science and its application. J Anim Sci. 
2007;85:E1-E8.  

5. Joblin KN, Naylor GE. Growth of rumen fungi on cell 
wall components of diverse plant materials. Lett Appl 
Microbiol. 1994;19(3):196-198.  

6. Morgavi DP, Forano E, Martin C, Newbold CJ. 
Microbial ecosystems in the guts of agricultural 
animals. Gut Microbes. 2010;1(3):154-171.  

7. Van Soest PJ. Nutritional Ecology of the Ruminant. 
Ithaca (NY): Cornell University Press; 1994.  

8. Cieslak A, Szumacher-Strabel M, Stochmal A, Oleszek 
W. Plant secondary metabolites for rumen fermentation 
control and methane mitigation: A review. Anim Feed 
Sci Technol. 2013;186(1-2):1-28.  

9. Wei W, Zhen Y, Wang Y, Shahzad K, Wang M. 
Advances of rumen functional bacteria and the 
application of micro-encapsulation fermentation 
technology in ruminants: A review. Fermentation. 
2022;8:564.  

10. Matthews C, Crispie F, Lewis E, Reid M, O’Toole PW, 
Cotter PD. The rumen microbiome: A crucial 
consideration when optimising milk and meat 
production and nitrogen utilisation efficiency. Gut 
Microbes. 2019;10(2):115-132. 

https://www.biochemjournal.com/

