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ABSTRACT

The production of ruminants has the two-fold challenge of improving productivity at the same time reducing environmental effects,
especially enteric methane. The article is a synthesis of the literature on nutritional interventions to enhance feed efficiency and decrease
the production of methane. We discuss processes that connect diet, rumen fermentation and methane, and the strategies that can be used
such as forage quality, grain supplementation, fat supplementation and additives such as tannins and probiotics. Economic and practical
factors are moderate in adoption. These should be incorporated into climate-sensitive systems to make ruminant agriculture sustainable.
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Introduction

Ruminants are also key to the global food security, as they transform the
fibrous biomass into protein of high quality. Nevertheless, the industry
needs to maximize the utilization of resources and minimize their
environmental impact. The economic viability and resource sustainability
is determined by the feed efficiency which is the ratio of the feed to the
saleable products. At the same time, one of the primary sources of
anthropogenic methane, which is a powerful greenhouse gas, is ruminants.
The enteric methane is also a loss of dietary energy 212%, which is
associated with both the environmental concern and production
inefficiency. Methods of nutrition that boost feed efficiency and reduce
methane are therefore an essential requirement [1].

Ruminant Feed Efficiency

Genetics, physiology, management and nutrition affect the feed efficiency.
It is nutritionally controlled by the consumption of dry matter and
digestibility of the diet. This is aimed at maximizing the partitioning of
digested nutrients to production. Those diets which are more readily
fermented in the rumen are likely to favour increased microbial synthesis of
proteins and volatile fatty acid production, which increase productivity.
Nevertheless, rumen fermentation is inherently connected with
methanogenesis, which forms a nexus in which nutritional manipulation has
an effect on both production and environment [2].

Production of Methane in the Rumen

Methanogenic archaea produce enteric methane. These microorganisms
directly take hydrogen and carbon dioxide, byproducts of carbohydrate
fermentation, to create CH 4. This hydrogenotrophic methanogenesis is an
important electron sink to avoid hydrogen build up that suppresses
fermentation. The amount of methane exhibits a close relationship with the
type of carbohydrate feed; fibrous diets favor the production of acetate,
which produces more hydrogen whilst starchy concentrates favor
production of propionate which utilizes hydrogen. There are the
composition of diets, the intensity of intake, the rumen microbial
community.

Nutritional Interventions

The most direct and scalable solution is strategic formulation of diet.The
reason is that the nutritional requirement of cows may be satisfied through
the use of high-quality forages and balanced ration.

The basis is the application of high-quality digestible forages. Earlier
harvest forages are better in nutritive content, more digestible and less in
fiber. This increases passage rate and intake, increases feed efficiency and
tends to decrease yield of methane because of rapid fermentation and altered
VFA patterns. Accurate matching of ratios to fit, but not surpass nutrient
needs, can assure maximum productivity in the absence of waste, and
indirectly, efficiency [3].

Fat Supplementation and concentrates.

The replacement of part of the forage with non-fiber carbohydrates alters
fermentation to propionate, which used metabolic hydrogen and decreased
methane. This should be controlled to ensure that ruminal acidosis is
avoided. Methane mitigation Dietary fat supplementation, and especially
with medium-chain or unsaturated fat, is an effective mitigation measure.
Fats have direct anti-methanogenic and protozoic effects and their energy
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density increases the feed efficiency. Too much fat may suppress fiber
digestion and consumption.

Feed Additives

Additives attack methanogenesis either directly or indirectly. Tannins
Tannin polyphenols may bind dietary protein, enhance its bypass value, and
suppress protozoa and methanogens directly. Effects may lower the levels
of methane by 20-30, and high concentrations damage palatability, and
digestibility.

Oils and Fatty Acids: There are antimicrobial fatty acids. Anti-
methanogenic effects are also highly expressed with sources such as garlic
oil, coconut oil, and marine algae, but the limitations are the costs and long-
term effectiveness.

* Probiotics: Adding yeast and bacterial probiotics may either stimulate
hydrogen-producing propionate-producing bacteria or compete with
methanogens or stabilize rumen pH, enhancing efficiency, and possibly
reducing methane. Responses are variable.

* New Additives: 3-Nitrooxypropanol selectively suppresses one of the
enzymes of the methanogenesis process, with more than 30 percent
reduction in activity at zero digestion consequences. Widespread use is
important to obtain regulatory approval and cost [4].

Benefits and Limitations

Co-benefits are compelling. An increase in feed efficiency reduces the cost
of feed and decreases the resources utilized. Methane reduction contributes
to climate change intervention and has the potential to enhance performance
through the diversion of energy in the diet.

Challenges remain. Additive efficacy depends on the context and is
different in terms of diet and animal. There are significant economic
impediments; additive cost will have to be compensated through production
benefits or environmental credits. Practical concerns of supply, palatability,
and integration into the existing systems are important. Any policy that
changes fermentation should be considered in terms of their unforeseen
effects on animal health or systemic emissions [5].

Future Perspectives

The future studies should shift towards integrated and precision feeding.

* Dietary Synergies: Additive effect of lower-dose additives having
minimal side-effects.

The next step involves Genotype x Nutrition Interactions: Targeting
different strategies to particular genetics and systems.

* Life Cycle Assessment: The assessment of an overall system net
environmental quality.

» Carbon Markets: Coming up with schemes through which producers are
compensated to make verified emission cuts.

The future is in the exploitation of nutrition to come up with less emissive,
productive and adaptable ruminant systems.

Conclusion

Improving the feed efficiency and lowering the enteric methane are
complementary objectives. The high-quality forages, balanced ration and
targeted additives are some of the most powerful tools in nutritional
management. Although there is no universal strategy, a set of strategies
unique to particular situations can provide significant returns. Practical and
economic challenges can be overcome through more research, innovation
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and favorable policies. The livestock sector can have a critical role to play [3]  Jian SU, Guangyong ZH, LI MM. USING NUTRITIONAL STRATEGIES TO MITIGATE

in the fut £ tainability by st lini RUMINAL METHANE EMISSIONS FROM RUMINANTS. Frontiers of Agricultural
n the ure ofr sustainability by stréamlining rumen processes. Science & Engineering. 2023 Sep 1;10(3).
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