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The Hidden Cost of Methane

Every day, ruminant animals such as cattle and
buffalo contribute to one of agriculture’s most pressing
challenges—methane emissions. Globally, nearly 600 million
tonnes of methane are released annually, with about 60%
originating from human activities, and agriculture
contributing a major share (FAO, 2023). Livestock alone
accounts for roughly 30-32% of human-caused methane
emissions, making it one of the largest contributors to
agricultural greenhouse gases (UNEP - UN Environment
Programme, 2021). But beyond climate change, methane has
a direct economic implication. Studies show that methane
formation leads to a loss of 3.9-10.7% of ingested feed
energy in ruminants. In practical terms, this means a
significant portion of feed is wasted as gas instead of being
converted into milk, meat, or growth.

Inside the Rumen: A Powerful but Imperfect System

The rumen functions as a natural fermentation
chamber where microbes break down fibrous feed into
volatile fatty acids (VFAs)—the primary energy source for the
animal. However, this process also generates hydrogen (H,),
which must be removed to maintain metabolic balance.
Specialized microbes called methanogens convert hydrogen
and carbon dioxide into methane:

CO, + 4H,— CH, + 2H,0

This process is essential because:
e It prevents hydrogen accumulation
e It stabilizes microbial fermentation

In fact, over 90% of methane emissions from
livestock originate from enteric fermentation in the rumen.
A single cow can produce 250-500 liters of methane per day,
highlighting the scale of the issue.

Why Methane Mitigation Is Challenging

Despite decades of research, methane mitigation
remains difficult due to the complexity of the rumen

e System dependency: Methane production is linked
to essential fermentation processes

e Adaptation: Microbial communities quickly adjust
to interventions

Simply blocking methane production can disrupt
rumen function:

¢ Hydrogen accumulates
e Fermentation efficiency drops
e Animal productivity declines

This explains why many solutions fail outside
controlled laboratory conditions.
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A Smarter Solution: Redirecting Hydrogen

Rather than eliminating methane outright,
researchers are now focusing on a more sophisticated
approach. Redirect hydrogen into beneficial metabolic

ecosystem. pathways. This concept ensures that:
Key challenges: e Hydrogen is safely utilized
e Biological redundancy: Multiple methanogen «  Methane production is reduced
species compensate for each other R cability - tained
. umen stability is maintaine
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The Propionate Pathway: A Win-Win Strategy

One of the most promising hydrogen sinks is
propionate formation. Why propionate is important:

e It consumes hydrogen, reducing methane formation

e It serves as a glucose precursor, improving animal
energy status

e It enhances feed efficiency and productivity

This makes propionate a dual-benefit pathway:
Methane | and Productivity 1

The Microbial Drivers: Key rumen bacteria involved
in propionate production include,

e Drevotella
e  Seclenomonas
e Megasphaera

These microbes help shift fermentation toward more
efficient metabolic routes, acting as natural regulators of
methane emissions.

Strategies for Hydrogen Redirection

Modern research is focusing on guiding rumen
metabolism rather than disrupting it. Key approaches
include:

1. Bioactive Compounds:
Plant-derived molecules (e.g., tannins, saponins) can:
e Suppress methanogens
e Promote alternative pathways
2. Microbiome Modulation:
Encouraging beneficial microbial populations can:
e Enhance propionate production
e  Stabilize fermentation
3. Feed-Based Interventions:

Compounds such as fumarate and malate act as
alternative hydrogen sinks, redirecting metabolic flow.

4. Enzyme-Level Targeting:

Partial inhibition of key enzymes involved in
methanogenesis allows:

e Controlled reduction of methane
¢ Maintenance of rumen stability

Why This Matters for the Future?

Methane emissions from livestock have increased
significantly over time, with global enteric methane emissions
rising by over 50% between 1961 and 2010 (PMC). At the
same time, demand for animal protein is expected to grow
substantially, increasing pressure on livestock systems.

Adopting hydrogen redirection strategies offers:
e Improved feed conversion efficiency
e Increased milk and meat production
¢ Reduced greenhouse gas emissions
¢ Enhanced sustainability
Rethinking the Problem:

Methane should not be viewed simply as a waste gas.
It is a signal of how energy flows within the rumen. The real
solution is not to stop methane—but to reprogram rumen
metabolism. By redirecting hydrogen into pathways like
propionate formation, we can transform an energy loss into
a productive gain.

Conclusion:

Methane mitigation is no longer just an
environmental challenge—it is an opportunity to rethink
efficiency in animal agriculture. Harnessing the power of
rumen biology could redefine how we produce food in a
sustainable world.
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