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Figure 1 Methanogenic pathways in rumen methanogens. MFR: methanofuran; HyMPT: tetrahydromethanopterin; H4SPT: tetrahydrosarcinapterin;

HS-CoM: coenzyme M; HS-CoA: coenzyme A; HS-CoB: coenzyme
reductase; MTR: methyltransferase
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Figure 2 Rumen methanogenesis and methane emission reduction methods based on different mechanisms
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Table 1 Gibbs free energy of methanogenesis, competition with methanogens for hydrogen and anaerobic oxidation of methane

[65,103,104]

SN TR SRR i I AEAG (kJ/mol)

FRGE A8 i COy+4H,—CH,+2H,0 —67.9
R Ehik JR SO, +4H,+H'—HS +4H,0 —84.4
TR Eh AL J NO; +H,—NO, +H,0 —130
AR R £R34 5 NO, +3H,+2H'—NH,"+2H,0 —372
A 28477 2, 1 2CO,+4H,—CH;COO™+H"+2H,0 -8.7

& DIRIC R W SRAH, IR —63.6

S-DAOM CH4+S0,—HSO; +HS +H,0 (S [f] 7 F ke i:4%) <-16.6
N-DAOM(NO;") 5CH,+8NO; +8H'—5C0,+4N,+14H,0 -765
N-DAOM(NO,") 3CH,+8NO, +8H —3C0,+4N,+10H,0 -928
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Microbial regulatory pathways of methane emission reduction
in the rumen of ruminants

CHEN Liang, TANG YiFan, CHEN HongYi, LIU JianXin & SUN HuiZeng

Institute of Dairy Science, College of Animal Sciences, Zhejiang University, Hangzhou 310058, China
* Corresponding author, E-mail: huizeng@zju.edu.cn

The large amount of greenhouse gas emissions produced by human activities is an important cause of global warming. As the second
largest greenhouse gas in the atmosphere, methane emissions seriously affect human health, ecosystem and food security. Low-carbon
emission reduction is a common goal of the world. Methane emissions from ruminants, more than 90% of which comes from the
rumen, contribute about 17% of total methane emissions worldwide. Rumen methanogenesis in ruminants is the result of direct
process of microorganisms, and its methane emission reduction methods have been extensively studied. However, the specific
mechanism of methane emission reduction strategies is still unclear, which prevents the development of effective and precise
approaches. Therefore, from the perspective of rumen microorganisms and methanogenesis mechanism, this paper summarizes the
existing methane emission reduction mechanisms and corresponding methods for different rumen microbiota, including reducing the
abundance of methanogens or inhibiting methanogenic pathway, reducing hydrogen production or competing for hydrogen by acting
on rumen bacteria and fungi, and indirectly affecting methanogens by defaunation. At the same time, this paper proposes three future
development directions of methane reduction in ruminants, including phage therapy, anaerobic oxidation of methane, and early
regulation of the rumen microbiome, aiming to provide reference for the effective design and comprehensive application of ruminant
methane emission reduction measures in the future.
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