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Realization of a new livestock

production system to reduce methane
by 80% through complete control
of the bovine rumen microbiome

__________________________________________________

Project Manager (PM): Satoshi Koike
Professor, Hokkaido University

Project Year: FY2020~FY2024
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Background and Goals Livestock production in 2050

Project Background and Rationale 202(h - _,.‘ r e
Methane, a potent greenhouse gas, is produced through that optimized based on real-
microbial fermentation in the bovine rumen (first stomach). This °"‘ ‘ R |
not only contributes to environmental burden but also results in K e, A
the loss of feed energy. By controlling rumen fermentation to - §rosting methandy
minimize methane emissions and redirecting more energy 2050 T WA ] WA £
toward milk and meat production, it is possible to achieve both E4 € .;%
climate change mitigation and improved livestock productivity. & "('g:f:';’.f%"j;’;{"ﬁ"“""g
Technology Development Goals m = w}m W
We aim to develop methane-reducing feed additives and B K

N Information
a smart pill—an indwelling device for measuring and w]. F:::L"’:“
transmitting rumen fermentation data— to control the : Q feeding by AT
rumen microbiome and reduce methane emissions from i -bropany
cattle by 50% by 2030.

Key Research Achievements

(1) We isolated and filed a patent application for anaerobic bacteria (propionate-enhancing strains)
that reduce methane produced during rumen fermentation and emitted through cattle belching
and successfully achieved large-scale cultivation in 30-liter tanks.

(2) We developed a smart pill equipped with a sensor to detect volatile fatty acids (VFAs), which are
closely associated with methane production, and demonstrated continuous in-rumen monitoring
and wireless data transmission.

(3) We discovered a promising plant-derived compound that suppresses methane production by over
90% in vitro.

[Detailed Achievements]

Isolation and cultivation of novel bacteria key to microbiota to produce low methane (SIS

methane reduction e PRSP
We identified key features of the rumen microbiome in '.f":wkl".'f::'&"ff“m ngan
low-methane-emitting cattle and successfully isolated —“&zs " e

Prevotella lacticifex, a novel bacterium that enhances
propionate production, along with supportive strains that 2,
aid its fermentation activity. We characterized their | X
fermentation properties, developed a fully synthetic 9
growth medium tailored to these strains, and achieved | o RS
scale-up cultivation—laying the groundwork for their use v B

as methane-reducing feed additives.

Development of an orally administered smart pill prototype Coln;siz’éa"ti'rcuit Modtiles

We developed a prototype of an orally administrable smart pill —
equipped with a total volatile fatty acid (VFA) sensor, designed to
minimize stress on cattle. The device incorporates compact circuit
modules for sensor operation and wireless communication, achieving
a circuit size comparable to a coin. As the core VFA sensor, we
developed a high-sensitivity resonant-type sensor capable of detecting
VFA concentrations within the typical fluctuation range found in the
rumen. Experimental testing confirmed that the device functions as Diameter 35 mm Length 110 mm
intended over a sustained period within the rumen of cattle.

Contact: Bovine Methane Reduction Project % :":{E j(i

https://anim-func-nutr.agr.hokudai.ac.jp/en/ HOKKAIDO UNIVERSITY
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Screening of promising compounds and development of 120

a simulation to visualize the relationship from feed to 5 100 - -

methane production g o
We successfully screened plant-derived compounds that % I
suppress methane production by over 90% in vitro, along with 0 ' -
several other novel methane-reducing candidates, which show control— +0.1% HLo%
strong potential for use as feed additives. = VFA : Methane

Using data from dairy cow feeding trials—including 30 variables Methane suppression effect by
such as milk yield, feed intake, rumen fermentation, and blood plant-derived materials
parameters—we identified six key explanatory variables for
methane emission estimation and developed a predictive
model. Additionally, we established a simulation framework
based on probabilistic network modeling to visualize
interrelationships among variables. This enables analysis of
potential factors affecting methane production, including rumen
fluid characteristics, milk yield, feed composition, and animal
physiological traits.
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Future Directions

Using tools such as the smart pill, we will identify rumen fermentation conditions and microbiome
profiles associated with low methane emissions. By applying newly developed probiotic
microorganisms—Ilive microbes that benefit the host animal—and methane-reducing agents derived
from natural compounds, we aim to replicate these favorable fermentation conditions. Our goal is
to establish optimal feeding and management strategies that achieve a 50% reduction in methane
emissions at the herd level by 2030.

What We Aspire To —<Rumen>
Bacteria that enhancing |

Feed J Precursor of
"""" ’ propionic acid
o

A

cattle belching by 80% to mitigate global warming,

By 2050, we aim to reduce methane emissions from n
]

while improving milk and meat production efficiency ahn enhancement o
by 10%. In parallel, we will establish a livestock e’m;:m::l CH, ydrogen| * sipperter bactera X
production system that enables 100% of feed-grains burping. inhibition  gnhancement ;/

to be redirected for human consumption, contributing * | o
to global food security and risk reduction. R— - of cow

N
Research Themes and Structure
SatOShi KOike PM Representative institution:

Hokkaido University

1. Rumen Microbiomes (2,3, 2. Smart Pill 3. Methane suppression
4) (2,5,6,7) feed (1,2,8,9)

<Research Institutes>

(1) Hokkaido University / (2) National Agriculture and Food Research Organization / (3) Nagoya University /
(4) Central Research Institute of Zen-Noh Feed and Livestock / (5) National Institute for Materials Science /
(6) The University of Tokyo / (7) National Institute of Advanced Industrial Science and Technology / (8)
Obihiro University of Agriculture and Agriculture / (9) Hokkaido Research Organization

Note: Resonant sensor: A type of gas sensor that can detect specific chemical substances with high sensitivity.
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