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NOAA, Earth.org, IPCC

Methane emissions are rising Warming potential of methane 
compared to CO2

+ 0.5 oC
Current temperature increase due to 
anthropogenic methane emissions

~ 0.3 oC
The temperature increase we can avoid by 2040s 
with a methane reduction of 30%



Pathways to Low Emission Future

FAO, 2023



Meeting the Paris Agreement Targets
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Methane Reductions – Feed Additives
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Seaweed (Dairy) 
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Seaweed (Beef)
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Bromoform (Synthetic)
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Seaweed Alternatives

Control Powder Oil

Kelly et al. 2025



Bromoform (Synthetic)
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Enteric methane emissions (g/d)

Control Powder Oil

Kelly et al. 2025



Bovaer (3NOP) - Inhibitor Thorsteinsson et al. 2023



Meta-analysis - Bromoform

Kebreab et al., submitted



Bovaer (3NOP) - Inhibitor

van Gastelen et al. 2024



Early Life Programming

Martinez-Fernandez et al. 2024



Bovaer (3NOP) - Inhibitor

Martinez-Fernandez et al. 2024



Dietary Lipids

Ramirez-Agudelo and Kebreab, in prep

Second-Order Meta-Analysis
• Synthesizes results from 

multiple first-order meta-
analyses.

• Controls for overlapping 
data using robust methods

• Provides high-level evidence 
from ≈184 primary   studies 
across 13 meta-analyses. 

Dietary lipids offer a moderately 
effective, scalable methane 
mitigation strategy.



Tannins



Tannin containing byproducts

Akter et al. 2025



Akter and Kebreab, in prep



Tannin-Based Additives

Souza and Kebreab, in prep

Meta-Analysis on Tannin-Based Additives
• 25 peer-reviewed in vivo studies; 79 treatment means

Key Findings
• CH₄ Production – 9.3%
• CH₄ Yield – 9.0%
• CH₄ Intensity (dairy) – 8.1% 
• No significant impact on milk yield, DMI, or ADG

Mechanism and Moderators
• CH₄ reduction linked to ↓ fiber digestibility (NDFD ↓ 9.8%)
• Condensed tannins slightly more effective than blends or hydrolysable tannins
• Dose-response: CH₄ ↓ ~1% per 1 g/kg DM tannin

Tannins offer mild but consistent methane reduction



Essential Oils

Fouts et al., 2025

No effect in multiple studies



Tannin containing byproducts

Metha.ai, 2025
AI-driven model based on deep microbiome sequencing, which predicts the effect of 
feed additives on methane emissions



Microbial Engineering

RUMEN Gateway

A global effort led by 
Queen’s University 
Belfast and 20+ partners 
to explore the microbial 
world of the rumen and 
accelerate methane 
mitigation



Innovations in Methane Reduction
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Brady Cress, UC Berkeley

Search Cut Edit



Innovations in Methane Reduction
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Genetic Selection



Vaccines

Development Steps
✓ Antigen Identification: Target key methanogens; 

limited in vitro cultures available.
✓ Vaccine Formulation: Explore recombinant 

proteins, synthetic peptides, consider adjuvants 
etc.

✓ Challenge Models: Develop reliable in vitro models to assess efficacy 
× Vaccine Stability: Shelf-life of at least 1 year needed
× Vaccination schedule: determine optimal dosing regimen, early life intervention?
× Safety and Efficacy Studies: Ensure minimal adverse reactions, comparable to existing 

vaccines



Production vs. Methane Intensity

80%
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Thank You!

Ermias Kebreab 

ekebreab@ucdavis.edu

go.ted.com/ermiaskebreab

linkedin.com/in/ermias-kebreab-
74108a25/

mailto:ekebreab@ucdavis.edu


Q&A with Professor Kebreab 

Chair: Professor Steven Morrison
Head of Sustainable Livestock Systems Branch, Agri-Food and 
Biosciences Institute (AFBI)



Closing Remarks

Professor Gerry Boyle
Chair, AgriSearch
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