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FAO (2013)

Alfaro & Mejias (2022) in ISBN-13: 978-84-95531-63-6 from 
FAO (2016)
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•Methane is an important GHG from enteric
fermentation

•It has a short life in the atmosphere (10-20 yrs)

•Important mitigation potential

•It is an energy sink, and a cost for the farmer

Methane as an opportunity

Challenges of livestock productionChallenges Measuring devices Trait definition Implementation
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• Green Feed vs RC

Velazco et al. (2016) Animal

• Green Feed (g/d) vs Sniffers (ppm)

• Genetic correlation ~0.77 (van Breukelen et al. 2023, JDS)

• More consistent results when averaging per week

• Higher heritabilities (~0.36)

• Higher repeteabilities (~0.61)

Challenges of livestock productionChallenges Measuring devices Trait definition Implementation
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• Sniffers (2018-2023)

• Advantages
• Do not interact with normal behaviour
• Affordable (ready to be installed in farms per 10k-12k €)
• Allow a large number of records per animal
• Portable
• Produce heritable phenotypes, correlated with other measurements and 

traits DMI, MY, RFI,…

• Limitations
• Do not measure flux (yet…)
• Require AMS or closed feed bin where all cows pass by

All devices produce proxies. Even RC are not true 
representatives because they preclude natural behaviour. 

Methagene was a really important COST action that allowed a 
lot of international collaboration and learning!

Challenges of livestock productionChallenges Measuring devices Trait definition Implementation
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Importance of trait standardization within and accross countries

Example of eructation pattern from sniffers

Challenges of livestock productionChallenges Measuring devices Trait definition Implementation
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Example of eructation pattern

-Mean: Average all values above the baseline

baseline

Challenges of livestock productionChallenges Measuring devices Trait definition Implementation
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Example of eructation pattern

-Mean: Average all values above the baseline
-mean AUC per minute: Area of eructation events

baseline

Challenges of livestock productionChallenges Measuring devices Trait definition Implementation
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Example of eructation pattern

-Mean: Average all values above the baseline
-mean AUC per minute: Area of eructation events
-Average value of peaks magnitude per minute 

baseline

Challenges of livestock productionChallenges Measuring devices Trait definition Implementation
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• We need consensus on how to treat the measurements from sniffers (Research needed)

• We can solve most of limitations of sniffers with computer science and statistics, cheaper 
and worth it for a large scale phenotyping

Challenges of livestock productionChallenges Measuring devices Trait definition Implementation
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• Sniffers 3.0

• Convert sniffers into greenfeeds-like

• Measure or infer flux from respiration or eructation air volume.

• Independent on regression on MY or LW  (Changunda et al. 2009, Madsen et 
al. 2010)

Challenges of livestock productionChallenges Measuring devices Trait definition Implementation
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DATA RECORDING ON FARMS
• 22 commercial farms with methane measurements >2300 cows)

Precision farming

Genotypes (50k SNPs)

Challenges of livestock productionChallenges Measuring devices Trait definition Implementation
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Feed Efficiency
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METHANE

• 2547cows (2018-2022)

• 27 farms (Northern Regions)

• 8,799 weekly averages

DATA RECORDING ON FARMS SINCE 2018

DRY MATTER INTAKE

• 648 cows (2004-2020)

• 5 farms (Galicia, Asturias, Catalonia)

• 15,824 weekly averages



Título de la diapositivaTítulo de la diapositiva

Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria 

DATA RECORDED
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FARM Report

• All collaborating farmers received free genotyping of all 
cows and heifers (funded by the project and CONAFE).

• Small compensation to acknowledge their work.

• A report is sent to the farmer after the measuring period

Bovine EURO12k
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Genetic correlations

• Positive correlation 
between methane and 
feed efficiency.

• Larger intake levels
more methane
emisions less efficiency

• But different energy sinks
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Genetic correlations

• More feed intake, more 
milk, but less efficiency.

• Methane is correlated 
with Fat yield (not prot or 
milk yield)
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METHANE & GENETICS
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METHANE & GENETICS

h2~0.10-0.40

It’s not 
you, it’s 

me!



Título de la diapositivaTítulo de la diapositiva

Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria 

• Heritabilities (0.10-0.40)

Microbiota composition is heritable

• Fungi and protozoa are highly genetically  
correlated to methane emissions
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• Considerations to breed for lower methane emissions (and feed efficiency)

• Breeding for lower methane may impact microbiota modulation
(“organ”).

• What are the expected consequences?

Relationship with FE and microbiota
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• Microbiota composition is regulated by the cow genome

Relationship with FE and microbiota

• Microbes correlated to CH4, are also correlated (in the same direction) with FE 
traits.

• And with increased MY and PY.
• Correlation with FY is antagonistic.
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Genetic trends

Methane traitsFeed Efficiency traits



Título de la diapositivaTítulo de la diapositiva

Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria 

Methane and FE in selection indices
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• Feed Efficiency

• DMI, RFI, Feed Saved, Feed Efficiency ratio traits (per unit of product).

• Methane

• MeC, MeP, RMeP, RMeC, MeI, MeY

• Avoid ratio traits (FE, MeI, MeY)

• Weight traits appropiately
• Economic weights easier to calculate

• Lower genetic correlation with other economically important traits

• Desired genetic response for methane

• Microbiota

Considering traits in the selection indices
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• Based on direct measurements

• To be released on June 2023

• SingleStep Genomic BLUP

• CH4= m + Npar + HWR + DEL  + MP  + PERM + ADIT + e

• h2=0.17

• r2=0.66

• 360,000 evaluated animal (118,000 genotyped)

SPANISH METHANE OFFICIAL EVALUATION
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SPANISH METHANE OFFICIAL EVALUATION

GEBV reliability

GEBV adjusted 
reliability
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SPANISH METHANE OFFICIAL EVALUATION



Título de la diapositivaTítulo de la diapositiva

Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria 

What is best trait(s) to select for?

(Disclaimer: Not official yet)

SELECTION INDICES

Expected genetic 
response

Raw or residual 
traits

w/ or w/o 
Microbiome 
information

Impact on other 
traits

Selection 
Index
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SELECTION INDICES
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6.77€/cow/yr

DMI, Methane
Production 63% 
Fertility 3%
Size & BCS 16%
FE 14%
Methane 4%
51.77€/cow/yr

Residual traits produce larger economic response, 
avoid negative selection on milk and fat yield, and 
including the microbiome select a more balanced 
(efficient and healthy) rumen microbiome

DMI, Methane, Microbiome
Production 42% 
Fertility 5%
Size & BCS 18%
FE 7%
Methane 1%
Microbiome 25%
56.95 €/cow/yr

RFI, Residual CH4
Production 73% 
Fertility 6%
Size & BCS 3%
FE 15%
Methane 3%
56.95€/cow/yr

RFI, Residual CH4, Microbiome
Production 68% 
Fertility 6%
Size & BCS 3%
FE 12%
Methane 1%
Microbiome 10%
58.98 €/cow/yr

CH4

CH4

Milk

Milk

CH4

Milk



Título de la diapositivaTítulo de la diapositiva

Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria 

TAKE HOME MESSAGES

Monitor changes in 

the rumen microbiome 

to keep a healthy 

ruminotype

Research populations 

and genomic selection

.

Measuring is going to be 

key

Sniffers  in-house farms.

Green feeds & SF6  pastured 

based.

Sniffers that measure flux (g/d)

01 02 03

Future sustainable 

selection indices must 

include: CH4 and FE

Residual traits seem more 

preferable in terms of genetic 

gains

.

Disseminate importance 

of sustainability within 

farmers

Adoption of sustainable 

selection indices
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