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Å Entericmethaneproduction

Å Factors involved
Å Nutrition solutionsto mitigate
Å Trade-offs to consider
Å Methodsto quantify

Outline

from presentaionof IlmaTapio (2017) 



Animal factors involved

from Attwood et al.; Front. Nutr. 2019, 00107
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Å Dietarymeasuresthat mitigateper unit of feed
Å Higherfeed intake / higherrate of fermentation
Å Increaseddigestibility/ higherfeed conversion
Å Starchinsteadof fibre
Å Rumenbypass / escape (reducingfermentableOM)
Å Protein
Å Starch
Å Fat 

ÅAdditivesas dietarymeasures
Å Hydrogensink(nitrate)
Å Specificfatty acids/ fat
Å Methanogeninhibitors
Å Plant extracts, secondarymetabolites, ..... 

Nutritional measuresto mitigate entericCH4



1. Empirical equations from databases

2. Mechanistic models representing the process of enteric 
fermentation (concentration-dependency of the process !) 

3. ΨIȅōǊƛŘΩ ƳŜǘƘƻŘǎ ΦΦΦΦΦ ƳŀƪƛƴƎ ǳǎŜ ƻŦ ōƻǘƘ

Å Which equation/model to use depends on: 
Å The database available / empirical base that is preferred
Å 5Ŝǘŀƛƭ ƻŦ ƛƴǘŜǊŜǎǘ κ ǘƘŜ ƳŜŎƘŀƴƛǎƳ ƻǊ ΩōƛƻƭƻƎȅΩ ŜȄǇƭƻǊŜŘ
Å Ease of application (input data)
Å Preference / experience

How to quantify CH4 (and its trade-offs)
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Å A globaldatabase of individualcowentericCH4 data
(Niu et al., 2018; FACCE-JPI Global Network project)

Å CH4 yield (g/kg DMI) best predicted by milk & diet composition

QuantifyingCH4 (1) empiricalmodels



Å e.g.Low-forage(<18% DM) diets database beef cattle
(Van Lingen et al., 2019; FACCE-JPI Global Network project)

Å NDF or EE addto predictionnext to DM intake (or GE intake)
Å CH4 production equationsdiffer from IPCC Tier 2 (2006)

QuantifyingCH4 (1) empiricalmodels

%



Å (Global) treatment means database 
Å Mitigation by starch(STA) & lipid (EE) supplementation

(Benaoudaet al., 2021; preliminaryresultsERAGAS-CEDERS project)

QuantifyingCH4 & trade-offs (1) empiricalmodels

FOM= fecalorganic matter
TN= N excreted as proportion of N intake



Å Meta-analysis Benaoudaet al. (2021)
(preliminaryresultsERAGAS-CEDERS project on yields(g/kg DMI) )

Sudieswith starch
supplementation

Quantifyingtrade-offs (1) empiricalmodels

Studies with lipid 
supplementation

Simple = Only EE varies (>1.5% DM)
Complex= EE & other nutrients vary



Å Meta-analysis Benaoudaet al. (2021)
(preliminaryresultsERAGAS-CEDERS project on yields(g/kg DMI) )

Sudies with starch
supplementation

Quantifyingtrade-offs (1) empiricalmodels

Studies with starch
supplementation

Simple = OnlySTA varies(>8% DM)
Complex= STA & other nutrientsvary

Name Model n RMSPE % CCC 

Simple CH4 CH4 yield = 25,5 (0.91) ï 0.022 (0.003) × STA 97 24,2 0,09 

Complex CH4 CH4 yield = 30.8 (1.62) ï 3.25 (0.51) × FL  -0.01 (0.003) × STA 92 19,4 0,55 

Simple FOM FOM yield = 278 (22.7) -3.72 (1.76) × STA 81 18,7 0,17 

Complex FOM 
FOM yield = 273 (19.6) + 0.37 (0.04) × NDF ï 311 (25.8) × 

NDFD + 0.75 (0.23) × Ash 
52 8,34 0,86 

Simple TN TN yield = 18.8 (1.18) - 0.01 (0.004) × STA 27 19,0 0,04 

Complex TN TN yield = -3.37 (1.38) + 0.04 (0.01) × PCO + 0.12 (0.01) × CP 32 7,18 0,92 

Simple FN FN yield = 9.37 (0.32) - 0.004 (0.001) × STA 51 13,5 0,07 

Complex FN 
FN yield = 7.30 (0.35) +0.05 (0.01) × PCO -0.006 (0.002) × 

STA 
54 12,8 0,49 

Simple UN UN yield = 9.35 (0.78) -0.003 (0.002) × STA 42 34,6 -0,01 

Complex UN UN yield = -9.17 (1.51) + 0.12 (0.01) × CP 28 23,4 0,80 

 



Å Representing elements of the fermentation process
Å Substrate supply by feed      (& recycling N from blood)

Å Feed substrate characteristics
Å Microbial activity 
Å Rumen fermentation conditions (acidity, passage rate, volume)

Å Dietary factors & feed intake as input

QuantifyingCH4 (2) mechanisticmodels



Example, simulation grass quality & CH4
-- impact of maturity & N fertilisation --

EC/LC = Early/Late cut

HF/LF = High/Low N fertilization

GS = Grass silage


