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Introduction

 It is well known that feed composition affects gaseous emissions from cattle 

production systems

 Here we are mainly concerned with the part of gas emission coming from 

rumen fermentation, predominantly CH4 (methane)

 Knowledge about this comes from detailed feeding experiments where 

CH4 production is measured

 The focus should be on minimizing CH4 per kg milk produced 

 Feedstuffs that decrease CH4 production in some cases also decrease 

overall rumen fermentation- resulting in lower milk production – that is not 

what we want!
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Rumen fermentation- how 

important?

➢ Food production from fibre carbohydrates and non-protein nitrogen!

➢ Worldwide ruminant production:

➢ Most of the milk

➢ About one third of the meat

➢ Enteric CH4 production is driven by both the amount and 

composition of feed consumed



Theoretical equations for fermentation of 1 mole carbohydrate

(glucose equivalent) (Beever et al., 1993)

Diet type: Ac Pr Bu CH4 ATP Tot

VFA

High forage 1.34 0.45 0.11 0.61 4.62 1.90

High cereal 0.90 0.70 0.20 0.38 4.38 1.80

High molasses 0.94 0.40 0.33 0.54 4.50 1.67

Fiber (forage) fermenting 

bacteria produce relatively 

much acetate and 

methane

Starch (cereal) fermenting 

bacteria produce less 

methane but high amounts 

of propionate

The rumen fermentation is 

acidifying, there is a lot of 

H+  (hydrogen) that the 

system needs to get rid of. 

Methane is an effective 

way for this, but production 

of propionate rather than 

Ac or Bu also results in a net 

reduction of H+

So high level of cereals in dairy cow diets generally reduces CH4 per kg milk, but part of this 

can be attained by increasing the quality of the forage 



Source: Vibart et al., 2021: Science of the Total Environment 769 (2021) 144989
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Nielsen et al 2013 – published  

methane model now used in 

Norfor

An international study 

(Appuhamy et al 2016) tested 

40 published models 

predicting enteric methane 

emissions

The Norfor model was the best 

performing for American diets, 

but did not rank as high for 

European diets!

European diets in the study 

had much higher pasture ratio 

than normally is the case in 

the Nordic countries, in that 

sense we are closer to 

America.
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15 1,13

20 1,03

25 0,93

30 0,83

35 0,74

40 0,64

45 0,54

50 0,44

This is how Norfor predicts enteric 

CH4 emission from Icelandic dairy 

cows, using data (1096 records) 

from 5 recent dairy cow 

experiments in Iceland

Values calculated from this 

relationship (below) show how 

fast the release of CH4 per kg 

ECM decreases with increasing 

ECM yield



Enteric methane production of cows according to Nielsen et al. (2013) 
𝐶𝐻4=1.23⋅𝐷𝑀𝐼−0.145⋅𝐹𝐴_𝐷𝑀+0.012⋅𝑁𝐷𝐹_𝐷𝑀

Where CH4 is enteric methane production (MJ per day), DMI is the dry matter intake (kg 

per day) and FA_DM the fatty acid concentration in the ration (g/kg DM)

This is a simple empirical equation that takes into account only some of the parameters 

that could have biological meaning and thereby affect CH4 production (Type 2 model)

Several mechanistic, process based models (Type 3) have been developed. These 

models simulate in more or less detail the stoichiometry of rumen fermention. So (at least 

theoretically) they should be able to describe better the effect of diet composition on 

the production of different end- products including both the VFAs (acetate, propionate, 

butyrate) and methane (CH4)



Karoline 

model

This is a part of a 

comparison between four 

published Type 3 models, 

showing a relatively good 

performance of the 

Nordic Karoline model in 

predicting CH4

Later, Karoline model was 

updated, with special 

emphasis on CH4

prediction (Ramin and 

Huhtanen, 2015)

The updated Karoline 

model was compared to 

the American model 

Molly by Kass et al (2019) 

– two next slides



Molly



Karoline



Summary and conclusions

 There is a considerable potential to reduce methane (CH4) emissions from 

enteric fermentation relative to yield (milk or meat)

 It is well proven that Type 2 models, that have some elements related to 

animal and feed characteristics, perform much better in predicting CH4

from enteric fermentation than Type 1 models (like Tier 1, IPCC)

 The Norfor feed evaluation system uses a Type 2 model for this purpose, it 

has performed well in comparison with other Type 2 and Type 1 models.

 Mechanistic or process-based models like the Nordic Karoline model allow 

capturing variation in on-farm emissions, based on more detailed 

information about diet composition

 There is a trend towards use of a hybrid Type 2/Type 3 approaches.
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