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RuminOmics Regional Workshop 
 
Improving efficiency of production 
and reducing environmental 
impact 



 
RuminOmics: Connecting the animal genome, the 
intestinal microbiome and nutrition to enhance 
the efficiency of ruminant digestion and to 
mitigate the environmental impacts of ruminant 
livestock production  
 
Project legacy: Identification of proxies and tools 
for large scale phenotyping for genomic selection, 
optimised nutrition and better management on-
farm  
 
 



• Economic 

• Environmental 

• Societal 

Challenges to ruminant livestock production  

Scientific and technical solutions required 

• Increase efficiency 

• Lower emissions 

• Improve product quality 
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Technical challenge: Phenotyping of complex traits 



• Sequencing/high density chips  
• New “precision” devices for monitoring on farm 
• FTIR and MS/MS: high throughput analysis   

 

  

• Characterise microbial populations 
• More extensive phenotypes 
• Genomic selection 

Advances in technologies: New phenotypes 

 Technologies 

 Tools 



• Large scale phenotyping: number of animals, 
number of traits and scales from molecule to 
whole animal 
 

• Genetic selection requires phenotyping of 
thousands of animals that remains a major 
constraint 
 

• Development of high-throughput methodologies 
are required for application on large populations 
according to standardized definitions and 
methods 

New phenotypes for new breeding goals  
in dairy cattle 

Boichard and Brochard, 2012 



  

Diverse range of potential biomarkers:  

e.g. ruminal methanogenesis 

• Breath  
 Gas concentrations 
• Rumen samples 

 qPCR 16S gene 
 Archaeol  

• Milk 
 Fatty acid composition 
• Faeces  
 Archaeol  



Odd and branched chain fatty acid synthesis in 
ruminal bacteria 

Vlaeminck et al., 2006 



Proportions of odd and branched chain fatty acids in 
bacterial membranes differ between species 

Fievez et al., 2012 



Secretion of OBCFA in milk as a biomarker of 
microbial N at the duodenum 

Vlaeminck et al., 2006 



Milk fatty acid composition as a biomarker of 
methane production 

McCartney et al., 2013 



Structural differences in membrane lipid of rumen 
archaea and bacteria 

Bacteria 

Polar group located on sn-3 

Archaeol 

Archaea 
Polar group located on sn-1 



Faecal archaeol as a biomarker of methane 
production 

McCartney et al., 2013 

• Easy sample collection and 

processing  

• Close relationship for 

treatment means 

• Considerable variation 

between animals 

• Poor predictor of rumen 

methanogenesis-selective 

retention in the rumen 

 



• Methane production 

• Nutrient digestibility 

• Rumen fermentation 

Phenotypes of rumen function  

Development of new tools avoiding traditional 

constraints in hard to measure phenotypes 

• qPCR of 16S and 18S genes in ruminal 

digesta 

• Metagenomics 



Wallace et al., 2014 



Nitrogen economy of the lactating cow 

N intake 

503 g/d   

N Urine 

37%  

N Faeces 

33%  

N Milk  

28%  

Mills et al., 2009 
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Annual nitrous oxide emissions in the UK 

• N2O accounts for ca. 6% of UK anthropogenic 

greenhouse gas emissions 

• About 80% of N2O from agriculture from soils 
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N intake Nousiainen et al., 2004 

Nitrogen intake, production and nitrogen 
use efficiency 



Measurements of milk urea nitrogen 

Nousiainen et al., 2004 

Meta-analysis based on 306 

treatment means from 50 

experiments 



Meta-analysis to understand between-animal variation in 
MUN and rumen ammonia N concentrations and the 
association with diet digestibility and N use efficiency 

• 1804 cow/period observations from 21 
production trials 

• 450 cow/period observations from 29 
metabolic studies  

• Data were analyzed by mixed-model regression 
analysis 

• Model included diet within experiment and 
period within experiment as random effects: 
effect of diet and period excluded 

Huhtanen et al., 2015 



Results 

• Between cow variation in MUN 0.13 and 0.11 
% for production and metabolic datasets 

• Between cow variation in MNE 0.07 and 0.08 % 
for production and metabolic datasets 

• Including MUN and RAN in the model 
accounted for more variation in MNE than milk 
yield alone 

• Between-cow variation had a smaller influence 
on the relationship of MUN with urinary N 
excretion or MNE than when based on 
treatment means 

Huhtanen et al., 2015 



• Between-cow variation in MUN had a smaller 
effect on MNE compared with published responses 
of MUN to dietary crude protein content 

• Closer control over diet composition relative to 
requirements has greater potential to improve 
MNE and lower UN on farm than genetic selection 

• Measurements of MUN are more useful as a 
management tool than as a phenotype for genetic 
selection of more nitrogen efficient cows  

Conclusions 

Huhtanen et al., 2015 



RuminOmics – Large scale data  
 
 

Animal genotype 
 
 

Ruminal microbiome 

Animal phenotype 
 
 

Intake, milk production, digestibility, methane 
output, fermentation characteristics, blood 
metabolome, milk fatty acid composition 

Future perspectives 



• Understanding the role of host animal genetics, 

rumen microbiome and diet on methane 

production, nitrogen emissions, feed efficiency and 

milk  quality  

Project goals  

Outcomes 

• Generation of new large data for mining new 

biomarkers of rumen function, animal 

performance and milk fatty acid composition 



Thank you for your attention 


