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Agriculture – Animal Production contribution to GHG 

2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 4: Agriculture, Forestry and Other Land Use 

Agriculture Livestock 
Production 

Source 

USA, % total country 5.8 3 EPA, 2007 

Canada, % total country 8.0 4 Kebreab e coll., 2006 

UK, % total country 6.5 2 Gill e coll., 2010 

Italy, % total country 6.6 3 ISPRA 2010 

Global World  % total sector 22.0 18 FAO, 2006 
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Limiting the concentration of Carbon Dioxide and other GHG  
in Earth’s atmosphere requires a technological and economic 
revolution 

GHG reductions should be treated as a public good, like infrastructure 
investments in public health and safety and, indeed, national defence. 
 
US Congress, is prospecting to define a price on GHG emissions. 



 
 
A mitigation of methane emission 
in livestock species seem to be possible 
 
 
Methane from rumen fermentation: 

  - diet manipulation 
 - rumen modifiers/additives 
 - rumen microbial genomes 
 - animal selection 

Many sectors of economy have GHG emissions 
reduction strategies 

Alford et al. 2006, calculated a 16% of reduction of CH4 in 25 years  
if Residual Feed Intake  will be included in beef selection programmes 



To estimate genetic parameters and breeding values of 
predicted methane (pCH4)  emission in Italian HF: 

 
1)  Estimate heritability values for indirect prediction of 

CH4 emission 

2)  Assess genetic correlations between indirect pCH4 
emission and milk traits 

3)  Breeding Values of Predicted Methane Production for 
Italian Holstein Friesian Bulls  

 

Aims 



Relationship between CH4 emission in chambers and DMI 

Material and Methods 

Grainger et al., 2007, J. Dairy Sci. 90:2755-2766  



Predicted methane (CH4) emission in dairy cattle was indirect estimated using the best 
equation for dairy proposed by ELLIS,et al. 2007  

 
(R2 = 65%; Error due to bias, as a percentage of total RMSE prediction = 5.19%).  

Material and Methods 

Database   
(Cassandro et al. 2008) 

 
 939 Cows 
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   34 Herds 
 

HF High level 
Production 

 
Total Mixed Ration diet 

 
Intensive System 

 
Dry Matter 

 Intake 

 Predicted  
CH4, MJ/d 

 
Milk yield 
Fat, % 

Body weight 



•  pBW = 545 + 2.01 * STATURE + 1.91 * BODY DEPTH  
 (Cassandro et al.,1997) 

 
•  FCM 4% = MILK YIELD * ( 0.4 + 0.15 * FAT%)  

 (Gaines and Davdson., 1923) 

•  Metabolic BW (mBW) = pBW**0.75 

•  pDMI = 0.372*FCM + 0.0968*mBW 
 (Rayburn and Fox, 1993; Roseler et al., 1997, NRC, 2001) 

 
•  pCH4 = 3.23 + 0.809*pDMI 

 (Ellis et al.,2007) 

Equation for Proxy Traits 





STATISTICAL BAYESIAN ANALYSES 
 
 

Bayesian approach and Monte Carlo Markov-Chain methods (Sorensen & Gianola,‘02) 
 
Model accounted for effects of:  

 - HERD (random effect) 
 - DAYS IN MILK (fixed effect) 

  - PARITY (fixed effect) 
 - ADDITIVE GENETIC (random effect).  

 
Flat prior distributions were assigned to all the effects.  
 
A single chain of 1,000,000 iterations was obtained, with a burn-in of 50,000.  
 
Samples were saved every 200 iterations. 
 
Posterior median was used as a point estimate of h2 and rg. 



Trait Unit Mean SD 
Milk Yield Kg/d 32.53 10.18 
Fat % 3.89 0.76 
Protein % 3.45 0.40 
SCS score 3.06 1.92 
pBW Kg 665.8 19.5 
Cheese * Kg/d 2.44 0.69 
Predicted CH4 MJ/d 20.99 2.35 
Predicted CH4 MJ/kg of milk 0.70 0.20 
Predicted CH4 MJ/ kg of cheese 9.19 2.18 

Basic statistics for Milk Yield & Composition, Somatic Cell Score, 
Body Weight (BW), Cheese Yield and Predicted CH4 emission 

* Parmigiano Reggiano cheese: predicted by milk coagulation time, curd firmness, and protein % (Cassandro, 2010) 



Trait Unit Genetic SD 
h2 

PM LB95% UB95% P 
Milk Yield Kg/d 2.77 0.14 0.01 0.24 72 
Fat % 0.44 0.36 0.03 0.36 100 
Protein % 0.18 0.28 0.13 0.56 99 
SCS Score 0.49 0.06 0.005 0.20 23 
BW Kg 9.09 0.21 0.08 0.39 94 
Cheese Kg/d 0.23 0.21 0.07 0.43 92 
Predicted CH4 MJ/d 0.47 0.07 0.004 0.21 30 
Predicted CH4 MJ/kg of milk 0.06 0.21 0.07 0.43 93 
Predicted CH4  MJ/kg of cheese 0.99 0.31 0.13 0.56 99 

Marginal Posterior Density of h2 for Milk Yield  & Composition, 
Somatic Cell Score, Body Weight (BW),  

Cheese Yield and pCH4 emissions 

PM = median of the posterior density,  LB95% = lower bound of 95% probability density region 
UB95% = upper bound of 95% probability density region; P (h2 > 0.10) = posterior probability for values of h2 > than 0.10 







Trait Unit rg of pCH4/kg of cheese 

PM LB95% UB95% 

Milk Yield Kg/d -0.86 -0.97 -0.60 
Fat %  0.64  0.34  0.83 
Protein % -0.02 -0.46  0.46 
SCS score  0.67  0.07  0.95 
BW Kg  0.25 -0.22  0.63 
Cheese* Kg/d -0.94 -0.99 -0.80 

Genetic Correlation (rg) of predicted CH4/Cheese, kg 
with some other traits 

PM = median of the posterior density,  LB95% = lower bound of 95% probability density region 
UB95% = upper bound of 95% probability density region; P (h2 > 0.10) = posterior probability values of h2 > than 0.10 



Preliminary results on EBV for predicted methane 
emission in Italian Holstein Friesian 

•  12,238 bulls from the official April 2015  

•  EBVs rescaled on phenotypic data of cattle born in 
the period 2007-2009: 

–  milk yield and fat %  
–  stature and body depth to predict BW  

 
•  Then, pDMI have been calculated 



EBV for pCH4 emission and PFT of Italian HF bulls (April, 2015) 
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The adjustment of the deliberate ingestion of foods is  
based on mechanisms endocrine-metabolic complexes  
involving different expressed genes such as (Nieman et al., 
2011) : 
 
NPY  = Neuropeptide 
POMC  = Pro-opiomelanocortin 
Leptin  = Satiety hormone 
Ghrelin  = Hunger hormone 
CART  = Human obesity 

Genomic possibilities to reduce enteric methane 



 
CONCLUSIONS 

 
The livestock sector, in particular genetic area,  has enormous 
potential to contribute to climate change mitigation.  
 
Reducing GHG concentrations in the atmosphere is a public good 
and should be recognized as such, much like other traditional 
responsibilities of government. 
 
Results of this explorative study suggest that predicted CH4 per unit 
of output is heritable and can be selected for reducing gas 
emissions without depleting production, functionality and fertility 
traits.  
 
Direct individual measurements together with a genomic approach, 
of CH4 are very helpful for more efficient selection strategies and for 
a better genetic control on daily CH4 emission. 



WORK IN PROGRESS   

•  We are updating our pBW formula 

–  Collecting data for live body weight 

–  Use others type/condition traits in the formula,  

•  Trying to set up agreements for individual feed intake 
collection. 

•  Joint and attend (inter)national working groups (e.g. 
gDMI, ICAR group, ASPA “Adaptability” commission) 

•  Creating a national working group on the topic  



THANK YOU 
Grazie 
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Feed Efficiency and CH4 emission 

Milk production (lbs/cow/day) 

Feed Efficiency and CH4 emission 
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