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Life cycle assessment of bison production
Cow-calf, backgrounding, finishing operation
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14,1%65,2%

Manure CH4 Direct N2O

Farm energy CO2 Indirect N2O

Enteric CH4
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Enteric methane production

Genetics

• Animal size
• Growth rate
• Microbiome

Nutrition

• Feed intake
• Type and quality of feed

Broucek, J. (2014). 
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Evolution

Bison latifrons

Bison bonasus
Bison bison

Bison bison bison (plains)

Bison bison athabascae (woods)
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Bison genetics

COSEWIC. (2013)

Bison bison athabascae (woods)

Bison bison bison (Plains)

Plains Score Category
93.75% - 100% Plains

81.25% - 93.74% 7/8 Plains 1/8 Wood

68.75% - 81.24% 3/4 Plains 1/4 Wood

56.25% - 68.74% 5/8 Plains 3/8 Wood

43.75%-56.24% 1/2 Plains 1/2 Wood

31.25%-43.74% 3/8 Plains 5/8 Wood

18.75%-31.24% 1/4 Plains 3/4 Wood

8.75%-18.74 1/8 Plains 7/8 Wood

0.0% -8.74% Wood

Taller, 
Bigger size

Shorter, 
smaller size

Cattle introgression
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Carcass grades

The Canadian Food Inspection Agency (CFIA) 8
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Objectives
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Genetic 
composition

Carcass traits

Microbial diversity

Volatile fatty acids
Methane 
emission

Carcass 
grades

Carcass traits

Microbial diversity

Volatile fatty acids
Methane 
emission



03 Materials and Methods
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Animal ID Blood sample Rumen content Carcass quality

Materials and Methods
Sample collection

37 Bull calves fed with barley-based diet
Age: less than 30 months
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Blood sample

 Subsp. genotyping
 Cattle introgression

Whole blood sample
Spot on blood card
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Materials and Methods



Bison genotyping

Plains Score Category
93.75% - 100% Plains
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32 samples of genotyping



Genotype groups

 Group 1: plains score 100 %
 Group 2: plains score 97.5-99%
 Group 3: plains score < 97.5%
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Cattle introgression

Cattle introgression = 0.0-3.37%
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Average cattle introgression = 0.8% 
ranged from 0.0% to 4.5%



Carcass traits

Live weight (kg) Hot weight (kg)

Grading Yield (%)

Grading No.
A1 4

A2 11

A3 13

A4 9

Total 37
BW: 500±56 kg
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Materials and Methods



Volume: 50 mL/animal
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Rumen sample
Materials and Methods



Gas chromatography
• Volatile fatty acids
Methane
• Calculated 

Real time PCR
• Bacteria
• Fungi
• Protozoa
• Archaea
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Rumen sample
Materials and Methods

CH4 = 0.45C2 - 0.275C3 + 0.40C4 (Moss et al., 2000)



Statistical analysis
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Software: SPSS 22.0

Mean ± SEM

Kruskal-Wallis test

Pairwise comparison

*p-value of ≤ 0.05
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Genetics and Carcass traits

 Group 1: plains score 100 %
 Group 2: plains score 97.5-99%
 Group 3: plains score < 97.5%

Note: The different letter indicated the significant different at p<0.05
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Genetics and Microbial diversity

 Group 1: plains score 100 %
 Group 2: plains score 97.5-99%
 Group 3: plains score < 97.5%0,0
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23Note: The different letter indicated the significant different at p<0.05
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Genetics and TVFAs

 Group 1: plains score 100 %
 Group 2: plains score 97.5-99%
 Group 3: plains score < 97.5%



Genetics and VFAs
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25Note: The different letter indicated the significant different at p<0.05



Genetics and VFAs

 Group 1: plains score 100 %
 Group 2: plains score 97.5-99%
 Group 3: plains score < 97.5%0,0
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26Note: The different letter indicated the significant different at p<0.05



Genetics and Methane emission

 Group 1: plains score 100 %
 Group 2: plains score 97.5-99%
 Group 3: plains score < 97.5%
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27Note: The different letter indicated the significant different at p<0.05



Carcass grades and carcass traits
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Total bacteria/g sample: 1011 to 1012

Total fungi/g sample: 105 to 106

Total protozoa/g sample: 103 to 104

Total Archaea/g sample: 109 to 1010
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Carcass grades and microbial diversity
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Carcass grades and total VFAs
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Carcass grading and VFAs
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Carcass grading and VFAs
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Carcass grades and methane emission

Note: The different letter indicated the significant different at p<0.05



Acetic acid → Methane and Carbon Dioxide 
(CH3COO– + H+ → CH4 + CO2)

Methane production

Karakashev et al. (2006)
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Discussion

Acetic acid

Propionic acid

Iso-butyric acid

Valeric acid

Iso-valeric acid

Energy source
Wang et al. (2023)

Branched-chain VFA
 Feed protein 

degradation
 Microbial protein
Ribeiro et al. (2017)

A1 and A2
Protein, energy supply, methane emission



Conclusions
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The genetic make-up between 
subspecies did not affect carcass 
traits, microbial composition and 
CH4 emissions. However, some 

differences were observed on the 
VFAs

Plains/Woods genetic 
composition

Carcass grades

Carcass grade did not affect carcass 
traits and microbial composition. 

However, the concentration of VFAs 
and CH4 emissions varied across 
grades, especially when looking at 

the 2 most and 2 least grades
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