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Canada GHG

Environment and Climate Change Canada (2018) 
National Inventory Report 1990-2016: Greenhouse 
Gas Sources and Sinks in Canada.

https://www.canada.ca/en/environment-climate-change/services/climate-change/greenhouse-gas-emissions/inventory.html


Canadian Agriculture 2016:
Beef Production– 2.4% total GHG/ 23.4Mt

30% of national CH4 emissions
77% of national N2O emissions
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Change in GHG emissions per kg of live weight from 
Australian, Canadian and USA beef sectors over the 

past three decades 
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• -14% GHG emissions intensity 
from beef

• Produced the same amount of 
beef

Shift to high 
grain diets

Improved 
Reproductive 
performance

Increased 
average daily 

gain

Increased 
slaughter 

weight

Reduced 
time to 

slaughter

Marketing 
cattle an 

earlier age



So Canada has improved its animal related 
emissions by improving productivity

However there is still a way to go

World cattle population is estimated to double by 2050

Whilst domestically demand may remain stable, North 
America will play a vital role in exporting beef for the 

global increasing population



How is methane produced?

• The rumen harbours a unique population of microbes

Mel Yokoyama & Mario A. Cobos. USDA 
publication.

Protozoa

Fungi

Bacteria and 
Archaea



Feed

Starch

Simple 
Sugars

VFA

Cell Wall 
Polymers Protein

Carbon 
Skeleton

2-Acetate
2-Propionate

Butyrate

H2 production
CO2production

H2 utilization
+8H+

+4H+

-4H+

NAD+NADH

CO2 + H2

Methane

Methanogens



Factors effecting GHG emissions

Variability due 
to diet 
composition
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Grains Forages

Grain Type

Feed Type

Wheat CornBarley

Processing

Cracked Steam flaked

Starch Content and Degradability



Decrease CH4 production?
Lower pH 
↓ growth of methanogens
↓ protozoa and fungi – big hydrogen producers

↑Passage rate
↑Propionate production

• However, concentrates only reduced CH4 when given at 
over 80%

• Supplementation with grains can actually increase  CH4
↑rumen production however this ↓ GHG intensity

**Increasing diet degradability can result in decreased pH – lead to acidosis – increases GHG intensity



Enteric Methane and Forages 

Decreasing NDF content < Methane Emissions

Legumes < Grass

Cereal silages < Grass silages

Condensed tannin containing legumes?



Saponins and Tannins
Native Canadian Legumes

Birdsfoot Trefoil Sainfoin
Tannin containing legumes

Inconsistent methane 
responses

In dairy cows, ↓CH4 by 14%

Also increased milk yield 
and intake

Doesn’t cause bloat

Very variable CH4 responses

Has ↑DM intake and digestibility

But has also inhibited NDF 
digestibility →may decrease CH4(Woodward et al. 2004)



Issues with tannins

Inconsistent results

• Species variability
• Different tannin types
• Concentration in the diet

May also ↓CP digestibility –
protein binding

They also increase faecal N and 
decrease urine N

→Urine is less stable and has 
higher N-related emissions



Fat 

Grainger and Beauchemin, 2011

n = 92
Linear, P < 0.0001
Curvilinear, P < 0.001

Practical range 



Fat 

Grainger and Beauchemin, 2011

n = 92
Linear, P < 0.0001
Curvilinear, P < 0.001

Practical range 

Limitation
• High cost of lipid supplements
• Max. 6% total lipid (2% added)
• High levels can depress fiber 

digestion, depress milk fat content 
• Expected decrease in methane: max. 

10%



Fats
• (i) having a toxic effect on methanogens and protozoa
• (ii) replacing fermentable carbohydrates
• (iii) providing an alternative H2 sink via biohydrogenation
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Dietary Additives

Tannins, 
phenolics

Plant bioactives Essential oils Organic acids

Probiotics
GM microbes

Direct fed 
microbials

Enzymes Pre-biotics



Dietary Strategies
Additive Methane mitigation effect

Inhibitors
3-nitrooxypropanol High

Electron receptors
Nitroethane Low
Nitrate High

Ionophores Low
Plant bioactive compounds

Tannins (condensed) Low?
Saponins Low?
Essential oils Low?

Bacterial direct fed microbials Low?
Defaunation Low
Dietary lipids Medium
Inclusion of concentrate Low to medium
Improving forage quality Low to medium
Grazing management Low
Feed processing Low
Mixed rations and feeding frequency ?
Precision (balanced) feeding and feed analysis Low to medium



3-NOP

• Direct inhibition of archaea enzyme activity
• Was found to decrease methane emissions by up to 

80.7%
• Not approved in Canada or US 

• Improvements in performance related parameters are 
variable and most likely do no enhance production



Seaweed
• Preliminary studies indicate that adding seaweed to the 

diet reduced CH4 emissions by up to 38%, in vitro, without 
impacting performance

• Seaweed Asparagopsis (red algae) decreased methane 
production by 99% when included at 2% OM. 

• Same seaweed in Australian sheep resulted to a 63% 
decrease in methane (Li et al. 2018)

• Holstein cows fed 1% DM of seaweed had a 58% reduction 
in methane production (unpublished, 2019)



Issues
• Reports of decreased DMI
• Decrease in VFA

Reduced methane via:
• Tannins (Phlorotannins)
• Anti-methanogenic?
• Bromoform – safe? Carcinogen?

Future
• Rumen microbes did not adapt
• Haloforms are not deposited in meat
• Long term health effects
• Limited studies – new area of interest



Breeding programs to reduce methane

Pinares-Patino et al. 2013

Potential for selecting a low emissions herd?



Microbial abundance and expression = CH4 output

Low CH4 yield rumen – Small Rumen

smaller rumen = shorter retention time =  less exposure to microbes = less methane

Heritable trait

Correlation between: CH4 yield, retention time, total feed and rumen volume

Low residual feed intake = more feed efficient = lower CH4 emissions

However there is also a correlation between decrease in CH4 and decrease in 
diet/fibre digestibility

larger rumen = longer retention time =  more exposure to microbes = more methane

Presenter
Presentation Notes
Is methane or hydrogen capture an option???


CH4 emitted from sheep is formed by methanogenic archaea in the rumen as an end product of microbial degradation of forage material.  It is therefore likely that the ruminal microbiome contributes to the host CH4 yield phenotype.  The exact mechanism causing the high and low CH4 yield phenotypes observed in sheep is still unclear, and our understanding of the microbial contribution to differences in CH4 yields among sheep has been limited by the low throughput of previous cellular and molecular manipulations (Warnecke et al. 2007; Pope et al. 2010; Hess et al. 2011). Also, previous studies have suggested that microbial-derived phenotypes including CH4 production levels are primarily determined by microbial abundance profiles (Kao-Kniffin et al., 2011; Fox, 2012).  In contrast, the deep metagenomic and metatranscriptomic sequencing of rumen content in the present study revealed that increases in CH4 output are primarily associated with increases in the expression of methanogenesis pathway genes. 
A possible mechanism explaining CH4 yield differences between animals is based on the amount of time that feed particles are retained in the rumen (Benchaar et al. 2001), with longer particle retention times leading to higher CH4 yields.  Particle retention time in ruminants is known to be a heritable trait (Orskov et al. 1988; Smuts et al. 1995), and may explain at least some of the CH4 yield variation observed in sheep (Pinares-Patino et al. 2003). Recently, CH4 yield in sheep in Australia has been directly correlated with the retention time of feed particles and liquid, the total amount of feed particles and rumen volume (Goopy et al. 2013), further supporting this view.  
Differential particle retention time may explain our findings of altered expression of methanogenesis pathway genes in sheep via a substrate-mediated effect. Differences in the passage rate of particles through the rumen is predicted to affect ruminal H2 levels according to a model based on microbial growth kinetics and fermentation thermodynamics (Janssen 2010).  In this model, increased particle passage rate is associated with higher rumen H2 concentrations, a thermodynamic negative feedback of H2 that results in less H2 formation by the fermentative microbes, and hence less CH4 formation. Conversely, slower particle passage results in lower H2 concentrations enhanced H2 formation during fermentation, and more CH4. These hypotheses are consistent with the finding that low CH4 yield sheep have fewer H2 producing bacteria and high CH4 yield sheep more H2 producing bacteria in their rumens (Kittelmann et al. unpublished).
Under ruminal conditions of slower particle passage rate and lower H2 concentrations, there will be a higher turnover rate of a smaller H2 pool through the methanogenesis pathway to account for the elevated CH4 formed. The lower ruminal H2 concentration means that methanogens have to increase expression of methanogenesis genes to maintain the H2 turnover rate.  This is because enzyme concentrations as well as substrate concentrations can limit the flux through a pathway, and increasing enzyme expression partially overcomes the limitation of lower substrate concentrations (Morgan et al. 1997; Enoki et al. 2011; Walker et al. 2012; Browne and Cadillo-Quiroz 2013). Conversely, a high particle passage rate and high H2 conditions would require a lower level of expression of methanogenesis pathway genes to permit the same flux. 
While there have been few studies on characterizing rumen microbial populations associated with natural variation in ruminant CH4 yields (Kittelmann et al. 2013), there have been numerous investigations on feedlot cattle selected for efficiency of feed conversion (also known as residual feed intake, RFI), for which some CH4 yields data are also available.  Low RFI animals are considered to be feed-efficient, and have lower CH4 yields compared to high RFI, or feed-inefficient animals (Nkrumah et al. 2006; Hegarty et al. 2007). Comparisons of ruminal microbiomes between low and high RFI animals using a variety of methods have shown differences in bacterial and archaeal community profiles correlated with RFI, although these associations are often influenced by the energy content of the diet (Guan et al. 2008; Zhou et al. 2010; Carberry et al. 2012; Hernandez-Sanabria et al. 2012). Methanogen-related differences observed in these studies included a specific high RFI-related PCR-DGGE band associated with Methanobrevibacter smithii PS (Zhou et al. 2010), an elevated abundance of Methanosphaera stadtmanae and Methanobrevibacter sp. strain AbM4-like sequences in high RFI animals (Zhou et al., 2009), and a higher abundance of M. smithii genotypes in high RFI animals (Carberry et al. 2014). Where measured, total methanogen densities in the rumen contents did not differ between the feed efficiency groups, indicating that the composition of the methanogenic community was the important difference.  These observations are generally consistent with our findings of no changes in total methanogen numbers and an increase in the relative abundance of the Methanobrevibacter gottschalkii group within the Methanobacteria.  However, the elevated levels of Methanosphaera spp. in high RFI cattle relative to low RFI animals (Zhou et al. 2009) differs from our observation of elevated Methanosphaera in the low CH4 yielding sheep. This may be due to the large difference between the diets fed (high grain feedlot diet for cattle (Zhou et al. 2009) vs pelleted lucerne diet for sheep (this study) or to innate differences between ruminant species (cattle vs sheep).  
The main findings of this study indicate that there are strong correlations between expression levels of the hydrogenotrophic methanogenesis pathways in rumen methanogens and CH4 yields in sheep, in the absence of significant changes in methanogen community structure or relative abundance.  This indicates a response of methanogenesis functions of the resident methanogens to the supply of their main substrate, H2.  We predict that these gene expression changes are indirectly controlled by particle retention time or digesta passage rate in sheep. This is an avenue for future investigation within New Zealand’s sheep CH4 screening program, with the long term goal of selecting animals with lower CH4 yields without compromising their productivity or reproductive ability.  Furthermore, the identification of specific groups of methanogens that encode up-regulated methanogenesis genes correlated with high CH4 yield in sheep confirms current gene targets under investigation and provides new microbial and pathway targets for CH4 mitigation technologies in ruminants.




Best way to decrease CH4 emissions

• Improve efficiency of production, reduces days until slaughter and reduce the 
number of animals required to produce the same quantity of beef

• Its about emissions intensity, producing the same amount of meat with less 
input

• A lot of the recommendations take away from ruminants ability to effectively 
turn fibrous matter into product

• Complex process

• There isn’t an easy fix
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