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Additive methane-mitigating effect of nitrate plus linseed 
supplemented to ruminants 
 
Linseed oil and nitrate respectively affect the production and the utilization of hydrogen in the rumen, which is a key substrate for 
methanogenesis. Via an additive effect between these two treatments, this PhD thesis showed that association of dietary strategies 
with different mechanisms of action on the rumen hydrogen pool reduces methane emissions of ruminants to a greater extent than 
when these strategies are applied individually. 
 
The reduction of methane emissions from ruminants may limit the negative environmental impacts of their breeding and may improve 
their digestive efficiency. In the rumen, methane is mainly produced by methanogenic archaea from hydrogen. To reduce hydrogen 
availability, two ways of action are possible: 1) the reduction of hydrogen production; indeed a meta-analysis highlighted that a 
reduction of protozoa concentration in the rumen (important hydrogen producers) by lipids or plant extracts supplementation 
decreases methane emissions (Guyader et al., 2014); 2) the modification of hydrogen utilization; indeed biochemical pathways using 
hydrogen such as the nitrate-reduction pathway decrease hydrogen availability for methanogens. Today, most dietary strategies to 
reduce methanogenesis were tested individually but no studies tested the effect of associating strategies acting on both production 
and utilization of hydrogen. We assumed that the association of dietary treatments with different mechanisms of action on the rumen 
hydrogen pool will reduce methane emissions to a greater extent than when these strategies are applied individually. To test this 
hypothesis, an experiment was conducted on non-lactating cows supplemented with linseed oil (4% in dry matter) and/or nitrate 
(2.3% in dry matter). The total tract digestibility of nutrients was determined. Methane emissions were monitored continuously with 
open chambers newly acquired by our research group. Moreover, the concentration of protozoa and the quantity and activity of 
methanogens were measured from rumen samples taken postfeeding. 
 

Total tract digestibility of diets was similar between treatments. 
Linseed oil reduced methane emissions by 17%, by acting 
throughout the day on hydrogen production, via a direct inhibiting 
effect on protozoa. Nitrate reduced methane emissions by 22%, by 
consuming hydrogen for its reduction during the 3 h following its 
supplementation. This reduction of hydrogen availability with nitrate 
also decreased the quantity and activity of methanogens, an effect 
that is underpinned by the direct toxic effect of nitrate/nitrite towards 
this population. The association of these dietary strategies greatly 
reduced methanogenesis (-32%). This positive interaction was 
explained by the different modes of action of these treatments on 
the rumen hydrogen pool (production AND utilization of hydrogen). 
 

By showing that linseed oil and nitrate have different modes of action on the rumen hydrogen pool, we demonstrated the additive 
effect of their association on methanogenesis in ruminants. The reduction in methane emissions did not affect diet digestibility. 
Consequently, this work, undertaken during a PhD thesis, opens the possibility of associating dietary strategies with different modes 
of action to reduce methane emissions of cattle to a greater extent than when they are fed individually 
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