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Structure of the Lecture

▪ Methane emissions in ruminants
▪ The rumen environment
▪ Strategies to mitigate enteric CH4 emissions in 

ruminants
▪ 3-NOP

▪ Mechanism of action
▪ Degradation by-products
▪ Effects on methane emissions
▪ Current issues

▪ Conclusions



Enteric CH4 reduction is needed 

Gerber et al., 2013; Rojas-Downing et al., 2017

CH4 emissions represent 2-12% energy loss from the gross 
energy intake in cattle (Johnson and Johnson, 1995)



Enteric Methane Production in Ruminants

Eóin O'Hara*, André L.A. Neves*, Yang Song, Le Luo Guan. 2020. The Role of the Gut Microbiome in Cattle 
Production and Health: Driver or Passenger?. Annual Review Animal Biosciences. 8:199-220.



Strategies to reduce GHG emissions 
in ruminants



(A) (B) (A) (B)

(C)

Biochemistry of Methane Biosynthesis in the Rumen 
and Mitigation
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Target: methyl-coenzyme M reductase 
(MCR)

Structures of Coenzyme M (CoM) and 
3-Nitrooxypropanol (3-NOP)

Mechanism of action of 3-NOP
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Metabolism of 3-NOP

▪ Mammalian metabolism:
▪ 3-nitrooxypropanol (3-NOP) → 3-nitrooxypropionic 

acid (NOPA) → 3-hydroxypropionaldehyde (3-HPA)
▪ 3-HPA is the major urinary metabolite

▪ Rumen metabolism:
▪ 3-NOP → propane-1,3-diol (1,3-dipropanol is the 

major metabolite)
▪ In vivo observation

▪ NOPA detected in milk (≤ 3.66 μg/kg) and in 
tissues (~5 μg/kg)

▪ NOPA was not genotoxic
Bampidis et al., 2021. Safety and efficacy of a feed additive consisting of 3-nitrooxypropanol (Bovaer® 
10) for ruminants for milk production and reproduction (DSM Nutritional Products Ltd). EFSA Journal, 19,  



TABLE 1. Effect of 3-NOP (and other strategies) on 
enteric methane emissions
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Item Proportion of concentrate
Oilseed lipids

(rapeseed and linseed)
Nitrate 3-NOP

Examined range in dietary

inclusion

4 to 910 g concentrate/kg

DM

21 to 85 g crude fat/kg

DM
5 to 23 g nitrate/kg DM

28 to 200 mg 3-NOP/kg

DM

Reportedmethane reduction

(%)
22 to 41% 21 to 33% 6 to 28% 2 to 65%

Recommended

supplementation level

100 g extra

concentrate/kg DM
20 g extra crude fat/kg DM 10 g nitrate/kg DM 60 mg 3-NOP/kg DM

Potentialmethane reduction

(%)
10% 7% 10% 30%

References related to 3-NOP research:
Haisan et al. (2014, 2017), Reynolds et al. (2014), Hristov et al. (2015), Lopes et al. (2016), van Wesemael et al. (2019), Melgar et al. 
(2020a, 2020c, 2021), van Gastelen et al. (2020; 2022), Schilde et al. (2021), Garcia et al. (2022), Kjeldsen et al. (2024), Maigaard et al. 
(2024).



Current Issues with 3-NOP 
(Bovaer®)

▪ Large-scale rollout (Denmark):
→ Adoption coincided with seasonal diet changes 

▪ Field reports (LVK; subset of herds):
↓ rumination, ↓ feed & water intake, ↑ feed 
refusals, rumen atony, ↓ milk yield (~1–4 kg ECM), 
occasional sudden deaths

▪ Emerging hypothesis: sulphur (S) interaction:
3-NOP inhibits methanogenesis → ↑ H₂ → ↑ H₂S 
(with high dietary S)



Conclusions

▪ Methane mitigation with 3-NOP extends beyond MCR 
inhibition and requires a system-level understanding of 
rumen microbial chemistry and metabolic interactions

▪ Key gap: field conditions differ from controlled trials

→ EFSA (2026): call for additional data on the use of 3-NOP 
in ruminants

Interested parties and stakeholders should submit data by  10/04/2026, complying with the 

requirements described in the call. 



Thank You for Listening
André LA Neves –

andre.neves@sund.ku.dk
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