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Abstract

Enteric fermentation is the largest source of methane emissions in dairy production, accounting for over 
90% of the sector's greenhouse gas emissions [1]. The feed additive 3-nitrooxypropanol (3-NOP) can reduce 
enteric methane emissions by up to 30% [2], but its effects on milk composition remain underexplored. This 
study evaluated  the  effect  of  3-NOP supplementation  on  the  milk  metabolome of  dairy  cows under 
commercial conditions. Controlled feeding trials were conducted on two Danish Holstein herds (200 cows 
each) receiving a forage-based (herd A) or concentrate-based (herd B) diet, formulated to provide similar  
nutrient and energy supply. Each herd underwent consecutive one-month periods without 3-NOP and with 
3-NOP at two dosage levels (45 and 60 mg/kg dry matter) over three months. Milk samples were collected 
every second day and pooled, resulting in 99 samples.  Milk was analyzed using proton (¹H) nuclear 
magnetic resonance (NMR) spectroscopy, with 45 metabolites identified using the SigMa approach [3,4].  
Both herd and 3-NOP supplementation significantly affected milk composition, explaining 7.4% and 4.7% 
of the total variation, respectively. 3-NOP supplementation at 45 mg/kg showed lower citrate and acetone 
levels but higher methanol, dimethyl sulfone and glucose levels compared to the control. At the higher dose 
(60 mg/kg), methanol, acetone, dimethyl sulfone and citrate increased relative to the lower dose, with  
citrate, acetone, methanol and dimethyl sulfone increasing above control levels, while glucose decreased  
relative to the lower dose. These results indicate a dose-dependent response to 3-NOP rather than a simple 
linear effect. The herd effect resulted in increased allantoin, malonate, phosphocreatine and methanol, and 
decreased choline, creatine, dimethyl sulfone and fumarate levels in herd A relative to herd B, potentially  
reflecting differences in rumen fermentation and energy metabolism between the two diets. These results 
indicate that 3-NOP-induced changes in milk composition are dose-dependent and, for some metabolites, 
non-monotonic, while herd/diet exerted a stronger overall effect on the milk metabolome. These findings 
contribute to understanding how 3-NOP influences milk composition,  supporting the development of 
sustainable methane mitigation strategies that do not compromise milk quality.
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