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IntroductionThis scientific abstract booklet is the result 
of excellent interdisciplinary scientific 
teamwork from across the globe. A big thank 
you goes to all the contributors for their 
effort and outstanding research work which 
allowed this abstract booklet to be made. 

Methane matters and we need to reduce methane emissions significantly to attempt to 
stay on a 1.5 degrees scenario. This was probably one of the key take-aways from UN 
COP26 climate conference in Glasgow late last year, and which was formalized in the 
Global Methane Pledge (reduce methane emissions by 30% by 2030) signed by over 100 
countries. It is expected that this action alone could already avoid 0.2 degrees of warming. 

That’s huge! 

This message was reiterated in the latest IPCC report which stated very clearly, that 
reducing methane emissions is the biggest opportunity to slow down global warming in 
the short term, between now and 2040.

We are therefore very excited that with our feed additive Bovaer® (scientific name 
3-Nitrooxypropanol, 3-NOP) we are able to provide the farming community an effective 
tool to reduce methane emissions, and thereby enabling the livestock sector to play its 
part on fighting climate change, whilst at the same time improving food security and 
the livelihoods of thousands of people globally. 

The feed additive Bovaer® is the result of, over a decade-long journey of research and 
development. It is the most extensively studied and scientifically proven solution to 
the challenge of enteric methane from ruminants, with over 51 scientific peer reviewed 
publications to date (May 2022). Over the last 12 months we were especially excited that 
Bovaer® became the first (and to date, only) feed additive to be successfully authorized 
in Europe as a zootechnical feed additive that has a positive effect on the environment. 
Following rigorous evaluation by EFSA FEEDAP (European Food Safety Authority Panel 
on Additives and Products or Substances used in Animal Feed), Bovaer® has been 
recognized as highly efficacious, safe for the consumer, the animal and the environment. 
In addition to the successful authorization in Europe, Bovaer® is available for sale 
today in 31 countries, including the EU, Switzerland, Australia, Chile and Brazil. 

We are proud to be working with leading scientists from all around the world on 
Bovaer®, as our joint insights will enable farmers to take informed decisions and support 
adoption. Over the past 3 years, since the last GGAA meeting in 2019, an enormous breadth 
and depth of research was conducted, much of which is summarized in this abstract 
booklet and will be presented at GGAA 2022. In addition, the peer reviewed 
publications with Bovaer® have also been listed. 



• Bovaer® reduces methane in all diets 
and ruminant breeds that have been 
tested. 

• The impact of dose rate and diet 
composition needs to be considered 
with higher dose rates and higher 
starch/ lower NDF in the diet leading 
to greater % methane reductions in 
both dairy and beef cattle diets. The 
data from all our studies have been 
compiled into a new meta-analysis 
and resulted in the development of 
a new prediction model (which is 
submitted for publication).

• Supplementation with Bovaer® in 
dairy cow diets can lead to very 
positive changes in rumen 
fermentation characteristics, 
resulting in a shift in the 
fermentation profile, increasing 
rumen pH. 

• The effect of Bovaer® on methane 
reduction in lactating dairy cows fed 
a high forage diet was investigated 
for 1 year across all stages of 
lactation, including the dry period. 
Overall, diet had the greatest impact 
on the percentage of methane yield 
reduction achieved (-19% reduction 
in methane yield), with a correlation 

For us, the key take-home messages from these studies are:

observed between the percentage 
reduction and NDF digestibility of the 
grass silage component of the diet. 
Energy Corrected Milk yield was also 
increased in this study (+1.9 kg/d) and 
DMI was unaffected.

• Initial studies investigating the effect 
of supplementing dairy cows with 
Bovaer® in low and high fat diets 
demonstrated no interaction between 
the two mitigation strategies.

• When Bovaer® was combined with 
other methane mitigating dietary 
feed ingredients (fat and/or nitrate) 
in dairy cow diets, although methane 
was reduced by up to 60% when all 3 
additives were fed simultaneously, 
the effect of each individual mitigator 
was not fully numerically additive. 
Manure was collected from these 
animals, and it was found there was 
no negative effect on biogas 
production. 

• Additive effects in reducing methane 
emissions may be observed when 
comparing Bovaer® (-27%) and when 
Bovaer® is fed in combination with 
other essential oils, such as Crina®, 
leading to a 34% reduction in 
methane per se. 

• A study in Australia showed that in 
finishing beef cattle diets, methane 
may be mitigated by up to 90% with 
no adverse effects on dry matter 
intake or average daily gain.

• Combining Bovaer® with canola oil in 
high forage beef backgrounding diets 
resulted in a significant reduction in 
methane emissions, with Bovaer® (- 
28%) reduction, oil (-24%) reduction 
and the effects of the two mitigating 
solutions being additive (-52%) in 
reducing methane emissions. Canola 
oil had a significant impact on the 
rumen microbiome whereas Bovaer® 
supplementation resulted only in 
minor changes, leading to a decrease 
in Methanobrevibacter and increase 
in Bacteroidetes. 

We will continue our research to further 
expand the application of Bovaer® as 
we believe that this novel product can 
contribute to help the society to 
transition to a low carbon footprint 
economy. We therefore welcome any 
research and collaboration proposals as 
we continue this journey.



Does basal diet composition impact the methane 
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The objective was to determine whether the methane mitigation potential of 
3-nitrooxypropanol (3-NOP) in dairy cows was affected by basal diet composition. 
Eight rumen-fistulated, multiparous Holstein-Friesian dairy cows were assigned to a 
double 4 × 4 Latin square design. The four treatments were (all DM basis) a grass 
silage-based diet (GS; 67% grass silage and 33% concentrate) and a corn silage-based 
diet (CS; 13% grass silage, 54% corn silage, and 33% concentrate) supplemented with a 
placebo (NOP0) or 80 mg 3-NOP/kg DM (NOP80). Each experimental period consisted 
of 14 d adaptation in a free-stall barn followed by 4 d of measurements in climate 
respiration chambers. On the last 2 d of adaptation, rumen fluid was collected 1 h 
before, and 1, 2, 3, 4, and 6 h after morning feeding. Rumen pH was recorded at 1-min 
intervals using indwelling pH loggers during the respiration chamber period. NOP80 
decreased (P = 0.038) DM intake (DMI) with 1.0 kg/d, both with GS and CS. NOP80 did 
not affect milk yield and composition (P > 0.100). Ruminal pH increased (P = 0.036) and 
ruminal acetate to propionate ratio decreased (P = 0.012) with NOP80 both with GS 
and CS. Methane yield (g/kg DMI) decreased (P = 0.002) with NOP80 for both GS and 
CS, but the decrease in methane yield was numerically smaller for GS (-12.6%) 
compared with CS (-24.2%). A similar pattern was observed for methane intensity (g/kg 
energy correct milk), which decreased (P < 0.001) with NOP80 for both GS and CS, but 
the decrease was numerically smaller for GS (-14.6%) compared with CS (-24.7%). In 
conclusion, 3-NOP effectively decreases methane emissions in dairy cows but 
potentially to a greater extent with a corn silage-based diet compared with a grass 
silage-based diet.

The objective of this study was to determine the effect of 3-nitrooxypropanol on 
methane emission and production characteristics from dairy cows receiving 
3-nitrooxypropanol in their diet for one complete year, including the dry period. Sixty-
four late-lactation Holstein-Friesian dairy cows (33% primiparous) were blocked in 
pairs, based on expected calving date, parity, and milk yield. The experiment started 
with a covariate period of 3 weeks in which all cows received the same basal diet and 
baseline measurements were performed. Directly after, cows within a block were 
randomly allocated to 1 of 2 dietary treatments: a diet including on average 59 mg 
3-nitrooxypropanol/kg DM (3-NOP) and a diet including a placebo (CON). The diet 
consisted of grass silage, corn silage, and concentrate. The ratio between grass silage 
and corn silage was constant throughout the experiment (70:30; DM basis). The forage 
to concentrate ratio depended on lactation stage (i.e., the dry period and early, mid, 
and late lactation) and milk yield. Diets were provided as a total mixed ration in feed 
bins (Hokofarm B.V.), which automatically recorded feed intake. The GreenFeed system 
(C-Lock Inc.) was used to measure methane emissions. Overall, 3-NOP did not affect 
daily milk yield (26.4 and 27.5 kg/d for CON and 3-NOP, respectively) and total DM 
intake (21.0 and 20.8 kg/d for CON and 3-NOP, respectively), but resulted in a higher 
energy-corrected milk yield (32.3 and 34.2 kg/d for CON and 3-NOP, respectively). 
Methane yield (g/kg DM intake) over the year was reduced by 19%, being 20.1 and 16.3 
g/kg DM intake for CON and 3-NOP, respectively. Preliminary analysis show that the 
mitigation potential of 3-NOP depended on the quality of the grass silage (i.e., NDF 
digestibility in %), which appeared positively related to the mitigation potential of 
3-NOP (R2 = 0.59). 

Contact Information: 
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Effect of 3-nitrooxypropanol alone and in combination 
with essential oils on methane production and dairy 
cow performance 

Gas exchanges and dry matter intake when lactating 
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The effect of supplementing dairy cattle with 3-nitrooxypropanol (3-NOP, Bovaer 10®) 
alone or combined with a blend of essential oils (BEO, Crina® Ruminants) on methane 
emissions and milking performance compared with cows fed a placebo was 
investigated over 84 d. Sixty multiparous cows (BW: 606±70 kg, milk yield: 40.7±9.8 
kg/d, DIM: 80±32) were divided into 3 treatments (Control; 3-NOP: 60mg 3-NOP/kg DM 
and COMBO: 60mg 3-NOP/kg DM + 1.5 g BEO/d). Individual intake of a diet (15% CP, 
31.1% NDF, 1.70 Mcal of NEl/kg, DM basis) was monitored and cows had free access to 
GreenFeeds (C-Lock Inc., USA) to measure enteric emissions. Sniffers (Guardian NG 
Edinburgh Instruments Ltd., UK) recorded methane emissions at the exit of the milking 
parlor. Data were analyzed using a mixed-effects model for repeated measures. 
Methane emissions recorded using GreenFeeds were 27.4% and 34.2% lower (P<0.05) in 
3-NOP (262.0 ±11.72 g/d) and COMBO cows (238± 11.72g/d) than Control cows (361 ± 11.72 
g/d), respectively, indicating potential synergy with the combination. Methane 
emissions recorded with Sniffers were 15.2% and 19.5% lower (P < 0.05) from 3-NOP 
(422±17.6, l/d) and COMBO cows (401 ± 17.6 l/d) than Control cows (498±17.6 l/d). 
Inhibiting methane resulted in an increase in H2 emissions greatest for 3-NOP (5.24 
±0.44 g/), followed by COMBO (4.85±0.44 g/d) and Control (2.56±0.44 g/d). Milk yield 
and quality were unaffected by treatments; however, feed intake increased (P < 0.05) 
in 3-NOP and COMBO cows over time, resulting in a reduction in feed efficiency (milk/
intake). In conclusion, both GreenFeeds and Sniffer techniques can be used to assess 
potential effects of feed additives on methane emissions.  Both, 3-NOP and its 
combination with BEO are effective substances to reduce methane emissions from 
dairy cattle without affecting milk yield but decreasing feed efficiency over time.

It is well-known that fat and 3-NOP (Bovaer) reduce enteric methane production from 
ruminants. The aim of the study was to investigate the interaction effect between fat 
(33 g or 64 g crude fat kg-1 DM) and 3-NOP (0 or 80 mg kg-1 DM) in a 2×2 factorial 
arrangement. Four lactating multiparous Danish Holstein dairy cows were used in a 
balanced 4×4 Latin square design. Gas exchanges were measured in respiration 
chambers. All four cows were multi-cannulated with a rumen-, duodenum- and ileum 
cannula, as digestibility measures were collected as well. Whole-cracked rapeseeds 
were used as the fat source. Cows were fed the TMR ad libitum, and dry matter intake 
(DMI) was measured. The NDF content was 293 g kg-1 DM and 282 g kg-1 DM for TMR low 
and high in fat content, respectively. The DMI was reduced when cows were fed the 
3-NOP diets (P=0.008), but increased fat content did not reduce the DMI (P=0.54). 
Increased fat content did not reduce methane production in L kg-1 DMI (P=0.29), while 
3-NOP reduced the methane production in L kg-1 DMI by 25 % (P<0.001). No interaction 
between fat and 3-NOP was found on methane production in L kg-1 DMI (P=0.45). 
Hydrogen production in L kg-1 DMI increased when 3-NOP was fed (P<0.001) by 3300 %. 
No significant effect of fat was found on hydrogen production (P=0.98), and neither on 
the interaction of fat and 3-NOP (P=0.90). 3-NOP increased the carbon dioxide 
production (P=0.009) and oxygen consumption (P=0.005) in L kg-1 DMI.  In conclusion, 
there was no interaction of fat and 3-NOP on the methane production. The effects of 
fat were only numeric, while 80 mg 3-NOP kg-1 DM reduced the methane production, 
reduced the dry matter intake and increased the hydrogen production. 

Contact Information: 
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Combined Effects of Dietary Fat, Nitrate and 3-NOP 
on Dairy Cows’ Enteric Methane Emission
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Methane Potential of Manure from Dairy Cows 
Supplemented with Dietary Fat, Nitrate and 3-NOP
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enteric methane production and production performance. 24 primi- and 24 
multiparous lactating Holstein cows were included in an incomplete 8×8 Latin square 
design with six 21 d periods. Cows were blocked according to parity and days in milk. 
Diets were arranged in a 2×2×2 factorial design: 2 levels of fat (whole cracked 
rapeseeds) (low fat; 30 g crude fat (CF)/kg DM, or high fat; 63 g CF/kg DM), 2 levels of 
nitrate (calcium ammonium nitrate; Silvair) (0 g/kg DM or 10 g/kg DM; diets were 
isonitrogenous using urea) and 2 levels of 3-NOP (3-nitrooxypropanol; Bovaer) (0 mg/
kg DM or 80 mg/kg DM). Methane emission was measured using GreenFeed. Data from 
the last 7 d of each period was averaged and included in the analysis, using a mixed 
procedure of R. For methane yield (g CH4/kg DMI) there was no 3-way interaction 
between additives, however significant 2-way interactions were observed between fat, 
nitrate and 3-NOP. All three additives reduced methane yield, but effects were not 
additive and effect of combining additives did not exceed their individual effects. 
Methane yield varied from 16.7 for cows on low fat/no nitrate/no 3-NOP to 12.9 g/kg 
DMI for cows on high fat/nitrate/3-NOP. DMI was reduced by dietary supplementation 
and a 2-way interaction between fat and nitrate was observed. Addition of fat did not 
affect DMI, whereas addition of nitrate reduced DMI by 5%. However, combining fat 
and nitrate reduced DMI by 13%. 3-NOP reduced DMI with 13%. In conclusion, fat, 
nitrate, and 3-NOP are effective methane mitigation additives, but their individual 
effects were not additive, despite different modes of action. Potential DMI reductions 
may be a challenge for the implementation of otherwise effective methane mitigation 
additives, when feeding a Danish ration.

Potent feed additives reduce enteric methane emission from dairy cows. The aim of 
this study was to investigate if biogas potential of manure from methane mitigated 
dairy cows also was affected. As part of a larger experiment, the methane potential of 
manure was investigated, when dairy cows were supplemented with fat, nitrate, and 
3-NOP as enteric methane mitigation additives. 24 primi- and 24 multiparous lactating 
Danish Holstein cows were included in an incomplete 8×8 Latin square design with six 
21-day periods. Every cow received six of eight diets. Diets were arranged in a 2×2×2 
factorial design: 2 levels of fat (whole cracked rapeseeds) (low fat; 30 g crude fat (CF)/
kg DM, or high fat; 63 g CF/kg DM), 2 levels of nitrate (calcium ammonium nitrate; 
Silvair) (0 or 10 g/kg DM; diets were isonitrogenous using urea) and 2 levels of 3-NOP 
(3-nitrooxypropanol; Bovaer) (0 or 80 mg/kg DM). All treatments reduced enteric 
methane. Manure was sampled from individual cows during the last day in period two 
and five. Accumulated methane production was determined in vitro in a batch assay 
after 90 days of incubation and methane yield was expressed at standard conditions 
(STP). A total of 94 observations were analyzed, using a mixed procedure of R. In cows 
fed low fat diets, methane yield in manure was 231, 247, 242 and 214 L CH4/kg volatile 
solids (VS) when no additives, nitrate, 3-NOP and nitrate+3-NOP were fed, respectively. 
However, in manure from cows fed high fat diets, the yield was 286, 282, 269 and 266 L 
CH4/kg VS, when no additives, nitrate, 3-NOP and nitrate+3-NOP were fed, respectively. 
In conclusion, dietary fat was the only factor significantly affecting the methane yield 
in manure, which was increased by 18% for cows fed high fat diets compared to cows 
fed low fat diets.  

 

Contact Information: 
Morten Maigaard, Department of Animal Science, Aarhus University, AU Foulum, 
Blichers Allé 20, DK-8830 Tjele, Denmark. E-mail: morten.m.sorensen@anis.au.dk

Contact Information: 
Morten Maigaard, Department of Animal Science, Aarhus University, AU Foulum, 
Blichers Allé 20, DK-8830 Tjele, Denmark. E-mail: morten.m.sorensen@anis.au.dk



Decreased methane production in Angus 
cattle fed 3-Nitrooxypropanol (Bovaer 10®) 

Amelia K. de Almeida1, Frances Cowley1, Joseph McMeniman2, Joseph McGrath3, 
Luis F. M. Tamassia3, Alex Karagiannis-Voules3, Maik Kinderman3, Nicola D. Walker3, 
Roger Hegarty1

1 University of New England-ERS, Armidale, NSW, Australia

2 Meat & Livestock Australia Limited (MLA), 40 Mount Street, North Sydney, NSW, Australia

3 DSM Nutritional Products, P.O. Box 2676, Bldg. 241/865, CH-4002 Basel, Switzerland
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We aimed to quantify the effect of increasing diet concentration of 3-NOP (Bovaer®) 
on rumen fermentation and methane emissions of Angus steers fed typical Australian 
feedlot diets. Twenty Angus steers of initial liveweight of 356 ± 14.4 kg were allocated in 
a completely randomized block design. The experimental period was 112 days in which 
steers were housed in individual indoor pens, including the first 21 days of adaptation. 
Five different 3-NOP regimens in dry matter basis were compared: Control = no added 
3-NOP; Low = 50 mg/kg 3-NOP from d 0 to 112; Medium A = 50 mg/kg from d 0 to 7, 75 
mg/kg from d 8 to 112 ; Medium B = 50 mg/kg from d 0 to 7, 75 mg/kg from d 8 to 14, 100 
mg/kg from d 15 to 112; and High = 50 mg/kg from d 0 to 7, 75 mg/kg from d 8 to 14, 100 
mg/kg d 15 to 21, 125 mg/kg from d 22 to 112. For the 3-NOP titration regimens, the 
adaptation period followed a step-wise approach in terms of both increasing 3-NOP 
diet concentration and increasing tempered barley content in the diet. The CH4 
emission, ruminal parameters and performance traits were measured with respiratory 
chambers. This project demonstrated that all 3-NOP regimens significantly decreased 
methane of feedlot cattle from d 21 to 112 of the feeding period. The maximum CH4 
production abatement from 3-NOP was observed in day 28, averaging 99% reduction 
compared to control steers. For the overall feeding period, methane emissions (g/d) 
were 78% lower in the animals that followed the Medium B titration regimen than 
control animals. Although this experiment was not designed to make conclusions on an 
effect of 3-NOP on feedlot performance no negative effects of any 3-NOP regimen were 
detected on production parameters.

Abstract:

It is essential to understand the impact that different methane inhibitors have on the 
rumen microbial community. Here we have examined the effects of supplementing a 
high-forage diet with the investigational methane (CH4) inhibitor 3-nitrooxypropanol 
(3-NOP) and canola oil (OIL) on the rumen microbiome of beef cattle, enteric CH4 
emissions, and ruminal fermentation. 3-NOP and OIL individually reduced enteric CH4 
emission (-28.2% and -24.0%, respectively), and the effects were additive when used in 
combination (-51.3%). 3-NOP increased H2 emissions 37 fold, while co-administering 
3-NOP and OIL increased H2 in the rumen 20-fold relative to the control diet. The 
inclusion of 3-NOP or OIL reduced the microbial diversity of the rumen microbiome. 
3-NOP resulted in targeted changes in the microbiome decreasing the relative abundance 
of Methanobrevibacter and increasing the relative abundance of Bacteroidetes. The 
inclusion of OIL resulted in large scale changes to the microbial community, ruminal 
volatile fatty acid concentration and gas production. OIL significantly reduced the 
abundance of protozoa and fiber-degrading microbes in the rumen but it did not 
selectively alter the abundance of rumen methanogens. The addition of OIL to the diet 
resulted in a large decrease in the number sequences attributable to Fibrobacter (41-243 
fold decrease; P < 0.001) in both rumen fluid and digesta. These data show that 3-NOP 
specifically targeted rumen methanogens inhibiting the hydrogenotrophic methanogenesis 
pathway and increased H2 emissions and propionate production. OIL caused large scale 
changes in the rumen microbial community by indiscriminately altering the abundance 
of a range of rumen microbes, reducing the abundance of fibrolytic bacteria and altering 
rumen fermentation. Our data suggests that co-administering CH4 inhibitors with 
distinct mechanisms of action can enhance CH4 inhibition and provide alternative sinks 
to reduce the accumulation of ruminal H2.

Contact Information: 
Amelia Almeida, University of New England - Ruminant Research Group, Trevenna 
Road, Building W049 - Woolshed, Armidale, NSW, Australia 2351, Phone: +61 0434578518, 
Email: amelia.dealmeida@une.edu.au 



Peer reviewed publications

1 G. Martínez-Fernández, L. Abecia, A. Arco, G. Cantalapiedra-
Hijar, A. I. Martín-García, E. Molina-Alcaide, M. Kindermann, 
S. Duval, D. R. Yáñez-Ruiz, J. Dairy Sci. 2014, 97, 3790-3799. 
Effects of ethyl-3-nitrooxy propionate and 
3-nitrooxypropanol on ruminal fermentation, microbial 
abundance, and methane emissions in sheep. 

2 C. K. Reynolds, D. J. Humphries, P. Kirton, M. Kindermann, S. 
Duval, W. Steinberg, J. Dairy Sci. 2014, 97, 3777-3789. Effects 
of 3-NOP on methane emission, digestion, and energy and 
nitrogen balance of lactating dairy cows.

3 A. Romero-Perez, E. K. Okine, S. M. McGinn, L. L. Guan, M. 
Oba, S. M. Duval, M. Kindermann, K. A. Beauchemin, J. Anim. 
Sci 2014, 92, 4682-4693. The potential of 3-nitrooxypropanol 
to lower enteric methane emissions from beef cattle.

4 J. Haisan, Y. Sun, L. L. Guan, K. A. Beauchemin, A. Iwaasa, S. 
Duval, D. R. Barreda, M. Oba, J. Dairy Sci. 2014, 97, 3110-3119. 
The effects of feeding 3-nitrooxypropanol on methane 
emissions and productivity of Holstein cows in mid 
lactation.

5 A. Romero-Pérez, E. K. Okine, L. L. Guan, S. M. Duval, M. 
Kindermann, K. A. Beauchemin, Anim. Feed Sci. Technol. 
2015, 209, 98-109. Effects of 3-nitrooxypropanol on methane 
production using the rumen simulation technique (Rusitec).

6 A. Romero-Perez, E. K. Okine, S. M. McGinn, L. L. Guan, M. Oba, 
S. M. Duval, M. Kindermann, K. A. Beauchemin, J. Anim. Sci. 
2015, 93, 1780-1791. Sustained reduction in methane 
production from long-term addition of 3-nitrooxypropanol 
to a beef cattle diet.

7 A. N. Hristov, J. Oh, F. Giallongo, T. W. Frederick, M. T. Harper, 
H. L. Weeks, A. F. Branco, P. J. Moate, M. H. Deighton, S. R. O. 
Williams, M. Kindermann, S. Duval, Proc. Natl. Acad. Sci. 
2015, 112, 10663-10668. An inhibitor persistently decreased 
enteric methane emission from dairy cows with no negative 
effect on milk production.

8 A. N. Hristov, J. Oh, F. Giallongo, T. Frederick, M. T. Harper, H. 
Weeks, A. F. Branco, W. J. Price, P. J. Moate, M. H. Deighton, S. 
R. O. Williams, M. Kindermann, S. Duval, J. Dairy Sci. 2016, 99, 
5461-5465. Comparison of the GreenFeed system with the sulfur 
hexafluoride tracer technique for measuring enteric 
methane emissions from dairy cows.

9 A. Romero-Pérez, E. K. Okine, L. L. Guan, S.M. Duval, M. 
Kindermann, K. A. Beauchemin, Anim. Feed Sci.Technol. 
2016, 220, 67-72. Effects of 3-NOP and monensin on 
methane production using a forage-based diet in Rusitec 
fermenters.

10 D. Vyas, S. M. McGinn, S. M. Duval, M. Kindermann, K. A. 
Beauchemin, J. Anim. Sci. 2016, 94, 2024-2034. Effects of 
sustained reduction of enteric methane emissions with 
dietary supplementation of 3-nitrooxypropanol on growth 
performance of growing and finishing beef cattle.

11 J. C. Lopes, L. F. de Matos, M. T. Harper, F. Giallongo, J. Oh, D. 
Gruen, S. Ono, M. Kindermann, S. Duval, A. N. Hristov, J. 
Dairy Sci. 2016, 99, 5335-5344. Effect of 3-NOP on methane 
and hydrogen emissions, methane isotopic signature, and 
ruminal fermentation in dairy cows.

12 E. C. Duin, T. Wagner, S. Shima, D. Prakash, B. Cronin, D. R. 
Yáñez-Ruiz, S. Duval, R. Rümbeli, R. T. Stemmler, R. K. 
Thauer, M. Kindermann, Proc. Natl. Acad. Sci. 2016, 113, 
6172-6177. Mode of action uncovered for the specific 
reduction of methane emissions from ruminants by 3-NOP.

13 D. Vyas, S. M. McGinn, S. M. Duval, M. K. Kindermann, K. A. 
Beauchemin, Anim. Prod. Sci. 2016, 58, 1049-1055. Optimal 
dose of 3-nitrooxypropanol for decreasing enteric methane 
emissions from beef cattle fed high-forage and high-grain diets.

14 A. Jayanegara, K. A. Sarwono, M. Kondo, H. Matsui, M. Ridla, 
E. B. Laconi, Nahrowi, Ital. J. Anim. Sci. 2017, 1-7. Use of 
3-nitrooxypropanol as feed additive for mitigating enteric 
methane emissions from ruminants: a meta-analysis.

15 A. Romero-Pérez, E. K. Okine, L. L. Guan, S. M. Duval, M. 
Kindermann, K. A. Beauchemin, J. Anim. Sci. 2017, 95, 
4072–4077. Evaluation of methane inhibitor 
3-nitrooxypropanol and monensin in a high-grain diet 
using the rumen simulation technique (Rusitec).

16 J. Haisan, Y. Sun, L. Guan, K. A. Beauchemin, A. Iwaasa, S. 
Duval, M. Kindermann, D. R. Barreda, M. Oba, Anim. Prod. 
Sci. 2017, 57, 282-289. The effects of feeding 
3-nitrooxypropanol at two doses on milk production, rumen 
fermentation, plasma metabolites, nutrient digestibility, and 
methane emissions in lactating Holstein cows. 

17 J. Guyader, E. M. Ungerfeld, K. A. Beauchemin, Front. 
Microbiol. 2017, 8, 393. Redirection of Metabolic Hydrogen 
by Inhibiting Methanogenesis in the Rumen Simulation 
Technique (RUSITEC).

18 D. Vyas, A.W. Alemu, S. M. McGinn, S. M. Duval, M. 
Kindermann, K. A. Beauchemin; J. Animal Sci. 2018, 96, 
2923-2938. The combined effects of supplementing 
monensin and 3-nitrooxypropanol on methane emissions, 
growth rate, and feed conversion efficiency in beef cattle 
fed high forage and high grain diets.

19 S. Muetzel, R.S. Ronimus, K. Lunn, M. Kindermann, S. Duval, 
M. Tavendale, Anim. Feed Sci. Technol. 2018, 244, 88-92. A 
small scale rumen incubation system to screen chemical 
libraries for potential methane inhibitors.

20 G. Martinez-Fernandez, S. Duval, M. Kindermann, HJ. Schirra 
HJ, SE. Denman, CS. McSweeney  Front. Microbiol., 2018, 9, 
15823. 3-NOP vs. Halogenated Compound: Methane 
Production, Ruminal Fermentation and Microbial 
Community Response in Forage Fed Cattle.

21 J. Dijkstra, A. Bannink, J. France, E. Kebreab,S. van Gastelen, 
J. Dairy Sci. 2018, 101 , 9041 – 9047. Antimethanogenic effects 
of 3-nitrooxypropanol depend on supplementation dose, 
dietary fiber content, and cattle type.

22 P.S. Alvarez-Hess, S.M. Little,  P.J. Moate, J.L. Jacobs, K. A. 
Beauchemin, R.J. Eckard, Agricult. Syst. 2019, 169, 14-23. A 
partial life cycle assessment of the greenhouse gas 
mitigation potential of feeding 3-nitrooxypropanol and 
nitrate to cattle.

23 D. Van Wesemael, L. Vandaele, B. Ampe, H. Cattrysse, S. 
Duval, M. Kindermann, V. Fievez, S. De Campeneere, N. Peire, 
J. Dairy Sci. 2019, 102, 1-8. Reducing enteric methane 
emissions from dairy cattle: Two ways to supplement 
3-Nitrooxypropanol.

24 S.H. Kim, C. Lee, H.A. Pechtl, J. M. Hettick, M. R. Campler, M. 
D. Pairis-Garcia, K.A. Beauchemin, P. Celi, S.M. Duval, J. Anim 
Sci. 2019, 2687–2699. Effects of 3-nitrooxypropanol on 
enteric methane production, rumen fermentation, and 
feeding behavior in beef cattle fed a high-forage or high-
grain diet.

25 S. M. McGinn, T. K. Flesch, K. A. Beauchemin, A. Shreck and 
M. Kindermann, J. Environ. Qual. 2019, doi:10.2134/
jeq2018.11.0412, Micrometeorological Methods for Measuring 
Methane Emission Reduction at Beef Cattle Feedlots: 
Evaluation of 3-Nitrooxypropanol Feed Additive.

26 V. N. Nkemka, K. A. Beauchemin, X. Hao, Water Sci Technol, 
2019, wst2019302. Treatment of feces from beef cattle fed 
the enteric methane inhibitor 3-nitrooxypropanol.

27 A. Melgar, M.T. Harper, J. Oh, F. Giallongo, M.E. Young, T.L. Ott, 
S. Duval, A.N. Hristov, J. Dairy. Sci. 2019, doi.org/10.3168/
jds.2019-17085. Effects of 3-nitrooxypropanol on rumen 
fermentation, lactational performance, and resumption of 
ovarian cyclicity in dairy cows.

28 C. Lee 1, S.-Ho Kim, K. Beauchemin, P. Celi, S. Duval, Animals, 
2020, 10, 64. Short-Term Eating Preference of Beef Cattle 
Fed High Forage or High Grain Diets Supplemented with 
3-Nitrooxypropanol.

29 H. Kim, H. Gun Lee, Y-C. Baek, S. Lee, J. Seo, J.Anim. Sci. 
Technol. 2020; 62, 31-42. The effects of dietary 
supplementation with 3-nitrooxypropanol on enteric 
methane emissions, rumen fermentation, and production 
performance in ruminants: a meta-analysis.

30 A. Melgar, K. C. Welter, K. Nedelkov,C. M. M. R. Martins, M. T. 
Harper, J. Oh, S. E. Räisänen, X. Chen, S. F. Cueva, S. Duval, A. 
N. Hristov, J. Dairy Sci. 2020, 103, 6145–6156. Dose-response 
effect of 3-nitrooxypropanol on enteric methane emissions 
in dairy cows.

26 S. van Gastelen, G. Binnendijk,A. Bannink, J. Dijkstra, T. 
Zandstra, S.M. Duval, M. Kindermann, J.M.L Heck, J. Dairy 
Sci., 2020, 103,17936. DOI: 10.3168/jds.2019-17936. 
3-Nitrooxypropanol decreases methane emissions and 
increases hydrogen emissions of early lactation dairy cows, 
with associated changes in nutrient digestibility and energy 
metabolism.



32 J. Owens, Scientific Reports 2020, accepted for publication. 
Greenhouse gas and ammonia emissions from stored 
manure from beef cattle supplemented 3-nitrooxypropanol 
and monensin to reduce enteric methane emissions.

33 A.N. Hristov, A.Melgar, Animals, 2020, 1-7, doi:10.1017/
S1751731120001731. Short communication: Relationship of 
dry matter intake with enteric methane emission measured 
with the GreenFeed system in dairy cows receiving a diet 
without or with 3-nitrooxypropanol.

34 A. Melgar, C. F. A. Lage, K. Nedelkov, S. E. Räisänen, H. 
Stefenoni, M. E. Fetter, Chen, J. Oh, S. Duval, M. Kindermann, 
N. D. Walker, A. N. Hristov, J. Dairy Sci. 2021, 104, 357-366. 
Enteric methane emission, milk production and 
composition of dairy cows fed 3-nitrooxypropanol.

35 X. M. Zhang, R.J. Gruninger, A. W. Alemu, M. Wang, Z. L. Tan, 
M. Kindermann, K. A. Beauchemin, J. Dairy. Sci. 2020, 
2019-18077. 3-Nitrooxypropanol supplementation had little 
effect on fiber degradation and microbial colonization of 
forage particles when evaluated using the in situ ruminal 
incubation technique.

36 X. Feng, E. Kebreab, PLoS ONE, 2020 15(9): e0234289. Net 
reductions in greenho use gas emissions from feed additive 
use in California dairy cattle.

37 E. Kebreab, X. Feng,California Air Resources Board Report, 
2020. Strategies to reduce methane emissions from enteric 
and lagoon sources.

38 S.J Meale, M. Popova, C.Saro, et al. Sci Rep 2021, 11, 3003. 
Early life dietary intervention in dairy calves results in a 
long-term reduction in methane emissions.

39 A.W. Alemu, A. L. Shreck, C. W. Booker, S. McGinn, L. KD 
Pekrul, M. Kindermann, Karen A Beauchemin, J. Anim. Sci. 
2021, 99, 1-13. Use of 3-nitrooxypropanol in a commercial 
feedlot to decrease enteric methane emissions from cattle 
fed a corn-based finishing diet.

40 A.W. Alemu, L.K.D. Pekrul, A.L. Shreck, C.W. Booker, S.M. 
McGinn, M. Kindermann,K.A. Beauchemin, Front. Anim. Sci. 
2021, 2, 641590. doi: 10.3389/fanim.2021.641590. 
3-Nitrooxypropanol Decreased Enteric Methane Production 
From Growing Beef Cattle in a Commercial Feedlot: 
Implications for Sustainable Beef Cattle Production.

41  T.L. Weber; X, Hao.; C.D. Gross; K.A. Beauchemin; S.X. Chang, 
Agronomy 2021, 11, 371. Effect of Manure from Cattle Fed 
3-Nitrooxypropanol on Anthropogenic Greenhouse Gas 
Emissions Depends on Soil Type.

42 Schilde M, von Soosten D, Hüther L, Meyer U, Zeyner A, 
Dänicke S. Arch Anim Nutr. 2021 Mar 1:1-26. doi: 
10.1080/1745039X.2021.1877986. Epub ahead of print. PMID: 
33641544. Effects of 3-nitrooxypropanol and varying 
concentrate feed proportions in the ration on methane 
emission, rumen fermentation and performance of 
periparturient dairy cows..



43 C. Arndt, A. N. Hristov, W. J. Pricec, S. C. McClellandd, A. M. 
Pelaeze, S. F. Cuevab, J. Ohb, A. Bannink, A. R. Bayat, L. A. 
Crompton, J. Dijkstra, M. A. Eugène, E. Kebreab, M. Kreuzer, 
M. McGee, C. Martin, C. J. Newbold, C. K. Reynolds, A. 
Schwarm, K. J. Shingfield, J. B. Veneman, David R. Yáñez-
Ruizo, Z. Yup, AgriRxiv, 2021, Strategies to Mitigate Enteric 
Methane Emissions by Ruminants – A Way to Approach the 
2.0°C Target..

44 D.W. Pitta, A. Melgar, A.N. Hristov, N. Indugu, K.S. Narayan, C. 
Pappalardo, M.L. Hennessy, B. Vecchiarelli, V. Kaplan-
Shabtai, M. Kindermann, N. Walker, J. Dairy Sci. 2021, in 
press. Temporal changes in total and metabolically active 
ruminal methanogens in dairy cows supplemented with 
3-nitrooxypropanol..

45 H. J. van Lingen, J. G. Fadel, D. R. Yáñez-Ruiz, M. Kindermann, 
E. Kebreab, Front. Microbiol. 2021, 12, 705613. doi: 10.3389/
fmicb.2021.705613. Inhibited Methanogenesis in the Rumen 
of Cattle: Microbial Metabolism in Response to 
Supplemental 3-Nitrooxypropanol and Nitrate..

46 J. Owens, X. Hao, B.W. Thomas, J. Stoeckli, C. Soden, S. 
Acharya, N. Lupwayi, J. Environ. Qual. 2021, 50(6), 1452-1463. 
The effects of amending soil with stored manure from 
cattle supplemented with 3- nitrooxypropanol on select 
soil health indicators and hydraulic properties..

47 G. Yu, K.A. Beauchemin, R. Dong, Animals 2021, 11, 3540. A 
Review of 3-Nitrooxypropanol for Enteric Methane 
Mitigation from Ruminant Livestock..

48 M. Schilde, D. von Soosten,.J. Frahm, S. Kersten, U. Meyer, A. 
Zeyner, S. Dänicke, Dairy, 2022, 3, 100-122. Assessment of 
Metabolic Adaptations in Periparturient Dairy Cows 
Provided 3-Nitrooxypropanol and Varying Concentrate 
Proportions by Using the GreenFeed System for Indirect 
Calorimetry, Biochemical Blood Parameters and 
Ultrasonography of Adipose Tissues..

49 M.E. Uddin, J.M. Tricarico, E. Kebreab, J. Dairy Sci. 2022, in 
press, Impact of nitrate and 3-nitrooxypropanol on the 
carbon footprints of milk from cattle produced in confined-
feeding systems across regions in the United States: A life 
cycle analysis.

50 Julia Q Fouts, Mallory C Honan, Breanna M Roque, Juan M 
Tricarico, Ermias Kebreab, Trans Anim Sci, 2022, 2573-2102. 
Board Invited Review: Enteric methane mitigation 
interventions.

51. S. van Gastelen, Dijkstra, J., Heck, J., Kindermann, M., Klop, 
A., deMol, R.M., Rijnders, D., Walker, N., Bannink, A. 2022. The 
methane mitigation potential of 3-nitrooxypropanol in 
lactating cows is influenced by basal diet composition. J. 
Dairy Sci. 105(5):4064-4082



Royal DSM is a global, purpose-led company in Health, 
Nutrition & Bioscience, applying science to improve the 
health of people, animals and the planet. DSM’s purpose 
is to create brighter lives for all. DSM’s products and 
solutions address some of the world’s biggest challenges 
while simultaneously creating economic, environmental 
and societal value for all its stakeholders – customers, 
employees, shareholders, and society at large. 

More information can be found on www.dsm.com

Version 1. Issued at the occasion of the 
8th Greenhouse Gas and Animal Agriculture Conference,  
June 2022, Orlando, Florida, USA


