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Introduction

Dear GGAA participant,

Can we still reach the 1.5 °C goal? It's a tough challenge—but not an impossible one.
The Global Carbon Project’s 2024 Methane Budget shows that methane emissions,
two-thirds of which stem from human activity, are rising faster than ever. These
trends are concerning, but they also serve as a powerful wake-up call. Now is the
time to act.

As you well know, agriculture holds enormous untapped potential in the climate
transition. However, only 4% of global climate finance reached agrifood systems
in 2019 — 2020. That degree of investment must change. According to the
Environmental Defense Fund, this figure needs to increase at least sevenfold to
decarbonize the sector.

Encouragingly, policy is beginning to catch up. The proposed update to the Science
Based Targets initiative’s Corporate Net-Zero Standard is a promising step forward.
It enables companies to fully account for the reductions they fund—even in complex
supply chains like dairy and beef. This pragmatic, science-based shift empowers
action at farm level. And that's exactly where it's needed most. We hope any
updates to the GHG protocol will follow a similar path.

Finance and policy are two important pre-requisites, and there is one more:
Science and innovation. The agricultural sectors needs safe, efficacious, easy

to adopt, scalable and cost-effective tools and innovations to succeed on this
ambition. We therefore very much appreciate your leadership, and in particular our
collaborations on Bovaer® and adjacent areas.

Since, the last GGAA, we have come a long way:

In 2022, during the last edition of GGAA, Bovaer® became the first—and still the
only—feed additive authorized in Europe as a zootechnical additive with a proven
environmental benefit. Following rigorous evaluation by EFSA FEEDAP, Bovaer®
was recognized as highly efficacious and safe for consumers, animals, and the
environment.

Since then, the science has only grown stronger. With over 100 peer-reviewed
publications to date, Bovaer® is the most extensively studied solution to the
challenge of reducing enteric methane. More importantly, it has been successfully
deployed at scale. Now commercially available in over 70 countries, Bovaer®

will soon be served to over one million cows daily. Together with our partners,
customers, and consumers, we've already helped avoid more than 450,000 tons of
CO,e—making a lasting impact for our generation and the next.



This 2025 edition of GGAA highlights, one more time, new insights and
research findings on Bovaer'. The shared studies are summarized in this
abstract booklet.

For us, the key take-home messages from 2025 GGAA shared studies are:

Bovaer® is effective in water
application. A first proof of concept
study in drinking water gave very
promising results! Led by the team
of David Yanez-Ruis at CSIC in Spain,
this study investigated a new route
for applying Bovaer® in drinking water,
measuring the effect on enteric
emissions (GGAA Abstract #152) and
has also recently been published
(Rivelli et al, 2025). Two additional
water application studies will also

be presented, one in grazing beef
cattle by Dr Stu Denman, CSIRO
(GGAA Abstract #461) and one in
dairy cattle by Dr Andre Bannink,

Uni Wageningen (GGAA Abstract
#73). The results from these three
studies further support the potential
of using Bovaer” in drinking water as
a promising application in both small
and large ruminants and opens up
possibilities for use of Bovaer® in the
grazing sector.

In addition to applying Bovaer’

via the drinking water, a recently
accepted publication showed that
Bovaer’ can be successfully used
in partial grazing systems (Gucht,
et al, 2025). The use of these two
different approaches, drinking
water application and time spent
in a partial grazing system offers
up promising perspectives for
supplementing Bovaer” in pasture-
based systems, showing that it is
still possible to achieve significant
methane reductions in these systems.

We also made significant progress
in our mechanistic understanding of
the underlying rumen fermentation
processes, a step towards having an
even sharper predictive model for
Bovaer’. This piece of research was
led by a consortium set up between
the University of Wageningen
University (NL) (GGAA Abstract#
244). This research further builds on
the meta-analysis and prediction
models presented in a recent
publication (Kebreab, et al,, 2022).

And last, but not least, it was
demonstrated that Bovaer® is
effective in extended use (12+
month study) with no adaptation
effect from the rumen. Another full
lactation study proved the consistent
and persistent effect of Bovaer®
expanding our long-term study
results to now also include data
collected from Fleckvieh and Brown
Swiss dairy cows. The research was
led by LfL (GGAA Abstract# 342). The
outcome of this study aligns with the
results obtained from Holstein cows
over a similar trial duration that was
published recently (van Gastelen et
al, 2024).



Additionnally, at GGAA 2025, there will be several independent research projects
presented where Bovaer® has been tested, further developing our understanding of
the potential of combining different additives and feed ingredients and assessing
the impact of different dietary components on methane emissions. Delegates are
guided to interesting work from ETH Zurich (GGAA Abstract #367), CSIC and SRUC
(GGAA Abstract#428) and the University of Ghent and ILVO(GGAA Abstract#312).

With these great new insights, we are able to better serve the needs of farmers and
our climate, and we would like to thank you for being part of this journey. Your work
has been essential in the progress we have made over the past 3 years.

Reflecting on this, we already start dreaming about what we can all do till the next
GGAA. We look forward to continuing our research collaborations, pushing the
envelope day in day out, in support of our climate.

Thank you

Maik Kindermann Nicola Walker Mark van Nieuwland Dennis Rijnders



Abstract 1 (GGAA abstract# 152)

Efficacy of 3-NOP applied
in drinking water on enteric
methane reduction in sheep

Ines Rivelli', Rafael Hueso',

Isabel Muller?, Josef Hoermansperger?,
Ivan Gayten Perez? Maik Kinderman?,
David R. YarAez-RuizZ'

! Estacién Experimental del Zaidin, Consejo
Superior de Investigaciones Cientificas
(CSIC), Profesor Albareda 1, Granada 18008,
Spain.

2 dsm-firmenich, Animal Nutrition and
Health, Wurmisweg 576, 4303 Kaiseraugst,
Switzerland

The dietary most effective strategy to
reduce CH4 emissions is incorporating
additive CH4 inhibitors into ruminant
diets. However, there is a need to
broaden the actual presentation form
(i.e., solid powder) of the commercially
available products to allow their use in
grazing systems. This study aimed to
test the efficacy of 3-NOP on enteric
CH4 reduction in sheep when applied
in drinking water as a possible delivery
system in livestock grazing conditions.
The study followed a 4 x 4 Latin square
design, enrolling 4 non-lactating female
adult Segurefia sheep with an average
body weight (BW) of 44.9 = 2.6 kg.

The study lasted 8 weeks, with

4 experimental periods of 2 weeks each.
The experimental periods consisted of
7 days of adaptation to the treatments
and 3 days of enteric gas emission
measurements (CH4 and H2) in open-
circuit respiration chambers, followed
by a wash-out period of 4 days. Sheep
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were randomly assigned to 1 of the 4
experimental treatments. The treat-
ments were: i) a basal diet without
supplementation (CTL); ii) a basal diet
supplemented with 80 mg of 3-NOP per
kg of dry matter intake (DMI) (Bovaer”
10); iii) a basal diet supplemented

with 80 mg of 3-NOP in the drinking
water (DW80) per kg of DMI; and iv)

a basal diet supplemented with 150
mg of 3-NOP in the drinking water
(DW150) per kg of DMIL. There were no
significant differences (P > 0.05) in the
feed or water intake across treatments.
Methane emissions (L/d) and yield (L/kg
DMI) were significantly lower in Bovaer”
10 (-26.8%), DW8O (-41.4%), and DW150
(-35.7%) than in CTL (P < 0.05). Sheep
in Bovaer® 10 treatment had a greater
impact on reducing emissions in the
first 2 hours after feeding times and a
smaller reduction in the following

2 hours. In contrast to a pulse dose of
Bovaer® 10, the impact of treatments

in DW80 and DW150 lasted for 4 hours
post-feeding. For the second half of
the day (i.e., 4 hours after the second
feeding), Bovaer® 10, DW80, and DW150
had lower emission values than CTL.
Sheep in DW8O0 had lower emission
values than Bovaer® 10 in concordance
with their drinking pattern and, thereby,
the treatment intake. Results suggest
that adding 3-NOP to the drinking
water could be a potential strategy to
supply it in grazing systems where feed
formulation does not necessarily allow
to deliver 3-NOP mixed with the diet.

Contact Information:

David Yanez-Ruis
E: david.yanez@eez.csic.es
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Abstract 2 (GGAA Abstract # 461)

Use of Bovaer® as
antimethanogenic additive
in drinking water for grazing
cattle

Gonzalo Martinez-Fernandez', Aaron
Ingham’, Neil Bagnalll, Reza Arablouei?,
Brendan Do? Joe McGrath?, Isabel
Muiller*, Josef Hormansperger?, Maik
Kindermann® and Stuart Denman'

TCSIRO, St Lucia, Australia
2 CSIRO, Pullenvale, Australia
3 dsm-firmenich, Kaiseraugst, Switzerland

4 DSM Animal Nutrition & Health,
Getzersdorf, Austria

Introduction

Technologies that significantly reduce
enteric methane emissions from
ruminants need to be developed for
most grazing operations to reach

a carbon neutral position. Recently,
3-nitrooxypropanol (3-NOP, commercial
name Bovaer®) has been developed as
feed additive for ruminants for inhibiting
methane production in the rumen.

Novel ways of delivering the compound
to grazing cattle are currently under
development. Encouraging results

with 3-NOP applied in drinking water
have been obtained recently using

a small ruminant animal model in
respiration chambers. This study aims
to evaluate the effectiveness of water-
based delivery of 3-NOP in decreasing
methane emissions in grazing cattle.

Materials and Methods

Sixty Bos indicus steers (mean body
weight + SD: 287 + 15.1 kg) grazing
tropical pastures at Lansdown Research
Station (Queensland, Australia) were
allocated to two treatment groups:
control (no 3-NOP supplementation)

or 3-NOP (target 30 mg 3-NOP per
Liter of water, equivalent to 2.5 mg
3-NOP/kg body weight). The study was
conducted over a 60-day period in
four independent replicated paddocks.
Four Smartdosing+ D25+ units were
used to deliver the treatments through
drinking water and quantify herd-level
water intake. Methane and hydrogen
emissions were measured using four
portable GreenFeed systems (C-Lock
Inc., Rapid City, SD, USA). Additionally,
each animal was fitted with an eGrazor
smart collar integrating tri-axial
accelerometer and a Global Navigation
Satellite System (GNSS) receiver

to monitor and analyse individual
behaviour patterns and locations.

Results

The inclusion of the 3-NOP in drinking
water had no significant effect on
body weight compared to control
group (p-value >0.05). Methane and
hydrogen production from animals
receiving the treatment trough drinking
water were significantly different

to control animals (p-value <0.05).
Methane production was reduced by
up to 27% while hydrogen emissions
increased by up to 5.4-fold in treated
animals. Accelerometer data collected
from the eGrazor collars was used to
classify individual cattle behaviour at
each five-second interval as grazing,
ruminating, resting, walking, drinking or



other. The predicted behavioural data
was then utilised to estimate daily dry
matter intake. Further, the behaviour
profiles were used to determine when
the consumption of 3-NOP occurred
relative to other behaviours. The typical
behaviour profile for cattle included
two intensive periods of grazing from
5-8 AM and then 3-7 PM. The period
outside of the grazing peaks is largely
characterised by ruminating and resting
behaviours. Peak drinking behaviour
was observed at 6 AM, 10 AM and 3 PM
and occurred shortly after peak grazing
periods.

Conclusions

The findings suggest that Bovaer®

can be effectively delivered through
drinking water under appropriate
conditions, offering a viable methane
mitigation strategy for grazing livestock.
The observed variability in methane
reduction was associated with natural
fluctuations in water intake leading

to variations in 3-NOP ingestion by

the animals. Importantly, no adverse
effects on animal performance were
observed. Further analyses are focusing
on integration grazing behaviour

and timing of consumption of the
antimethanogenic compound influence
its effectiveness.

Contact Information:

Stuart Denman
E: stuart.denman@csiro.au

Abstract 3 (GGAA Abstract #73)

Effect of drinking

water application of
3-nitrooxypropanol on
performance and gaseous
emissions in dairy cows

Sanne van Gastelen', Jan Dijkstra?,
Johannes Faas?3, Isabel Muller3,
Luis Tamassia®, Andre Bannink’

' Wageningen Livestock Research,
Wageningen University & Research,
Wageningen, Netherlands.

2 Animal Nutrition Group, Wageningen
University & Research, Wageningen,
Netherlands.

3 dsm-firmenich, Kaiseraugst, Switzerland

The feed additive 3-nitrooxypropanol
(3-NOP) reduces CH4 emission of

dairy cows by an average of 30%,
particularly when included in a total
mixed ration, resulting in regular intake
of 3-NOP throughout the day. On
pasture however, 3-NOP is consumed
intermittently by cows, only during feed
supplementation times. As CH4 levels of
3-NOP treated animals return to control
levels within 3 h post-supplementation,
intermittent intake of 3-NOP results

in a lower reduction of CH4 emission
compared to regular intake of 3-NOP.
Administering 3-NOP through drinking
water to grazing dairy cows might

offer a solution. This study aimed to
investigate the effects of administering
3-NOP through drinking water on (1)
drymatter and water intake, lactation
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performance, and gaseous emissions

in dairy cows, and on (2) the diurnal
pattern of CH4 and H2 emissions. A key
focus was the synchronization between
feed intake, 3-NOP intake via drinking
water, and CH4 emission, compared

to regular intake of 3-NOP in a total
mixed ration. A double 4 x4 Latin square
design was used with 8 lactating dairy
cows and 4 treatments: a negative
control without 3-NOP supplementation
(CON), a positive control with 60mg
3-NOP/kg DM in a total mixed ration
(TMR60), 3-NOP via drinking water

at a target dose equivalent to 60 mg
3-NOP/kg DM as provided via feed
(WATERG0), and 3-NOP via drinking
water at a target dose equivalent

to 90 mg 3-NOP/kg DM as provided

via feed (WATER9O0). The basal diet

was identical for all treatments and
consisted of grass silage, corn silage,
and concentrate, except that the

TMR concentrate contained 3-NOP.
Treatment periods lasted 3 weeks,

with 2 weeks of adaptation in tie-stalls
followed by 1 week of measurements in
climate respiration chambers. Cows had
ad libitum access to feed and drinking
water (i.e., with or without 3-NOP,
depending on the treatment). Data were
analysed using the MIXED procedure

in SAS, with treatment and square as
fixed effects, and cow within square
and period as random effects. Diurnal
variables (e.g., gaseous emissions

and water uptake) were subjected to
repeated measures ANOVA to account
for repeated sampling within cows,

with treatment, square, and time as
fixed effects,and cow within square

and period as random effects. We
hypothesized that administering 3-NOP
through drinking water would mitigate

CH4 emission with a reduction potential
similar to that in TMR-cows, without
negatively impacting dry matter intake
and lactation performance.

Contact Information:
Andre Bannink
E: andre.bannink@wur.nl
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Abstract 4 (GGAA Abstract #244)

Mechanistic Modelling of
3-Nitrooxypropanol in Dairy
Cattle: Mode of Action

on Methanogenesis and
Fermentation

G. Vivares'?, J. Dijkstral, A. Bannink?

' Wageningen University & Research,
Wageningen, the Netherlands

2 Wageningen Livestock Research,
Wageningen, the Netherlands

Global agreements aim to reduce
greenhouse gas (GHG) emissions in
the coming years. The feed additive
3-nitrooxypropanol (3-NOP) has
emerged as a promising strategy,
capable of reducing enteric methane
emissions in dairy cattle by up to

60%. The effectiveness of 3-NOP

in reducing methane production is
variable and multifactorial, influenced
by dosage level, diet characteristics,
and composition of methanogen
populations, amongst others. Accurate
prediction of methane-mitigation
effects of 3-NOP under varying
conditions remains a challenge.
Mechanistic modelling of the mode

of action of 3-NOP in the rumen can
enhance understanding and prediction
of variability in 3-NOP effectiveness
and its impact on rumen metabolism.
Improved predictive accuracy facilitates
optimizing the use of 3-NOP under
specific feeding and production
conditions. Compared with empirical
models, the mechanistic modelling
approach allows further and more
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in-depth examination of causal
processes underlying the mode of
action of 3-NOP. The objective of this
study was to develop a mechanistic
model that represents (i) the microbial
fermentation of nutrients and the
subsequent formation of end products
including volatile fatty acids, hydrogen,
and ammonig, (ii) the metabolism of
methanogens that utilise hydrogen to
produce methane, and (iii) the mode
of action of 3-NOP in the rumen. In the
model, the concentration of 3-NOP in
the rumen depends on its rate of intake,
rate of absorption and passage, and
rate of degradation by microbes. The
model describes the activity status

of methyl coenzyme-M reductase
(MCR), the key enzyme involved in
methanogenesis that is inhibited by
3-NOP, subsequently affecting the rate
of methane production. MCR activity is
represented in two possible states, i.e.,
a physiologically active and inactive
state, whose dynamics depend on
3-NOP concentration. Methanogen
dynamics are represented mainly in
response to fluctuating hydrogen levels.
The model was developed using data
from 37 experimental treatments from
15 published studies with dairy cows.
Preliminary results show that the model
is able to predict the observed range of
methane mitigation by 3-NOP, ranging
from 10% to 60% reduction, related to
dose level and characteristics of the
basal diet such as the ratio between
forage and concentrate. The model
simulates the consequences of 3-NOP
for rumen metabolism, with increased
hydrogen abundance upon greater
3-NOP levels. This shift causes a
decreased proportion of acetate and
increased proportions of propionate



and butyrate, in turn affecting hydrogen  optimize the mitigating effect of 3-NOP

production in the rumen. In summary, under varying conditions, based on
the mechanistic model provides a the mechanistic understanding of the
comprehensive representation of underlying processes.

the activity of 3-NOP in the rumen,

predicting its methane mitigation Contact Information:

effects as well as its impact on rumen Gonzalo Vivares

fermentation. It offers a valuable tool to E: gonzalo.vivaresmartinez@wur.nl
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Abstract 5 (GGAA Abstract # 342)

Investigation of the effects of
3-nitrooxypropanol in dairy
cow feeding

Veronika Huber!, Isabel Muiller’,
Johannes Faas’, Torsten Schomaker’
Nicola Walker?, Franziska Blimel?,
Thomas Ettle*

!Institute for Animal Nutrition and Feed
Management, Grub/Poing, Germany

2 dsm-firmenich, Kaiseraugst, Switzerland

3 Bayerische Staatsguter, Research and
Education Center for Cattle Feeding
Achselschwang, Utting, Germany

4 Institute for Animal Nutrition and Feed
Management, Grub/Poing, Germany

The aim of this study is to examine the
long-term effects of feeding 3-NOP

on the methane excretion of dairy
cows. The trial included one complete
lactation and the early dry period. The
data presented in this abstract cover
the first seven month of the experiment,
the data for the entire lactation are
currently being analysed. The trial was
conducted with thirty-two Simmental
and sixteen Brown Swiss cows at
Bayerische Staatsguter, Research and
Education Center for cattle Feeding
Achselschwang. The animals were
divided evenly into a control group
(CON) and an experimental group with
a 3-NOP supplement (NOP) from the 10™
day of lactation on basis of lactation
performance, breed and age. The cows
received a maize- and grass silage-
based TMR. The forage to concentrate
ratio depended on lactation stage. In
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the NOP group, each cow received 185 g
of a mineral premix containing 0,8%
3-NOP per day, while in the CON group
the corresponding amount of a placebo
was added. The methane emission

of the cows was measured using two
GreenFeed stations (C-Lock Inc., Rapid
City, South Dakota, USA). Furthermore,
daily feed and nutrient intake was
recorded via weighing troughs along
with milk yield and composition, weight
development, body condition score

and backfat thickness. The statistical
analysis was performed using the

SAS statistical package (version 9.4,
SAS Institute, Cary, NC, USA) using

the ‘mixed’ procedure and Bonferroni
correction. In the model, the date,
treatment, lactation number, lactation
week and correction factors according
to Ali and Schaffler were taken as

fixed effects. Cow, clustered by group
membership, was considered a random
effect. The significance level was set at
p<0.05. 3-NOP did not affect total DM
intake (24.1kg/d for CON and 23.0 kg/d
for NOP; P=0.119). Since diet composition
was identically for the feeding groups
except for the addition of 3-NOP, the
daily intake of energy, utilizable crude
protein, starch and sugar did not differ
between the experimental groups.
3-NOP did not affect daily milk yield
(39.7 and 37.8 kg/d for CON and NOP;
P=0.156). The milk fat content was 4.02%
in the NOP group and 3.82% in the CON
group (P=0.07). The milk protein content
(CON: 3.53; NOP: 3.60%; P= 0.160) and
the ECM yield (CON: 39.3 kg/day; NOP:
38.5 kg/day; P=0.525) did not differ
between the groups. Daily methane
emission was 291 g/cow for NOP and
421 g/cow for control (P<0.001). Methane
intensity was 1.0 and 7.84 g/kg ECM for



CON and NOP (P<0.001). Methane yield
was 18.3 and 13.2 g/kg DM for CON and
NOP (P<0.001). This corresponds to a
reduction of methane emission of 31 —
28% in NOP compared to CON. There
are some indications that as cows get
closer to the dry period and eat less, the

differences between groups became
lower. Potential relationships with diet
composition, nutrient content and days
in milk are currently being investigated.

Contact Information:
Gonzalo Vivares
E: gonzalo.vivaresmartinez@wur.nl
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Abstract 6 (GGAA Abstract # 367)

Effects of whey and
3-nitrooxypropanol on
lactational performance and
enteric methane emissions
in dairy cows

Kai Wang, Usman Arshad, Yang Li,
Sahil Bagaria, Mario Barrientos Blanco,
Giulia Foggi,Zakirul Islam, Xiaoqi Ma,
Chris N'Cho Major, Rong Peng, Chantal
Ruegg, Meiging Wang, Senlin Zhu,
Mutian Niu

Animal Nutrition, Institute of Agricultural
Sciences, Department of Environmental
Systems Science, ETH Zurich, Zurich,
Switzerland

Feeding strategies targeting rumen
fermentation play a crucial role in
reducing enteric methane (CH,)
emissions in dairy cows. Whey, a
lactose-rich byproduct, can support the
growth of lactic acid bacteria such as
Sharpea and Oribacterium, which are
associated with low CH, phenotypes

in ruminants. Lactose fermentation
produces lactate, which can be
converted to propionate, reducing
hydrogen availability and CH, emissions.
In a recent in vitro study, synergistic
CH4 mitigation effect was observed
between dietary supplementation of
whey and 3-nitrooxypropanol (3-NOP;
48 vs. 28% for the combination and
3-NOP, respectively). The objective of
this study was to determine the effects
of whey and 3-NOP supplementation
on lactational performance and CH,
emissions in dairy cows. Twenty-four
Holstein cows (177 + 46 days in milk)
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were enrolled in a randomized complete
block design experiment with a 2x2
factorial arrangements in a free-stall
research barn. Cows were blocked

by pre-treatment milk yield (7-day
average) and randomly assigned to
receive a basal (BAS; n = 6) or whey-
mixed diet (WHM; 15% of DM; n = 6;
Emmi AG, 6005 Lucerne, Switzerland),
supplemented with either a placebo
(PCB; n = 6) or 3-NOP (n = 6; Bovaer,
80 mg/kg TMR DM). The experiment
lasted 13 weeks, including a 1-week
covariate period when all cows were
fed the BAS diet, followed by a 12-
week experimental period. Treatment
diets were balanced for crude protein,
starch, and neutral detergent fiber
contents (15.4%,18.3%, and 38.3% of TMR
DM, respectively). Cows were fed and
milked 2x/d. Individual feed intake was
measured using a Calen-gate system.
Enteric CH, emissions were measured
using GreenFeed System. Data were
analyzed using mixed models with the
Imer procedure in R, including fixed
effects of diet (BAS vs WHM), inhibitor
(PCB vs. 3-NOP), week, and interactions,
and random effects of block and cow
within treatment. A tendency (P = 0.10)
for the interaction between diet and
inhibitor was observed for DMI, with
cows fed WHM and supplemented
with 3-NOP showing a slight decrease
in DMI (BAS-PCB = 27.3; BAS-3-NOP =
26.0; WHM-PCB = 25.0; WHM-3-NOP =
25.2 kg/d). However, milk yield did not
differ across treatments. Interactions
between diet and inhibitor were not
observed for enteric CH4 emissions.
Methane production was reduced in
cows fed the WHM diet(P = 0.05) and
those supplemented with 3-NOP (P <
0.0001) [(BAS-PCB = 476; BAS-3-NOP



= 281; WHM-PCB = 423; WHM-3-NOP =
271 g/d)]. While WHM-based diets did
not affect CH, yield or intensity, 3-NOP
supplementation reduced both (CH,
yield: P< 0.0001; BAS-PCB =170; BAS-
3-NOP =11.4; WHM-PCB = 17.0; WHM-
3-NOP =10.9g/kg DMI; CH, intensity: P
< 0.0001; BAS-PCB =14.9; BAS-3-NOP

= 8.36; WHM-PCB =13.5; WHM-3-NOP

= 8.57 g/d = 0.65 g/kg of milk). In
conclusion, no synergies were observed
between 3-NOP and whey in mitigating
enteric CH4 emissions in dairy cows.
Supplementing whey in dairy cow diet
only reduced absolute CH4 production,
likely caused by reduced intake, and
did not improve performance or reduce
methane yield or intensity.

Contact Information:
Kai Wang
E: kai.wang@usys.ethz.ch

Abstract 7 (GGAA Abstract#428)

Effect of the combination
of different feed additives

(3NOP, monensin and nitrate)

on rumen fermentation

Juan Manuel Palma Hidalgo',
Eva Ramos Morales?, Zaira Pardo
Dominguez', David YafiezRuiz?,
Jamie Newbold'

' SRUC, Edinburgh, United Kingdom

2 CSIC, Granada, Spain

In the rumen, methanogens serve as
the major hydrogen (H2) sink and

this interdependency for H2 between
methanogens and other fermenting
microbes drives fermentation of feeds.
It has been reported that reduced
methanogenesis by directly inhibiting
the activity of methanogens increases
H2 concentrations which may result
in an increase in partial pressure of
H2. Although the literature reports

a significant increase in alternative
metabolic H2 sinks and dissolved

H2 in ruminal contents of animals
supplemented with methanogens
inhibitors, these increases were not
able to account for H2 spared under
inhibited methanogenesis. Therefore,
there is still a need to understand how
alternative H2 sinks that can compete
with methanogens for H2 under
inhibited methanogenesis work.

This study aimed to evaluate the
effect of combining three additives
with different mode of action to
reduce methanogenesis: a direct
inhibitor of methanogenic archaea
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(8-Nitrooxypropanol, 3NOP), an
alternative H2 sink (nitrate) and an
additive that decreases H2 availability
in the rumen (monensin). An in

vitro experiment was conducted at
separate sites (SRUC in Scotland and
CSIC in Spain), using different rumen
donor animals (cattle or goats), and
substrates for the incubation (silage-
based, concentrate-based). The
treatments included: 3NOP (100 mg/
kg DM and 600 mg/kg DM), nitrate
(30 g/kg DM) and monensin (90 mg/
kg DM) and combinations of these
three additives (3NOP + Nitrate, 3NOP
+monensin, Nitrate + monensin, and all
3 additives together). Rumen fluid from
4 animals (n=4) was mixed 1:2 with a
buffer solution (50 mL) and incubated in
Wheaton bottles with 500 mg of either
diet and the additives for 24 hours at
39 °C. At the end ofthe incubation (24h),
gas production was measured and
samples were collected for methane
(CH4), H2 and volatile fatty acids (VFA)
analysis.

Consistent effects were observed
between both sites. 3NOP decreased
CH4 by 60% at 100 and 600 mg/kg
DM with cow and goat rumen fluid as
inoculum, respectively. The combination
of the three additives achieved greater
reductions, decreasing CH4 by 70-77%
and 82-93% with goat and cow rumen
fluid, respectively. Methane reduction
was more pronounced with the
silage-based diet as compared to the
concentrate-based diet. As expected,
an increase in H2 was observed with
3NOP (20%); however, the combination
of the three additives caused a
decreased in the accumulation of H2,
bringing levels closer to those of the
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control treatment. A slight decrease

in VFA (3%) was also observed with

all treatments in incubations with
rumen fluid from goats, but it was not
significant with the silage diet. This
reduction was more substantial in
incubations with rumen fluid from cows
(10%). This study highlights the potential
of combining additives with distinct
modes of action to achieve substantial
CH4 reductions. Furthermore, it provides
a framework for exploring how H2
spared from decreased CH4 production
could be redirected within rumen
fermentation pathways. Long-term in
vitro studies are underway to confirm
these findings and assess associated
microbial shifts.
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Effect of chemical fractions
of dairy cow’s diet on
mitigating efficacy of
3-nitrooxypropanol in vitro
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Jeyanathan', Leander Hoorne',
Nico Peiren? Veerle Fievez'

' Ghent University, 9000 Ghent, Belgium
2]LVO, 9090 Merelbeke-Melle, Belgium

Enteric methane emissions from
ruminants, particularly cattle, contribute
to global warming. The feed additive
3-nitrooxypropanol (3-NOP), an
inhibitor of methyl-coenzyme M
reductase in methanogens, has already
demonstrated a significant methane
reduction potential.

However, the mitigating effect of
3-NOP may be influenced by the
chemical fractions of the basal

diet. This study aims to investigate

the effect of the dietary chemical
composition on the effectiveness of
3-NOP in vitro and explore if the known
interaction from in vivo research can
also be observed in vitro. In the first

in vitro batch experiment, the effect

of 3-NOP on relative CH4 production
(methane/total volatile fatty acid,
mol/mol) was evaluated at a dose

of 0.760 mg/g DM, supplemented

in 25 substrate combinations (5
forage mixtures and 5 concentrate
mixtures) under standardised in vitro
conditions. Mixed rumen inoculum

was obtained from three rumen-
fistulated dairy cows maintained on a
basal diet. In vitro dietary treatments

were formulated to meet nutritional
requirements of an average dairy cow.
All diet combinations had a forage-
to-concentrate ratio of 65:35. The 5
forage mixtures consisted of pressed
beet pulp (10%) and a varying grass
silage to maize silage ratio(90%) of
0:100, 25:75, 50:50, 75:25 and 100:0.

To broaden the range of the chemical
fractions, each forage mixture was
combined with 5 concentrates, resulting
in the same net energy for lactation
and rumen fermentable organic matter,
but different chemical compositions
and origin of those chemical fractions.
The experimental design resulted in
highly correlated covariates, which
prevented fitting multivariate models.
Therefore, models only included an
overall mean and a single chemical
variable (mean-centered). Average,
minimum and maximum values (mg/g
DM substrate) of the predicting
chemical variables were: 281, 268 and
294 for NDFforage; 711, 40.0 and 103
forcrude ash; 97.0, 0.00 and 197 for
starch forage. 3-NOP reduced the
relative methane production (P<0.001)
when supplemented with all forage and
concentrate combinations. Individually,
NDF content of the forage, starch
content of the forage and crude ash
content affected the mitigating effect
of 3-NOP, expressed as the relative
mean difference (%) to the control. A 1%
(10 mg/g DM) increase in substrate NDF
forage and crude ash content from their
mean, decreased the efficacy of 3-NOP
by 8.62%-units (model estimate: -42.7
+ 0.862 x (NDF forage — 281); P<0.05)
and 2.73%-units (model estimate: -42.7+
0.273 x (crude ash — 71.1); P<0.05),
respectively.



A 1% (10 mg/g DM) increase in substrate
starch forage content from its mean,
increased the efficacy of 3-NOP by
0.742%-units (model estimate: -42.7

- 00742 x (starch forage — 97.0);
P<0.05). So, the efficacy of 3-NOP is
also influenced in vitro by the dietary
chemical composition as observed

in vivo. We are exploring whether
correlations between chemical
covariates can be reduced, and multiple
covariates can be included to refine
predictive models by further varying the
variation of feed components and ratios
in follow-up experiments.

Further analysis will also be conducted
to quantitatively compare the variation
in the mitigating effect of 3-NOP
observed in vitro with the variation and
interactions associated with the basal
diet in vivo.
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Peer reviewed publications

You can also appreciate the enormous breadth and depth of
research that keeps on running about Bovaer’, with the list of peer
reviewed publications. We selected some key conclusions from these
publications that provide useful and additional insights into Bovaer®
knowledge.

Progress on the Beef Meta-Analysis
and development of a prediction
model:

Some studies are opening
perspectives to support the
monetization of Bovaer® in the

beef supply chain by providing

a comprehensive overview of its
efficacy and impact. As an example,
the effects of 3-nitrooxypropanol
(Bovaer®) on growth performance,
ruminal fermentation, and enteric
methane emissions have been
analyzed and submitted for
publication. (Oliveira, M. H. et al,, A
Meta-Analysis of 3-Nitrooxypropanol
Effects on Methane Production and
Yield in Beef Cattle. bioRxiv August
25,2025, p 2025.08.21.671547. https://
doi.org/10.1101/2025.08.21.671547).

Signs of positive impact of Bovaer®
on quality of milk and butter:

The quality of milk and butter is

not compromised when using
Bovaer”. In fact, several studies
highlight positive impacts on milk
and butter qualities. For instance,
the studies from Aarhus University
investigate the physico-chemical,
sensory, and oxidative quality of
butter, as well as the composition
and functional properties of the
milk fat fraction. (Lokuge, G. M. S.

et al,; Physico-Chemical, Sensory
and Oxidative Quality of Butter
from Cows Fed 3-Nitrooxypropanol.
International Dairy Journal 2024,

152,105885. [https://doi.org/10.1016/].
idairyj.2024.105885](https://doi.
org/10.1016/j.idairyj.2024.105885).)

Submitted paper under review:

Oliveira, M. H. et al.2025, A Meta-Analysis
of 3-Nitrooxypropanol Effects on Methane
Production and Yield in Beef Cattle. bioRxiv
August 25, 2025, p 2025.08.21.671547.
https://doi.org/10.1101/2025.08.21.671547.
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nutrients, flavors, and fragrances for the
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With our comprehensive range of
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About Bovaer®

Bovaer® is a feed additive for cows
and cattle (and other ruminants, such
as sheep, goats, and deer) researched
and developed over the last 15 years.
Just a quarter teaspoon of Bovaer®
per cow per day consistently reduces
enteric methane emission by on
average 30% for dairy cows and even
higher percentages, on average 45%, for
feedlot beef cattle. The feed additive
Bovaer® therefore contributes to a
significant and immediate reduction
of the environmental footprint of dairy
and beef products. Bovaer® is now
commercially available in 70 countries
and has been tested in over 150 farm
trials, across 28 countries, resulting

in over 100 peer reviewed scientific
publications.

Contact us:
info:bovaer@dsm-firmenich.com

www.dsm-firmenich.com
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