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DSM-Firmenich ja Bovaer®

Sootmisosakonna peakontor asub Kaiseraugst, Sveitsis
Suurim vitamiinide ja eelsegude tootja
€12 miljardit kaive, ca 30 000 tootajat

CleanCow projekt algas 2008
Bovaer vahendab metaani maletsejalistel

Rohkem kui 60 teadusartiklit katsetest Euroopast, Ameerikast ja
Okeaaniast

EU registreering veebruar 2022. Bovaer® Esimene soodalisand
millel on toendatud moju keskkonnale (Category 4c 1)

Bovaer® innovator - Stephane Duval

@ psm
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® Loomad toodavad metaani

See ei ole nende suii. Metaan on korvalprodukt, mis tekib koreda ja kiulise
soo0da seedimisel vatsas. See jouab atmosfaari kui lehmad rohitsevad.

® Metaan seob soojust

Nagu siisinik oksiid (CO,), on metaan kasvuhoone gaas. Selle soojendamise
moju on lihike, aga suurem kui CO,. Seega, selle elimineerimine annab kohe
tulemust.
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Bovaer® vahendab metaani

& > H'vH S ;Q. S Aé

[}
1/l|. Teelusika jagu loomade 0 Toime juba 30 minutiga ~45% Lihaveistel o Toestatud ohutus ja hea planeedile

sdddas ~30% lipsilehmadel

Kuidas see toimib

Lehma maos aitavad mikroobid lagundada soota .Selle kaigus eraldub vesinik ja slisihappegaas. Ensiiim kombineerib
need kaks gaasi ja moodustub metaan. Bovaer® on soodalisand, mis surub maha metaani tootva ensiiiimi. c
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Bovaer® parsib Arhebakterite metanogeneesi raja viimast

ensuumi

7 metanogeneesi sammu

Capture of reductant Reduction of CO, Energy conservation
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Bovaer® valmistatakse DSM tootmisuksuses Grenzach, DE
Toormaterajalid ja tootmine

Alustatakse kahe loodusliku komponendiga

Nitraat Looduslik alkohol Taiteaine (kandja)
mineraalidest maisi toormest (vabalt voolav pulber)
..
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Salpeter —» HNO3 AN 0
Mineraal HOZ¥2OoH | B R BOVAER10®
- + NN _ AN OH
Nitraat Alkohol 0" 0
(lammastik hape) (1,3-Propaandiool) 3-NOP
3-NOP on toodetud segades kokku kaks looduslikku See saab alguse jatkusuutlikust 1,3 propaandiooli allikast,
ehitusplokki. Nitraat (lammastik hape) ja Propaandiool, mis saadakse maisi biotehnilisel tootlemisel
lastes neil reageerida ning puhastada tulem. Sellise tehnoloogiaga saadud propaandiool on madala

susiniku jalajaljega

7 *Bovaer® in liquid form is mixed with Propylene Glycol and adsorbed on silica, both widely used feed ingredients o DSM



Bovaer®10 -Kuidas jouda lehma suhu ?

1 voimalus: Vitamiini-Mineraali koostises voi
taiendsoodas

Bovaer® o

TMR

Taiendavad s66da-

Vitamin-Mineral Feed materjalid
Bovaer® 10 toote E?lsegu tehas / Bovaer® 10 inclusion up to 8% Ss5damik « Rohusilo
koostis M!Qeraalsoot/ Bovaer® 10 or 8000 ppm 3NOP oodamikser e Mais
Sooda tehar (100 times max EFSA) . Soia
10% 3_NOP Min. dose is 150 gr/dairy cow/day R Kajrbamiid
40% Propiileen gliikool Sabilty: 6 months® * Rapsikook
o ve e gee .o Mash Feed * Nisu

50%’ ranld”OkS”d Bovaer® 10 inclusion up to 8% * QOder

Bovaer® 10 or 8000 ppm 3NOP

Soovituslik kasutada (100 thnes max FFSA)
p dose constant spread over

TMR-is = iihtlane ja 2 voimalus: Farmitoode cow/day
pidev sootmine, iga
suutaies sisaldab
Bovaer®10

Farmitoote

koostis

* 8% Bovaer 10
Sepioliit — L

Nisu .

Lubjakivi

Rapsoli

TMR

FarmPack
Dosing at 150 gr/dairy cow/day

Soodamikser

Note: *Stability is influenced by composition of mineral mix




Metaani vahendamise mootmine Bovaer®-iga
Kasutades GreenFeed-Susteeme
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Bovaer®10 moju: Kohene, pusiv ja poorduv

Immediate effect of Bovaer®10 Immediate, persistent and reversible effect of Bovaer®10
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Metaani emisioon kohe parast Bovaer® 10 sootmist vaikeses Pdaevane metaani emisioon (g/p) kasvavatel loomadel
koguses 5 tunnise perioodi jooksul sootes loomadele TMR-segu enne, kasutamise ajal ning parast Bovaer® 10

manustamist TMR-is
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Eeldatav metaani vahendamise mudel on nuud saadaval

Uus Bovaer® Dairy meta-anal

Sci. 106
.orgi10.3168/jds.2022-22211
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“Animal Nutrtion Group, Wageningsn Universty &

ABSTRACT

Ruminants, particularly dairy and beef cattle, contrib-
ute to climate change through mostly enteric methane
emissions. Several mitigating options have been pro-

posed, including the feed additive 3-nitrooxypropanol
D [ ] S [ ] W (3-NOP). The objectives of this study were to explain

the variability in the mitigating effect of 3-NOP and
to investigate the interaction between diet composition
Official Publication of the American Dairy Science Association

and 3-NOP dose, using meta analytical approaches.
Data from 13 articles (14 experiments) met the selec
tion criteria for inclusion in the meta-analysis, and
48 treatment means were used for the analysis. Mean
differences were ealenlated as 3-NOP treatment mean
‘minus control treatment mean and then expressed as a
percentage of the control mean. Three types of models
were developed: (1) one including 3-NOP desc, overall
mean, and individual covariate; (2) a combination of
neutral detergent fiber (NDF), 3-NOP dose, and overall
‘mean; and (3) one selected model from all combinations
of up to 5 covariates, which were compared using a
leave-one-out cross validation method. Models includ-
ing only 3-NOP dose resulted in a significant reduc-
tion of 32.7%, 30.9%, and 32.6% for CH, production
(z/d), yield (g/kg dry matter intake), and intensity
(g/kg energy-corrected milk), respectively, at an av-
erage 3-NOP dose of 70.5 mg/kg dry matter (DM).
The greater the NDF content in the diet, the lower the
reduction efficiency for a given 3 NOP dose. For 10 g/
kg DM increase in NDF content from its mean (329 g
of NDF kg of DM) the 3-NOP effect on CH, produc-
tion was impaired by 0.633%, the 3-NOP effect on CH,
yield by 0.647%, and the 3-NOP effect on CH, intensity
by 0.723%. The analysis based on leave-one-out. cross
validation showed an increase in NDF and erude fat
content reduces efficacy of 3-NOP and an increase in

ournalofdairyscience.org
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A meta-analysis of effects of 3-nitrooxypropanol on methane
production, yield, and intensity in dairy cattle

Ermias Kebreab, ' André Bannink,’ Eleanor May Pressman,’ Nicola Walker,” Alexios Karagiannis,®

Wageringen Livestock Research. Wageningen University & Research. PO Box 330, 6700 AH. Wageningen. the Netheriands.
DM Nutional Products, Animai Nuriton & Health, PO Bax 2675, 4002 Bass), Switzeriand
Research, PO Box 338, 8700 AH, Wageningen, the Netherlands

3NOP dose increases cfficacy. A 1% (10 g/kg) DM
decrease in dietary NDF content from its mean may
increase the efficacy of 3-NOP in reducing CH, produc-
tion by 0.915%. A 1% (10 g/kg DM) decrease in dietary
crude fat content from its mean enhances the cfficacy
of 3:NOP on CH, production by 3.080% at a given dose
and NDF level. For CH, yield, next to 3-NOP dose,
dictary NDF content and dictary crude fat content
were included in the selected model, but also dietary
starch content with an opposite direction to NDF and
crude fat. The effect of 3-NOP dosc on CH, intensity
was similar to its ofiect on CH, production, whereas
the effect of dietary NDF content was slightly lower.
Expanding the previously published models with the
newly available data published from trials since then
improved model performance, hence demonstrating the
value of regularly updating meta-zmalyses if a wider
range of data becomes available.

Key words: 3-nitrooxypropanol, dairy, meta-analysis,
methane

INTRODUCTION

The dairy industry has been scrutinized for its envi-
ronmental impact. Several studies have indicated that
the livestock sector contributes to environmental change
(e.8-, de Vries and de Boer, 2010), including greenhouse
as (GHG) emissions. Agriculturally derived methane
(CH,) emissions mostly result from enteric fermentation
and, to a lesser extent, storage of manure from ruminant
livestock. Methane from enteric fermentation accounts
for 44% of the total GHG cmissions from livestock
(GLEAM, 2022). Livestock supply chains are estimated
to account for 14.5% (based on 100-year Global Warm-
ing Potential) of total human-induced GHG emissions
(Gerber et al., 2013). The world ruminant population
increased by 66% from 1960 to 2017 and is projected
t0 continte to increase to meet global demand for meat
and milk, which will further exacerbate GHG emissions
from animal agriculture (FAOSTAT, 2017).

Liipsilehmade puhul on metaani vahendamise valemis
jargnevad komponendid :

*Lihaveistele tuleb sarnane lahendus parast metanaliiiisi lopetamist

Metaani
vahenemise % koos
Bovaer®
lGpsilehmadel

(@)
HOEE] NDF sisaldus

(% KA)

doos
(mg/kg KA)

Lipsilehma valem % Metaani vihendamine

+ 3.08 X (rasv — 4.2)

Rasva

sisaldus

(% KA)

—32.36 — 0.282 X (Bovaer®doos — 70.5) + 0.915 x (NDF — 32.9)

Seda valemit saab kasutada rahvuslikul ning rahvusvahelisel siisiniku jalajdlje arvutamise téoriistad naiteks :Kringloopwijzer

(2023), CAP2ER, the Cool Farm Tool (Oct 2022) and Sustell (Oct 2022) kuidas arvutada metaani vihendamise 9

1 [1] E. Kebreab, A. Bannink, E. M. Pressman, N. Walker, A. Karagiannis; S. van Gastelen; ). Dijkstra, A meta-analysis of effects of 3-nitrooxypropanol on methane production,

yield and intensity in dairy cattle, 2022, submitted for publication.
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Bovaer® tulemuslikkuse toestused piima ja liha sektoris
Ulevaade teaduskatsetest ja tahtsamates kommerts koostoopartneritest

27 22 piima-, 2 liha ja 3 noorveise katset,
kuni 41% metaani vahendamist
15 o . . . . Euroopa
8 liha-ja 7 piimaveise uurimust, >
© om0 .. . Collaboration with: Sopee
~ . _ ) R . 3 ,\ﬁ; =
APohJa}k kuni 82% metaani vahendamist ) oavore 2 : %y\\_
MEEHIE Strategic partnership with: Nestle
w D P onsiond Campina LACTALIS) % Vri euggﬁlg!;lj! A interfood
_ ‘ i B o
v T ) foto U T
= CARBERY ! Unilower

60+ trials conducted
or ongoing across
18 countries

7] 5 liha ja 2 piimaveise katset, kuni

Ladina 55% metaani vahendamist
Ameerika

16 7 liha-, 5 piima- ja 4 noorveise katset
kuni 90% metaani vahendamist

Collaboration with:

Okeaania

Collaboration with:

0, SZ2\ N[@AP (rontorrs colesgroup
& UBS) noeab™n nege R —— D‘;y‘f'ﬁ & ce

Bovaer®V on juba hoidnud ara

Status per February 2023 35’000 tonni COz-te 0
DSM
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Suuremahuline pilootkatse FrieslandCampina & Agrifirm
naitavad, et Bovaer® on valmis laialt kasutamiseks

"/? o Bl e & ik ;
FeslandCompina i “‘-p Milk and dairy Sustainability nnovation

FrieslandCampina and DSM
take major step to reduce
greenhouse gas emissions
from dairy cattle

158 farmi, 20.000 lehma

Suuremahuline katse kooskolas ootustega
Puudus moju piima toodangule,
piimakoostisele, looma tervisele, sigivusele voi
biogaasijaama tootlikkusele

Lihtne kasutada mineraalsoodas

Farmi igapaevast tookorraldust pole vaja
muuta

28% vahenes metaani emisioon, 6 kuuga
vahendati CO2 10.000+ mt

Bovaer® on valmis laialdaseks tarbimiseks

© psm



Bovaer® farmikatse Assendrup, Denmark

Taani punane kari
« 375 lehma (320 lipsvat lehma )
« (a. 8500 kg EKM/lehma aastatoodang
o KAS=22.4 kg/paevas
« EKM=31.4 kg/paevas

« Koresoot: Taiendsoot (60:40) maisi ja rohusilo
« Bovaer® 10 mineraalsoodas
« Bovaer® 10 13 g/lehm paevas voi 58 mg 3-NOP/kg KA

« Metaani mootmine kasutades GreenFeed seadmeid
« Alustasid 5 november 2021 ja lOpetasid 7 marts 2022

« Bovaer® vahendas metaani 424g-It 275g-ni paevas (-35%)

* Eiolnud erinevust kuivaine soomuses , piimatoodangus ja
piima kvaliteedis.

14




Bovaer® katsed Taanis

45
m 60 ppm 3-NOP
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AU Grass 2022 AU Maize 2022 Assendrup 2022
Katsed Boaveriga Taanis

Sources: Maigaard et al. 2022.Effect of 3-NOP depends on dose and forage type. Manuscript in preparation;
Ingemann-Nielsen and @vli-Kristensen. 2022. Danish commercial farm reduces enteric methane by 35% with

Bovaer®. EAAP abstract.
DSM



Wageningen ulikooli 1. aasta uurimus

Moju Platseebo Bovaer®

Metaan
g/p -20% 426 335
g/kg KA soomus -20% 20.2 16.1
g/kg piim -27% 14.8 10.7
Kuivaine soomus
kg/lehm ja paev None 21.4 21.1
Piim, FPCM
kg/lehm ja paev +6% 32.5 34.6

EEEEEEEEEEEEEEEEEEE Herning Cattle Congress 27-28 February 2023 Data analysed by Eline Burgers



For Internal Use Only

Jarelemotlemisainet

* Bovaer® vahendab efektiivselt
metaani emisiooni

* Bovaer® on mojutanud s66must
ning suurendanud RVKP 6%

* Bovaer® ei mojutanud negatiivselt
loomade tervist

sanne.vangastelen@wur.nl

WAGENINGEN Source: Sanne van Gastelen Wageningen Univ.,

UNIVERSITY & RESEARCH Herning Cattle Congress 27-28 February 2023 17
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PILOOT

Bovaer®
mineraalsoodas

Telli normaalset
mineraalsoota

|

Mineraalid
segatud TMR-i

[ Tavaline soo6dasegu J

Modda s6Oomust
IE
piimatoodangu

{ Jalgi toodangut J

Y,

Arla arvutab
EEER]
vahendamist
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Toodetud piimas polnud muutusi parast Bovaer®
kasutamist

* Eelandmed - 30 pdeva enne ja parast Bovaer® segamist mineraalsoota
e 12. Taani farmi andmed

Bovaer®

40000 -

Samad tulemused piima
rasva ja valgu puhul

30000 |

20000 4 ..., .

Rasva ja valgu alusel korrigeeritud

(%]
©
>
o
(o
o
S~ .
o 10000 -
£
a
0_
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Paevad enne ja parast Bovaer kasutamist, paevades

. e JOOKSEV keESKMiNE /\ Miiidud piim/farm



Toodetud piimas polnud muutusi parast Bovaer®
kasutamist

* Eelandmed - 30 pdeva enne ja parast Bovaer® segamist mineraalsoota
e 12. Taani farmi andmed

Bovaer®
400000 -
— 300000 -
£
S~
<
©
g o
S 200000 4, @
=
X
(1]
=
o 100000 4
(Vg
0 v
I T T | T T T | T | | I T T | T | T | T T | T | I I
-30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30
Paevad enne ja parast Bovaer kasutamist, paevades
21 Jooksev keskmine A Muiudud piim/farm
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Arla-SEGES Bovaer® piloot, Taani 2023

Kuivaine soomus holsteini lehmadel kg -1.6%
KA/lehm paevas

Kuivaine soomus dzorsi kg KA/lehm +0.5%
paevas

EKM-holstein, kg/lehm paevas +6.5%
EKM- dzorsi, kg/lehm paevas +5.6%
CH4 tood.-holstein, g/lehm paevas -44%
CH4 tood.-dzorsi, g/lehm paevas -30%

Source: Nicolaj Ingemann Nielsen SEGES, Herning Cattle Congress 27-28 February 2023

25.3

20.9

33.6
32.4
383
334

24.9

21.0

35.8
34.2
216
234



ARLA-DSM PILOOT — MILLINE ON FARMIDE TAGASISIDE?

Lisandit (Bovaer®) on lihtne kasutada

Farmi tookorralduses pole vaja teha muudatusi.
Muudud piima koostises ei esinenud muutusi
Bovaer® s6otmisel puudus moju taastootmisele

S60tmisndustaja ei nainud muutusi sdomuses katses osalenud farmides

o vk wh e

Farmidel on olnud s66damuutusi. Ei taheldatud probleeme Bovaer® i kasutamisel koos uute
sOotadega R

Source: Christine Brgkner Arla, Herning Cattle Congress 27-28 February 2023
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Bovaer®10 vahendab alati metaani ja el mojuta
piimatoodangut, piima tootlemist ega looma tervist.

*
+ +
A a2 o (X ) v & o A M ~ 0 oo lo h .d l
;e Moju piimale o Moju lehmale [E]] Moju valjaheidetele
« Piimatoodangut ei mojuta « Soomuse vahenemine = vaikene « Sonniku ja uriini koostis jaab
. . kulude kokkuhoid muutumatuks
* Piima koostis:
- Viike piima valgu% tous * Vatsa fermentatsioonile positiivne  Biogaasi tootmisel erinevusi ei
+ Vo0ib tosta piima rasva% (oleneb moju: esine
soGtadest) « Propionaat = suurem energia saadavus 51k . .
+ Vitamiin B12 ei méjuta - Voihape = suureneb LRH imendumine ja * Puudu moju komposteerimisele ja
« Piima to6tlemine on tavaparastes piima rasva siintees pollul kasutamisele
. « Vatsa pH touseb = vaiksem atsidooosi risk
vaartustes: . >
« Parem energia tasakaal laktatsiooni
« Kullastunud rasvhapete vaike tous alguses
« Rasvhapete koostis ei muutu
+ Rasvaglobuliin suureneb ¢ Puudub markimisvaarne erinevus

SOM-rakkude arvus

 Piima, jogurti ja juustu omadused ei

muutu + Ei ole margatud negatiivset moju

tervisele, heaolule ja kaitumisele



Bovaer®’'s metaani vahendamise valem on juba kasutusel
Cool Farm Tool programmis

Newassessment - Aggregation Myprojects | dpmripders - 2Hel -1 | o Cool farm tool lubab maarata liha- ja piimaveiste farmide
- e susiniku jalajalge

WeElComEto theLOUIAHMIOUL I ' « Bovaer on seal kausutsel kui metaani vahendav lahendus (3NOP)
o B o S s o S o alates 2022 oktoobrist ja annab kiire lilevaate farmi tegevustest
«.~Selectthepathway for:the crop ordli ‘éto;k pr_o@uc_t you vxl'an,t_t_p_fgotprlr_ut." iy SRy . .
AlternativelyViewyour. exisﬁnglfpj"fﬁ#ﬁt}éfggitking"As"s.esshlents‘" on theiment bar? -t A T metaani Vahendam|SEl

» Cool Farm Tool kasutab valemit koige viimase metanaluusi

pohjal.
CROPS
* Cool Farm Tool on kasutusel mitme globaalse piima ja
/“.‘: All crops ‘ Potato-specific \,LL/‘. Rice-specific lih atoostuse pUhUl.
LIVESTOCK
" Beef ” Dairy

25




Bovaer® 10 lupsilehmadele *

Kasutades 1 kg Bovaer® 10 liipsilehma sootmisel hoiab ara 200kg C02
emissiooni atmosfaari

Production of Reduction in Dairy Cows
Bovaer® 10 with Bovaer® 10

20

5i5

* 1kgBovaer® 10 tootmiseks kulub 5,5 kg CO, 0
« 1kg Bovaer® 10 kasutamine hoiab ara +200 kg -20
CO, sattumise atmosfaari 40

* (CO2e =>36x

-60
-80
-100

-120

Kg CO2 equivalents

-140

-160

-180

-200

-200

-220

LCA impact of 1 kg of Bovaer® 10 in EU & NA dairy cows

(*) using an European / North America farm as a model; feeding 600 ppm Bovaer® 10 per kg DMI and using a GWP 100 factor 28 from CH4 to CO2e o Ds I I
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