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Earth beyond six of nine planetary bou“ndaries

Climate change /

©: Radiative |
concentration  forcing

Biosphere
integrity

Novel entities

/
Greenhouse gases To @

¢To AN
ipge depletion
0 ,
= Green ‘ = ——
=3 > )
Atmospheric
Freshwater  Blue aerosol loading
8 change K A N
g
¢
e % Ocean \
/
flows
“ 2 B Boundary transgressed
Safe operating Zone of increasing risk High risk
space zone
WAGENINGEN UNIVERSITY I ( )
NNNNNNNNNN Richardson et al. (2023

Presentation today )

* Methane and rumen methanogenesis

* Methane mitigation strategies
® general nutritional strategizss
* specific anti-methanogenic feed additives

* Quantitative approaches
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Global Warming Potential (GWP) of methane:
27 (100-yr time horizon)
81 (20-yr time horizon)
(relative to CO,) IPCC (2021)
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Methane mitigation: good news and bad news

11-30%
<1.5°C
an §

4

IPCC (2018)

Europe: 1.5 °C reduction target (methane) feasible adopting
one (2030) or two (2050) strategies

Africa. adopting two best strategies still far from 1.5 °C
reduction target (methane)

PNAS  rsuoimmar | susmmsurysoec o opEN ACcE »
Arndt et al. T Full adoption of the most effective strategies to mitigate
. methane emissions by ruminants can help meet the 1.5°C
PrOC Nat Acad SCI 2022 ° target by 2030 but not 2050
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Many commitments public / private

- SOme
GIobaD Reduce methane emissions S@\\;\ Net zero carbon footprint in our
Methane at least 30% from 2020 | i'_tl" operations by 2050 latest
Pledge levels by 2030 este

Vi GHG emissions member farms
-7,\( reduced by 33% in 2030
H Eiropéan 55% reduction net GHG FrieslandCarmpina sio Compared with 2015
Commission @missions by 2020

compared with 1990 Net zero GHG by 2040 and

ﬁ"J BS ) zero deforestation across

global supply chain by 2035

2030 MARS Cutting GHG emissions 50%

by 2030 and net zero by 2050
Food ’ 4
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Production of methane |

Feed

Methanogenesis

source: K Beauchemin
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Anti-methanogenic targets
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Targets:

« decrease H, production
* alternative H, sink
« directly inhibit methanogens
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Presentation today |

* Methane mitigation strategies
* general nutritional strategiss
* specific anti-methanogenic feed additives
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Many methane mitigation strategies not effective

s oasm GLOBAL NETWORK PROJECT

Methane yield (g/kg feed DM) Methanea intensity (g/kg FPC milk)
(n = 96) (n = 63)

strategies (% of total) strategies (% of total)

u No effect = Effect < 10% = Effect > 10% u No effect = Effect < 10% = Effect> 10%
PNAS sy s Y 2
Full adoption of the most i ies to miti: I
h issi by rumi can help meet the 1.5°C meta_ana SiS
WAGENINGEN UNIVERSITY target by 2030 but not 2050
========== 9 SR Amdietal. (2022)
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Decreasing grass maturity

© Shifts rumen fermentation and increases production (milk / growth)
4 absolute methane emission (g/head/day): +7% (1 to 17%)

J methane yield (g/kg feed): -4% (-1 tc —-8%)

J methane intensity (g/kg product): =13% (-7 to —18%) (milk)

&[® Trade-offs:
* increased nitrogen (N) excretion
* more intense management

Arndt et al. (2022)

WAGENINGEN UNIVERSITY

NDF (g/kg DM) 69
NE, (MJ/kg DM) 686  6.58 :

OM digestibility (%) XN 782 <0.01
FPCM (kg/d) 299 278 0.02
CH, (g/d) 308 353 N <0.01
CH, (gkgDM) 195 220 <0.01
CH, (g/kg digastible OM) 275 309 <0.01
CH, (g/kg FPCM) 107 128 <0.01

grass silage 70% of diet (DM basis); cows 96 DIM

WAGENINGEN UNIVERSITY

. Warner et al. (2017)
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-0 iS high quality forage

@ grass, NL

@ grass, NZ-2
B grass, DK

Methane (g/kg DOM)

A grass silage, low DMI, NL
® grass silage, DK-1

m grass silage, NL-1
@ grass silage, high DMI, NL
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Methane intensity (a/kg FPCM)

10
28 32 40
Dry matter content maize silage (%)

i . . Dairy Sci. 99:354-368
.=l=‘| http:/idx. doi.org/0.3168/ds.2015-10047

A8/ ©American Dary Science Associaton®, 2016

Increasing harvest maturity of whole-plant corn silage
reduces methane emission of lactating dairy cows

WAGENING E N NEN

Hatew et al. (2016)

/an Laar,"t L H. do Jonge.* and J. Dijkstra®
Uity 7O Box 332 6700 01 Waguningenthe eacance
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Replacing grass silage with maize silage decreases CH,

10% - 10%
°1 Hammond et al. (2015) °]

| = Brasketal. (2013)
| = van Gastelen et al. (2015)
1 = Brask Pedersen et al. (2023)

Hammond et al. (2015)
Brask et al. (2013)

Van Gastelen et al. (2015)
Brask Pedersen et al. (2023)
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Inclusion of tanniferous forages

© Tannins are plant secondary compounds rich in phenols
* inhibit rumen methanogens and protozoa; shift rumen fermentation
’@ J absolute methane emission (g/head/day): -12% (-6 to -17%)
J methane yield (g/kg feed): ~10% (-6 to —714%) e
[ ] methane intensity (g/kg product): -18% (=& to -26%) (milk) ~— -
v! Promising species inciude bushclover, birdsfoot trefoil, Leucaena
Commercia! tannin extracts availabie

“Ié Trade-offs: decreased proiein and fibre digestibility;
shift urinary to faecal N; astringency with extracts

Arndt et al. (2022)

WAGENINGEN UNIVERSITY
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Inclusion of oilseeds / oils and fats

@ High energy; inhibit rumen methanogens; shift rumen fermentation

/® J absolute methane emission (g/head/day): ~20% (—15 to —24%)

J methane yield (g/kg feed): =15% (- 171 to —-18%)

§ methane intensity (g/kg product): -22% (-8 to -35%) (growth)

J methane intensity (g/kg product): =12% (-6 to —18%) (milk)

(values presented for oilseeds; values for oils and fats comparable)
,Ié Trade-offs:
* limited inclusion; too hiah ieveis negative impact rumen fermentation

* may aecrease weight gain
* significant increase upstream GHG emissions

N N N INI A

NNNNNNNNNN Arndt et al. (2022)

Nitrate (SilvAir - Cargill)

+ 2H* + NOs — NH,* + 3H,0

,@ Dose-dependent methane recuction
Example: 1% nitrate, 8% less methane; 2% nitrate, 16% less methane
Feng et al. (2020)
'sf‘Trade-offs nitrate
* adds nitrogen to diet

« if unadapted: methemoglobinemia
* high levels: DMI |

WAGENINGEN UNIVERSITY
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Essential oil blends

© Volatile aromatic compounds from herbs and spices

* e.g. allicin from garlic; cinnamaldehyde irom cinnamon 0[

« bind to protein; shift rumen fermentation % ‘
¥/ Promising results in vitro ) iR VEY
Meta-analysis Agolin: methane yield reduction 13% (Belanche et al. 2020)

« effect more proncunced in long term studies (2% in studies <4 wk)
» majority studies in vitro or not published

Carrasco et al. (2020) 24 1 245 NS

Bach et al. (2023) 20.1 76 <0.01

Silvestre et al. (2023) 141 14.2 NS
elly  Seemeemei

Essential oil blends

© Volatile aromatic compounds from herbs and spices
* e.g. allicin from garlic; cinnamaldehyde irom cinnamon *
* bind to protein; shift rumen fermentation % ‘
v/ Promising results in vitro : VS
Meta-analysis Agolin: methane yield reduction 13% (Belanche et al. 2020)

« effect more pronounced in long term studies (2% in studies <4 wk)
* majority studies in vitro or not published

5|8 Trade-offs
* may decrease growth rate but increase milk production

DairyNutriVision 2024
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3-nitrooxypropanol (3NOP) (Bovaer)

© Methyl-coenzyme M reductase (MCR) is
defining reaction of methanogens

« 3-nitrooxypropanol (3NOP) inhibits IMCR activity
-033/\/S\CH3 HO/\/\O/Noz

Methyl-coenzyme M 3-Nitrooxypropanol
/® Major effects CH, amission in cattle

* large variation in response to 3NOP: -84% to +7% compared
with control

WAGENINGEN UNIVERSITY
ssssssss

Impact dose 3-nitrooxypropanol and diet

NOP60 NOP80 NOP60 NOP80 >
o o : —1 Dairy cattle 146 DIM
3NOP 60 or 80 mg/kg DM

H, yield

m H; yield (2’kg DMI)

1 GS: 70% grass silage

e in CH, yield (g/kg DMI)

t b

CH, yield

[ GSCS: 42% grass silage,

oL S /\ 28% corn silage
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. as " _ : : .
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= -10 = T .
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3-nitrooxypropanol (3NOP) (Bovaer)

©® Methyl-coenzyme M reductase (MCR) is
defining reaction of methanogens

« 3-nitrooxypropanol (3NOP) inhibits IMCR activity
-038/\/S\CH; HO/\/\O/NOZ

Methyl-coenzyme M 3-Nitrooxypropanol

Maijor effects CH, emission in cattle
large variation in response to 3NOP: -84% to +7% compared

with control
@.‘ Target dose 60 to 90 mg/kg DM (EFSA) ~ 20 to 40% less methane

aI“ | feed intake/performance at high inclusion levels

VT E S EEOTE NN G e RS T
WWWWWW

Seaweed / seaweed extracts

© Several bioactive compounds

* non-halogenated (phlorotannins, saponins, alkaloids, ...)

* halogenated (bromoform, chloroforin, icdoform, ...) Abbott et al. (2021)
v Promising methane mitigation resulis in vitro

N Cattle experiments: no methane decrease
(e.g., Antaya et al. 2019; Muizelaar et al. 2023; Thorsteinsson et al. 2023)

s & Health benefits: improved fertility, reduced incidence ketosis

Presence inorganic elements / heavy metals
* jodine, arsenic, cadimium, bromine

DairyNutriVision 2024
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Halogenated compounds seaweeds

® Red seaweed (Asparagopsis) inhibits 2" to iast step “
methanogenesis

* active compounds bromoform and dibromochloromethane
¥ Major effects methane emission in cattle

* large variation in response to Asparagopsis: 0 to 99%
compared with control

/® Dose-dependent methane mitigating effect
4{“ More methane inhibition, more performance impact m

WAGENINGEN UNIVERSITY
ssssssssss

Halogenated compounds seaweeds: dairy

Feed intake Energy corrected milk (ECM) production
30 40

~
)
*

pa=—— k)
FCM (kg/d)
5 & 8 &

Feed intake (kg DM/d)
s RN
o w &6 & B8
*
*
_ 22—
e oo
A .
F

Roque et al. ~Stefenoni et
(2019) (2021)

tal. Alvarez-Hess et Krizsan etal. Alvarez-Hess et fikanger etal. Roque €tal.  Stefencnl etal. Alvarez-Hess et Krizsan etal. Alvarez-Hess et Eikanger et al.
al. (2023) (2023) al. (2024 (2024) (2019) (2021) al. (2023) (2023) al. (2024) (2024)

Methane production per unit feed

25
w
' :
‘E 10
. o . . @ r
* Significant difference with control (P < 0.05) 5
WAGENINGEN UNIVERSITY 0

WAGENINGEN

Roque et al.
(2019)

Stefenoni et al. Alva
(2021)

rez-Hess et Krizsanetal, Alvarez-Hess et Eikanger etal
al. (2023) (2023) al. (2024) (2024)
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Halogenated compounds seaweeds

Py 8 * may | performance dairy cattle / 1 feed efficiency beef cattle
* bromoform possible human / animai carcinogen
* bromoform contributes to atmospneric ozone depletion

* rumen wall damage
(ﬁ Li etal. 2018; Sena et al. 2024; _:"";"' Muizelaar et al. 2021
* undesired producti changes (Stefenoni et al. 2021; Krizsan et al. 2023)

* milk iodine content 1 5 to 15-fold
* milk bromine content 1 8-fold

‘ Current research development: pharmaceutical products

WAGENINGEN UNIVERSITY
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Halogenated compounds seaweeds |

Py 8 * may | performance dairy cattle / 1 feed efficiency beef cattle
* bromoform possible human / animai carcinogen
* bromoform contributes to atmospneric ozone depletion

* rumen wall damage
Li etal. 2018; Sena etal. 2024; " Muizelaar et al. 2021

* undesire, Let al. 2021; Krizsan et al. 2023)

¢ Current r

WAGENINGEN UNIVERSITY
ssssssssss
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Reflections on anti-methanogenic feedadditives

{4 Several strategies great potential / readily apulied

(% Methane inhibitors usually do not improve animal performance
* requires (government) policies / incentives

@ Consumer acceptance of anti-methanogenic additives
» even when approved by authorities (e.g. EFSA)

e Most promising additives not effective in grazing / mixed systems
* research in progress on slow-release type additives

&% Virtually no data on combinations of strategies ° ® °
.\_../‘

WAGENINGEN UNIVERSITY
WAGENING E N NN

* Quantitative approaches

WAGENINGEN UNIVERSITY
NNNNNNNNNN
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Not all models are cut from the same Ioth

Empirical models
« data used directly to quantify N bt
relationShipS mpirical vs. iviechanistic
* without preconceived Arifiial 5. | Whole-animal
bio|ogica| theory |— Empirical modelling yoriables
Mechanistic models - v integratin
* seek to understand causation et ‘v Mechanistic synthesis
. ! modelling
 describe system in terms of
Organs Other
components / processes one  feveli-1 | B - - - ——— - - - > | caictice
Ievel lovver Dijkstra et al. (2005)
S

Empirical models enteric methane

+ > 50 prediction equations enteric CH, cattle
« national inventories and whole farm/systarm analyses
« includes IPCC Tier 2
* Global Network project
« dairy cattle (Niu et al. 2018 — Glob Change Biol 24.3368)
* beef cattle (Van Lingen et al. 2019 — Agric Ecosyst Environm 283:106575)

+ sheep (Belanche et al. 2023)

GLOBAL S\
RESEARC c’

ALLIAN GLOBAL NETWORK PROJECT

ON AGRICULTURAL GREENHOUSE GASES

WAGENINGEN UNIVERSITY
NNNNNNNNNN
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Dairy cattle intercontinental database

* Individual cow observations (n = 2,566) Niu et al. (2018)
* Australia, Europe, US
« intake, diet composition, body weight, milk production/composition
« excluded anti-methanogenic feed additives
* Linear mixed models
« key variables with increasing complexity
* intercontinental and regional models

y:ﬂo '*Z/foi"'?/"'g
7

Responsé
variable

WAGENINGEN UNIVERSITY

WAGENINGEN

Global

intercept

Fixed effect
parameters

Fixed effect
variables

Random effect
variance

Residual
variance

Dairy cattle intercontinental database

MAE (g/d) RSR 2
X *,._g'.'
MAE: Mean Absolute Error i P
. e Jer U}
. g % & % 0
RSR: ratio of root mean square prediction _ ‘.u‘ 8
. 27 ] 3 Al
error to SD of observations 35 i
g (gf : 350 (h)l 0
g g - y ;’ .-'-‘ "f -
58- % ie.
2\ :
[0} o ®) " [0} %
8 E5T ¥ ¥
g % 3 B
8 By -.:‘!_
00 40 600 W 40 600 00 40 600
WAGENINGEN UNIVERSITY A
““““““““““ Niu et al. (2018)
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DMI central to predict CH, productio

@ e > © o
MAE (g/d) RSR = i | &
DMI only g A
50.3 0.64 . 1(0,;_ O
DMI + diet ({NDF, |EE) 59
g 8 $
49.2 0.63 % § 1(9)' . S_. (h). [0} .',
DMI + diet + animal 83
(1NDF. |EE, 1MF, 1BW) aP%. i
475 0.61 o N ) L
s o
8 o - SO
MAGENNGEN brvERS Ty bl EHE] P 65
DMI central to predict CH, production (g/d)
@ e 75'“ © S
MAE (g/d) RSR Y i | &
DMI only g A
50.3 0.64 ' R
Diet only ({NDF. | EE) 59
281 ; i
73.2 0.92 §§ ok —
Diet + animal only gs. 4
(1NDF, |EE, 1tECM. 1{MF. 1MP 1BW) % 2
55.1 0.69 I F 20
8- 4 R
g = A
e e Niu et al. (2018) PR
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Separate regional CH, (g/d) models required

Models based on gross energy intake (GEI; MJ/d))

RSR
Intercontinental EUR us
All 128 +/(0.0391 X GEI )/ 0.05565 0.65 0.70 0.65
EUR 111 1 (0.0425 ><IJGEI )/ 0.05565 0.70 0.70 0.74
US 131 #(0.0358 /& GEI ) / 0.05565 0.71 0.81 0.65
o/ Niu et al. (2018)

GLOBAL
RESEARCH

ALLIANCE
™

‘ON AGHCULTURAL GREINNOUSE GASS.

WAGENINGEN UNIVERSITY GLOBAL NETWORK PROJECT
NNNNNNNNNN

Methane as fraction of gross energy intake

L @ 7y
GEl to predict CH, production (g/d) ’j'..‘ j
MAE (g/d) RSR . Al ; e
50.9 0.65 1 ; ’ ® 1
IPCC 2006: Y, = 6.5% of GEI M ,
64.3 0.864 % g @ 828 7 0] T ®
s M 3 :
IPCC 2019: Y, 5.7% -6.5% of GEI 3! #
g _(l) g ~‘f (k)
8- X
g o
B i v a i Kl sl. B4 Predicte g/ percon)

DairyNutriVision 2024
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Feed intake not available on farm

« Equations to estimate feed intake required

« IPCC (2019) Tier 2 estimate based on feed digestibility, body
weight, milk production and compasiiion

* Applied to Wageningen respiration chamber
dataset dairy cattle (n = 2095)

* Y, 9.7 -6.3% of GEI

WAGENINGEN UNIVERSITY
NNNNNNNNNN

Observed and predicted methane prodction

WAGENINGEN UNIVERSITY
NNNNNNNNNN

Niu et al. (2018) EUR model Niu et al. (2018) EUR model IPCC (2019) Y,,
observed DMI IPCC (2019) predicted DMI  IPCC (2019) predicted DMI
MAE = 29 g/d MAE = 47 g/d MAE = 54 g/d
600 RSR=067 . 600 } RSR=1.07 600 | RSR=1.28
T 500 | o T 500 A S 500 | ‘Y.
=) 5 =)} i =)
< - ° = Y 2 Z og..*
3 400 o T 400 F e C T 400 e .
E E ® Z B .
2 300 8300 | AN & 300 | .g ‘oo
o - 4 o L7 o o "/ g ete
200 Mo o 200 K 1 200 Yot
200 300 400 500 600 200 300 400 500 600 200 300 400 500 600
Predicted (g/d) Predicted (g/d) Predicted (g/d)
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NP2
Prediction equations for individual feeds ‘C
@ grass, NL m grass silage, NL-1 A
A grass silage, low DMI, NL @ grass silage, high DMI, NL
rass silage, DK-1 rass, NZ-1 p
:Zrass, NZ?Z :grass, NZ-3 1‘,\%
g 44 W grass, DK Aljra:: silage, DK-Z‘ .
Q 40 {rrrr e e
o) N
% 36 [T % A N .."". """"""""""""""
& A. """"""" u
8 32 e R ““““ ‘-5‘1 """" e e
2 20 1 AT -3\ mixed model:
= . CH, = 10.9(¢2.6) + 0.045(+0.005) NDF
= 241 N |
350 450 550 650
NDF grass or grass silage (g/kg DM)

Midpoint recap: empirical models |

) U Feed intake central to predict CH,4 production
%

:

2
V7

O Separate regiona! CH, models required

) O Prediction eguations for individual feed variation
are helpful

Empirical vs. Mechanistic

level i Animal —— licle Sn ke
Empiri - variables
mpirical
analysis £\ integration
Py |
reduction M " synthesis
” Organs Other
leveli-1 | 2O e e e e
sl Tissues > variables

Dijkstra et al. (2005)
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Meta-analyses

)

* Enhances statistical power

* |dentifies patterns and trenas /N
\

* Reduces bias and corifiicts f,“
R AN

WAGENINGEN UNIVERSITY
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Meta-analysis CH, production: nitrate supplementation

Mean Effect type of cattle

wasesMasy uuivensy Feng et al. (2020)
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Meta-analysis CH, production: nitrate supplementation

Random effect model

Mean differenée (% of control

)

P-value
type of cattle

Overall effect size -13.9 1.2 <0.01
Mixed effect model ¥

dairy cattle na -204 19 <0.01 0.02
beef cattle N na —16\S5 <001

Change in mean difference’

nitrate dose (g/kg DM) 16_.7
DM intake (kg/d) 111

WAGENINGEN UNIVERSITY
ssssssssss

‘centered on their means

Feng et al. (2020)

Meta-analysis CH, production: nitrate supplementation

9.1% for every 10 g{\l?

beef cattle

nitrate dose (g/kg DM) 16_.7

NO, dose enhances mitig fo

increase

0.14 <0.01

DM intake (kg/d) 1.1

0.69

0.29 0.03

WAGENINGEN UNIVERSITY
ssssssssss

‘centered on their means

Feng et al. (2020)

DairyNutriVision 2024
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Meta-analysis CH, production: 3-NOP supplementation

3-Nitrooxypropanol

Mean Effect

Mixed effect model Mean differenbe (% of control)
Overall effect size 1.3 <0.01

WAGENINGEN UNIVERSITY
NNNNNNNNNN

Meta-analysis CH, production: 3-NOP supplementation

3-Nitrooxypropanol

Mixed effect model Mean difference (% of control)
Overall effect size 324 13  <0.01
_Cﬁange in mean difference” |‘centered on their means
3-NOP (mg/kg DM) 71 -028 007  <0.01
NDF (gkgDM) 329 52 0.034 002
Crude fat (g/kg DM) f31 013  0.04

' dose-dependenb

trooxypropanol on methane
n dairy cattle

lay Pressman,” Nicola Walker,” Alexios Karaglannis,

"™ Kebreab et al. (2023)

WAGENINGEN UNIVERSITY
ssssssssss
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Meta-analysis CH, production: 3-NOP supplementation

Mean Effect

Mixed effect model Mean differenbe (% of control)
Overall effect size 324 13  <0.01
_Cﬁange in mean diiference’
3-NOP (mg/kg DM) 71 -028 007  <0.01
NDF (gkgDM) 329 0092 0034  0.02
Crude fat (g/kg DM) 31 013  0.04

lower efficacy when fibre con

WAGENINGEN UNIVERSITY
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Bf effects of 3-nitrooxypropanol on methane
production, yield, and inten: n dairy cattle

in," Nicola Walker,” Alexios Karaglannis,”

3-Nitrooxypropanol

“centered on their means

Kebreab et al. (2023)

Meta-analysis CH, production: 3-NOP supplementation

‘__

lower efficacy when fat contest increases

Mixed effect model Mean difference (% of control)
Overall effect size 324 13  <0.01
_Cﬁange in mean diiference’
3-NOP (mg/kg DM) 71 -028 007  <0.01
NDF (gkgDM) 329 0092 0034  0.02
Crude fat (gkgDM) 42 031 013  0.04

r10.3168)0s.2022-22211
S——
s ancie

sevie Inc and Fass Inc on behalfof the American Davy Science Assocaton®
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Of effects of 3-nitrooxypropanol on methane
production, yield, and intensity in dairy cattle

in," Nicola Walker,” Alexios Karaglannis,”

3-Nitrooxypropanol

“centered on their means

Kebreab et al. (2023)
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Midpoint recap: empirical models |

i U Meta-analysis CH, reduction in % of control

s, /' useful in accounting tools

O Separate regional CH, models required
Q Prediction equations for individual feed varia
are helpful

Empirical vs. Mechanistic

O Feed intake central to predict.CH, production

tion

»
U il
analysis /

&
reduction d Mechanistic

EEEEEEEEEE Dijkstra et al. (2005)

Whole-animal
i Animal e
feres? ! | R PR variables
mpirical
| B

/\ integration

W &
L synthesis

seells "’":: --------- i m
WAGENINGEN UNIVERSITY

Mechanistic models enteric methane

Chemical composition & degradation charzacteristics

feed intake

Organic
matter

Microbi%l growth (efficiency)
K Typa VFA
f (substrate type, pH, ...)
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Mechanistic models enteric methane

Acetate ]

Q e W

- Methane
D, + 4H,— CH, +2H,

WAGENINGEN UNIVERSITY
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Mechanistic model - Tier 3 for dairy cattle

(Dijkstra et al., 1992; Mills et al., 2001; Bannink et al., 2008; 2011, 2020)

Feed intake

|
v

Rumen model

fermentation

}

A

Small Intestine
Enzymatic digestion

Large Intestine
model

fermentation A - '
bl SURPLUS

|

Faeces
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Tier 3 for dairy cattle in Dutch GHG inventory

- Enteric CH, production
. =i +
150 L ‘0'0 y =1.09x + 120
. 00gP958,® ooy = 1.03x + 111
© 140 Mg “’0
> A b=
E . | J ‘Q‘“" y = 0.83x + 111
% 0 .’.~ ".'
- 2
2 120 '
=~ ad ® Tier 3NL increased feed intake
110 e Tier2 Yy, 6-5243 improved grass OM
0 - e Tier2Y, 6.0% digestibility
0 L L L I L | - .
P " 5o .y increased proportion
WAGENINGEN UNIVERSITY maize Silage

Mode of action additives in mechanistic models

v
Methenyl-H,MPT

Cobd-SH

]m Methyi-S-CoM <

CoB-SH

CoM-SH

Vht/Hya/Hyb I
CH, _

Kouzuma et al. (2017) ™

WAGENINGEN

Mtd. R =
Foh, FTE
Methylene-H,MPT
Mor.I " F, M, | AL c
Ho ! microbiome
Methyl-HMPT — — — F >

WAGENINGEN UNIVERSITY ‘Methanoge g - OP; bromOform)
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Summary: mechanistic models enteric methane

R\ . 2 .
. U Feed intake central to predict CH,4 production
‘) U Integrate knowledge and help understand
\ responses
/‘ﬁ U Evaluate consequences of policies aimed at
\ 7' A’ reducing enteric CH, production
@
\ ' Empirical vs. Mechanistic
& . il rm— w'lii?;??lf"
u am;lysis ““ “ _/?L Integ;ution
WAGENINGEN UNIVERSITY B = 4

Conclusions on methane emission

Q No / limited effectiveness of many mitigation strategies <1.5&
oC

/| Several strategies high potential / readily appiied
« forage type/quality; anti-methanogenic feed additives

(% Implementation requires (government) policies / incentives

(77 Quantification of variationi in efficacy is vital
* based on solid scientific evidence
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Methane busting diets!

€2 Methane mitigation strategies

GI Trade-offs

Y] Quantlfy mitigation

License to produce
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