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Reducing environmental impact dairy farming

Nutritional approaches to l
* phosphorus excretion @

 nitrogen excretion N
- enteric methane emission mCH4

with focus on Dutch dairy sector as a case




Phosphate excretion
(x 1000 kg/year)
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Phosphate excretion dairy cattle and youngstock

improved feed efﬁCiency smaller number
120.000 f tock
c _ of youngstoc
0O C @ ---........
S © 100000 *e
(2 i - 0‘0‘0"‘ .-"‘.‘
0 9 80000 } 0040
O Y4 "‘ “ ‘.‘.‘,‘.‘
+~ O -
. 1
53 60.000 phosphorus covenant ’
é X [ max 4.5 g P/kg concentrate or milk quotas lifted = 2% 4.3 g P/kg
o 40.000 max P/ CP ratio of 2.5% ~20% increase COI’)CIC;I’I/tI’(a:fDe or
' milk production max 0
20.000 | ratio of 2.3%
0 Source CBS
1990 1994 1998 2002 2006 2010 2014 2018 2022

WAGENINGEN UNIVERSITY

WAGENINGEN



Considerations to reduce P in practice

» Grass herbage / grass silage high P content

« Concentrates / byproducts with low P but adequate protein at a premium

« Concerns about lower dietary P affecting production, transition health,
and fertility

. . _ ;’Q:’.’A'%?’ J. Dairy Sci. 104:11646-11659
° Experlment da”‘y Cattle (n - 60) g%lg-’ng https://doi.org/10.3168/jds.2021-20488

N © 2021 American Dairy Science Association®. Published by Elsevier Inc. and Fass Inc. All rights reserved.

(Kea nth ao et al ., 2021 ) Effects of dietary phosphorus concentration during the transition

period on plasma calcium concentrations, feed intake,

and milk production in dairy cows
* 6 wks antepartum to 8 wks postpartum i i

P. Keanthao,'*® R. M. A. Goselink,2® J. Dijkstra,>® A. Bannink,2 and J. T. Schonewille'
;Depanment of Population Health Sciences, Faculty of Veterinary Medicine, Utrecht University, Yalelaan 7, 3584 CL Utrecht, the Netherlands
e

o 2 x 2 fa Ct o) ri al d e Si g n >Animal Nutrition Group, Wageningen University and Rescarch, PO Box 338, 6700 AH Wageningen. the Netherlands
e dry period: 2.2 (recommended) or 3.6 (practice) g P/kg DM
* lactating period: 2.9 (low) or 3.8 (recommended) g P/kg DM
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Effects of P level dry period and early lactation period

* No effect of P level on DM intake, milk production, milk composition
Keanthao et al. (2021)

* In line with other findings on absence of effect at / somewhat below
recommended P levels

Valk and Sebek (1999) AG R E E J

Wu et al. (2001)
Peterson et al. (2005)
Puggaard et al. (2014)
Wachter et al. (2022)




Effect of P level on plasma Pi and Ca concentration
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Effect of P level on plasma Pi and Ca concentration
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Effect of P level on plasma Pi and Ca concentration
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Effect of P level on plasma Pi and Ca concentration

Plasma inorganic phosphate (mM)
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Conclusions on phosphorus (P) excretion

&/ Reduced P excretion without decreased production volume
requires lowering dietary P

QY Covenant on lower P levels concentrate effective

Recommended dietary P levels may be excessive

* low P levels during dry period/start of lactation aid smoother
transition




Reducing environmental impact dairy farming

Nutritional approaches to l

* phosphorus excretion /p

 nitrogen excretion N
» enteric methane emission MCH‘*

with focus on Dutch dairy sector as a case
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Dutch farmers angry about nitrogen
restrictions

LChmusis changes

The Netherlands is under pressure to reduce its nitrogen emissions — gases proven to be
300 times worse for global warming than CO2. That means the country’s agriculture has to
change. But the restrictions the government is proposing aren't going down well with
Dutch farmers.

Hocs
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Nitrogen excretion dairy cattle and youngstock
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Nitrogen excretion dairy cattle and youngstock
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The =—O is protein supply....

 Potential negative impact of lower N diet on production

* Focus on decreasing urinary N excretion
1 absorbed amino acid-N to milk




N in urine (g/d)

N intake is principal driver of N excretion, but...
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Urine N (g/d):

Prediction significantly better with
energy intake included
Urine N (g/d):

N-intake, g/d
Metabolizable Energy (ME) intake, MJ/(kg®7° d)

dairy cattle (n =470)
Kebreab et al. (2010)



The =—O is protein supply....

but relative to energy supply

 Potential negative impact of lower N diet on production

* Focus on decreasing urinary N excretion
1 absorbed amino acid-N to milk

» Balanced rumen N and energy supply

=) Post-absorptive balance energy (NE, ) and protein (MP) is
complex




Balanced protein and energy supply udder

protein acetate

glucose

glycerol




Response to change in NE, and MP
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Milk yield and milk composition responses to change in predicted
net energy and metabolizable protein: a meta-analysis

J. B. Daniel"?", N. C. Friggens1, P. Chapoutot1, H. Van Laar? and D. Sauvant’

TUMR Modélisation Systémique Appliquée aux Ruminants (MoSAR), INRA-AgroPari: , 16 rue Claude Bernard, 75231 Paris cedex 05, France; * Trouw Nutrition
R&D, P.0. Box 220, 5830 A The Netherlands
(Received 3 July 2015; Revised 26 May 2016; First published online 27 June 2016)

NE, : net energy for lactation
MP: metabolizable protein

Response to dietary MP content depends on dietary NE, content
 increase in NE; content may balance impact of decrease

In MP content and reduce urinary N excretion




Importance of amino acid profile for milk N efficiency

Milk protein yield limited by single amino acid?




Importance of amino acid profile for milk N efficiency

Diet CP 13% of DM
- 1.2 Abomasal infusion
562 g MP/d:
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Energy and nitrogen balance of dairy cattle as affected

N iChOlS et a | . (2019) by provision of different essential amino acid profiles

WAGENINGEN UNIVERSITY at the same metabolizable protein supply
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Importance of amino acid profile for milk N efficiency

Diet CP 13% of DM
- 1.2 Abomasal infusion
562 g MP/d:
CON: none (0 g MP/d)
EAA: Arg, His, lle, Leu, Lys,
Met, Phe, Thr, Trp, Val
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Energy and nitrogen balance of dairy cattle as affected

NiChOlS et al. (2019) by provision of different essential amino acid profiles

WAGENINGEN UNIVERSITY at the same metabolizable protein supply

WAGENINGEN K. Nichols,"* A. Bannink,? and J. Dijkstra’
Animal Nutrition Group, Wageningen University and Research, PO Box 338, 6700 AH Wageningen, the Netherlands
Wageningen Livestock Research, Wageningen University and Research, PO Box 338, 6700 AH Wageningen, the Netherlands




Importance of amino acid profile for milk N efficiency

Diet CP 13% of DM
- 1.2 Abomasal infusion
562 g MP/d:
CON: none (0 g MP/d)
EAA: Arg, His, lle, Leu, Lys,
Met, Phe, Thr, Trp, Val
ILV: lle, Leu, Val
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Energy and nitrogen balance of dairy cattle as affected

N iChOlS et a | . (2019) by provision of different essential amino acid profiles
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Importance of amino acid profile for milk N efficiency

Diet CP 13% of DM
- 1.2 Abomasal infusion
ab 562 g MP/d:
CON: none (0 g MP/d)
EAA: Arg, His, lle, Leu, Lys,
Met, Phe, Thr, Trp, Val
ILV: lle, Leu, Val
GR1+ILV: His, lle, Leu, Met,
Phe, Trp, Val
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Importance of amino acid profile for milk N efficiency

Diet CP 13% of DM

1.2 Abomasal infusion

ab 562 g MP/d:

CON: none (0 g MP/d)

EAA: Arg, His, lle, Leu, Lys,
Met, Phe, Thr, Trp, Val

ILV: lle, Leu, Val

GR1+ILV: His, lle, Leu, Met,
Phe, Trp, Val
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Conclusions on nitrogen (N) excretion {7

% N accounting system (inputs & outputs N) key to reducing N excretion

£]2 Decreasing dietary protein level per se is not major goal
* proper balance between dietary protein and level / type of energy at
rumen / post absorptive level

Efficiency of post-absorptive utilization amino acids is not fixed
 focus quantitatively and qualitatively: as groups, not individual




Reducing environmental impact dairy farming

Nutritional approaches to

* phosphorus excretion (p

* nitrogen excretion @
- enteric methane emission mCH4

with focus on Dutch dairy sector as a case




Enteric methane emission dairy cattle
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Many methane mitigation strategies not effective

GLOBAL
RESEARCH

ALLIANCE GLOBAL NETWORK PROJECT
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Effective methane mitigation strategies

Increasing feeding level 1t performance whilst
Decreasing grass | methane intensity
maturity

Decreasing forage to
concentrate ratio

Product
based
reductions

CH, inhibitors (3NOP) o
| methane emissions

Tanniferous forages whilst not | performance

Electron sinks (nitrate)

[o)<
>.9
6-!—'
D S
ok o)
<o
| -

Oils and fats o

p NAS RESEARCH ARTICLE | SUSTAINABILITY SCIENCE " OPEN ACCESS
ko
—— e

Full adoption of the most effective strategies to mitigate
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O I I Seed S methane emissions by ruminants can help meet the 1.5°C
target by 2030 but not 2050
laudia Arnat™' @, Alexander N. Hristov” @, William J. Price”, Shelby C. McClelland” @, Amalia M. Pelaez"*®, Sergio F. Cueva®, joonpyo Oh”
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Effective methane mitigation strategies

mean, 95% CI
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The =0 is high quality forage
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The =0 is high quality forage
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Meta-analysis CH, production: 3-NOP supplementation

HO” NN O,..NOZ

3-Nitrooxypropanol

Mean  Effect SE P-value

Mixed effect model Mean difference (% of control)
-32.4 1.3 <0.01

Overall effect size

Heterogeneity > 90%

5 SCIEN,

S7dBvy; J. Dairy Sci. 106:927-936

4 }g https://doi.org/10.3168/jds.2022-22211
2,

&};._!{05'\ © 2023, The Authors. Published by Elsevier Inc. and Fass Inc. an behalf of the American Dairy Science Association®
= This is an open access article under the CC BY license (http:/creativecommons._orgflicenses/by/4.0/).

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,’
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Meta-analysis CH, production: 3-NOP supplementation

Mean

Mixed effect model

HO” NN 0———N02

Effect SE P-value

3-Nitrooxypropanol
Mean difference (% of control)

Overall effect size

-32.4 1.3 <0.01

Change in mean difference” | centered on their means

3-NOP (mg/kg DM) 71

-0.28 0.07 <0.01

NDF (g/kg DM) 329

Crude fat (g/kg DM)

dose-dependent
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Meta-analysis CH, production: 3-NOP supplementation

Mean

Mixed effect model

Effect SE

P-value

Mean difference (% of control)

Overall effect size

-32.4 1.3 <0.01

Change in mean difference’

3-NOP (mg/kg DM) 71

-0.28 0.07 <0.01

NDF (g/kg DM) 329

0.092 0.034 0.02

4

Crude fat (g/kg DM)

lower efficacy when fibre content increases
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Meta-analysis CH, production: 3-NOP supplementation

HOZ NN 0———N02

3-Nitrooxypropanol

Mean  Effect SE P-value

Mixed effect model Mean difference (% of control)
Overall effect size -32.4 1.3 <0.01

Change in mean difference” | centered on their means
3-NOP (mg/kg DM) 71 -0.28 0.07 <0.01

NDF (g/kg DM) 329 0.092 0034  0.02
Crude fat (g/kg DM) 42  0.31 0.13 0.04
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Conclusions on methane emission

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

&/ Several strategies high potential / readily applied
* forage type/quality; anti-methanogenic feed additives

(% Implementation requires (government) policies / incentives

7 Quantification of variation in efficacy is vital
) . . . - .
 based on solid scientific evidence

.




Synergies and trade-offs




Example: grass silage vs. maize silage

ratio MP/CP silage P content CH, yield

1,0 - in silage | (g/kg DM) 1 (g/kg DM)

08 - 4.0 1 oo

0.6 _ 3.0 - 15,0 A

04 - 10,0

02 - : 5,0

0,0 - - , 0,0 - ,
< Y e

CVB (2023) / Vellinga et al. (2013)




Example: multi-criteria evaluation

Intercept

CH, emission (g/d) -7.5 14.0 5.20 —-2.67
dVS excretion (g/d) -1020 \ 383 /\ 533 |\ -655 |

Total N excretion (g/d) —-246 W W W
dVS: digestible volatile solids @

;"‘:-“‘\:; o Volume 1 - |
ELSEVIER
Multi-criteria evaluation of dairy cattle feed -=

resources and animal characteristics for
nutritive and environmental impacts

HJ. Li 1 1.G. Fadel !, A. Bannink 2, ]. Dijkstra 3, .M. Tricarico %, D. Pacheco °, D.P. C s H
WAGENINGEN UNIVERSITY EK:;:;Q:?; ade annin ijkstra ricarico acheco asper Van Llngen et al_ (2018)




Take home message

{4 Reducing environmental impact ﬁ'
q& Trade-offs

Solid science
& License to produce

jan.dijkstra@wur.nl
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