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Phosphorus flows cattle |

FAECES
49%

mammary

s MILK

43%

l 6 balance trials (Valk et al. (2002)

‘average DMI 23.4 kg/d

sl faska URI|ONE ‘average diet P content 3.4 g/kkg DM |
GGGGGGGGGG — %o ~average FCM yield 33 kg/d 5

P excretion: meta-analysis

Fecal P excretion (g/d):
19.9 (£5.1) + 0.79 (+0.06) P-intake (g/d) — 1.04 (+0.13) milk yield (kg/d)

Milk P efficiency (g milk P/g P intake).
0.42 (+0.07) - 0.11 (£0.02) diet P (g/kg DM) + 0.23 (+0.02) FE
FE: feed efficiency (kg FPCM / kg DMI)

- il Meta-analysis Klop et al. (2013)
y 25 studies / 130 treatments

\(—-{I‘.
N

DairyNutriVision 2024



Jan Dijkstra - Wageningen University

Phosphate excretion dairy cattle and youngstock
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Phosphate excretion dairy cattle and youngstock
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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

iry Sci. 104:11646-11659
tps Jidol.orgi10.3168/jds.2021-20488
et Dairy Science Associaton” Published by Elsevier Inc. and Fass Inc. All ights reserved

ffects of dietary phosphorus concentration during the transition

 Experiment dairy cattle (n = 60)
T et A, 20T N e ey
+ 6 wks antepartum to 8 wks POSPArtUMI . xua comt. s
« 2 x 2 factorial design
* dry period: 2.2 (recommended) or 3.6 (practice) g P/kg DM
* lactating period: 2.9 (iow) or 3.8 (recommended) g P/kg DM

Bannink, and J. T. Schonewille'!

ine, Utrecht University, Yalelaan 7, 3584 CL Utrecht, the Netherlands
PO Box 338, 6700 AH Wageningen, the Netherlands

0 Box 338, 6700 AH Wageningen, the Netherlands.
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Effect of P level on DM intake and FPCM production
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Impact dietary P level on DMI / milk yield

@ recommended
« no effect
K negative effect

extee?i?r:r;nt (IEQ}E) 184 P/content levels (g/kg DM)
Valk and Sebek (1999) yr1/20wk  23.9 P8 — - 27-@ - 3.3

yr2/40wk 336 = 24 Y- 28—« -@-33
Wu et al. (2000) fulllact 5.9 31 bR - 4049
Wu et al. (2001) fulllact  40.2 ITAD-v~ 39—« —47
Knowilton et al. (2002) 10wk 47.9 \M-@o—-w—-51—« 67
Tallam et al. (2005) 40wk 298 35 <@ P 47
Wu (2005) 10 wk 430 32 —@-Riv— 42
Ekelund et al. (2006) 16wk 358 32 @~ 4.2
Odongo et al. (2007) 2 full lact 35.9 350 X/ — 4.2
Puggaard et al. (2014) wk 2to 12 34.6 23 —-¥X - 28--« --D34

wk24t036  30.4 28 @« — 3.4

Effect of P level on plasma Pi and Ca concentration
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Recommended P allowance varies widely

140 -

120

100

Recommended P intake (g/day)
o]
o

60

Milk yield (kg/day)

Bannink et al. (2010)
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How to calculate P requirement?

Absorbed P requirements (g/d)
Maintenance 25 1.0 g P/kg DMI&_0.0006 g/kg BW

DMI: 25 kg/d

WAGENINGEN UNIVERSITY

EEEEEEEEEE NASEM (2021)
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How to calculate P requirement? e
Absorbed P requirements (g/d) '\
Maintenance 25 1.0 g P/kg DMI + 0.0006 g/kg BW
Growth 1 _ ADG, BW, mature BW: NRC (2001) eqn
Pregnancy 0-5  Zto5g/dat 190 to 280 d of gestation (NRC)
DMI: 25 kg/d
ADG: 0.20 kg/d

CATTLE
N NASEM (2021)

WAGENINGEN

UNIVERSITY

Maintenance 25 1.0 QLP/I«; DMI + 0.0006 g/kg BW
Growth 1 _ ADG, BW, mature BW: NRC (2001) eqn
Pregnanc 0- \ = = > estation (NRC

rleg i ‘ ) Actual intercepts, 0.48 ation ( )
Milk X k- -

ot (0.49 + C.13 x milk protein %) g P/kg milk

DMI: 25 kg/d meta-analysis Klop et al. (2013) ——
ADG: 0.20 kg/d -

NASEM (2021)
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How to calculate P requirement?

Milk P content (g/kg)
R?=0.13

Predicted

PM3

—ON 2

0.80 1.00 1.20
Observed

WAGENINGEN UNIVERSITY

‘[‘S' l 0

1.0 g P/kg DMI + 0.0006 g/kg BW

ADG._BVV, mature BW: NRC (2001) egn

'to 5 g/d at 190 to 280 d of gestation (NRC)
0.90 g P/kg milk

(0.49 + C.13 x milk protein %) g P/kg milk

meta-analysis Klop et al. (2013)  pu————

CATTLE

NASEM (2021)

- - se)
How to calculate P requirement? e
Maintenance 25 1.0 QLP/I«; I + 0.0006 g/kg BW
Growth 1 __ ADG, BW, mature BW: NRC (2001) eqn
Pregnancy 0-5 Zto 5 g/d at 190 to 280 d of gestation (NRC)
Milk 36 0.90 g P/kg milk
. 38/41 (0.48 + C.13 x milk protein %) g P/kg milk

DMI: 25 kg/d meta-analysis Klop et al. (2013) ——
ADG: 0.20 kg/d N
Milk: 40 kg/d alternative equation:
Milk protein: 3.55% meta-analysis Klop et al. (2014)

e NASEM (2021)
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How to calculate P requirement? “"\"”

Absorbed P requirements (g/d)

Maintenance 25 1.0 g P/kg DMI + 0.0006 g/kg BW
Growth 1 ADG, BW, mature BW: NRC (2001) eqn
Pregnancy 0-5 2 to 5 g/d at 190 to 280 d of gestation (NRC)
Milk 36 0.90 g P/kg milk

T 6 (0.49 + C.13 x milk protein %) g P/kg milk
DMI: 25 kg/d P required (g/d) = absorbed P requirement / AC
ADG: 0.20 kg/d AC: absorption coefficient s—
Milk: 40 kg/d AC, default: 0.72

Milk protein: 3.55% AC, incrganic P: 0.84 | "ATT"I’ :
AC, organic P: 0.68 CATTLE

WAGENINGEN UNIVERSITY

WAGENING &~ 0 NASEM (2021)

Phosphorus excretion: conclusion

% Reduced P excretion without decreased produciion volume
requires improved feed efficiency and/or lowering dietary P

QY Covenant on lower P levels concentrate highly effective

Recommended dietary P levels may be too high
* low P dry period heipful to smoother transition

Required P levels depend mainly on DMI and milk yield
* milk P content varies

WAGENINGEN UNIVERSITY

DairyNutriVision 2024



Jan Dijkstra - Wageningen University

Reducing N and P excretion dairy cattle

Nutritional approaches to l

. nitrogen excretion ¢ N
with focus on Dutch dairy sector as a case
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Nitrogen - hot topic

Swence | Sivis | Entarbinment & Ads

World  Ave ¥3 | Ausrals | Ewope | LatnAmeoca | MiddeEas | USE Canoda

TOP STORIES MEDIACENTER TV RADIO LEARN GERMAN

R TN R A E T e T ooTs Dutch tractor protest sparks 'worst rush
houi’

’ ) F O WD Lo

Dll[Ch farmers angry ‘dbl)ll[ mlrogen

restrictions 1

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.

Tractor-ariving farmers taking to the streets to demand greater recognition
caused the worst ever Dutch morning rush haur on Tuesday, sccording to
motoring organieation ANWE.

WAGENINGEN UNIVERSITY
WAGENINGE N [NEE

the micening peak, It said

were kamgely responsiile far 2 nitrogen
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Nitrogen flows in dairy cattle
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Nitrogen excretion dairy cattle and youngstock
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Nitrogen excretion dairy cattle and youngstock
A W
400.000 ¢ derogatiori change: smaller number
’ [, oo decreased use maize silage  of youngstock
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Smart dairy nutrition to reduce N excretion

* Keep N intake as low as possible to minimize N excretion
» Maximize the proportion of N intake that is partitioned into milk

WAGENINGEN UNIVERSITY
WAGENINGEN (O =]
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Large variation in milk N efficiency
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Milk N efficiency
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Nitrogen concentration in diet, gN/kg DM
Kebreab et al. (2010)

WAGENINGEN UNIVERSITY

P-value
‘ . n=18
Milk N efficiency (% N intake) 2218-\89> 300 3589 <0.01
CP (g/kg DM) 160" 1532 151 142>  <0.01
NDF (g/kg DM) 304 391 354 368  0.03
Starch (g/kg DM) 141>  146° 196% 2032  <0.01
NE, (MJ/kg DM) | 6.10° 619> 6400 6442  <0.01
RDP (g/kg DM) 082  104= 101 93>  <0.01
FCM (kg/d) 288 313® 3200 329° <0.01
Milk urea (mg/dl) 2822 244> 253 2380 (.02
waseninsen university 100 dairy farms Quebec (Canada); Fadul-Pacheco et al. (2017)
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N intake is principal driver of N excretion, but...

400

Urine N (9/d):
20(20.0) + 0.38(0'039) N-intake

300

Prediction significantly better with
energy intake included
Urine N (g/d):
4859.1y * 0.56(g 030 N-intake
-71 .4(12_20) ME-intake

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

N in urine (g/d)
200

100

200 400 600 800

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

WAGENINGEN UNIVERSITY
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Metabolizable amino acids: N and energy

Crude protein

Undegraded

Simple sugars carbohydrates

Microbial protein |

Unavailable RUP

I Absorbed amino acids

WAGENINGEN UNIVERSITY

WAGENINGEN I Milk protein

=
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Rumen Nitrogen Balance (RNB) as low as possible

Low CP _High €R P-value
CP (g/kg DM) 122 176 -
MP (g/kg DM) 94 990 i
RNB (g/kg DM) %90 24 ]
DM intake (kg/d) 206 21.4 <0.01
Rumen degr. protein balance (g/d) -260 325 -
ECMyield (kg/d) ++ 29.1 0.13"
N milk (g/d) 129 136 <0.01
Milk N efficiency (%) T 311 217 <0.01
N urine (g/d) 65 (~130) 243(~330)  <0.01

R ®"  Edouard et al. (2016)

glucose

glycerol
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Response to change in NE_ and MP

100

Milk protein yield (g/d)
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Milk yield and milk composition responses to change in predicted
7777777777777 ooe® 10 MI/d net energy and metabolizable protein: a meta-analysis
i " 1. 8. Daniel'?", N. C. Friggens', P. Chapoutot', H. Van Laar’ and D. Sauvant'
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o PO
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|
|
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| Daniel et al. (2016)
4 I
! =
-20 -10 0 10 20

MP content [(g — 100) / kg DM]

Response to dietary metabolizable protein content depends

on dietary net energy content

+ increase in NE content may balance impact of decrease
in MP content and reduce urinary N excretion

Energy components: fibre vs. sarch

» starch-rich diets improve milk N efficiency comparad
with fibre-rich diets

» starch-rich diets may partially compensaiz ior negative

e T et e cvmm  Blaconex CaNtalapiedra-Hiar et al. (2014)

Dietary carbohydrate composition modifies the milk N efficiency
in late lactation cows fed low crude protein diets

N intake (g/d)

- starch
effects of low CP diets on milk protein yield 8.6%
= TOW CF =S @Icim [ ®
z 100 MNE = 32.3% &
= 28 \\_\ *
- 90 | ‘\ @ \.\ (/ >
2 \ o o \ high CP - fibre
= 80 / MNE = 24.3%
X ;
£\ V0 J lowCP -fibre | ® @ fibre
.~ MNE=305% (@@ starch |
60 - : 3 : T I e @i
200 250 300 350 400 450
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Response to abomasal casein infusion
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Effects of energy and protein supply on milk protein yield responses in
dairy cows

Energy and protein metabolism and nutrition 287

Response to nutrient supplementtion
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——— Prediction (Huhtanen and Hristov 2010)

Groups of essential AA

Bypass protein
protein
[ protein + fat

Essential AA
T EAA
I EAA + glucose
I EAA + fat

Groups of EAA
I EAA
I BCAA
B Group 1 + 1LV
B Group 1 + ALT
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Mammary flexibility in using individual amino acids

Milk protein yield limited by single amino acid?

Unlikely, because:

« mTOR (maijor signalling pathway in ribosomal
protein synthesis) responds independently and
additively to several essentia! AA and energy
compounds

« milk protein yield is stimulated by mutually
exclusive sets of essential AA

« equal losses in milk protein yield when individual
AA are subtracted from ducdenal essential AA
supply

WAGENINGEN UNIVERSITY

Mammary flexibility in using individual amino acids

Milk protein yield limited by single amino acid?

Additive and indepencdieni responses to nutrients

« size of leak depends on mix of nutrients
* plugging any crack may help

DairyNutriVision 2024
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Nitrogen excretion: conclusion

%' Mineral accounting system (inputs and outputs of N) central to
reducing N excretion

AIA 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

Minimize rumen degradable protein balance
moderate T milk protein efficiency; large | urinary N excretion

A Efficiency of post-absorptive utilization nutrients is not fixed
« focus quantitatively and qualitatively: as groups, not individual

S R, LR O thank you jan.dijkstra@wur.nl
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