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N Partitioning in the Lactating Ruminant

Typical 1990’s Diet

Gross N Intake

&
413 g/d
% of Intake % of MP
Digested N Undigested 17%
72 g/d
341 g/d
Ruminal NH; Loss 13%
Metabolized N 55 g/d
254 g/d
Microbial Nucleic Acids 8%
32 g/d

Microbial N Flow = 163 g/d
Net N RUP N Flow = 123 g/d
155 g/d
AA Catabolism 24% 39%
99 g/d
Endogenous Fecal 9% 15%
38 g/d
Endogenous Urinary 4% 7%
17 g/d
Scurf 190 0
\\ 2g/d o 1%
Milk 249,
98 g/d

Adapted from Arrola et al., 2014




Representing the System — 2001
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NRC 2001 Based Predictions using NRC 2021 Supply Predictions
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Hanigan et al. in preparation
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Milk Protein vs Metabolizable Protein
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NASEM 2021 Protein and AA System Derivation
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Ruminal Protein Outflow: NRC 2001
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RUP: Likely Kp and Kd Values @@

® DAIRY
SCIENCE
NASEM 2021
Priors from Seo
SE

Estimate

SE

Variable? Estimate Estimate SE Estimate

Variable

0.304 0.079 0.157 0.078 -0.086 0.066

0.165 0.045 0.094 0.046 0.064 0.039

KPBC o ncentrater %/h 6.70 2.96 0.44 6.04 1.40 5.28 0.63

4.85 -1.87 0.17 0.70 1.17 4.87 0.33
Value % Value % Value %

AIC 142 83

0.55 0.49 0.51 0.54

0.438 0.427 40.8" 0.410 39.2b 0.428 40.9

-0.29 -0.12 0.81¢ 0.019 0.02¢ -0.20 3.8

4 KpA=fraction of the A protein passing from the rumen
N=581 treatment means

e — Hanigan et al., 2021



MiN Predictions (N=581)

' 3 -y
NRC2001 Est® SE 2021° | Estt | SE

DMin, kg/day
rdSt, g/g
rdSt/rdNDF
rdStind, kg/d
rdNDFIn¢, kg/d
RDPIne, kg/d
rOMin, kg/d
ForNDFIn, kg/d

rdStin x rOMIn
rdNDFIn x ForNDFIn
rdStin x RDPIn
RDPIn x rOMlIn

-89.9

62.3"
16.1"
0.630
0.568

51

14
1.1
0.52
1.7

101 13.5

54.4™

11.6
29.0™
43.5™
-11.7
8.13"

0.027
0.094
81.6

5.07""
-2.21"

24
14

4.4
4.8
5.3
12
2.9

1.6
0.74

EJsEiEnce

aHanigan et al., 2021

bNASEM 2021 M-M
equation from White
et al. 2017




Prediction Errors for Duodenal AA Flows
with Updated RUP, MiCP, EndoCP, & AA Composition

EJsEiEnce

35.000 - 0.500 A
0.450
30.000 -
2 0.400 -
@
O
S 25.000 A £ 0.350 -
)] Q
. S
kS c 0.300 -
> 20.000 - =
Q L
O (] i
8 : 0.250
S 15.000 A O
X § 0.200 A
% 2
= 10.000 A g 0-150 1
5
O 0.100 -
5.000 -
0.050 A
0.000 - 0.000 -
Arg  His lle Leu Lys Met Phe Thr Val Arg His lle Leu Lys Met Phe Thr Val

Fleming et al, 2019

\ Study effects excluded



Regulation of Protein Synthesis in Mammary Cells
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Acetate and EAA Effects on Cell Signaling Insulin and EAA Effects on mTOR Signaling
Appuhamy et al., 2009 Appuhamy et al., 2011
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AA Effects on aS1-Casein Synthesis
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Arrows indicate high cow in vivo concentrations (Swanepoel et al., 2016 and Yoder, 2019)

\ Arriola, 2014



Additive Responses to EAA in Mice and Cows @@

DAI RY

Liu et al., &’%/ SCIENCE

2017 Yoder et al., 2020
15% CP Diet
38% Gross N Efficiency

100 Effect (P-values)
1650 — MKH IL MKH*IL
95 Milk Protein 0.002 0.02 0.500

90 1600 +

Milk Protein, g/d

Litter Weight Gain, g

85 i
30 1550 +
75 £

1500 -
70 [
65 1450 |
60 I
55 1400
50 — — — — — — [

21% CP 15% CP 15% + lle 15% + Leu15% + Met15% + Thr

1350 -
Control MKH+IL

H=His, I=lle, K=Lys, L=Leu, M=Met




Integrated Milk Protein Predictions using NASEM 2021 Nutrient Supply
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mPrt = Int + a Arg + BHis + ylle+ 6 Leu+ cLys + oMet + y Phe + oThr + ulrp + 0Val + AOthAA + wz EAA
+x DEInp + ndNDF + ydSt + wdFA+ uBW

Predictors Intercept His lle Leu Lys Met  OthAA >(EAA?) DEInp dNDFIn BW
g/d g/g Mcal/d % DM kg

Estimates -97 1.68 0.89 0.47 1.15 1.84 0.077 -0.0024 10.8 -4.06 -0.42

SE 45 0.50 0.27 0.16 0.17 0.19 0.055 0.0002 8 3 0.04

1500-
Cross Evaluation Results — 500 Iterations

Variable NRC2001 NRC2021  SE g
Observed Mean, g/d 918 921 17 E 16001
Predicted Mean, g/d 890 923 12 §
RMSE 228 131 7 3
RMSE, % mean 24.9 14.3 0.8 Z 500
Mean Bias, % MSE 2 0.7 1.0 s
Slope Bias, % MSE 32 4 3 B
ccc 0.65 0.75 0.03 ,ig N

* Arg, Leu, Thr, & NEAA trends
* Trp, Phe, and Val — inadequate data




Efficiency of Absorbed EAA Conversion to Milk EAA
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Using Total AA Efficiency as a Guide: Table 6.3

Example Diet 3: 35 kg milk , 24.9 kg DM/d, 14.7% CP

. . . ® DAIRY
upply: 2117 g, Target MP: 2320 g &%/)SCIENCE
NE Allow Milk: 40.9 kg
Trg Milk Pred Regr
NP Trg Effic Trg Suppl| Suppl Pred Effic Coeff Milk NP

Int. BW_NDF -115
DEInp 62 10.79 665
Arg 41 130 0.47 0 0
His 32 0.75 60 54 0.81 1.675 91
lle 67 0.71 121 133 0.64 0.885 117
Leu 115 0.73 204 205 0.71 0.466 96
Lys 96 0.72 174 170 0.72 1.153 196
Met 33 0.73 55 49 0.80 1.839 91
Phe 57 0.60 127 130 0.57 0 0
Thr 50 0.64 118 118 0.62 0 0
Trp 18 0.86 28 29 0.82 0 0
Val 75 0.74 135 138 0.71 0 0
EAA2 582 1021 1156 0.66 -0.00215 -202
AA other 1976 0.0773 153
Nutr_Allow 1085 0.69 NA 1092

\Milk, kg/d 335

—



Conceptual Change for Milk Protein vs 2001
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* Milk Protein
—Responds Additively to:
* Individual EAA supplies

* Energy supply
* Hormonal signals

—Has some nonlinearity
—New equations representing those are far superior

* Implications
—substrate available
—barrel is leaking not spilling over
—no such thing as first-limiting nutrient for protein
—no unique requirements for protein synth substrates
—infinite substrate combinations yield similar output
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