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Efficiency???
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N Conversion Efficiencies are 
Relatively Poor for the Ruminant
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↑ efficiency = ↑ food/ac and ↓ environmental loading!
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NRC 2001 Least Cost Rations
Balanced to NRC 2001 Requirements (MP & RDP)
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Mar, 2013 Ingredient Prices 
ST-Pierre, Progressive Dairyman

36 kg milk, 3.0% protein, 3.6% fat, 23.6 kg DMI

• Pig: Retained N / Absorbed N = 85%  (Baker, 1996)
• Lactating Cow: Milk N / Absorbed N ~ 35%

Energy and Protein Allowable Milk Yield 
Predictions

Item NRC 2001 NRC 2001 + Digestion Corrections
Minimum Allowable Milk

Observed Mean, kg 29.6 29.8

Predicted Mean, kg 31.2 31.2

CCC 0.63 0.68

RMSPE, % mean 23.09 20.8

Mean Bias, % MSE 5.33 5.0

Slope Bias, % MSE 13.26 1.3

Slope Bias, kg/kg -0.27 -0.1

White et al., unpub.

NRC 2001 Predictions of Milk Yield
Milk Protein Responses to Digestible 
Lysine and Methionine
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Dietary N

Mammary

Ruminal CP N

Duodenal 
True P N

Urea and NH3

N Excretion

Blood
AA-N

Other Tissues

Fecal N

Hair & Skin Milk N

286 g

1158 g

444 g

236 g

1263 g

98 g

346 g

413 g

Splanchnic
Tissues 

55 g

72 g
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N Metabolism in Dairy CowsN Metabolism in Dairy Cows

Arriola et al., 2014. JDS.
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AA Deficiencies in Mammary Tissue Slices

Appuhamy et al., 2009 

Deficiencies of 
multiple AA affect 
casein synthesis
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AA Effects on αS1-Casein Synthesis
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Arriola, 2014

Mice Litter Weight Gains in Response to EAAMice Litter Weight Gains in Response to EAA
Dietary Protein 15% 15% 15% 15% 15% 21%
Amino Acid Supplement - +Leu +Ile +Met +Thr - SEM P
Food Intake(g/d) 13.0a 12.5ab 13.1a 12.1b 12.1b 12.8ab 1.3 0.07

Birth weight(g) 15.4 15.4 15.4 14.9 15.5 14.8 1.4 0.54
Littter weight gain (g) 67c 78b 77b 78b 69c 85a 9.6 <0.001

Infanticide rate(%) 5.6 6.9 1.9 5.0 6.9 1.2
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Cell Signaling

P-mTOR/T-mTOR 0.73b 1.15a 0.98a 1.07a 1.06a 1.13a 0.09 0.03

P-4eBP1/T-4eBP1 0.75b 0.82b 1.2a 1.05ab 1.13a 0.91b 0.09 0.007

P-S6K1/T-S6K1 0.91 0.97 1.1 1.3 0.99 1.22 0.10 0.31

P-eEF2/ T-eEF2 0.93 0.94 0.85 0.95 0.83 1.04 0.10 0.68

P-eIF2α/ T-eIF2α 1.08 1.07 1.03 0.96 0.93 1.03 0.09 0.83

P-Akt/ T-Akt 0.76c 0.98bc 1.07ab 1.21a 0.96bc 1.29a 0.22 <0.001

Liu et al., in press, JDS

Gene Expression

β-casein 1.0c 5.1bc 1.8c 7.9ab 1.4c 9.8a 2.26 0.001

mTOR 1.0c 7.3b 1.6c 13.1a 1.9c 7.7b 1.3 <0.001

S6K1 1.00bc 1.22b 0.24c 0.60c 0.31c 3.87a 0.47 <0.001

eEF2 1.00a 0.43ab 0.17bc 0.32bc 0.47b 0.13bc 0.17 <0.001

eIF2α 1.00 0.34 1.15 0.34 0.27 0.82 0.51 0.20

DMI and Milk Protein Yield Responses to 
RPAA Supplementation
DMI and Milk Protein Yield Responses to 
RPAA Supplementation
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The base diet was 13.5% CP

AA Imbalance??

Aguilar et al., unpublished
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N Metabolism in Dairy CowsN Metabolism in Dairy Cows

Arriola et al., 2014. JDS.
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Pigs can capture 
up to 80% of 
absorbed AA in 
tissue. Baker et 
al. (1986)

Myers Milk Protein Model Prediction Errors

Observed Mean 0.883
Predicted Mean 0.883
RMSE, kg/d 0.068
RMSE, % mean 7.71
Mean Bias, % MSE 0.00
Slope Bias, % MSE -0.00
RSR 0.349
CCC 0.935
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Milk Protein Yield

MPrt = pArgUp + pHisUp + pIleUp + 
pLeuUp + pPheUp + pThrUp + pValUp

• No Met

• No Lys

• Variance & lack of independent
variation
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Myers et al., unpublished

Energy and Protein Allowable Milk Yield 
Predictions

Item NRC 2001

NRC 2001 + 
Digestion

Corrections

NRC 2001 
+Ener & AA
Efficiency

Indep
Eval

Minimum Allowable Milk
Observed Mean, kg 29.61 29.8 29.8 30.7
Predicted Mean, kg 31.19 31.2 27.5 28.2
CCC 0.63 0.68 0.86 0.75
RMSPE, % mean 23.09 20.8 16.6 17.3

Mean Bias, % MSE 5.33 5.0 24.7 26.7
Slope Bias, % MSE 13.26 1.3 0.7 4.0

Slope Bias, kg/kg -0.27 -0.1 <0.1 -0.2
Mean Allowable Milk

Observed Mean, kg 29.61 29.8 29.8 30.7
Predicted Mean, kg 33.58 34.4 29.8 30.4
CCC 0.61 0.63 0.93 0.84
RMSPE, % mean 25.25 22.7 10.8 12.6

Mean Bias, % MSE 28.27 34.3 <0.1 0.5
Slope Bias, % MSE 8.43 2.8 5.1 4.4

Slope Bias, kg/kg -0.24 -0.17 0.1 -0.1
White et al., unpub.

Empirical Predictions of Milk Yield Prediction Errors

SummarySummary
• AA are very, very important!

• Representation of effects is complicated
• Multiple AA
• Energy
• Hormones
• Integrated response

• Nyet on the barrel with broken staves

• Can’t be done by guess and by golly

• Excellent modeling progress

• USDA funding was renewed

• Look for a new model soon in theaters
near you

• Upgrade your optimizer skills
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