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“From crude protein to precision protein”

1- Crude protein is not a nutrient
• Definition

• Prediction of raw materials amino acid content 

2- Recent data in piglet amino acid nutrition
• Tryptophan and valine requirements in piglet

• Update of piglet ideal protein

3- Recent data in broilers amino acid nutrition
• Threonine and valine requirements in broilers

• Update of broiler ideal protein

4- Conclusions



Amino Acid Nutrition
Which Role for “Crude Protein”?
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“Crude Protein” : An Attempt to Represent          
Dietary “Protein” content based on “Nitrogen”?

Nitrogen is included in Proteins but not only! Requirement in Nitrogen
= in proteins + in DNA + …?

Urea! (N = 47%)

Adenine! (N = 52%)    

Ex. of AA:
Trp (N = 14%) Protein

Serotonin



“Crude Protein”: An Attempt to Represent 
the “Amino Acid” content?

CP = N x 6.25 Sum of amino acids
(by definition)

120% 100%

74% 100%

59% 100%

72% 100%

86% 100%

75% 100%

67% 100%

67% 100%

169% 100%

53% 100%

48% 100%

201% 100%

83% 100%

98% 100%

66% 100%

60% 100%

117% 100%

76% 100%

100% 100%Dietary protein 16%

Amino acids Molecules Nitrogen content

Lysine C6H14N2O2 19%

Threonine C4H9NO3 12%

Methionine C5H11NO2S 9%

Cystine C3H7NO2S 12%

Tryptophan C11H12N2O2 14%

Valine C5H11NO2 12%

Isoleucine C6H13NO2 11%

Leucine C6H13NO2 11%

Histidine C6H9N3O2 27%

Phenylalanine C9H11NO2 8%

Tyrosine C9H11NO3 8%

Arginine C6H14N4O2 32%

Serine C3H7NO3 13%

Alanine C6H14N2O2 16%

Aspartic acid C4H7N1O4 11%

Glutamic acid C5H9NO4 10%

Glycine C2H5NO2 19%

Proline C5H9NO2 12%
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Under
-estimation!

Over
-estimation!



“Crude Protein”: An Attempt to Represent
the “Amino Acid” content?
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Conversion factor "a" to calculate CP
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Conversion factor “a” to calculate CP



4 Reasons why Crude Protein 
should NOT be Considered as a nutrient.

1. CP does not predict the sum of AA in feeds

– The conversion factor 6.25 is not appropriate for feedstuffs other than (some) dairy products.

– Suggested ingredient-specific conversion factors

2. CP “per se” has no direct correlation with animal performance

– Diets with similar N but different AA don’t perform the same.

– Diets with different N but similar (digestible) AA perform the same.

3. Nitrogen requirement

– Meaning?

– Determination?

4. No added value of CP constraint in formulation if  AA levels are controlled

– CP was used in the XIXth century as the sum of AA could not be analysed using HPLC.

– Measuring all individual AA (and interpreting combinations) is now possible and more powerful.



Prediction of raw material amino acid content
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Ex: Lysine in WHEAT



Forecast:
(for an external sample)

Prediction interval
(due to � as well)

y = 0.129*x + 0.086
R² = 0.87

Model:
(fitted to the internal samples)

Y = a*X + b + � Confidence interval
(due to â and b)^

Prediction of AA contents based on 
nitrogen analysis
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Data

Ex: Lysine in WHEAT

n = 64 pairs [N ; Lys] analyses

� Amino acid levels are dependent variables

More information 

www.ajinomoto-eurolysine.com

Formulator’s Handbook -
Measuring and Predicting Amino 

Acid contents in Feedstuffs



Digestible coefficients of raw materials

EvaPig®

Net Energy calculator
Digestible amino acid

www.evapig.com

INRA Table

Digestible amino acid 
coefficient for pigs and poultry 
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Summary of tryptophan implications 

Dietary 
tryptophan

Plasma      
Tryptophan

Kynurenine

Acute phase  
protein

Protein    
synthesis

Feed intake

Gastrointestinal 
Tract

Ghrelin Serotonin

Brain

Animal behavior

IDO

TDO

Growth   
performance

Trp:LNAA
(% CP)

IFN    
gamma

Immune response and 
health maintenance

mood, stress response 
and sleep regulation

Metabolites

4th limiting    
Amino Acids

Melatonin

Trp:Lys ?
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14%

16%

18%

20%
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FEDNA
(de Blas et al., 
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BSAS 
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and Tybirk, 2008)

ES GB DK

20-22% 19.5-22%

> 19%
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GfE
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18%
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Nitrogen retention
Maximisation of Growth

Feed efficiency…

Dose response

Variability

- Experimental conditions 
- Modes of expressing requirement:

-% of the feed
-Ratio to Lys
-mg/g ADG
-mg/energy unit…

Comparison and compilation ?

How to define an amino acid requirement?



89 trials over 130 were eliminated 

The first reason of elimination is a non sub-limiti ng Lysine



41 trials over 130 were used for the 
meta-analysis 



Effect of SID Trp:Lys on piglet performance 

A SID Trp:Lys ratio at 22% is required to maximize growth 

performance for piglets (7-25 kg LW)

Average daily gain (g/day) Feed intake (g/day)



SID Val:Lys recommendations by 
National Institute

70%

68%

71%

69%
70% 70%

50%

55%

60%

65%

70%

75%

INRA 
(Sève et al., 1994)

NRC 
(1998)

FEDNA
(de Blas et al., 2006)

UFV 
(Rostagno
et al.,2005

BSAS 
(whittemore
et al., 2003)

DSP 
(Jorgensen 

and Tybirk, 2008)

FR USA ES BR GB DK

Average = 70 %



Requirement refined through statistical models

These results confirm 70% as a minimum ratio

1.43.21.5Standard deviation

71%73%71%Average

72%-69%
Curvilinear and 

Quadratic*Torrallardona et al., 2008 

71%71%72%Curvilinear Paulicks et al., 2008 

68%-70%QuadraticDusel et al., 2008

72%72%72%
Broken line and 

Curvilinear*Barea et al., 2009b

72%78%73%
Broken line and 

Curvilinear*Barea et al., 2009a

71%71%71%LinearMavromichalis et al., 2001

FCRFIADGModels used
SID Val:Lys ratio 

requirement in piglets



Effect of Val:Lys SID ratio on piglet performance

50 55 60 65 70 75 80 50 55 60 65 70 75 80

Average daily gain (%) Feed conversion ratio (%)

A SID Val:Lys ratio at 70% is required to maximize growth 

performance for piglets (7-25 kg LW)



Update of the Ideal Amino Acid Profile
in piglet

42% of LysArg*

95% of LysPhe + Tyr*

32% of LysHis*

100% of LysLeu

55% of LysIle

70% of LysVal

22% of LysTrp

65% of LysThr

60% of LysM+C

1.15-1.251.30-1.40SID % of feedLys

12-25 kg6-12 kg

StarterPrestarter

* Chung and Baker 1992
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Effect of age on threonine requirement

The exponential curve describes a 
lower marginal efficiency for growth 
with increasing age.

2 different periods:

• < 42 days old

• > 42 days old

Optimal weight gain and associated threonine intake  were gathered as 
a function of the age of the bird.



Average daily gain, % best 
performances within each trials

Feed conversion ratio, % best 
performances within each trials

TD Thr:Lys (%)

TD Thr:Lys ratio requirement for 0-42 day old 
broilers

TD Thr:Lys (%)



63

71

70

64

67

69 

58

60

62

64

66

68

70

72

74

1 2 3 4 5 6

Thr:Lys 
TD (%)

65%

Average value = 67.5%

TD Thr:Lys ratio requirement above 42 days



Published valine requirement in broiler
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21-42

1999

Mack 
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Ideal protein: 

Published data in the 80s’: from 65 to 122% Val:Lys



13 trials over 30 were used for the meta-analysis 



Effect of Val:Lys TD ratio on broiler performance

Average daily gain (g/day)
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TD Val:Lys requirement for broiler is higher than 8 0%



Update of the Ideal Amino Acid Profile in broiler

67Ile

105Arg

40His

105Leu

17Trp

> 80Val

65Thr

75AAS

100Lys



“From crude protein to precision protein”

1- Crude protein is not a nutrient
• Definition

• Prediction of raw materials amino acid content 

2- Recent data in piglet amino acid nutrition
• Tryptophan and valine requirements in piglet

• Update of piglet ideal protein

3- Recent data in broilers amino acid nutrition
• Threonine and valine requirements in broilers

• Update of broiler ideal protein

4- Conclusions



CONCLUSIONS

� Crude protein is not a nutrient and should not be c onstraint
Formulation on individual amino acids

4032Histidine

105100Leucine

10542Arginine

6755Isoleucine

>8070Valine

1622Tryptophan

7560Sulfur AA

6565Threonine

100100Lysine

Digestible Ideal protein SID(%) TD(%)


