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Large-scale phenotyping from milk MIR spectra: 

challenges to obtain reliable predictions



Context

Prediction of phenotypes by MIR 
-Fast
-Cost effective
-Easy to use in routine

Potentially usable for large scale applications
-Management of cows
-Genetic studies

ĄExponential researches to create MIR models



Milk quality

Technological properties

Cow phenotype

Outliers, detection of contaminants

Milk origin determination

Context



Å Objective: 

o Evaluate a potential

o Publication

Å Development 

o Research herds

o With one or few herds, diets, breeds, 

countries, MIR instruments

Å Evaluation

o Performances (highest R², RMSE)

(Ï×ÅÖÅÒȣ
Huge difference between

Developing a model in a 

research context 

Using a model to generate 

predictions at a large scale

Å Objective: 

o Generate correct predictions in all cases 

Å Evaluation:

o Robustness: capacity ÔÏ ÂÅ ȰÁÌÌ ÔÅÒÒÁÉÎȱ ÁÎÄ 

provide good results in various conditions

Potential issue when 

using research models



(Ï×ÅÖÅÒȣ
Huge difference between

Å Objective: 

o Generate correct predictions in all cases 

Using a model to generate 

predictions at a large scale

Å Evaluation:

o Robustness: capacity ÔÏ ÂÅ ȰÁÌÌ ÔÅÒÒÁÉÎȱ ÁÎÄ 

provide good results in various conditions



Evaluate the impact of different factors on Robustness :

o Inclusion of variability in the model (breeds, days in ÍÉÌËȣɊ

o Extrapolation (& sampling scheme)

o Model development (spectral areas)

o Spectral standardization

/ÂÊÅÃÔÉÖÅȣ

Evaluated by :

Å Error in external validation (RMSEP)



Inclusion of Variability



Dataset used: CH4 by dairy cows

Å 225 Holsteins

Effect of breeds in the model

RMSEcv= 67 g/d

Step 1 : calibration with 225

External validation with 20

RMSEP = 85 g/d



Dataset used: CH4 by dairy cows

Å 225 Holsteins

Effect of breeds in the model

RMSEcv= 67 g/d

Step 2 : calibration with 225                       + 19 

External validation with 20

RMSEP = 69 g/d
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Calibration with expectedvalues : 10 to 40%

Cover the Y (reference data) range ςtest with N efficiency model

RMSEP = 11%
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RMSEP = 7.4%
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Test with extreme high values
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Calibration with expectedand extremehigh values : 10 to 80%

Cover the Y (reference data) range ςtest with N efficiency model



Methane model :

Constituent N Mean SD R²c R²cv SEC SECV
CH4 863 459 123 0.71 0.67 66 71

V Very difficult to develop robust model in only one country!

V Different datasets cover complementary variability

V International collaborations needed!



Cover the X (spectral data) range

PC1

Country 1

Country 2

Country 3

PC2

PC3

Sample to predict



PC1

PC2

PC3

Mahalanobisdistances (GH): 

Distance of a sample to the centroid of the dataset

Centroïd



Do we want extreme samples (high GH) in the Calibration datasets??

Whatsamplesto select/ to keep?



Dataset used: Lactoferrin

Å 3506 as a global calibration population

ĄSelection of 200 samples to develop a model

Effect of sampling method

Random selection

Oriented selection, to cover 
the spectral variability
(extreme GH)

External validation with 400 samples



Selection Cross-validation
External-validation

(400 external samples)

RMSEcv= 126 g/L

RMSEcv= 176 g/L

ÅRMSEP = 170 g/L

Å6.6% samples out of 
the range (GH>3)

ÅRMSEP = 146 g/L

Å1.6% samples out of 
the range (GH<3)


