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➢ Milk recording

➢ Milk payment

➢ During the process

Milk spectrum

FT-IR Instruments

% Fat, Protein, lactose…

and many more ! 
Milk is an excellent 
phenomics candidate
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Sivakesava et al., 
2002

FT-MIR models

To estimate the quality of models -> Clustering based on RPD, RMSE and R²
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Sivakesava et al., 
2002

Model quality RPDcv Relative RMSEcv R²cv Interpretation for application

1 + 6 <5% >0.97 Any application

2 4.2 - 6 <10% >0.94 Quality control

3 3 - 4.2 <10% >0.89 Quantitative screening

4 2 - 3 <25% >0.74 Rought screening

5 1.5 - 2 <25% >0.55 Allows to compare groups, discriminate high or low values

6 1.5 - 2 >25% >0.55 Highly imprecise, can be used to detect extreme values

7 0 - 1.5 - <0.55 Not recommended 

To estimate the quality of models -> Clustering based on RPD, RMSE and R²

Grelet et al., 2021

FT-MIR models
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Major components

e.g: FAT, PROT, LACTOSE…
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Fatty acids
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Groups of models Predicted variable Min Max Mean SD R²cv Relative RMSEcv RPDcv Model quality

Milk C4 (g/dL) 0.01 0.23 0.10 0.03 0.93 8% 3.67 3

Milk C6 (g/dL) 0.01 0.16 0.07 0.02 0.91 9% 3.32 3

Milk C8 (g/dL) 0.01 0.11 0.05 0.01 0.91 9% 3.29 3

Milk C10 (g/dL) 0.02 0.32 0.11 0.04 0.91 9% 3.37 3

Milk C12 (g/dL) 0.02 0.41 0.13 0.04 0.92 9% 3.62 3

Milk C14 (g/dL) 0.05 1.20 0.45 0.13 0.93 7% 3.88 3

Milk C14_1 (g/dL) 0.00 0.15 0.04 0.02 0.68 21% 1.78 5

Milk C16 (g/dL) 0.12 3.32 1.20 0.40 0.94 8% 4.18 3

Milk C16_1c (g/dL) 0.01 0.24 0.07 0.03 0.73 20% 1.91 5

Milk C17 (g/dL) 0.00 0.09 0.03 0.01 0.80 13% 2.24 4

Milk C18 (g/dL) 0.05 1.32 0.40 0.15 0.84 14% 2.51 4

Milk C18_1cis9 (g/dL) 0.08 2.69 0.76 0.29 0.95 8% 4.35 2

Milk C18_2c9c12 (g/dL) 0.00 0.17 0.06 0.02 0.72 19% 1.91 5

Milk C18_2c9t11 (g/dL) 0.00 0.14 0.03 0.02 0.74 37% 1.95 6

Milk C18_3c9c12c15 (g/dL) 0.00 0.09 0.02 0.01 0.68 22% 1.77 5

Milk Tot18_1cis (g/dL) 0.09 2.77 0.82 0.31 0.95 8% 4.58 2

Milk Tot18_2 (g/dL) 0.01 0.32 0.10 0.03 0.69 15% 1.79 5

Milk Total_C18_1 (g/dL) 0.10 2.98 0.94 0.33 0.96 7% 5.18 2

Tot18_1trans (g/dL) 0.01 0.57 0.13 0.06 0.79 21% 2.17 4

Milk Total_Trans (g/dL) 0.02 0.75 0.16 0.08 0.80 19% 2.26 4

Milk isoanteiso FA (g/dL) 0.02 0.28 0.09 0.03 0.75 14% 2.00 5

Milk Odd fatty acids (g/dL) 0.03 0.50 0.16 0.04 0.83 10% 2.41 4

Milk omega3 (g/dL) 0.00 0.11 0.03 0.01 0.66 22% 1.73 5

Milk omega6 (g/dL) 0.01 0.33 0.10 0.03 0.72 14% 1.89 5

Milk SAT FA(g/dL) 0.31 6.97 2.70 0.75 0.99 3% 10.22 1

Milk UNSAT (g/dL) 0.14 3.86 1.25 0.39 0.97 5% 5.75 2

Milk MONO FA (g/dL) 0.12 3.42 1.08 0.35 0.97 5% 5.83 2

Milk PUFA (g/dL) 0.02 0.53 0.16 0.05 0.77 13% 2.10 4

Milk SCFA (g/dL) 0.05 0.80 0.35 0.10 0.93 7% 3.88 3

Milk LCFA (g/dL) 0.19 4.79 1.59 0.52 0.95 7% 4.52 2

Milk MCFA (g/dL) 0.22 5.48 2.00 0.60 0.97 5% 5.53 2

Milk Fatty acids

CRA-W, Ulg, Teagasc, 

SRUC, FCEL, LKV-BW, 

LKV-NRW, LUKE, 

Valio, LKV-Austria

➢ Nutritional quality

➢ Physical properties

➢ Cow status biomarkers

➢ Milk typicity

Fatty acids
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Mixed and preformed Fatty acids synthesisDe novo Fatty acids synthesis
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Mixed and preformed Fatty acids synthesisDe novo Fatty acids synthesis

➢ Nutritional quality

➢ Physical properties

➢ Cow status biomarkers

➢ Milk typicity

Fatty acids

Discrimination of the GRASS milk

Soyeurt et al., 2022



Walloon Agricultural Research Centre
Leveraging Mid-Infrared Milk Spectroscopy to Increase the Sustainability of Dairy Farms

www.cra.wallonie.be 

Methane

Vanlierde et al., 2021

Reference : 
SF6 & 
Respiratory chamber
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Methane

Ref. analysis 
precision

Quality of 
the models

Reference : 
Greenfeed

Reference : 
Sniffers
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Nitrogen use efficiency (NUE)

Grelet et al., J. Dairy Sci. 103:4435–4445 (2020)

Model quality

5

Nitrogen Efficiency
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• Lactoferrin (Soyeurt et al., 2020)

Groups of models Predicted variable Min Max Mean SD R²cv Relative RMSEcv RPDcv Model quality

Lactoferrin EMR/CRA-W/ULG Lactoferrin (mg/L) 7 1248 299 222 0.66 44% 1.71 6

Method Sensitivity Specificity Accuracy

Optimized PLS-DA 85% 88% 88%

• NAGase (quantitative & qualitative models; Grelet et al., 2024)

Reference→ Elisa kits & fluorometric methodsMastitis

See the presentation of Octave Christophe(Technical session 4)
Prediction of mastitis via mid infrared analysis of milk : Validation through 

experimental approach

Predicted variable Min Max Mean SD R²v

Relative 

RMSEv RPDv

Model 

quality

Milk NAGase (unit/L) 0 25.10 1.91 1.61 0.68 50% 1.98 6
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Heat Stress

• Good biomarkers : protein %, Mg concentration

• Genetic evaluation : interest for MUFA, C18:1 cis-9 or citrate variations



Chronic stress
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“stress is the non-specific response of the body to any demand made upon it” (Selye, 1976)

susceptibility to metabolic, inflammatory and

infectious diseases (Moberg et al., 1980; Romero, 2004).

fertility troubles (Dobson and Smith, 2000; Walker et al., 2008)

growth disturbances (Elsasser et al., 1995)

weight (Mormède et al., 2007)

milk production (Tallo-Parra et al., 2018)

Figure of General adaption syndrome (from A.C. Brown, C.I. Waslien, in Encyclopedia of Food Sciences 
and Nutrition (Second Edition), 2003)

production and economics of farms

welfare of cows

societal perception of dairy production
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Chronic stress Hair cortisol
Gold standard chronic stress biomarker
(Comin et al., 2013; Burnett et al., 2015; Heimbürge et al., 2019; 
Vesel et al., 2020; Tallo-Parra et al., 2017b).

Blood fructosamine

See the presentation of Clément Grelet (Technical session 4)
Possibilities of rapid MIR analysis of milk to provide information on cow’s welfare
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Hair cortisol Cross validation

Low cortisol High cortisol Sensibility Specificity Accuracy

Predicted Low 719 73 81% 77%
Predicted High 172 107 59.4%

891 180 1071

External-Herd-Validation

Low cortisol High cortisol Sensibility Specificity Accuracy
Predicted Low 656 71 74%

71%
Predicted High 235 109 60.6%

891 180 1071

Best threshold : 22 pg/mg

Chronic stress

Cortisol discriminant models

See the presentation of Clément Grelet (Technical session 4)
Possibilities of rapid MIR analysis of milk to provide information on cow’s welfare
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Blood fructosamine

Best threshold is 230 µmol/L

Cross validation
Low 

fructosamine
High 

fructosamine Sensibility Specificity Accuracy
Predicted Low 513 58 75%

75%
Predicted High 175 194 77.0%

688 252 940

External-Herd-Validation 

Low 
fructosamine

High 
fructosamine Sensibility Specificity Accuracy

Predicted Low 467 77 67.9% 68.3%
Predicted High 221 175 69.4%

688 252 940

Blood fructosamine model

Chronic stress

See the presentation of Clément Grelet (Technical session 4)
Possibilities of rapid MIR analysis of milk to provide information on cow’s welfare
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And many other models…

➢ related to the prediction of milk taste (lipolysis or free fatty acids)

➢ for predicting the ability to be processed into dairy products (ability to be 
transformed into cheese, butter, yogurt, etc.)

➢ in relation to the quality of the processed product (e.g., spreadability of 
butter)

➢ for protein composition

➢ and many others, the list is long
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Sources 
of 

variation

Equation 
performances

Reference used 
to create the 

equation

Calibration 
dataset used

Spectral 
standardisation

Spectral 
variability

 Spectral 
representativityWorld Representative 

Spectral Database

International validation set 

Apparatus

Reference analysisSamples

models
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Harmonization of spectra across instruments, labs, countries, continents

• Sharing of model

• Sharing of data (costly reference)

Objective and importance of MIR spectral standardization

Harmonization of spectra across time

• Useability of models in time

• Stability of predictions
Harmonization of historical database

• Use of new models on historical spectra

• Power of big data

• Genetic evaluation
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Standardization of MIR instruments

40 Labs
112 Apparatus

PCA on informative wavenumbers , 
for 5 common samples analyzed on 

45 instruments from the same 
brand
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Futurospectre DB
7.000.000 individual spectra

HOLICOW

Since 2008

Since 2023

5.750.000 bulk spectra

60.000.000 individual spectra

Creation of historical spectral Database

As all our models are built with standardized spectra, meaning they are directly compatible with these 
databases. This allows for many predictions to be directly accessible and potentially comparable to each other!
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Take home messages

• If you are thinking about improving the sustainability of your dairy farms, 

think big and global! The factors and interrelations are numerous and 

complex to understand

• Anticipate! Unfortunately, spectral standardisation is not retroactive

• Collaborate as much as possible! By this way, you can share data (often very 

expensive), and create common models more robust

• Milk is an excellent phenomics candidate !

• A multitude of parameters can be predicted based on its composition
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Many thanks
To our collaborators and supports !
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