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➢ Milk recording

➢ Milk payment

➢ During the process
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Spectre MIR

Proche IR
NIR

Moyen IR
MIR

IR lointain
FIR

Longueur d’onde
Wavelength ෥𝑣 

Nombre d’ondes 
Wavenumber σ

0,8 2,5                         25 50 µm

12500 4000                       400 200 cm-1

What is mid-infrared Spectroscopy ?
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Sivakesava et al., 2002

FT-MIR 
models

Direct models

Indirect models

Pseudo-direct models

Others

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 models quality -> Clustering based on RPD, RMSE and R²
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Direct models e.g: FAT, PROT, LACTOSE…  > 100 ppm ou mg/kg

▪ Nutritional quality

▪ Physical properties

▪ Cow status biomarkers (energy balance, rumination…)

Major FATTY ACIDS
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Direct models

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
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Discrimination of the GRASS milk

Soyeurt et al., 2022

Rumination

Mixed and preformed Fatty acids synthesisDe novo Fatty acids synthesis
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Indirect models e.g.: Methane emission, Health Status, Nitrogen Efficiency, Animal Stress, …

Eructed 
methane
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Indirect models
Nitrogen use efficiency (NUE)

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

Model quality

5

e.g.: Methane emission, Health Status, Nitrogen Efficiency, Animal Stress, …
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Chronic stress

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



Indirect models e.g.: Methane emission, Health Status, Nitrogen Efficiency, Animal Stress, …
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Chronic stress

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

Best model is with MIR only
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Pseudo-direct models e.g. Minerals or compounds with very low concentrations <100 ppm or mg/kg

• Nutritional quality

• Technological properties (cheese process)

• Cow status biomarkers (Mastitis…)

• Eutrophication issues

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

Milk minerals

CRA-W, Ulg, Teagasc, 

SRUC, FCEL, LKV-BW, 

LKV-NRW, LUKE, 

Valio, LKV-Austria

Milk Calcium (mg/kg) 593 1743 1149 135 0.82 5% 2.34 4

Milk Magnesium (mg/kg) 61 157 100 13 0.72 7% 1.88 5

Milk Sodium (mg/kg) 234 1273 356 91 0.44 15% 1.34 7

Milk Phosphorus (mg/kg) 509 1447 999 124 0.75 6% 1.99 5

Milk Potassium (mg/kg) 819 1985 1524 147 0.55 6% 1.48 5

Minerals : Christophe et al., 2021
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Others models
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represent its complexity, diversity and evolution

… and ideally not too expensive
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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

37 Labs
112 Apparatus

PCA on informative wavenumbers , 
for 5 common samples analyzed on 

45 instruments from the same 
brand
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A lot of national & international collaborations
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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
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3 current areas of research :

Wallesmart, Holicow & Decide
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To design and develop an innovative, interoperable, and collaborative 
digital platform tailored for livestock farming. 

Its goal is to establish a network for gathering farm data from diverse 
stakeholders and collectively processing it to derive maximum actionable 
insights for decision-making.

Enable small and medium dairy farms to benefit from big data 
for holistic decision-making. 
1. Health/welfare​ 2. Transformation 3. Fertility 4. Production 
5. Environment 6. Heat Stress

Life cycle assessment is used to evaluate farm carbon footprint, ammonia emissions, and energy 
consumption. These are reported per unit of production or per hectare, considering both direct and 
indirect emissions.

Thanks to the 'DECiDE+ project', it's now available for dairy ewes and includes new environmental 
indicators such as N balance at farm level, feed autonomy, agroecological infrastructure importance, 
and indicators for economic and soon social dimensions to better assess overall farm sustainability, 
incorporating farming practices and agricultural features.
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