
The state of the art 
about the development 
of mid-infrared based 
fatty acids predictions 
and their applications 
along the dairy food 
chain



Introduction



What is the ExtraMIR Project?



Characteristics of the 7 k-mean clusters resulting from the classification of the 57 milk MIR models 
following their mean-centred cross validation RPD, relative RMSE and R²
(Grelet et al, 2021)

Interpretation for 
ApplicationR2cvRelative RMSEcvRPDcvCluster

Any application>0.97<5%>61

Quality control0.94 – 0.97<10%4.2 - 62

Quantitative screening0.89 – 0.94<10%3 – 4.23

Rough screening0.74 – 0.89<25%2 - 34

Allows to compare 
groups, discriminate high 

or low values
0.55 – 0.74<25%1.5 - 25

Highly imprecise, can be 
used to detect extreme 

values
0.55 – 0.74>25%1.5 - 26

Not recommended<0.55-<1.57



Large-scale phenotyping in dairy sector using milk MIR spectra: Key factors affecting the quality of 
predictions (Belgium)
C. Grelet, P. Dardenne, H. Soyeurt, J.A. Fernandez, A. Vanlierde, F. Stevens, N. Gengler, F. Dehareng, (2021)

InterpretationCluster Group RankingR²cvPhenotype (Fatty Acid)
Any application10.99SAT FA (g/dL)
Quality control20.95C18:1cis9 (g/dL)
Quality control20.95LCFA (g/dL)
Quality control20.97MCFA (g/dL)
Quality control20.97MONO FA (g/dL)
Quality control20.95Tot18:1cis (g/dL)
Quality control20.96Total _C18:1 (g/dL)
Quality control20.97UNSAT (g/dL)
Quantitative screening30.91C10 (g/dL)
Quantitative screening30.92C12 (g/dL)
Quantitative screening30.93C14 (g/dL)
Quantitative screening30.94C16 (g/dL)
Quantitative screening30.93C4 (g/dL)
Quantitative screening30.91C6 (g/dL)
Quantitative screening30.91C8 (g/dL)
Quantitative screening30.93SCFA (g/dL)
Rough screening40.80C17 (g/dL)
Rough screening40.84C18 (g/dL)
Rough screening40.83Odd Fatty Acids (g/dL)
Rough screening40.77PUFA (g/dL)
Rough screening40.80Total Trans (g/dL)
Rough screening40.7918:1 trans (g/dL)

Allows to compare groups, discriminate high or low 
values50.68C14:1 (g/dL)

Allows to compare groups, discriminate high or low 
values50.73C16:1c (g/dL)

Allows to compare groups, discriminate high or low 
values50.72C18:2c9c12 (g/dL)

Allows to compare groups, discriminate high or low 
values50.68C18:3c9c12c15 (g/dL)
Rough screening50.75FA isoanteiso (g/dL)

Allows to compare groups, discriminate high or low 
values50.66Omega3 (g/dL)

Allows to compare groups, discriminate high or low 
values50.72Omega6 (g/dL)

Allows to compare groups, discriminate high or low 
values50.69Tot18:2 (g/dL)

Allows to compare groups, discriminate high or low 
values60.74C18:2c9t11 (g/dL)

Interpretation for 
ApplicationR2cvRelative RMSEcvRPDcvCluster

Any application>0.97<5%>61

Quality control0.94 – 0.97<10%4.2 - 62

Quantitative
screening0.89 – 0.94<10%3 – 4.23

Rough screening0.74 – 0.89<25%2 - 34

Allows to compare 
groups, discriminate 
high or low values

0.55 – 0.74<25%1.5 - 25

Highly imprecise, 
can be used to 
detect extreme 

values

0.55 – 0.74>25%1.5 - 26

Not recommended<0.55-<1.57



Predicting bovine milk fat composition using infrared spectroscopy based on milk samples collected 
in winter and summer (Netherlands)
M.J. Rutten, H. Bovenhuis, K.A. Hettinga, H.J.F van Valenberg and J.A.M. van Arendonk (2009)

Interpretation for 
ApplicationR2cvRelative RMSEcvRPDcvCluster

Any application>0.97<5%>61

Quality control0.94 – 0.97<10%4.2 - 62

Quantitative
screening0.89 – 0.94<10%3 – 4.23

Rough screening0.74 – 0.89<25%2 - 34

Allows to compare 
groups, discriminate 
high or low values

0.55 – 0.74<25%1.5 - 25

Highly imprecise, 
can be used to 
detect extreme 

values

0.55 – 0.74>25%1.5 - 26

Not recommended<0.55-<1.57

Fatty Acids - Milk (g/dL)
SW Cluster Group 
RankingSW

SS Cluster Group 
RankingSS

WS Cluster Group 
RankingWS

WW Cluster Group 
RankingWW

AA Cluster Group 
RankingAATrait

40.8240.7740.7840.8330.91C4:0
30.9030.8940.8930.8920.96C6:0
40.8540.8440.8440.8520.94C8:0
40.7640.8140.8140.7530.92C10:0
50.6250.7350.7150.6140.85C12:0
40.8240.8540.8440.8130.94C14:0
40.8340.7940.7540.8520.94C16:0
60.5950.7050.6450.5840.82C18:0
60.6840.8140.7950.6930.92C18:1 cis-9
70.1270.2370.1570.1870.27C18:1 cis-11
70.1570.2070.1370.2370.48C18:1 trans-4-8
70.2770.2970.2770.3270.53C18:1 trans-9
70.1870.1770.0970.2660.63C18:1 trans-11
70.1570.1770.1470.1970.36C18:2 cis-9,12

70.1370.2070.1470.2730.58
C18:2 cis-9, trans-
11

70.1470.2370.2270.1970.45C18:3 cis-9,12,15
40.8240.8740.8740.8120.95C6-C12
30.8940.8540.8130.9020.97C14-C16
50.6840.8040.7750.6920.94C18u
70.3850.5950.6570.4330.91Ratio SFA:UFA

AA - Calibration in half of all data and validation in the other half of all data
WW - Calibration in half on the winter data and calidation in the other half of the winter data
WS - Validation of the midel from scenario WW in all summer data
SS - Calibration in half of the summer data and validation in the other half of the summer data
SW - Validation of the model scenario SS in all winter data



Prediction of fatty acid profiles in cow, ewe and goat milk by mid-infrared spectrometry (France)
M. Ferrand-Calmels, I. Palhiere, M. Brochard, O. Leray, J.M. Astruc, M.R. Aurel, S. Barbey, F. Bouvier, P. Brunschwig, H. Caillat, M. Douguet, F. 
Faucan-Lahalle, M. Gele, G. Thomas, J.M. Trommenschlager and H. Larroque (2014)

Comparison of the methods used to develop calibration equations on the MilkoScna FT6000 Analyzer (Food Electric A/S Hillerod, Denmark) data for FA in cows milk
Cluster Group 
RankingWavelet + PLS R²

Cluster Group 
RankingFirst Derivative + PLS R²

Cluster Group 
RankingRidge Regression R²

Cluster Group 
RankingLASSO R²

Cluster Group 
Ranking

Elastic net 
R²

Cluster Group 
RankingAG2PLS R²

Cluster Group 
RankingAG1PLS R²

Cluster Group 
RankingPLS R²Fatty Acid

20.9430.9240.8430.9040.8730.9320.9320.93C4:0
20.9620.9640.8430.9330.9310.9720.9620.96C6:0
10.9710.9740.7530.9030.8910.9710.9810.97C8:0
20.9620.9650.6240.8540.8420.9620.9520.95C10:0
20.9610.9770.4840.8440.8220.9620.9620.96C12:0
20.9520.9650.7440.8640.8420.9520.9520.95C14:0
30.9230.9350.7140.8740.8630.9330.9220.94C16:0
40.8740.8570.4640.7740.7640.8530.8940.85C18:0
40.8740.8870.3050.7150.7140.8340.8340.85Total trans 18:1
20.9610.9870.3830.9040.8510.9710.9710.97cis-9 C18:1
20.9510.9870.3730.9040.8420.9610.9710.97Total cis C18:1
20.9610.9870.3840.8840.8420.9610.9710.97Total C18:1
40.8050.8070.4550.6150.5840.7540.7640.78cis-9, cis-12 C18:2 (linoleic acid)
40.7840.8770.2150.7160.5840.8340.8340.83cis-9, trans-11 C18:2 (conjugated linoleic acid)
40.8550.8270.3060.5870.5470.2550.6940.86C18:3n-3 (linolenic acid)
10.9911.0030.9120.9620.9610.9911.0011.00SFA
10.9710.9970.4130.8940.8410.9710.9810.98MUFA
40.8240.8770.5350.7350.7140.8140.8140.78PUFA
40.8830.9070.2640.7450.7440.8640.8640.86trans FA
40.8440.8670.2650.6550.6740.8140.7940.84n-3

Interpretation for 
ApplicationR2cvRelative RMSEcvRPDcvCluster

Any application>0.97<5%>61

Quality control0.94 – 0.97<10%4.2 - 62

Quantitative screening0.89 – 0.94<10%3 – 4.23

Rough screening0.74 – 0.89<25%2 - 34

Allows to compare 
groups, discriminate 
high or low values

0.55 – 0.74<25%1.5 - 25

Highly imprecise, can 
be used to detect 
extreme values

0.55 – 0.74>25%1.5 - 26

Not recommended<0.55-<1.57



Prediction of milk fatty acid content with mid-infrared spectroscopy in Canadian dairy cattle using 
differently distributed model development sets (Canada)
A. Fleming, F.S. Schenkel, J. Chen, F. Malchiodi, V. Bonfatti, R.A. Ali, B. Mallard, M. Corredig and F. Miglior (2017)

InterpretationCluster Group RankingR²Individual Fatty Acid

Allows to compare groups, discriminate high or low values50.66C4:0

Not recommended70.38C6:0
Not recommended70.37C8:0

Allows to compare groups, discriminate high or low values50.66C10:0

Not recommended70.21C11:0

Allows to compare groups, discriminate high or low values50.71C12:0

Not recommended70.19C13:0

Rough screening40.80C14:0

Allows to compare groups, discriminate high or low values50.61C14:1

Allows to compare groups, discriminate high or low values50.61C15:0

Rough screening40.86C16:0

Highly imprecise, can be used to detect extreme values60.62C16:1

Not recommended70.53C17:0
Not recommended70.31C17:1

Highly imprecise, can be used to detect extreme values60.73C18:0

Allows to compare groups, discriminate high or low values50.60C18:1 in-9 trans
Rough screening40.79C18:1 in-9 cis

Not recommended70.17C18:2n-6 trans

Allows to compare groups, discriminate high or low values50.62C18:2n-6 cis

Highly imprecise, can be used to detect extreme values60.58C18:3n-3

Allows to compare groups, discriminate high or low values50.65C18:2 cis-9,cis-12
Not recommended70.22C22:6n-3

Quality control20.94SFA

Quantitative screening30.84MUFA

Allows to compare groups, discriminate high or low values50.66PUFA

Rough screening40.84UFA

Allows to compare groups, discriminate high or low values50.72Short-Chain
Quantitative screening30.90Medium-Chain

Rough screening40.83Long-Chain

Interpretation
for ApplicationR2cvRelative 

RMSEcvRPDcvCluster

Any application>0.97<5%>61

Quality control0.94 – 0.97<10%4.2 - 62

Quantitative
screening0.89 – 0.94<10%3 – 4.23

Rough screening0.74 – 0.89<25%2 - 34

Allows to 
compare groups, 
discriminate high 

or low values

0.55 – 0.74<25%1.5 - 25

Highly imprecise, 
can be used to 
detect extreme 

values

0.55 – 0.74>25%1.5 - 26

Not 
recommended

<0.55-<1.57



The use of mid-infrared Spectrometry to predict milk fatty acid, energy balance and methane 
emissions for Australian dairy cows (Australia)
T. Wang, H.N. Phuong, E. Wall, S. Smith and J.E. Pryce (2017)

Interpretation
Cluster Group 

RankingR²Individual Fatty Acid
Not recommended70.54Un-identified 
Allows to compare groups, discriminate high or low values50.73C4:0
Rough screening40.78C6:0
Rough screening40.76C8:0
Allows to compare groups, discriminate high or low values50.72C10:0
Allows to compare groups, discriminate high or low values50.61C10:1
Allows to compare groups, discriminate high or low values50.72C12:0
Highly imprecise, can be used to detect extreme values60.68C14 iso
Allows to compare groups, discriminate high or low values50.73C14:0
Highly imprecise, can be used to detect extreme values60.56C14:1
Allows to compare groups, discriminate high or low values50.68C15 iso
Highly imprecise, can be used to detect extreme values60.55C15 anteiso
Allows to compare groups, discriminate high or low values50.72C15:0
Allows to compare groups, discriminate high or low values50.69C16 iso
Rough screening40.74C16:0
Allows to compare groups, discriminate high or low values50.62C16:1
Not recommended70.53C17 iso
Not recommended70.49C17 anteiso
Highly imprecise, can be used to detect extreme values60.61C17:0
Not recommended70.52C17:1
Rough screening40.80C18:0
Allows to compare groups, discriminate high or low values50.65C18:1 t9
Highly imprecise, can be used to detect extreme values60.59C18:1 t10
Highly imprecise, can be used to detect extreme values60.58C18:1 t11
Allows to compare groups, discriminate high or low values50.63C18:1 cis
Not recommended70.51C18:1 c9
Allows to compare groups, discriminate high or low values50.65C18:1 c11
Highly imprecise, can be used to detect extreme values60.56C18:2 n6
Highly imprecise, can be used to detect extreme values60.57C18:3 n3
Rough screening40.79C20:0
Allows to compare groups, discriminate high or low values50.68C20:1 c11
Highly imprecise, can be used to detect extreme values60.65CLA

Interpretation
for 

Application
R2cvRelative 

RMSEcvRPDcvCluster

Any application>0.97<5%>61

Quality control0.94 – 0.97<10%4.2 - 62

Quantitative
screening

0.89 – 0.94<10%3 – 4.23

Rough screening0.74 – 0.89<25%2 - 34

Allows to 
compare 
groups, 

discriminate 
high or low 

values

0.55 – 0.74<25%1.5 - 25

Highly 
imprecise, can 

be used to 
detect extreme 

values

0.55 – 0.74>25%1.5 - 26

Not 
recommended<0.55-<1.57



Predictions of milk fatty acid contents by mid-infrared spectroscopy in Chinese Holstein cows (China)
Ziuxin Zhao, Yuetong Song, Yuanpei Zhang, Gaozhan Cai, Guanghui Xue, Yan Liu, Kewei Chen, Fan Zhang, Kun Wang, Miao Zhang, Yundong
Gao, Dongxiao Sun, Xiao Wang (2022)

Interpretation
for 

Application
R2cvRelative 

RMSEcvRPDcvCluster

Any application>0.97<5%>61

Quality control0.94 – 0.97<10%4.2 - 62

Quantitative
screening

0.89 – 0.94<10%3 – 4.23

Rough screening0.74 – 0.89<25%2 - 34

Allows to 
compare 
groups, 

discriminate 
high or low 

values

0.55 – 0.74<25%1.5 - 25

Highly 
imprecise, can 

be used to 
detect extreme 

values

0.55 – 0.74>25%1.5 - 26

Not 
recommended<0.55-<1.57

InterpretationCluster Group RankingR²Fatty Acid
Rough screening40.75C8:0

Allows to compare groups, discriminate high or low values50.61C10:0
Highly imprecise, can be used to detect extreme values60.57C11:0
Rough screening40.79C12:0
Not recommended70.24C13:0

Allows to compare groups, discriminate high or low values50.66C14:0
Not recommended70.45C15:0
Highly imprecise, can be used to detect extreme values60.64C16:0

Allows to compare groups, discriminate high or low values50.65C17:0

Allows to compare groups, discriminate high or low values50.66C18:0

Allows to compare groups, discriminate high or low values50.52C20:0

Allows to compare groups, discriminate high or low values50.70C22:0

Allows to compare groups, discriminate high or low values50.64C24:0

Allows to compare groups, discriminate high or low values50.63C14:1
Not recommended70.54C16:1
Highly imprecise, can be used to detect extreme values60.60C18:1n9c
Not recommended70.54C20:1
Not recommended70.51C22:1n9
Highly imprecise, can be used to detect extreme values60.59C18:2n6c
Highly imprecise, can be used to detect extreme values60.60C18:3n3
Not recommended70.18C18:3n6
Not recommended70.50C20:3n6
Not recommended70.44C20:4n6
Not recommended70.33C20:5n3

Allows to compare groups, discriminate high or low values50.68LCFA

Allows to compare groups, discriminate high or low values50.64MCFA
Highly imprecise, can be used to detect extreme values60.61MUFA

Allows to compare groups, discriminate high or low values50.71PUFA

Allows to compare groups, discriminate high or low values50.66SCFA

Allows to compare groups, discriminate high or low values50.66SFA
Highly imprecise, can be used to detect extreme values60.62UFA



The way to get 
started is to quit 
talking and 
begin doing.



BWYPEX ExtraMIR Hosts



Timeline

Belgium

TERRA Research and Teaching Centre - Hélène Soyuert
Walloon Agricultural Research Centre – Clément Grelet, 
Frédéric Dehareng, Octave Christophe
European Milk Recording – Julie Leblois

New Zealand

Fonterra Co-Operative Group Limited – Steve Holroyd, 
Gavin Scott, Paul Jamieson
Milk Test New Zealand – Callie Smith
Livestock Improvement Corporation – Bevin Harris, Kathryn 
Sanders, Grant Anderson  

Canada

Lactanet – Josée Bordeleau, Débora Santschi, Mazen Bahadi



Belgium 

WA L L O O N AG R I C U LT U R A L  R E S E A R C H  C E N T R E  &  
G E M B L O U X  AG RO - B I O  T E C H P RO J E C T S



Belgium 

E U RO P E A N  M I L K  R E C O R D I N G P RO J E C T S



New Zealand 

F O N T E R R A  C O - O P E R AT I V E  G RO U P  L I M I T E D C H A L L E N G E S  A N D  S O L U T I O N S



New Zealand 

L I V E S TO C K  I M P ROV E M E NT  C O R P O R AT I O N C H A L L E N G E S  A N D  S O L U T I O N S



Canada 

L AC TA N E T C H A L L E N G E S  A N D  S O L U T I O N S



Closing Remarks

SUMMARY CONCLUSIONS NEXT STEPS



Thank you ICAR for the 
BWYPEX funding grant!
&
Thank You For 
Listening!
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ICAR would like to acknowledge the 11 Members who help fund 
the inaugural Brian Wickham Young Persons Exchange Program

+
New Zealand Animal Evaluation 

Limited (NZAEL); 
a wholly owned subsidiary of 

DairyNZ


