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» Milk recording

» Milk payment

» During the process
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What is mid-infrared Spectroscopy ?
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What is mid-infrared Spectroscopy ?
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Direct models

45 et

3 CRAW Indirect models

a1,1T1 + a12T2+. .. +a1,T, = by

as 121 + G22Ta+. .. +a2 Ty, = bo

— Pseudo-direct models

\ @m,1T1 + am,2m2+- I NS bm \
! \ Others

[

Sivakesava et al., 2002

0.20
(a) FT-MIR spectrum of milk
1378 1072 1045
0.15 2924
o To estimate models quality -> Clustering based on RPD, RMSE and R?
% Model qualit RPDcv Relative RMSEcv R2cv Interpretation for application
g 0% +6 <5% >0.97 Any application
< 0.00 - 4.2-6 <10% >0.94 Quality control
3 3-42 <10% >0.89 Quantitative screening
-0.05 4 2-3 <25% >0.74 Rought screening
5 15-2 <25% >0.55 Allows to compare groups, discriminate high or low values
O e sm0 a0 2m0 2000 1m0 1000 6 1.5-2 >25% >0.55 Highly imprecise, can be used to detect extreme values
T ———— _ 0-15 - <0.55 Not recommended
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Direct models e.g: FAT, PROT, LACTOSE... >100 ppm ou mg/ke  pmmmamy

s{.wa\'\{,; J. Dairy Sci. 94:1657-1667
= doi:10.3168/jds.2010-3408
N & © American Dairy Science Association®, 2011.
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Mid-infrared prediction of bovine milk fatty acids across multiple breeds,

Major FATTY ACIDS production systems, and countries

H. Soyeurt,*t"? F. Dehareng,}' N. Gengler,*t S. McParland,§ E. Wall,1 D. P. Berry,§ M. Coffey,#
and P. Dardennet

*Animal Science Unit, Gembloux Agro-Bio Tech, University of Liege, 5030 Gembloux, Belgium

tNational Funds for Scientific Research, 1000 Brussels, Belgium

IWalloon Agricultural Research Centre, Valorisation of Agricultural Products, 5030 Gembloux, Belgium

§Teagasc Moorepark Dairy Production Research Centre, Fermoy, Co. Cork, Ireland

#Sustainable Livestock Systems Group, Scottish Agricultural College, Bush Estate, Penicuik, Midlothian, EH26 0PH, United Kingdom

= Nutritional quality
» Physical properties

= Cow status biomarkers (energy balance, rumination...)
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Groups of models

Predicted variable

Min

Max Mean SD R2cv Relative RMSEcv RPDcv  Model quality

Direct models
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CRA-W, Ulg, Teagasc,
SRUC, FCEL, LKV-BW,
LKV-NRW, LUKE,
Valio, LKV-Austria

Milk Fatty acids

Milk C4 (g/dL)

Milk C6 (g/dL)

Milk C8 (g/dL)

Milk C10 (g/dL)

Milk C12 (g/dL)

Milk C14 (g/dL)

Milk C14_1 (g/dL)

Milk C16 (g/dL)

Milk C16_1c (g/dL)

Milk C17 (g/dL)

Milk C18 (g/dL)

Milk C18_1cis9 (g/dL)
Milk C18 2c9c12 (g/dL)
Milk C18_2c9t11 (g/dL)
Milk C18 3c9c12c¢15 (g/dL)
Milk Tot18 1cis (g/dL)
Milk Tot18_2 (g/dL)
Milk Total_C18_ 1 (g/dL)
Totl8 1trans (g/dL)
Milk Total Trans (g/dL)
Milk isoanteiso FA (g/dL)
Milk Odd fatty acids (g/dL)
Milk omega3 (g/dL)

Milk omega6 (g/dL)

Milk SAT FA(g/dL)

Milk UNSAT (g/dL)
Milk MONO FA (g/dL)
Milk PUFA (g/dL)

Milk SCFA (g/dL)

Milk LCFA (g/dL)

Milk MCFA (g/dL)

0.01
0.01
0.01
0.02
0.02
0.05
0.00
0.12
0.01
0.00
0.05
0.08
0.00
0.00
0.00
0.09
0.01
0.10
0.01
0.02
0.02
0.03
0.00
0.01
0.31
0.14
0.12
0.02
0.05
0.19
0.22

0.23 0.0 0.03 0.93 8% 3.67 3
0.16 0.07 0.02 0.91 9% 3.32 3

011 005 0.01 0.91 9% 3.29 3

0.32 011 0.04 091 9% 3.37 3

041 013 0.04 0.92 9% 3.62 3

1.20 045 0.13 0.93 % 3.88 3

015 0.04 0.02 0.68 21% 1.78 5

332 1.20 0.40 0.94 8% 4.18 3

0.24 0.07 0.03 0.73 20% 1.91 5

0.09 0.03 0.01 0.80 13% 2.24 4

132 0.40 0.15 0.84 14% 2.51 4

2.69 0.76 0.29 0.95 8% 435 2N
017 0.06 0.02 0.72 19% 1.01 5

014 0.03 0.02 0.74 37% 1.95 6

0.09 0.2 0.01 0.68 22% 1.77 5

2.77 0.82 0.31 0.95 8% 458 2N
032 0.0 0.03 0.69 15% 1.79 5

2.98 0.94 0.33 0.96 % 518 2
057 0.3 0.06 0.79 21% 2.17 4

0.75 0.16 0.08 0.80 19% 2.26 4

0.28 0.09 003 0.75 14% 2.00 5

050 0.16 0.04 0.83 10% 2.41 4

011 0.03 001 0.66 22% 1.73 5

033 0.10 0.03 0.72 14% 1.89 5

6.97 270 0.75 0.99 3% 10.22

386 1.25 0.39 0.97 5% 5.75

342 1.08 0.35 0.97 5% 5.83

053 0.16 0.05 0.77 13% 2.10 4

0.80 0.35 0.10 0.93 % 3.88 3

479 159 052 0.95 % 452

548 2.00 0.60 0.97 5% 5.53
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Fatty acids

Rumination

De novo Fatty acids synthesis Mixed and preformed Fatty acids synthesis
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\ Milk fat l/

Source: Courtesy of M. Woolpert

Discrimination of the GRASS milk
Soyeurt et al., 2022

Source: Courtesy of M. Woolpert

Prediction of Indirect Indicators of a Grass-Based Diet by Milk Fourier
Transform Mid-Infrared Spectroscopy to Assess the Feeding Typologies

of Dairy Farms

by Héléne Soyeurt1.” B2'¥ Cyprien Gerards 1, Charles Nickmilder 1, Jéréme Bindelle 1
Sébastien Franceschini 1, Frédéric Dehareng 2'?, Didier Veselko 3, Carlo Bertozzi 4, Nicolas Gengler 1

Antonino Marvuglia® Y Alper Bayram °:6 and Anthony Tedde 1.7
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Indirect models e.g.: Methane emission, Health Status, Nitrogen Efficiency, Animal Stress, ...

* Reference = Chambers, SF6, GreenFeed (vanlierde et al., 2021)

900
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=
30600
Eructed = 500
O
methane < 400
5 300
€ 200
=
100

0 200 400 600 800
Predicted CH, (g/day)

Groups of models Predicted variable Min Max Mean SD RZcv Relative RMSEcv RPDcv  Model quality
CRA-W, Ulg, Teagasc,
CH4 AFBI, INRA, DLQ., Methane emitted (g/d) 180 786 413 102 0.68 14% 1.79 5
Aarhus, ETH-Zurich
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Indirect models e.g.: Methane emission, Health Status, Nitrogen Efficiency, Animal Stress, ...

Nitrogen use efficiency (NUE)
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Grelet et al., J. Dairy Sci. 103:4435-4445 (2020)
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N Out Milk %

N Use Efficiency (%) = — 100

N Intake —

(recorded daily)

Q/

Ny

N Out Milk
(recorded twice weekly)

Model quality
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Indirect models e.g.: Methane emission, Health Status, Nitrogen Efficiency, Animal Stress, ...

Chronic stress , S
Cortisol discriminant models

Halr COftlSOI Cross validation
Low cortisol High cortisol Sensibility  Specificity ~ Accuracy
200 ‘ - ' Predicted Low 719 73 81%
Best threshold : 22 77%
ol est thresho pg/mg | Predicted High 172 107 59.4% ’
160 | 891 180 1071

140 |
High =
Chronic stress

120

100 - External-Herd-Validation

80

6ol Low cortisol High cortisol Sensibility  Specificity = Accuracy

I Predicted Low 656 71 74%
40 . . o 71%
ol Predicted High 235 109 60.6%
891 180 1071

0 10 20 30 40 50
Hair cortisol (pg/mg)
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Indirect models e.g.: Methane emission, Health Status, Nitrogen Efficiency, Animal Stress, ...

Chronic stress

Blood fructosamine

140

Best model is with MIR only

Cross validation

' - T ' ' —
Best threshold is 230 umol/L = _
120 F ®* Chronic stress |

Low High
fructosamine fructosamine
Predicted Low 513 58
Predicted High 175 194
688 252

External-Herd-Validation

120 140 160 180 200 220 240 280 280
Serum Fructosamine (umol/L)
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Low High
fructosamine fructosamine
Predicted Low 467 77
Predicted High 221 175
688 252

Sensibility Specificity Accuracy

[0)
75% 75%

77.0%

940

Sensibility Specificity Accuracy

67.9% 68.3%

69.4%
940




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

Minerals : Christophe et al., 2021

* Nutritional quality
fOOdS MDPI

~F

* Technological properties (cheese process)

Article
Multiple Breeds and Countries” Predictions of Mineral

e Cow status biomarkers (M astitis.. ) Contents in Milk from Milk Mid-Infrared Spectrometry

Octave S. Christophe ', Clément Grelet ', Carlo Bertozzi 2, Didier Veselko 3, Christophe Lecomte 4,
Peter Hieckels 3, Andreas Werner 8, Franz-Josef Auer 7, Nicolas Gengler 800, Frédéric Dehareng 1#

* Eutrophication issues

Groups of models Predicted variable Min Max Mean SD R2cv Relative RMSEcv RPDcv  Model quality
CRA-W, Ulg, Teagasc Milk Calcium (mg/kg) 593 1743 1149 135 0.82 5% 2.34 4
- y y ’ H H ] 0, . 5
SRUC, FCEL. LKV-BW, Milk Magnesium (mg/kg) 61 157 100 13 0.72 7% 1.88

Milk minerals LKV-NRW. LUKE,  Milk Sodium (mgrkg) 234 1273 356 91 0.44 150% 1.34 F
vValio, LKV-Austria M!Ik Phosphorus (mg/kg) 509 1447 999 124 0.75 6% 1.99
Milk Potassium (mg/kg) 819 1985 1524 147 0.55 6% 1.48 5
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Chemometrics and Intelligent Laboratory b e

Systems
Volume 152, 15 March 2016, Pages 157-162 -

Others models

Use of a multivariate moving window PCA
for the untargeted detection of
contaminants in agro-food products, as
exemplified by the detection of melamine
levels in milk using vibrational spectroscopy
%

].A. Ferndndez Pierna, D. Vincke, V. Baeten, C. Grelet, F. Dehareng, P. Dardenne 2 &
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If we want to understand and effectively manage
sustainability, it requires having a large amount of
standardized data/measurements, that accurately
represent its complexity, diversity and evolution

... and ideally not too expensive
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If we want to understand and effectively manage
sustainability, it requires having a large amount of
standardized data/measurements, that accurately

represent its complexity, diversity and evolution

... and ideally not too expensive
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Objective and importance of MIR spectral standardization

32 Wallonie {}
7+ recherche
4 CRA-W X EMR Harmonization of spectra across instruments, labs, countries, continents

e Sharing of model

» Sharing of data (costly reference)

Harmonization of spectra across time
e Useability of models in time o . .

Harmonization of historical database
* Stability of predictions .
* Use of new models on historical spectra
e Power of big data

* Genetic evaluation

%Wallonle Walloon Agricultural Research Centre
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Samples/Scores Plot of X212
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Standardization of MIR instruments
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If we want to understand and effectively manage
sustainability, it requires having a large amount of
standardized data/measurements, that accurately

represent its complexity, diversity and evolution

Predicted values

... and ideally not too expensive

Reference values
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Creation of historical spectral Database

Futurospectre DB

Since 2008 %}%3 | 2= 7.000.000 individual spectra
Wallonie ~~ 5.750.000 bulk spectra
HOLICOW

n Co-funded by
S, 2023 HILCIIrecyYy the European Union
nee North-West Europs 2= 60.000.000 individual spectra
HoliCow

S North-West Europe
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If we want to understand and effectively manage

sustainability, it requires having a large amount of

standardized data/measurements, that accurately

represent its complexity, diversity and evolution

... and ideally not too expensive

3 current areas of research :

Wallesmart, Holicow & Decide

** recherche How mid-infrared spectroscopy of milk could contribute to improve the sustainability of the dairy sector



W

\WALLeSmart

Co-funded by
Hnilerrey the Europea

North-West Europe

HoliCow

DECIDE

43\:.3 Wallonie
¥ recherche
CRA-W

Avec le soutien de la

% Wallonie

0 ,5{; Wallonie
YO 59 recherche
e CRA-W

LIEGE universit
UMONS [y # btceuriversi

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

rro-Bic

Its goal is to establish a network for gathering farm data from diverse \gro-Bio 1

. . . . . . Agence Avec le soutien de la
stakeholders and collectively processing it to derive maximum actionable g aunumeriace 4 Wallonie
insights for decision-making.

Enable small and medium dairy farms to benefit from big data

for holistic decision-making. . EFFAB -
1. Health/welfare 2. Transformation 3. Fertility 4. Production Aveclesoutendela D y
i / y % Walbnle ] LIEGE université C} fidicidele
5. Environment 6. Heat Stress LKU B Gembloux estel
Baden-| / \\\ . i I_L_]
Ii e Lt

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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P4 CRA-W Thanks for your attention !

How mid-infrared spectroscopy of milk could
contribute to Improve the
sustainability of the dairy sector

Frédéric Dehareng?, Clément Grelet! & Amélie Vanlierde?

1Quality and authentication of agricultural products Unit, CRA-W
2Animal production Unit, CRA-W

IDF BENC Event, Connection and Interaction between Research and Practice, 18th April 2024
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