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Need data ...

https://www.wur.nl/en/show/working-towards-sustainable-dairy-production.htm



advicers Decision tools



Everything is connected - Access to data is easy

On the ground ...
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Directly on the cows ...
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One of the most consumed food

An important source of nutritive elements for humans

Its composition is the mirror of the animal and its changes reflect its health status
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Knowing its composition is
therefore of interest
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Jenkins, 2015
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Milk Analysis p—
\ (o I o
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Milk samples Milk FT-MIR
o Milk payment : 1-3 days (Bulk tank milk)

Milk recording : 4-6 weeks (individual
cow milk)

But we used the same
spectral information, -
could we go further ?
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© Grelet et al., 2015

<:| Predictive model = Equation
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What exists ?

©Avelino Calvar Martinez

Fat, protein,
lactose, fatty
acids, Ca,
lactoferrin,...

Nutritional
quality

Consumption
index, nitrogen

efficiency ...
Cheese yield,
o eeipelesiee s yoghurt yield,
Sustainability oroperties butter yield,

spreadability ...

Na, lactoferrin,
Energy balance,
Al glEE i body weight, dry
matter intake,
acetone, BHB,

: citrate ...
Abnormal milk samples

Methane, P, Environmental
urea ... fingerprint
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METHODS

Methods —=_
Volume 186, February 2021, Pages 97-111 -

ELSEVIER

Large-scale phenotyping in dairy sector
using milk MIR spectra: Key factors affecting
the quality of predictions

C. Grelet "X, P. Dardenne © X, H. Soyeurt b &, ].A. Fernandez ° &, A. Vanlierde “ &,
F. Stevens 9, N. Gengler " &, F. Dehareng @ & X

Cluster RPDcv Relative RZcv Interpretation for application
RMSEcv

1 >6 <5% >0.97 Any application

2 42-6 <10% 0.94- Quality control
0.97

3 3-42 <10% 0.89- Quantitative screening
0.94

4 2-3 <25% 0.74- Rough screening
0.89

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

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

7 <15 - <0.55 Not recommended




From our experience ...

Table 1
Datasets used in the study.
Traits N N N Sampling References
records cows countries YeArs
Milk Fatty acids, 30 models 1822 1822 7 20052015 Soyeurt et al. [39,40]
Milk Minerals, 5 models 1340 1340 4 20052015 Soyeurt et al. [41]
Milk Lactoferrin J906 JHG 3 20052009 Soyeurt et al. [42]
Methane emitted (CH4) 1089 299 7 2010-2019 Dehareng et al. [43] and Vanlierde
et al. [18]
Milk Fresh Cheese Yield (FCY), Coagulation time r, Time when the curd is firm 283 283 1 2011-2014 Colinet et al. [44
enough for cutting (k20)
Milk Casein 996 " 1 20112014 Not published
Milk Acetone, fi-hydroxybutyrate (BHB) and Citrate 566 346 3 20132014 Grelet et al. [45
Blood BHE, Non-Esterified Fatty Acids (NEFA), Insulin Growth Factor 1 (IGF-I), 387 241 ] 2014-2016 Grelet et al. (6
Glucose
Nitrogen efficiency (NUE), Nitrogen losses, Dry matter intake (DMI), Body weight 1034 129 3 2014-2015 Grelet et al. [14
Milk Glucose free, Glucose-6-phosphate, Uric acid, Iso-dtrate, Progesterons 2175 241 ] 2014-2016 Not published

*The casein model was constituted by 790 samples from individual cows and 206 samples from bulk tank.




Any application

Quality control

Quantitative screening

Rough screening

Phenotype Min Max Mean SD Rev Relative RMSEcv RPDcv Cluster
Milk SAT FA(g/dL) 0.31 697 270 0.75 0.99 3% 10,22 1
Milk C18 1cis9 (g/dL) 0.08 2.69 0.76 0.29 0.95 B% 4.35

Milk Casein (g/100 g) 1.61 .05 2.66 0.34 0.95 3% 4.46

Milk LCFA (g/dL) 0.19 +.79 1.59 0.52 0.95 k] 4.524

Milk MCFA (g/dL) 0.22 a.48 ALY 0.60 0.97 2% 3.5 .
Milk MONO FA (g/dL) 0.12 3.42 1.08 0.35 0.97 5% 5.83 =
Milk Totl8 1cis (g/dL) OO A 0.82 0.31 0.95 8% 4.58

Milk Total C18_1 (g/dL) 010 298 0.94 0.33 0.96 7% a2.18

Milk UNSAT (g/dL) 0.14 3. 86 125 0.39 0.97 5% 275

Milk C10 (g/dL) 0.02 0.32 .11 0.04 0.91 9% 3.37

Milk C12 (g/dL) 0.0z 0.41 0.13 0.04 0.92 9% .62

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

Milk C16 (g/dL) 0.12 3.32 1220 0.40 0.94 8% 4.18

Milk C4 (g dL) 0.01 023 0.10 0.03 0.93 8% 3.67 3
Milk Cé& (g dL) 0.01 016 0.0 0.02 0.91 9% 3.32

Milk C8 (g/dL) 0.01 0.11 0.0 0.01 0.91 9% 3.29

Milk Citrates (mmol/L) 3.HH 16.12 0,04 L] | 0.89 B% 3.04

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

Milk C17 (g/dL) LR OO 0.0:3 0.01 0.80 13% 2.24

Milk C18 (g/dL) 0.0 1.32 0. 440 0.15 0.84 14% 251

Milk Calcium (mg/kg) 293 1743 1149 135 D.82 5% 2.34

Milk Odd fatty acids (g/dL) 0.03 0.50 0.16 0.04 0.83 10% 241 4
Milk PUFA (g/dL) 0.02 0.53 0.16 0.05 0.77 13% 210

Milk Total Trans (g/dL) 0.02 0.75 0.16 0.08 0.80 19% 226

Totl8 1trans (g/dL) 0.01 0.57 013 0.06 0.79 1% 217




High and Low values

Extreme values

Phenotype Min Max Mean sD R%ev Relative RMSEcv RPDcv Cluster
Cheese process r(5) 319 1653 G 231 .58 16% 1.54
Dry matter intake (kg/d) H.8 36.2 19.9 4.5 0.71 12% 1.83
Fresh cheese yield (g curd/100 g milk) 7.40 47.93 26.76 b.45 0.73 12% 1.91
Methane emitted (g/d) 180 THE 413 102 (.68 14% 1.79
Milk C14 1 (g/dL) LK .15 0.0 0.2 (.68 21% 1.78
Milk C16_1c (g/dL) 0.01 0.24 007 0.03 0.73 20% 1.91
Milk C18 2c9c12 (g/dL) 0.0 0.17 (LD 0.02 0.72 19% 1.91
Milk C18 3c9c12c15 (grdl) LK 0.0 0.2 0.01 (.68 22% 1.77
Milk isoanteiso FA (g/dL) LUK 0.28 0.0 .03 0.75 14% 200
Milk Magnesium (mg/kg) 61 157 I 13 0.72 7% 1.88 o
Milk omega3 (g/dL) 0L 0.11 0.03 0.01 (.66 22%, 1.73
Milk omegab (g/dL) 0.01 0.33 0.1 .03 0.72 14% 1.89
Milk Phosphorus (mg/kg) = 1447 S99 124 0.75 6% 1.949
Milk Potassium (mg/kg) 819 1945 1524 147 0.55 6% 1.48
Milk Totl18 2 (g/dL) 0.01 0.32 0.1 0.03 .69 15% 1.79
N efficiency (%) 9.8 H1.7 36.9 10.3 0.71 15% 1.87
N losses (kg/d) 0.0 .81 0.31 0.11 .65 20% 1.649
Weight of cows(kg) 448 832 617 73 0.70 6% 1.83
Blood BHB (mmaol/L) 0.19 3.46 077 0.48 0.70 35% 1.81
Blood IGF-1 (mg/L) 13 436 107 71 0.61 42% 1.59
Lactoferrin (mg/L) 7 1248 299 222 0.66 44% 1.71 [
Milk BHB {mmol/L) 0.05 1.60 0.22 0.17 0.75 46% 1.97
Milk C18_2c9t11 (g/dL) 0.00 0.14 0.03 0.02 0.74 37% 1.95




Relative RMSEcv

R2cv

peq ooy



Bring together
predictors even if there
are less informative ...



Well-being: The agglomerative hierarchical clustering
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e Detection of cows with
abnormal behaviors

Franceschini et al., 2022

Metabolic disorders




(Grass
indicators
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Soyeurt et al

Grass-based prediction

88 %
87%

 Calibration accuracy

idation accuracy
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Quantity of grass
Quality of grass
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Many reasearch _—
developments BUT ... d’{

Limited applications on
Yoyl L field at herd and (a little
,_ P - bit less for) individuals ...
/ = Rléfsear/ch/ |

© Matthew Henry

©Avelino Calvar Martinez
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Large-scale phenotyping in dairy sector using milk MIR spectra: Key factors &
affecting the quality of predictions

C. Grelet”, P. Dardenne °, H. Soyeurt " J.A.Fernandez?, A. Vanlierde ®, F. Stevens, N. Gengler b
F. Dehareng "

® Walloon Agriculnural Research Genter (GRA-W), 24 Chaussée de Namur, 5030 Gembloux, Belgium
® TERRA Teaching and Rezearch Centre, Gembloux Agro-Bio Tech, Universiry of Liege, 5030 Gemblowy, Belgium
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Solutlons

Future
Develop.

2
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Inspird from ©Pixabay

Intrinsic Constraints

Providing a detailed information about the calibration dataset used (records +
model )
=» Discussion with spectrometer providers

Promoting a large spectral and y variability in the calibration set
=» International collaborations

Limiting the extrapolation by sharing a « outlier » file
=>» Distance could be calculated to avoid spectral extrapolation



Solutions
&

Future
Develop.

Outlier file

1.5 4

00 ® New spectra

w0 distance
Spectra used to build the model

-3 -2 -1 0 1 2 3 4
PC1
© Modified from scikit-learn. 2019

GH = ((T -m)'sTHT - F)) /nPC © Zhang Lei, 2020
GH > 3 = no prediction

We don’t need the calibration set but just few statistical parameters:

* The averaged spectrum calculated from the calibration set

* The matrix of eigenvectors obtained after applying a Principal Component
Analysis on the calibration spectra



Intrinsic Constraints
Providing a detailed information about the calibration dataset used (records +
model )
=» Discussion with spectrometer providers

Inspird from ©Pixabay

Solutlons Promoting a Iarge spectral and y variability in the calibration set
=» International collaborations
FUture Limiting the extrapolation by sharing a « outlier » file
Develop. =>» Distance could be calculated to avoid spectral extrapolation

Use comparable spectral data
=>» Spectral standardization




Spectral standardization
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© European Milk Recording



Intrinsic Constraints
Providing a detailed information about the calibration dataset used (records +
model )
=» Discussion with spectrometer providers

Use comparable spectral data
=>» Spectral standardization

Solutlons Promoting a Iarge spectral and y variability in the calibration set
=» International collaborations
FUture Limiting the extrapolation by sharing a « outlier » file
Develop. =>» Distance could be calculated to avoid spectral extrapolation

As multiple equations exist for the same trait, realizing a common validation
managed by an independent institution.

=>» All metrics of validation will be directly comparable

Inspird from ©Pixabay



Extrinsic constraints

: Reference records |
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Extrinsic Constraints

Problem of equation access or equation representativeness

=» Promoting a common effort in the development of future equations (cost
decrease, better representativity)

=» Creating an appropriate environment in independent structure
(IP, data confidentiality, model dissemination and validation ...)

Solutions
&

Future
Develop.

;
&

Inspird from ©Pixabay




Extrinsic Constraints

Solutions
& No economic or administrative incentive
=» Don’t be afraid to change the rule
Future =» Improving the communication between all stakeholders
Develop. =» Sharing the data collected by different stakeholders (herd vs individuals): common

data platform ?
=>» What is possible and what is not practically and scientifically?

Inspird from ©Pixabay



Problem of equation access or equation representativeness
No economic or administrative incentive
=» Fatty acids : Milk price still defines based on milk fat and protein
contents
0 =» Technological properties of milk

=>» Methane or nitrogen efficiency : No real economic interest to take
Extrinsic
constraints 0

into account the environmental fingerprint

Too low frequency data acquisition
=>» Energy balance, body weight, mastitis, ....

Inspird from ©Pixabay
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Extrinsic
constraints

Kg or MJ of NEL/d
Percentage (%)

0
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DIM © De Vries & Veerkamp, 2000

Inspird from ©Pixabay



Extrinsic Constraints

Solutions
&

Future
Develop.

Too low frequency data acquisition

=>» Allowing to the farmers to make additional analysis especially for cows in early
lactation

Inspird from ©Pixabay



Extrinsic Constraints

Solutions
&

Future
Develop.

Problem of data visualization and communication
=» Better communication with specialists of data visualization, scientists and farmers

Inspird from ©Pixabay



Extra value

from- smart use of

-MIR spectra




Existing Milk analysis process
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Corrected
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%protein
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Final
predictions

Proposal
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Mid-infrared
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detector
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FT-MIR spectrum

community

e Atleast 11 teams
* 8 from the scientific

e 3 from spectrometer providers
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FT-MIR spectrum
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WP2
WP1

Independent

Reference validation
measurements

SPECTROMETER

Mid-infrared
-

detector

——

FT-MIR spectrum

Final
predictions

1
IJ' Equations %fat
%protein
[ %lactose

Corrected
Quality check FT-MIR spectrum
(spectral

‘?

ExtraMIR will contribute to develop guidelines

and tools to limit the prediction bias.

‘ standardisation) ,

FT-MIR spectral
database

|

Communication with all stakeholders

WP4



Can we
collaborate to
create equations ?







ExtraMIR is developping a world representative spectral database ...
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2 WRSD : one for Foss and one for Bentley Evaluation of

equation potentials
Canada (red) and Belgium (green) are ok.

No data for The Netherlands




DAIRY SUPPLY CHAIN

Farm to Fridge

Consider the

entire dairy
chain ...

Lab Testing Processing Packaging Selling

Having data at each step ...



Greenhouse gases VIater quality & quantity Biodiversity Sustainable dairy prod uction
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1.

Develop & review
sustainability strategy
Define goal, theme, KPT's

Metrics & method

2.

Improvement
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Impact Costs, effort,
evaluation impact of

Ex-post test options & ex-
effectiveness of ante test of
interventions effectiveness
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Circular food production Farm income

New management and genetic tools as
well as new products

https://www.wur.nl/en/show/working-towards-sustainable-dairy-production.htm



CONCLUSIONS

MIR spectrometry
e Largely used on practice
* Many equations developed by researchers and companies to increase
the number of phenotypes available

Lack of guidelines to use efficiently the spectral data to take the maximum
profit of this technology = ExtraMIR + spectral standardisation

Increase the data acquisition at the beginning of the lactation

International collaborations to obtain cheaper equations with a larger
dissemination

Communication the potentiality to all stakeholders : bulk vs. Individual milk
samples : combining the sources of information

Take time to develop the most relevant decision tool for dairy farmers and
industry in agreement with their expectations/needs
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