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Part I:
Reminder: Milk Recording and
MIR Spectrometry




Reminder: Milk Recording

~ Developed in the early 1900’s

feveo Ol s B”

> e ™
> France
- Normandy (76) in 1907 \_ Status N
> Denmark (" in 1935
> Germany
J

~ Regular visits to farms by a technician (mostly)

- Each week (experimental farms) to 4-6-8 weeks

- Records quantity of milk and takes milk samples
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Milk Recording (MR) 2 bl 2= B

~ Early picture

- Shows why in French milk
recording agents often not
called “contréleurs” but
“peseurs”

~ Explains also

ARS-USDA

- Tradition to express milk
yields in kg (or lbs) of milk
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MR today by 'Q»Qe/vege oo Ul s )
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CaL

Predicting
Milk Components

&

Milk samples

S

(milk payment, milk recording)

Quantification:

Manufacturer’s prediction

Fat, protein, urea, lactose.... _

equations

25/11/2021
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Raw data = MIR spectra



Classical Use

Raw information:
Spectra

Manufacturer

- Fat% = b, +Yb,(abs))
- Prot% = by +3b,(abs;)
- Urea = b, +3bj(abs))
- Lact. = by +Yb,(abs;)

wwwwwwwwwwwwww

prediction equations:

Classical predicted traits:

- Fat

- Proteins
- Urea

- Lactose




Classical Use

Raw information:
Spectra

Manufacturer Classical predicted traits:

prediction equations:

- Fat% = b, +3b,(abs) - Fat

- Prot% = by +3b,(abs;) - Proteins
- Urea = b, +Yb;(abs;) - Urea

- Lact. = by +Yb;(abs)) - Lactose

wwwwwwwwwwwwww

Novel Uses| < still based on “simple” calibrations iz

Cd L Extraction
comité du lait of the raw
information
Raw information: Standardized New prediction equations: New predicted traits:
Spectra Spectra
- Equation 1 = b, +3b,(abs;) - Prediction 1
. - Equation 2 = b, +Yb;(abs;) q - Prediction 2
§” More later - Equation 3 = b, +3b;,(abs;) - Prediction 3
i, & Wallorie - Equation 4 = b, +3b,(abs)) - Prediction 4
| EACRAW - Equation 5 = b, +Yb,(abs;) - Prediction 5




= I
New MIR Predicted Phenotypes oo il s B

New

S

Milk samples
(milk payment, milk recording)

- ' Quantification: New prediction equations

New: fatty acids, .... _

Raw data = MIR spectra

25/11/2021 HélioSPIR 11
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Part Il:
Usefulness of
(Fine) Milk Composition
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Milk Composition = 20k =

» Milk composition

- Highly affected by feed and genetic background
~ But also:

- Health

- And many other factors

Blood circulation < Milk composition

= Concept of Biomarkers

25/11/2021 HélioSPIR 13



Concept of Biomarkers oo Ol 2z B

> Definition

- “... objectively measured and evaluated ...
indicator of normal biological processes,
pathogenic processes, or ... responses to an ...
intervention”

(National Institutes of Health)

25/11/2021 HélioSPIR 14



Milk Composition as Source of eveg Ol g .,'
“Biomarkers” for Cow Status and Health

Factors of influence determining cow health

HERD INDIVIDUAL COW MILKING
Housing Genetic Parlour type
Bedding Yield Equipment
Feeding Lactation stage Routine
Manure disposal Lactation number Records
Hygiene Milkability Hygiene

COW STATUS

MONITORING
Clinical changes Subclinical changes
Body weight Blood
Feed intake Lymph
Behaviour
Milk yield Milk composition

I z
v

Cow health Udder health

. Hamann & Kromker 1997. Livest. Prod. Sci. 48:201-208.
25/11/2021 HélioSPIR 15
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Milk Composition = 20k =

> Milk composition
- Highly affected by feeding and genetic background
> But also:
- Health
- And many other factors
> Very intense interaction:
- Blood circulation €=» Milk production
» Therefore: milk composition could be used to monitor
- Status and health (wellbeing)
» Butalso
- Diet
- Environmental impact
- Quality of milk and milk products

25/11/2021 HélioSPIR 16



Milk Composition

~ Use of 5 major conventional components*
Fat content

- Protein content Milk payment +
- Somatic cell count** Milk recording
- Urea Certain milk

- Lactose recording plans

* Some variants between countries (e.g., in USA use of Solid-Non-Fat) or different definitions as
“True protein” (e.g., France, USA) vs. others “Crude protein” (e.g., Belgium)

** Different from the other components (no content but counting of somatic cells),
use of different technology

25/11/2021 HélioSPIR 17




Major Components < Status o Ol s B

» Known for long time and available
on a large scale
=» Extensive research to establish usefulness

~ Useful as indicators or proxies
=>» Status of the cow ?

» Abundant literature
» Here only most important findings

25/11/2021 HélioSPIR 18



Somatic Cell Count (SCC) ovco Ol 2 B

» SCC not a typical component

- Count of cells not a content of molecule(s) of
interest

~ From the beginning SCC developed as
- Indicator or proxy for udder infection (mastitis)
- Then entered payment systems

- Difference to other components like fat content also
in the used technology

» Inconvenience
- Somatic cells are part of the udder defense strategy
- Controversy =>are low SCC good or bad?
- Need for| novel (MIR based) biomarkers!

25/11/2021 HélioSPIR 19



Use of Fat, Protein, oo Ol g §)
Urea and Lactose

» Some examples of use of major milk components:

- Fat content depression
= Potential subacute ruminal acidosis (SARA)

- High fat / protein ratio

= Potential negative energy balance (and associated issues as
ketosis ...)

- Urea and protein content
=Indicator of ruminal balance between protein and energy

- Reduction in lactose content
=|ndicator of mastitis

- However, many authors also showed
= Limitation in usefulness of major milk components

- Need for |novel (MIR based) biomarkers!

25/11/2021 HélioSPIR 20
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Fine Milk Composition = s B

» Until recently ~ 5 major major components

> However
- Milk is a very complex substance
- Large number of constituents

- Some major components themselves
= complex groupings of minor constituents

=> many potential Biomarkers

25/11/2021 HélioSPIR 21



Fine Milk Composition

oo CL g5 §)

> Milk fat > Other minor constituents

- Fatty acids (FA) mostly
as triglycerides

- Non-esterified fatty acids
(NEFAs)

» Milk protein
Caseins

a-lactalbumins

b-lactoglobulins

Other minor proteins
(e.g., lactoferrin)

25/11/2021 HélioSPIR

B-hydroxybutyrate
(BHBA)

Acetone and
acetoacetate

Minerals
Citrate
Vitamins

22



Fine Milk Composition o il s B

» Therefore: complexity of fine milk composition
very useful to assess indirectly (some examples):

- Animal (health) status
(e.g., ketosis using BHBA, acetone, acetoacetate and citrate)

- Milk and milk product quality, technological properties
(e.g., FA, caseins)

- Udder health
(e.g., lactoferrin, minerals)

- And even, as shown by recent research, feeding behavior
under heat stress SRR . Daiy Sci. 8:49564968

H (% http://dx.doi.org/10.3168/jds.2014-9148
(e g FA | i n ke d to body _ _ ©® American Dairy Science Association®, 2015.
5

Genetic analysis of heat stress effects on yield traits, udder

fat reserve m0b| I ization) health, and fatty acids of Walloon Holstein cows

H. Hammami,*t' J. Vandenplas,*t M.-L. Vanrobays,* B. Rekik,} C. Bastin,* and N. Gengler*

25/11/2021 HélioSPIR 23



Fine Milk Composition o il s B

» Therefore, complexity of fine milk composition
very useful to assess indirectly (some examples):

- Animal (health) status
- Milk and milk product quality, technological properties
- Udder health
- Feeding behavior under heat stress
» But also: environmental impact traits:
- Phosphorus efficiency

- Nitrogen efficiency
- Energy efficiency and Methane | <= example link to FA

25/11/2021 HélioSPIR 24
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Part lll:
MIR spectrometry and novel milk

composition based traits



Classical Use

Raw information:
Spectra

Manufacturer

prediction equations:
- Fat% = b, +Yb,(abs))

- Prot% = by +3b,(abs;)

- Urea = by +3b,(abs)

- Lact. = by +Yb,(abs;)

wwwwwwwwwwwwww

Classical predicted traits:

- Fat

- Proteins
- Urea

- Lactose

Extraction
of the raw
information

Novel Uses| < still based on “simple” calibrations iz

Raw information: Standardized New prediction equations: New predicted traits:
Spectra Spectra
- Equation 1 = b, +3b,(abs;) - Prediction 1
. - Equation 2 = b, +Yb;(abs;) - Prediction 2
§” More later - Equation 3 = b, +3b;,(abs;) q - Prediction 3
i, & Wallorie - Equation 4 = b, +3b,(abs)) - Prediction 4
| EACRAW - Equation 5 = b, +Yb,(abs;) - Prediction 5




Examples of Applications

Milk quality 1 8

Technological
properties

0

Cow phenotypes W
@

\ Y

Outliers,
detection of
contaminants

Milk origin
determination

Jeveo CdL s

Mid-Infrared Spectrometry

Estimating Fatty Acid Content in Cow Milk Using

Potential estimation
H. Soyeurt,"'2 P. Dardenne, F. Dehy
P. Mayeres,"#” and N. Gengler|’

H. Soyeurt,*! O. Bruwier,* J.-

of major mineral contents in cow milk

using mid-infrared spectrometry

| 4

Prediction of individual milk proteins including free amino acids

in bovine milk using mid-infrared spectroscopy and thelr
correlations with milk processing characteristics

and 8. McParland*®

A, McBormott,*4 G. Visentin, 't M. De Marchi B, B Berry,* M. A, Fenalon 4 B M. ©'Cannard 0. A, Kenny$

milk using mid-infrared spectroscopy

and G. Bittante®

[Prediction of coagulation properties, titratable acidity, and pH of bovine

M. De Marchi,*' €. C. Fagan,t €. F. @' Donnell A Cecchinato,” R. Dal Zotto,* M. Cassandro.* M. Penasa,®

methane emission of dairy cows

Potential use of milk mid-infrared spectra to predict individual

E D,,hmg.Jmm -infrared prediction of lactoferrin co
4, Varliers?' |potential indicator of mastitis

ntent in bovine milk:

02

H. suyeurt”', | The potential of Fourier transform infrared spectroscopy of milk
RIIDEh?_me ples to predict energy Intake and efficiency in dairy cows’
offey, L.
= Development of Fourier transform mid-infrared calibrations

to predict acetone, g-hydroxybutyrate, and citrate contents
in bovine milk through a European dairy network

F. G, Colinet,

H. Shotty.’ P

¢ cretet* ¢| Prediction and validation of residual feed intake and dry matter intake
in Danish lactating dairy cows using mid-infrared spectroscopy of milk

of dairy cows using mid-infrared spectra

F. Dehareng,t and N. Gengler*

| Assessing the effect of pregnancy stage on milk composition

A, Lainé,” €. Bastin,'! €. Grelet.+ H. Hammami* F. G, Colinet,” L. M. Dale,"* A, Gillon,3 J. Vandenplas,'§’

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

A Ferpdndez Plema, D, Vincke, V. Baeten, C. Grelet. F. Dehareng, I'. Dardenne *

detection of
clection af

Building of prediction models by using Mid-Infrared

Maria Francesca Scintu *, Giovanni Pm:d{la Gavine Sanna -

fatty acid profile to discriminate the geographical ori

Marco Caredda ?, :\‘hr’gh{.rlld Aldis®, Tgnazio 1bba ®, Rludrd.o Leardi c

spectroscopy and
igin of sheep milk

27
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Part IV:
Recent innovations in
the use of milk MIR spectral data
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1st Innovation:

Direct Prediction of Traits of Interest
from MIR Spectra

25/11/2021 HélioSPIR 29



CdL &g Wallonie »
EAcRAW [

il

l
acthion MIR
1 spectra
Metabolic or I —
Health status

| e r r O 1 er I"OI'
Prediction _ [ Indicator traits }

__error

=
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eveo Ol s B
Directly: MIR = Trait of Interest * ’

—

l
acthion MIR

spectra

Metabolic or e
‘_‘—l

=> later other context: Predicting CH, from MIR directly not FA

25/11/2021 HélioSPIR 31
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2nd Innovation:

Adjusting calibrations for
longitudinal traits: example CH,

25/11/2021 HélioSPIR 32



Context — Measuring CH,

- Difficult, time consuming, expensive

- Proxies ?

CH, € large scale phenotyping

eveg Cdl

comité du lait

A CRAW

Use of a milk mid-infrared (MIR) spectra based proxy

- Was illustrated as being a real opportunity

1608 < T Avirad Consertam 2012
1010171751730 12000456

i

Potential use of milk mid-infrared spectra to predict ind

.animul

methane emission of dairy cows

3 Dehareng **, C. Delfosse' .E Froidmont?, H. Soyeurt™®, C. Martin®, N. Gengler’*,
A. Vanlierde' and P. Dardenne’

oot 85030 Gembbo, Beiport L
Al Sesch Conve, 5030 G, Rekgar A Sciree Ui Gemble Agn Bo-Tech, Unwrsyof Lige: 85030 Genblus. Bkgor
10 fegur i

25/11/2021

J. Dairy Sci. 98:5740-5747
http:/idx.doi.org/10.3168/jds.2014-8436
® American Dairy Science Association®. 2015.

stage.

Hot topic:
of methane emissions from milk mld infrared spectra

A. Vanlierde,”" M.-L. Vanrobays,t' F. Dehareng," E. Froidmont$ H. Soyeurt,t S. McParland,§ E. Lewis,§
M. H. Deighton# F. GrandL. i M. Kreuzer B. Gredler. . Dardenne.: and . Gengla —
15030 Gembioux. Beigi 0. e
Sharcunre, 2 Foen n mwmdqu '50% Gembous. % J. Dairy Sci. 101:7618-7624
5030 Gemblou. Beigi htps:/ldoi.org/10,3168/jds.2018-14472
§Teagasc. Animal and G""""“ Research and Innovation m’ “Wﬁ"“ ““"“’V Co. Cork, Ireland f ?DIB THE AUTHORS, Published by FASS Inc. and Elsevier Inc. on behalf of the American Darry Science Association”
$agriuure Research Divsion. . Elinbank Contye, Sy pos v
JETH 20, nstits of AgresirlSciences, 3082 Ziih. Szatond . -
Cualitas AG, 6300 Zug. Switzer Short D P of an for
of dairy cows from milk Fourier transform mid-infrared spectra

by using data ly from respiration chambers

A Vanlierde, H. Soyeurt,4 N. Gengler.t F. G. Colinet, E. Froidmont,$ M. Kreuzer,§ F. Grandl,# M. Bell,l

P.Lund 8 D. W. Oljnoek. M. Eugéne.™ C, Martin," B, Kuhla,t1" and F. Dehareng"

. Beigu
‘Gerhlwx Aav-Bm Tech, University of o (TERRA), 5030 Gembloux, Beigum
o Agtcuurs Reserch Cerre, Producton and Seciers Dparimas, 5030 Gemieur, Beigum

§ETH Zarich, l»snnm of Agricuttural Sciences, 8062 Zarich, Switzerian

#Qualitas AG. 6300 Zug. Switzedand

horeod o Boscences e, Lar Pt Hisborouh,BT26 07 Unted Kageom

e, HR Veiars S U
HLionz s o F o Al iy (FEN. e of NuaThga Physooa. 18166 Gummarsin. Germeny
HélioSPIR 33




CH, € Milk Composition =~ ol e &

Ruminal fermentation of fiber

F
T T T

Acetic
- R

3 Milk composition o 3
\ |_"

95% CH,

25/11/2021 HélioSPIR 34
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CH, Equation — First Ideas % i

R specta
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MIR CH, Equation (1%t innovation)

MIR milk
i
S = e

25/11/2021 HélioSPIR
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CH, Equation €calibration MIR x Lact. curve

=>» Lactation Stage Dependent

m

25/11/2021

N

N

Garnsworthy et al., 2012
https://doi.org/10.3168/jds.2011-4606

" n i &0 “
Week of actation

MIR milk
specta

HélioSPIR
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CH, Equation €calibration MIR x Lact. curve ~ " .'

=>» Lactation Stage Dependent

i a0

i MIR milk
CH, :

] Garnsworthy et al., 2012 S p (<] Cta

[ https://doi.org/10.3168/jds.2011-

n Ll 0
Week of lactation

<. Dairy Sci, 98;6740-6747
bt dod org!10.3168/ds. 2014-8426
@ American Dairy Science Association”, 2015,
Hot Iop.lr.‘ tion-stage- 1
of methane emissions from milk mld infrared apecira

A Vanlierde,” M.L. AF ‘E sn,wnrsn Parland § E. Lewis §
M. H. Delghton,# F. Grandl.Il M. Krauzer,| B. Gredier]] F. Dardenns,” and N. Genglert®
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leveo GdL &
CH Equation €calibration MIR x Lact. curve ~ "

=>» Lactation Stage Dependent

MIR milk x e
specta i

MIR milk x e
specta o et ks s s
MIR milk x O L i

J. Dairy Sci, 98:5740-6747
@ it coi.org/ 10.31681ds 2014-8436 specta

@ American Dairy Science Association”, 2015,

MIR milk
specta

Hot topic: | tion-stage- 1
of methane emissions from milk mld infrared apscira

A Vanlierde,” M.L. AF ‘E smnrsmpmgsw 5
M. H. Delghton,# F. Grandl.Il M. Krauzer,| B. Gredier]] F. Dardenns,” and N. Genglert®
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3rd Innovation (less in the NIRS world) .

Standardizing Spectra....

25/11/2021 HélioSPIR 40



Standardization of MIR Spectra....

Variability of instruments
SampiosiScors Piat o212 [ PCA on informative wavenumbers , for 5
| common samples analyzed on 45

0015 -

instruments from the same brand

£
3 =
o v | N
g | - 5. J
! e 2+
£ | )
i |
| '\-,-
| .
|
|
aos | g
|
|
I
202 | 1
|
|
2018 561 5068 Q ] 5015 56z

Scores on PC 4 (0.01%)

e comité du lait

4 reehrche

FACRAW

ST U Dairy Sci. 98:2150-2160
http://dx.doi.org/10.3168/jds.2014-8764
Ne¥ S ©American Dairy Science Association®, 2015
Standardization of milk mid-infrared spectra from a European dairy network

C. Grelet,' J. A. Fernandez Pierna,' P. Dardenne, V. Baeten, and F. Dehareng®
Walloon Agricultural Research Center, Valorisation of Agricultural Products Department, 24 Chaussée de Namur, 5030 Gemblous, Belgium

25/11/2021

Reduce the variability of instruments
‘Samples/Scares Plot of X212
ao1sf ' - I ' ’
4 ¥
T B
Qo L Wy 1 ay "
LYY
Rk
e x 4 by ]
_ 2. b . N B
R | R _ R o E— o —
s A
2 a a o ®
'Ls 0005 “ : . *‘ !.a 1
M a | ad @
# £ | &® G
s a0l H a 5 R
| g Ay
Fyry ! N
I -
ao1s- : L " 4
I Y
1
e 1 LS 1
i o
| . o
BT 0,005 a 00os 0.0 005 ao2 o025
Scores on PC 4 (0.01%)
SR ). Dairy Sci. 100:7910-7921
H] https:/idoi.orgi10.3168/jds.2017-12720
\’ Ps¥  ©American Dairy Science Association®, 2017.
S ization of milk mid-infrared spectr
for the transfer and use of multiple models
C. Grelet,” J. A. Fernandez Pierna,” P. Dardenne,” H. Soyeurt,t A. Vanlierde," F. Colinet,t C. Bastin.3
N. Gengler.t V. Baeten." and F. Dehareng"'
*Valorization of Agricultural Products Department, Walloon Agricultural Research Center, 5030 Gembloux, Belgum
TAgriculture, Bio-Engineering, and Chemistry Department, University of Liége, Gembloux Agro-Bio Tech, 5030 Gembloux, Beigium
IWalloon Breeding Association, B-5590 Ciney, Belgium
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Standardization of MIR Spectra.... ™ =

Variability of instruments Reduce the variability of instruments
SampiosiScors Piat o212 [ PCA on informative wavenumbers , for 5 ! : S-mumr-lswnfml
‘ | o e e . s
& ST
B MASTER
3 ERT - Y. " . S —
g :
E % 0008
i £
3 & oo JAne
.
In addition to the scientific framework (please contact CRA-W)... I

Standardization of

PRty blease visit: www.milkrecording.eu
Research Center,

Walloon Agricultural

/anlierde,” F. Colinet, C. Bastin1

@ i Commercial services were started by
http:lldx.dci.omf o .
bl EMVIR (European Milk Recording) ‘

, 5030 Gembloux, Beigum
Bux Agro-Bio Tech, 5030 Gemblous, Belgum
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S EAcRAW [

Animal Health Environment
Fatty acids, minerals, lactoferrin, lactose, Fatty acids, methane emission,
B-hydroxybutyrate (BHB), acetone, ... urea, resilience to heat-stress, ...
Herd Management Biodiversity
. — —
Urea, fat, protein, MIR SpeCtrU m Changes in milk
lactose, BHB, ... composition, ...

Hygienic Quality of Milk

Nutritional Quality of Milk Antibiotics. ...

Fatty acids, lactoferrin, minerals, ...

Technological Quality of Milk

Traits related to cheese making (casein, dornic acidity, coagulation time...),...

25/11/2021 HélioSPIR 43
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Thank you!

Any questions?

Do not hesitate to drop me an e-mail :
nicolas.gengler@uliege.be
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