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Overview

o New biomarkers to improve herd management and milk quality
o Prerequisites to implement complex calibration models

o How to rationalize mass multiplex analyses to extract samples
essential information
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New biomarkers necessary to keep improving :

o Early mastitis detection (Milk Amyloid A (MAA), Somatic Cells, Lactoferrin, citrate,
lactose...)

o Early detection of metabolic disorders (Blood BHB *, Blood Glucose *, Blood NEFA *,
citrate, Fatty Acids Profile (FAP) ...)

o Feeding optimization (FAP, urea, protein, ...)

o Mitigation of milk production environmental impact (methane, nitrogen, phosphorus...)

o Milk/Dairy Products composition & quality to meet consumers expectations
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New biomarkers for early mastitis diagnosis:

Total Somatic Cells Somatic Cells #

Affected by numerous physiological No bacteria growth is detected
factors (age, lactation period, parity, between: - Limits of the total somatic
SITESE...) - 23,7% a 43,9% of milk samples from gzl o

quarters infected by clinical mastitis AND

(false -)

- No accuracy specifications for
- 28,7% a 38,6% of milk samples from the different cells fractions
quarters infected with sub-clinical

.. - No calibrations standards
mastitis (false -)

available
Remains elevated several weeks after Rapid bacteria growth and risk of

curing the infection and mammary gland potential contamination
recovery (false +)

- No cells differentiation on low
somatic cells samples

Somatic cells present even in the Risk of potential contamination : |\_l°t applicable to all types of
absence of infection (false +) milk (only cow)



New biomarkers for early mastitis diagnosis:

Affected by numerous
physiological factors (age,
lactation period, parity, stress...)

Remains elevated several weeks
after curing the infection and
mammary gland recovery (false +)

Somatic cells present even in the
absence of infection (false +)

No bacteria growth is detected
between:

- 23,7% a 43,9% of milk samples from
qguarters infected by clinical mastitis
(false -)

- 28,7% a 38,6% of milk samples from
guarters infected with sub-clinical
mastitis (false -)

Rapid bacteria growth and risk of
potential contamination

Risk of potential contamination

A
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(Patented)

MAA: Only Acute Phase Protein produced
directly by udder epithelium in response to
bacterial infection in the udder
Immediate & direct marker of infection,
irrespective of the microorganism inducing
the disease

Not affected by extramammary
inflammatory disorders

Declines rapidly following recovery

Low or undetectable MAA level in healthy
quarters - increase rapidly in infected
quarters
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New biomarkers for early mastitis diagnosis:

Milk MAA SCC (k) Sensitivity Specificity Mastitis Reference
Type Threshold | Threshold type

Quarter > 16,4 mg/| 90,6% 98,3% Subclinical Safi et al. 2009
Quarter > 130 89,6% 72,0% Subclinical Safi et al. 2009
Composite 100 96,6% 57,9% Major pathogen Jaeger et al. 2016
Composite 3,9ug/ml 84,7% 96,6% Major pathogen Jaeger et al. 2016
Composite 3,9ug/ml(2) 100 (1) 82,0% 98,0% Major pathogen Jaeger et al. 2016

© Tnk  2078ng/ml | <200>  973%  467% | Subcinal | Teghdi,2018

MAA recommended as a simple & precise marker for early mastitis detection, milk
quality monitoring and reduction antibiotic use
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New biomarkers for early mastitis diagnosis & INSTRUMENT'S

milk quality monitoring:

> Total Flora, Somatic Cells, Bacteria & Somatic cells #, +++ ...
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New biomarkers for early mastitis diagnosis & INSTRUMENT'S
milk quality monitoring:

Bacteria differentiation, why?

Raw milk bacteriological composition affects the quality, shelf life, safety of raw and
processed dairy products (Barbano et al, 2006)

- Raw milk bacteriological can be affected by several factors including:

o Milk storage temperature and time
o Season, geography
o Herd size, Farm practices

- High bacteriological count reflects herd’s general health status

- High bacteriological count can generate significant economic losses for milk -
producers in terms of loss in milk production and potential penalties | -
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New biomarkers for early mastitis diagnosis & INSTRUMENT'S
milk quality monitoring:

At the farm, pathogenic bacteria identification is essential for mastitis
diagnostic/treatment and animal welfare

o G+/G- bacteria (Langerhuus et al, 2013)
o Mastitis pathogens (Gey et al. , 2013):

- Staphylococcus aureus

- Streptococcus agalactiae, Streptococcus uberis
- Enterococcus faecalis, Enterococcus faecium
- Escherichia coli

- Trueperella pyogenes
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New biomarkers for early mastitis diagnosis & INSTRUMENT'S
milk quality monitoring:

For milk and dairy products safety and quality monitoring

o O O O O O

@)

Many potential applications for the in-depth scrutiny of milk hygienic quality —

Viable culturable, viable nonculturable, nonviable bacteria

Thermoduric bacteria

G- psychrotroph bacteria — prevalent bacteria in refrigerated raw milk (Ramsahoi et al., 2011)
Lactic acid (LAB), probiotic bacteria (Bunthof et al., 2001)

Listeria monocytogenes in raw milk (Donelly et al., 1986)

Specific Salmonella spp. in raw and processed milk (Clark et al, 1998; McClellan et al, 1994; Pinder et
al., 1994)

Specific detection of Pseudomonas spp. (Gunasekera, 2003)
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New biomarkers for ketosis detection
Blood BHB*(from milk spectrum) — Patented
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(12} FASCICULE DE BREVET EUROPEEN
(45) Date de publication e mention (51) IntcCl.
de la géllvrance du brevet GO1N 21127 GOTN 21135
16.05.2018 Bulletin 2018120 GO1N 33/04 720207 GOTN 33149 eeen
AG1B 5100 A0eon GOTN 2131 2een
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' - o' 736x + 013047 ¢ radsed ot (86) Numéro de cépdl internationat:

PCTYIFR2014/052650

R* =0,736
n=696

SEC= 0,298 mmol/I| (54) DETERMINATION DE LA CONCENTRATION D'UN COMPOSANT DANS UN FLUIDE D'UN ANIMAL
PAR ANALYSE SPECTROSCOPIQUE D'UN AUTRE FLUIDE

BESTIMMUNG DER KONZENTRATION EINER KOMPONENTE IN EINEM FLUID EINES TIERES
DURCH SPEKTRALANALYSE EINES ANDEREN FLUIDS

DETERMINATION OF THE CONCENTRATION OF A COMPONENT IN ONE FLUID OF AN ANIMAL
BY SPECTROSCOPIC ANALYSIS OF ANOTHER FLUID

Prediction of blood components
from milk spectra based on
metabolic disorders modeling
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[extrait le 2007-04-01]

+ OTOHANUS ET AL: "Milk acstone determination

(74) Mandalaire: Argyma by th i
36, rue d’Alsace Lorraine and via FT infra-red spectroscopy”, JOURNAL OF
31000 Toulouse (FR) AGROBIOLOGY, vol. 28, no. 1, 2011,

XP055119188, ISSN: 1803-4403, DOI:

10.2478/v10146-011-0004-9

ROBERT P ET AL; "MULTIVARIATE ANALYSIS

APPLIED TO NEAR-INFRARED SPECTRA OF

| 59000 Lille (FR)

10 20

Blood BHB(Optium) (mmol/ Y
. HA_NSEN ET AL: "Screening of Dairy Cows for
Ketosis by Use of Infrared Spectroscopy and

.

= Milk BHB < 1,0 mg/di!!

2015 ICAR Technical Workshop
10-12 June 2015, Krakow, Poland
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EP 3 058 341 B1

Multivariate Calibration”, JOURNAL OF DAIRY
DAIRY

ASSOCIATION, US, vol. 82, no. 9, 1999, pages

2005-2010, XP026993664, ISSN: 0022-0302

[extrait lo 1999-09.01]

MILK", ANALYTICAL CHEMISTRY, AMERICAN
CHEMICAL SOCIETY, US, vol. 59, no. 17, 1987,
pages2187-2191,XP000857 119, ISSN: 0003-2700,
DOI: 10.1021/AC00144A038

It est rappelé que: Dans un délal de neuf mols & compter de la publication de i mention de la déwrance du brevet

eurcpéen au Bulletin e
des bravets,

uropéen des brevets, loute personne peul faire opposition a ce brevet auprés de FOffice eurcpéen
' . Lt
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{Art. 99(1) Conven sur le brevet

n'est réputée formée qu'aprés le paiement de la taxe
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New biomarkers for ketosis detection
Blood BHB*(from milk spectrum) - Patented
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583589, XP026990200, ISSN: 0022-0302 [oxtrait
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24.08.2016 Bulletin 2016/34 + DEROOSAPWETAL:"Screening for Subclinical
Ketosis in Dairy Cattle by Fourier Transform
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ASSOCIATION, US, vol. 90, no. 4, 2007, pages
1761-1766, XP026955831, ISSN: 00220302
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Optium Blood BHB (mmol/I)

(56) Documents cités:

ICAR 2016 Congress
Puerto Varas, October 25, 2016
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It est rappelé que:

HANSEN ET AL: "Screaning of Dairy Cows for
Ketosis by Use of Infrared Spectroscopy and
Multivariate Calibration”, JOURNAL OF DAIRY
SCIENCE, AMERICAN DAIRY SCIENCE
ASSOCIATION, US, vol. 82, no. 9, 1999, pages
2005-2010, XP026993664, ISSN: 0022-0302
fextrait lo 1999-09.01]

* ROBERT P ET AL; "MULTIVARIATE ANALYSIS
APPLIED TO NEAR-INFRARED SPECTRA OF
MILK", ANALYTICAL CHEMISTRY, AMERICAN
CHEMICAL SOCIETY, US, vol. 59, no. 17, 1087,
pages 2187-2191, XP000857 119, ISSN: 0003-2700,
DOL: 10.1021/AC00144A038

ans un délal de neuf mols & compter de la publication de & mention de la délvrance du brevet

européen au Bulk des brevets, P
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d'opposition, {Arl. 99{1) Convention sur le brevet européen),

ce bravet auprés de FOffice européen
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Blood BHB vs Oleic Acid/Protein Ratio on 696 individual cows

4.685x - 0.3707

«** Cows at risk
R2 = 0.4326 @

B

Blood BHB (IR)
(mmol/l)

Oleic Acid/Protein

ICAR 2016 Congress
Puerto Varas, October 25, 2016
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Prediction of blood components
from milk spectra based on
metabolic disorders modeling

Blood BHB

- Blood NEFA
- Blood Glucose
- Blood Hormones
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New biomarkers for ketosis detection
A new probabilistic approach to monitor individual cows status

Ketosis Detection BENTLEY Ketosis Detection

INSTRUMENTS

Ketosis Detection - Probabilistic Approach Detailed Farm Results - Correlations

Main Goals
* usage of milk recording samples & automated SW solution

Acvont
AN

— overview of herd situation in time, monthly based report, animal recording .
data, no additional sampling&costs, to give a new tool for farm management i

* to combine different group of parameters to increase probability of de-
tection

— animal recording data, ketosis related results, milk components ratios

¢ minor milk comnonents calihratiane ralated to keto it o
— Aceton, BHB, BBHB, OA, CA, sampling frequency related calibrations i af i o AT ot ok
i

Unique solution done by Bentley Instruments g { o
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New biomarkers for ketosis detection
A new probabilistic approach to monitor individual cows status

BENTLEY ENTLEY Ketosis Detection

Farm Report - Il - Individual Report Ketosis Detection - Farm Feedback

recnm competad brasy.
Rladbe e ]

D e e — 0 % of False Negative Animals Identified

* less than 1 % of False Positive Animals Indentified
* 100 % of True Positive Animals Identified

Unique solution done by Bentley Instruments
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New potential biomarkers
Milk Fatty Acids profile (FAP)

- > 400 fatty acids in milk
- 26 major studied (C4:0 to C22:6)

Conventional Fatty Acids
Saturated, Unsaturated, Mono & Poly Unsaturated (PUFA/MUFA)
Palmitic (C16:0*), Stearic (C18:0*), Oleic (C18:1 9c*)

De novo (18-30%)
C4:0, C6:0, C8:0, C10:0, C12:0, C14:0%, C14:1

Mixed (35%)
C16:0%, C16:1

Preformed (30-45%)
C18:0*, C18:1, C18:2, C18:3

ANALYTICA - ROME - MARCH 21, 2019
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MOATE ET AL

Table 2. The proportions of 26 individual fatty acids (mg/g) in the total milk fatty acids from milks described

in 28 publications

Fatty acid’ n Mean £ SD Median Minimum Maximum
40 95 313 £ 68 299 184 492
6:0 111 194 + 52 192 6.3 323
80 111 1.7 £ 35 12.0 48 209
10:0 111 248173 250 10.3 394
12:0 111 299 + 85 290 150 522
14:0 111 1038 £ 17.1 1017 63.3 135.0
14:1¢9 101 108 + 36 10.9 35 213
15:0 88 105 + 33 10.2 K 226
16:0 120 2851 £ 498 2815 147.1 4621
16:1c9 109 173 £ 63 173 4 36.5
Cy 78 73+ 35 59 3.3 16,7
18:.0 120 105.1 £+ 359 9.7 30.6 268.7
18:116-8 33 46+ 21 49 12 9.6
18:119 37 44120 44 14 114
18:1¢10 30 13.1 £ 152 8.1 03 64,7
18:1111 90 333 + 218 326 58 99.5
18:1112 19 65 + 36 6.3 09 12.7
18:1c9 120 2060 + 536 199.6 70.3 3714
18:2%9,12 120 313 £ 211 266 5.1 133.0
18: 29211 76 102 £ 6,0 84 28 245
18:2110£12 35 04 £03 3 0 14
18:2c11 13 6 04 £03 03 0.2 09
OCLA 25 1514 11 0 42
18:3 114 59+ 36 49 02 190
20:0 30 15+ 06 1.5 04 3.0
20:5 39 1011 05 0 48
22:6 31 0.7+07 04 0 26
Others 120 75.1 + 56.2 76.4 0 237.3
Total CLA 82 103 £ 66 83 3 284
Total 18:1 trans 94 425 £ 263 395 86 145.1
Total de novo 120 2326 + 424 2379 136.6 300.6
Total Cyq 120 3009 + 52.7 303.0 1542 462.1
Total preformed 120 466.5 £ 75.8 4774 N6 6413

' = cis; t = trans; OCLA = other conjugated linoleic acids; CLA = conjugatdd|\linoldic aci
trans = sum of 18:1¢6-8, 18:1¢9, 18:1¢10, 18:1¢11, and 18:1/12 isomers; total de/noyo =/sug of\:
fatty acids; total C,4 = sum of 16:0 and 16:1; total preformed = sum of all milk fatt \gla="win

17 carbon atoms,

*n = total number of dietary treatments eant=

e




New potential biomarkers

Fatty Acids Biomarkers & Properties

BENTLEY

INSTRUMEN'TS

De novo FA

Oleic FA

Linolenic Acid (EFA)
Linoleic Acid (EFA)
CLA

Vaccenic Acid (VA)
Rumenic Acid (RA)

Branched-Chain Fatty
Acids (BCFA)

C4 to C14:00

C18:1 c9

C18:1t11
C18:2, c9, t11

Iso-13:0 to iso-18:0
and anteiso-13:0
to anteiso 17:0)

Can be used to monitor cows’ energy status and
optimize the feeding to increase De novo FA
concentration. Higher de novo concentration has been
associated with higher fat and protein content in the

bulk tank

Can be used as a marker of ketosis. Elevated proportions
of C18:1 c9 are visible in milk fat 2 wk before SCK
diagnosis

Bioactive fatty acids could be used to enhance feeding
and concentration of this bioactive fatty acids in the milk

Potential marker for rumen function — positively related
to rumen concentration of acetate.

ANALYTICA - ROME - MARCH 21, 2019

De novo are saturated FA, Increasing De novo
concentration will increase milk saturated FA
concentration. SFA have been associated with
potential detrimental health effects. Individual SFA
contribution to human health needs to be considered.
All saturated fatty acids from C8 to C16, especially C14,
main de novo FA, raise the serum LDL cholesterol
concentration when they are consumed in the diet

linked with a reduction in the risk of coronary heart
disease (CHD)

typically present in low percentages in milk (< 5%) but
exert a significant positive impact on human health

BCFA also possess anti carcinogenic properties
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Quantification of individual fatty acids in bovine milk by infrared
spectroscopy and chemometrics: Understanding predictions

of highly collinear reference variables
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INFRARED QUANTIFICATION OF MILK FATTY ACIDS 7949
Table 4. Pairwise correlation coefficients between concentrations (g/kg of milk) of individual milk fatty
acids or groupings of fatty acids Fat Fat
Fatty acid® 4:0 6:0 8:0 10:0 12:0 14:0 14:1 15:0 16:0 16:1 Cyy / C C=0 Prﬁt::n
4:0 1
6:0 0.80% 1
8:0 0.67* 0.95% 1 — Average Mﬂk Spectrum
10:0 0.56* 0.87* 093* 1 «
12:0 0.49* 0.85* 091* 097 1 ’ H H
14:0 0.56* 0.86* 0.89* 093* 095* 1 FA don t have speCIflc IR 20
14:1c9 0.28 0.55% 0.54* 0.63* 0.65% 068% 1 H H
15:0 0.75% 0.71* 0.64* 0.68* 0.64* 0.70% 0.39 1 absorptlon Slgnal on 8%
16:0 0.58* 0.74* 0.72* 0.70* 0.76* 0.85* 059* 0.58% 1 .
16:1c9 -0.04 031 0.36 038 045* 045* 0.63* 0.16 058 1 milk spectrum C:"QQ
Cy7 0.60% 0.51* 050 0.56% 046* 061* 026 0.71* 0.51* 0.13 1 0
18:0 0.56* 0.55% 046% 0.32 0.25 0.36 =0.05 0.58% 033 -0.29 0.51% 0"29
18:116-8 -0.59 -0.59 -062 -065 -069* -059 -0.61 -0.88* -0.54* -0.59* -0.67* 0'\ N
18:1t9 -0.30 -0.51 -0.68* -0.71* -0.75* -0.53 -0.29 -0.74* -0.27 -0.29 -047 o\bf'g
18:1£10 -0.43 -043 -037 -0.28 -0.24 -031 -0.13 -0.48 -0.35 0.00 -0.45 r\‘:’g
18:1£11 -0.22 -0.30 -026 -0.22 -027 -0.17 -043 -0.01 -016 -0.13 0.71% c’,\Q)'\
18:1112 -0.22 -039 -059 -0.63 -0.67 0.10 037 -041 0.48 0.10 =037 06-
18:1c9 0.31 0.30 0.26 0.07 0.06 0.11 0.04 -0.02 0.26 001 -0.03 d)\Q
18:2¢9,¢12 -0.04 -022 -0.16 -0.13 -0.14 -0.24 -0.17 -046 -0.25 -0.24 041 O\Q,Q
18:2¢9,£11 -0.24 -0.35 -036 -052% -054* -049* -032 -044 -044% -034 -0.32 0\\\
18:2£10,¢12 -0.56 -0.69% -0.69* —0.68* -0.66* -0.58 -0.56 -048 -026 -046 -0.60 or,’g
OCLA -0.68 006 -002 -009 -0.18 -017 -0.29 -065 -046 -0.53 -044 ,6%6\‘."
18:3 0.25 0.25 0.24 0.18 0.12 0.11 -0.18 -0.06 0.06 -0.28 -0.04 Q\%\be
20:0 0.57 0.49 0.45 0.45 0.45 0.55 0.12 0.49 0.50 -0.09 0.59 0’\0\ '8’
20:5 -0.48 -0.36 -041 -0.41 -040 -041 -0.03 -0.42 -041 -0.02 -0.44 c_, 0 \ -
22:6 -049 -037 -047 -053 -054 -050 -0.19 -060 -041 -0.16 -041

Total 18:1 trans -0.15 -0.14 -0.18 -0.15 -0.19 -0.06 -0.25 0.21 -0.16 -0.28 0.37
Total de novo 0.65% 0.89* 0.90* 0.95* 0.95* 0.97* 0.69* 0.75% 0.79* 0.33 0.66*

T 10 I & A * 3 & A * | & ] # i * y & i L X & o+
ota L 00 gl 0% 001 099 0ozg 050 nghcovarlatlonbetwgén

Total preformed

ﬂ’ ‘b‘ 2900 2800 4800 1700 1600 1500 1400 1300 1200 1100 1000
0'3" \@(\ Wavenumber (cm™)

Total milk fat _f§ 0.72* 085* 083* 078 077 »' Fatty Acids and Total i*at 01 02 03 04 05 06 07 08 09
e = cis; t = trans; OCLA = other conjugated linoleic acids;: total 18:1 frans = sum of 18:1t6-%, 18:1¢9, R%values

18:1£10, 18:1£11, and 18:1#12 isomers; total de novo = sum of 4:0 to 15:0 fatty acids; total C1g = sum of 16:0
and 16:1; total preformed = sum of all milk fatty acids with more than 17 carbon atoms.

*P < 0.05 (multiple correlations with Bonferroni adjustment).

Figure 8. Coefficient of determination (R?) between measured fatty acids (g/100 g of milk) and raw Fourier transform infrared measure-
ments. TF = total fat content. Color version available in the online PDF.
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Table 4. Pairwise correlation coefficients between concentrations (g/kg of milk) of individual milk fatty
acids or groupings of fatty acids

Fatty acid! 4:0 6:0 8:0 10:0 12:0 14:0 14:1 15:0 16:0 16:1 Cip
4:0 1

6:0 0.80% 1

8:0 0.67* 0.95* 1

10:0 0.56* 0.87* 093% 1

12:0 0.49% 0.85%* 091* 097 1

14:0 0.56% 0.86* 0.89* 093* 095 1

14:1¢9 0.28 0.55* 0.54* 0.63* 0.65* 068* 1

15:0 0.75* 0.71* 0.64* 0.68* 0.64* 0.70* 0.39 1

16:0 0.58* 0.74* 0.72* 0.70* 0.76* 0.85* 0.59* 0.58% 1

16:1c9 -0.04 0.31 0.36 0.38% 0.45% 0.45% 0.63* 0.16 0.58% 1

Cyp 0.60% 0.51* 0.50% 056 046*% 0.61*% 0.26 0.71* 0.51* 0.13 1
18:0 0.56* 0.55* 0.46% 0.32 0.25 0.36 -0.05 0.58* 033 -0.29 0.51%
18:116-8 -0.59 -0.59 -062 -065 -0.69* -0.59 -0.61 -0.88* -0.54* -0.59* -0.67*
18:1t9 -0.30 -0.51 -0.68* —0.71* -0.75* -0.53 -0.29 -0.74% -027 -0.29 -047
18:1£10 =043 =043 -037 =028 -0.24 -031 -0.13 =048 -0.35 0.00 =045
18:1£11 -0.22 -030 -026 -022 -027 -0.17 -043 -0.01 -016 -0.13 0.71%
18:1#12 -0.22 -0.39 -0.59 -0.63 -0.67 0.10 037 -041 0.48 0.10 -0.37
18:1c9 0.31 0.30 0.26 0.07 0.06 0.11 0.04 -0.02 0.26 001 -0.03
18:2¢9,¢12 -0.04 -022 -016 -0.13 -0.14 -0.24 -0.17 -046 -0.25 -0.24 -041
18:2¢9,#11 -0.24 -035 -036 -0.52% —054% -049% 032 -044 -044% -034 -0.32
18:2£10,c12 -0.56 -0.69* -0.69* -0.68% -0.66* -0.58 -0.56 -048 -0.26 -0.46 -0.60
OCLA -0.68 006 -002 -009 -0.18 -017 -0.29 -0.65 -0.46 -0.53 -0.44
18:3 0.25 0.25 0.24 0.18 0.12 0.11 -0.18 -0.06 0.06 -0.28 -0.04
20:0 0.57 0.49 0.45 0.45 0.45 0.55 0.12 0.49 0.50 -0.09 0.59
20:5 -0.48 -0.36 -041 -0.41 -040 =041 -0.03 -0.42 -041 -0.02 -0.44
22:6 -049 -037 -047 -0.53 —0.54 -0.50 —D‘19 —0.60 -041 -0.16 0.41

Total 18:1 trans =
Total de novo 0. 65*
Total Cg . AT R AWl . .
Total preformed 0.43% 0.29 0.26 0.09 0.01 0.10 -0.20 0.12 0.10 -0.35 0.19
Total milk fat 0.72* 0.85* 0.83* 0.78* 0.77* 0.86* 051* 0.69* 085* 027 0.60*

e = cis; t = trans; OCLA = other conjugated linoleic acids;: total 18:1 ¢rans = sum of 18:1£6-8, 18:1¢9,
18:1#10, 18:1¢11, and 18:1¢#12 isomers; total de novo = sum of 4:0 to 15:0 fatty acids; total Ci5 = sum of 16:0
and 16:1; total preformed = sum of all milk fatty acids with more than 17 carbon atoms.

*P < 0.05 (multiple correlations with Bonferroni adjustment).

FA don’t have specific IR
absorption signal on
milk spectrum

High covariation betg@?é
De novo Fatty Acuds q.

v;p J. Dairy Sci. 97:7940-7951
E http://dx.doi.org/10.3168/jds.201 4-3337
§& © American Dairy Science Association®, 2014.
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Fat Fa

t
C- & Protein
Cc=0
/ \K N-H
— Average Mllk Spectrum

| .
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R%values

Figure 8. Coefficient of determination (R*) between measured fatty acids (/100 g of milk) and raw Fourier transform infrared measure-

ments. TF = total fat content. Color version available in the online PDF.
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Milk Fatty Acids. I. Variation in the Concentration of Individual Fatty spectroscopy and chemometrics: Understanding predictions
Acids in Bovine Milk of highly collinear reference variables
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Schaol of Veterinary Medicine, University of Pennsylvania, Kennett Square 19348 *Department of Food Science, University of Copenhagen, DK-1958 Frederiksberg, Denmark
1School of Veterinary Science, University of Sydney, New South Wales 2006, Australia tDepartment of Food Science, Aarhus University, DK-8830 Tjele, Denmark
Table 4. Pairwise correlation coefficients between concentrations (g/kg of milk) of individual milk fatty INFRARED QUANTIFICATION OF MILK FATTY ACIDS 7949
acids or groupings of fatty acids Fat
Fatty acid! 4:0 6:0 8:0 10:0 12:0 14:0 14:1 15:0 16:0 16:1 Cip C- Protein
4:0 1 p
6:0 0.80% 1 Hich De N L. ith
8:0 067* 095" 1 i e Novo covariation wit
10:0 0.56* 0.87% 0.93* 1 g e | = Average Milk Spectrum |\
12:0 0.49% 0.85%* 091* 097 1
14:0 0.56% 0.86* 0.89* 093* 095* 1 Other FAS and TOtaI Fat
14:1¢9 0.28 0.55* 0.54* 0.63* 0.65* §0.68* 1
15:0 0.75* 0.71* 0.64* 0.68* 0.64* §0.70* §0.39 1
16:0 0.58* 0.74* 0.72* 0.70* 0.76* §0.85* Q0.59* 0.58% 1
16:1c9 -0.04 0.31 0.36 0.38% 0.45% §0.45% Q0.63* 0.16 0.58% 1
Cyp 0.60% 0.51*% 0.50% 056 046* §0.61% §0.26 0.71* 0.51* 0.13 1
18:0 0.56* 0.55* 0.46% 0.32 0.25 0.36 0.05 0.58* 033 -0.29 0.51%
18:116-8 -0.59 -0.59 -062 -0.65 -0.69* §-0.59 0.61 -0.88*% -0.54*% -0.59* -0.67*
18:1t9 -0.30 -0.51 -0.68* —0.71* -0.75* B-0.53 0.29 -0.74%* -0.27 -0.29 -047
18:1£10 =043 =043 -037 =028 -0.24 p0.31 0.13 -0.48 -=0.35 0.00 =045
18:1£11 -0.22 -030 -026 -022 -027 BO0.17 043 -0.01 -0.16 -0.13 0.71%
18:1#12 -0.22 -0.39 -0.59 -0.63 -0.67 0.10 037 -0.41 0.48 0.10 -0.37
18:1c9 0.31 0.30 0.26 0.07 0.06 0.11 0.04 -0.02 0.26 001 -0.03
18:2¢9,¢12 -0.04 -022 -0.16 -0.13 -0.14 p0.24 0.17 -0.46 -0.25 -0.24 -041
18:2¢9,#11 -0.24 -0.35 -036 -0.52% —054% B0.49% R0.32 -0.44 -044% 034 -0.32
18:2£10,c12 -0.56 -0.69* -0.69* -0.68% -0.66* §-0.58 0.56 -0.48 -0.26 -046 -0.60
OCLA -0.68 006 -002 -009 -0.18 R0.17 0.29 -0.65 -046 -0.53 -044
18:3 0.25 0.25 0.24 0.18 0.12 0.11 0.18 -0.06 0.06 -0.28 -0.04 )
20:0 0.57 0.49 0.45 0.45 0.45 0.55 0.12 0.49 0.50 -0.09 0.59 O 0 ¢ L
20:5 -0.48 -036 -041 -041 -040 041 R0.03 -042 -041 =002 =044 2900 2800 1800 1700 1600 1500 1400 1300 1200 1100 1000
22:6 -049 037 -047 -053 -0.54 B0.50 0.19 -0.60 -041 -0.16 -041 \6- of
Total 18:1 frans -0.15 -0.14 -0.18 -0.15 -0.19 f00& 025 021 -0.16 -0.28 0.37 i Wavenumber (cm™)
Total de novo 0.65% 0.89* 0.90%* 0.95* 0.95* £0.97* B0.69* 0.75% 0.79* 0.33 0.66% Q2
Total preformed 0.43% 0.29 0.26 0.09 0.01 0.10 0.20 0.12 010 -0.35 0.19
Total milk fat 0.72* 0.85* 0.83* 0.78* 0.77* §0.86* Q0.51* 0.69* 0.85* 0.27 0.60% 01 02 03 04 R 0'5 0.6 0.7 0.8 0.9
-values

e = cis; t = trans; OCLA = other conjugated linoleic acids;: total 18:1 ¢rans = sum of 18:1£6-8, 18:1¢9,

18:1#10, 18:1¢11, and 18:1¢#12 isomers; total de novo = sum of 4:0 to 15:0 fatty acids; total Ci5 = sum of 16:0 Figure 8. Coefficient of determination (R?) between measured fatty acids (g/100 g of milk) and raw Fourier transform infrared measure-

and 16:1; total preformed = sum of all milk fatty acids with more than 17 carbon atoms. ments. TF = total fat content. Color version available in the online PDF.
*P < 0.05 (multiple correlations with Bonferroni adjustment).
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BENTLEY

INSTRUMENTS
Bentley CombiFTS/DairySpec Calibrations

Up to 64 components predicted simultaneously

Standard Calibrations FA Calibrations FA Calibrations
Fat X C4:0 X De Novo X
Protein X C6:0 X Mixed X
Lactose X C8:0 X Preformed X
Urea C10:0 X
BHB X C12:0 X Saturated Fatty Acids (SFA) X
Acetone X C14:0 X Unsaturated Fatty Acids (UFA) X
Citric Acid X C15:0 uD Mono Unsaturated Fatty Acids (MUFA) X
FFA X Ci6:0 X Poly Unsaturated Fatty Acids (PUFA) X
Somatic cells X Ci6:1 X Trans Fatty Acids (TFA) uD
R C17:0 uD
._( C18:0 X Lactoferrin X

Ci18:1 X X: Available;

C18:2 X UD: Under Development

Cc18:3 X
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Bentley CombiFTS/DairySpec Calibrations
Up to 64 components predicted simultaneously

BENTLEY

INSTRUMEN'TS

Other potential parameters

SCFA

MCFA

LCFA
Isoanteiso
Omega 6
Total 18 trans
Cc11:0

C13:0
C14:0iso
C14:19c

C 15:0 anteiso
C15:0iso
C16:0iso

C 17:0 anteiso
C17:0iso
C17:110c
C18:0iso
C18:111c
C18:111t+10t
C18:112c

C18:112t
C18:113c
C18:115c
C 18:1 16t
C 18:1 6t+8t
C 18:29t12c
C18:3n-6

C 20:0
C20:111c
C20:19c
C20:2n-6
C20:4n-6
C21:0
C23:0
C24:0
Sodium
Calcium
Phosphorus
Magnesium
Potassium
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BENTLEY

INSTRUMEN'TS

Prerequisites to optimize new models
implementation & precision

New FT-MIR models are complex, require access to a lot of data & expertise, and
are costly to develop
Thus, methods need to be optimally standardized to capitalize on models

potential:

o PR 1: Samples collection (no carry-over), type of preservative, storage conditions
o PR 2: Samples preparation Automation & Standardization
o PR 3: Spectra Standardization (x, y)
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BENTLEY

INSTRUMEN'TS

Methods Standardization - Prerequisite 2 D) INTELLITEC
Laboratory Automation & Standardization AUTOMATION

- Samples ID, heated, mixed, uncapped & analyzed
- Samples sorted out (3/6/9 parameters) depending on:

o RFID/LIMS data
o Analysis results
o Samples history...

- Samples aliquoted before/after testing (tubes or pplates)
- Diverted to next testing stations

:l> Automation enables methods standardization
& mass multiplex testing at sample level to
optimize the value of every samples

Sorter Robot
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INSTRUMEN'TS

Methods Standardization - Prerequisite 2
Laboratory Automation & Standardization
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BENTLEY

INSTRUMEN'TS

Methods Standardization - Prerequisite 3
Real-time Spectra standardization (x,y)

o Interferometer laser frequency can vary over time — spectrum x axis shift
o Flow cell path length can increase over time — spectrum y axis shift

Thus, spectra standardization is very important: . ~

For optimum calibration transfer between instruments

For worldwide spectra & results equivalence

For results/calibration stability (Slope/Bias)

To reduce calibration development cost (centralized calibrations)
For implementation of qualitative spectral analysis

O O O O O

P,

ANALYTICA - ROME - MARCH 21, 2019

. v =




BENTLEY

INSTRUMEN'TS

Method Standardization - Prerequisite 3
Real-time Spectra standardization (x)

polystyrene calibration film =sExample: Polystyrene Test

u[4:30 PM Central Daylight
Time] Polystyrene
Test: STARTED
mBackground Scan Completed
mPolystyrene Scan Completed
mPeak 3082.22 @:3082.18 cm-1
mPeak 3060.14 @:3060.12 cm-1
J‘

mPeak 1601.38 @:1601.37 cm-1
mPeak 1583.04 @:1583.24 cm-1
mPeak 1028.42 @:1028.59 cm-1

u[4:31 PM Central Daylight
Time] Polystyrene
1500 1700 1900 2100 2000 2900 200 00 1100 Test: PASSED

2P -
2

:> Standardization of spectrum x-axis with a polystyrene film (internationally recognized
NIST standard) to calibrate optimally interferometer laser frequency
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BENTLEY

INSTRUMEN'TS

Method Standardization - Prerequisite 3
Real-time Spectra standardization (x) without reagent

Before X axis Spectra Standardization

-0,051000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

After X axis Spectra Standardization

0,3
0,25
0,2
0,15
0,1
0,05
0
-0,051000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
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Method Standardization - Prerequisite 3

ENTLE

INSTRUMEN'TS

eal-time Spectra standardization (y) without reagent- Patented

Standardization of spectrum y axis (absorbance)
by measuring very accurately and in real time
the IR flow cell thickness

o
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Summary Report

2 Repeatl =36.08468
7 Repeat2 =36.08663
Z Repeat3 =36.08227
re g Repeat4 =36.08309
\/ ; Repeat5 =36.08712
g Repeat6 =36.08846
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Repeat 7 =36.08889
Repeat 8 =36.09445
Repeat9 =36.08202
Repeat 10 =36.09503

~~~~~~~ REFLECTED
TRANSMITTED

Average Cell Space calculated = 36.0873um
Standard deviation = 0.0046um

:> Standardization of spectrum y axis (absorbance) by measuring very accurately and
in real time the IR flow cell thickness
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Summary/Conclusions

Milk is a very complex and rich source of functional groups. Over the years, hundreds of compounds from a

variety of molecular classes have been identified.

New biomarkers are needed to keep improving herd management, milk nutritional & economic value, and
mitigate milk production impact on the environment.

Milk’s compositional complexity precludes the use of a single analytical method to test all components
Analytical methods need to be fully standardized to capitalize on new models potential

The development of an holistic model combining latest high throughput standardized methods in combination
with complete laboratory automation makes it possible to streamline mass & multiplex
testing at the sample level for the benefit of the dairy industry.
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Thank you for your attention!

pbroutin@bentleyinstruments.com
mschirano@bentleyinstruments.com

www.bentleyinstruments.eu
www.bentleyinstruments.it
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Solutions for the Central Milk Testing Laboratories

BactoCount IBC DairySpec Combi 100-300 CombiFTS 400-600
Total Bacteria/SCC FTIR + FC (up to 64 components) FTIR+FC (up to 64 components)
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Solutions for the Dairy Plants

E MICROVAL

DairySpec FT Somacount FC BactoCount IBCM
Milk/Dairy Products Somatic Cells Total Bacteria/SCC
Up to 64 components
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