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3 What Can FTIR Offer Us Today?
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Mid-Infrared (MIR) spectroscopy has been available since the 1970’s as a rapid method for routine
measurements of the main constituents in milk ( fat, protein, carbohydrates)

B EUEEBRIAIINGE (FTIR ) 2 MIR J6rE 2 RIS T304

Fourier Transform Infrared ( FTIR ) spectroscopy is the state-of-the-art method for acquiring MIR

spectra analyzing
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RREEL MIR JEEE  Mid IR Spectra of Liquid Milk
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*Position of the peaks = Qualitative analysis

‘Intensity of the peaks = Quantitative analysis

X Frédéric Dehareng & Clément Grelet, ICAR 2019 Conference, Technical session 7: Challenges in Creating Additional Value from Milk Analysis
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% mrﬁe To address today’s questions and to prepare tomorrow’s challenges
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X Frédéric Dehareng & Clément Grelet, ICAR 2019 Conference, Technical session 7: Challenges in Creating Additional Value from Milk Analysis
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Bulletin-International Dairy Federation, IDF

Bulletin #

Bullet

of the International Dairy Federation

New Applications of
Mid Infra-Red Spectrometry
for the Analysis of Milk
and Milk Products

New applications

of MIR spectrometry:
Quality assurance practices
with new parameters

in raw milk analysis

IDF 447 Published 2010 IDF 504 Published 2020
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A Broader Range of Robust Calibrations FOSS
Fat, pH
Protein (true & crude), Total Acids
Casein Citric acids
Lactose, Density
Total Solids Fatty Acids Profiling (SFA, MUFA, PUFA, SCFA,
Solids non Fat MCEFA, LCFA, De novo FA, Mixed FA, Preformed
Urea FA, Trans FA, C14, C16, C18, C18:1.....etc.)
Ketosis Screening (BHB and Acetone) Free Fatty Acids
Free Fatty Acids Freezing Point Depression

Fatty Acids Profiling

End Product Control

Milk Parameters

Low Lactose 20+ standard milk components
Glucose All included with the FTIR
Galactose

+ ASM Module (Abnormal Milk
Screening, Adulterant Screening), Good
Products (Melamine......etc.)



MFBEAEAABE Free Fatty Acids
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Fatty Acid

Fatty Acid

Fatty Acid
Fatty Acid L|p0|ys|s > —]
Fatty Acid

&t IEIEE S E Z0lBEE X Free Fatty Acids are Influenced by :

¢ The mechanic treatment of the milk (milking machine design) Installation and
operation

¢ The general hygiene/bacterial status of the milk

¢ Physiological status of the cow (stage of lactation, diseases, composition of
fodder, seasonality etc.

¢ Milk handling on the farm and in the factory

JUYNSVYIW ONOA3E SJILATVYNY
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FFA in Dairy Products and Suppliers Milk FOSS

TFEEIE AR EE K S BB ZRIEE Problems caused by higher FFA levels:

¢ Rancidity in high-fat dairy products i.e. butter, cream
(FFA has a rancid and soapy taste and smell)
¢ High levels of FFA influences the shelf life
(i.e. reduced shelf life of milk powder products)
& Affects/reduce cheese yield
(FFA is not included in the coagulum)
¢ Adversely affect the flavour and quality of milk dairy products

ta Rl B SRR BE ZFER Why test suppliers milk:

Farmers, who deliver milk with high FFA, can be helped to correct the problem

Raw milk with high FFA levels cannot be “repaired”, the damage is done, and the enzymatic process continues
by well designed and monitored milking machines and bulk tanks

by consistent balanced cow diets

® & &6 o0 o

by proper drying-off procedures
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FFA Calibration and Benefits with FTIR Tech.

FTIR Milk Analyzers can be an excellent method for FFA-screening by:

« Reducing analysis costs

« Giving high test frequency and thereby a much better overall picture of FFA levels
« Saved time and costs if using BDI, FIA or copper soap method today

« Quick follow up tests to solve the problem if a high FFA result detected, ex. Errors in milking equipment,
unbalanced cow diets

« Improve the shelf life and quality of dairy products

¢ Normal concentration of FFA
y =1.0845x + 0.0303 in raw milk “ab farm”is < 0.7
mmol FFA / 100g Fat

$ ¢ ¢ Sound cow’s milk contains
>3 ~0.5 mmol FFA/100 g Fat

2e ¢ FFA > 1 mmol FFA / 1009 Fat
. is considered abnormally
high / ‘'defective’

FFA 175 samples
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Countries Measuring Free Fatty Acid

FOSS

FFA is today measured in:

« The Netherlands
« Norway

* France

« Belgium

« Japan

« ltaly

« UK

« Canada

« USA

« Denmark

« Spain

 Brazil \
« The Czech Repubilic -
« Taiwan

FFA included in Payment Scheme
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Has someone added water to the milk?

Freezing point of authentic ab farm milk is quite constant and lower than -0.520°C degrees
Celsius (ca -0.538 “Hortvet”), and has therefore for a long time been used as a milk
quality parameter.

In 1989, J. Koops et al proved that combining data from Infra Red analyzer with that of
electrical conductivity can give a good prediction of the actual freezing point of a milk
sample.

FTIR technology is the third generation IR analyzers used for this purpose, with which we
can now provide an accuracy of < 4 m°C, which ensures an extremely efficient screening
and very low cost per positive sample.
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Application of Freezing Point Depression (FPD)

FOSS
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032 (ER4858]  Milk Adulteration

ammonium sulphate

wavenumber
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FTIR spectra

Check for de

132 {4858 Milk Adulteration FOSS

from natural raw milk samples is a unique finger print of normal milk

Most accurate and widest scope of adulteration screening capabilities in the industry

liberate or accidental adulteration while performing normal quality control tests.

Raw milk sample

04
03 "
02 9

01 Y

Lactose 4.1

Protein 3.6

1000
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What Can Be Screened Against with The Untargeted Model ?

« The table shows the Limit of Detection for the adulterants which could be detected as abnormal by the model.
« The LoD’s correspond to a threshold of 3.

Adulterant LoD LoD Adulterant LoD LoD Adulterant LoD
Allantoin 300 ppm Cyanuric acid 170 ppm Sodium bicarbonate 400 ppm
Amidourea 500 ppm Cyromazine 300 ppm Sodium hydroxide 0.06 %
Aminotriazine 800 ppm Dicyandiamide 300 ppm Sodium nitrite 200 ppm
Ammonium nitrate 200 ppm Formaldehyde 400 ppm Thiourea 500 ppm
Ammonium sulphate 300 ppm Hydroxyproline 900 ppm Triuret 800 ppm
Biuret 600 ppm Maltodextrine 1100 ppm 3-aminotriazole 1100 ppm
CIP agent 1% Melamine 300 ppm 4-aminotriazole 1400 ppm




BHZ PR ZOBEIRE Screening for Milk Adulteration

JEFE R Unintentional deviations

Caused by accidents or failures.
« Agent in the cows feed that is transported on to the milk
« Cleaning agent
« Water

ZIEZ /Y Intentional deviations

Driven by economic gains:
« amount (weight and/or volume)
« milk fat content
« milk protein content
« dry matter content
 the total bacterial counts and somatic cell counts

FOSS
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2{FREf 18 Security Screening in 30 Seconds

Targeted
models
| _
Untargeted
model Scregr) for
® specific

Screen for all adulterants

unknown
adulterants

Rapid inexpensive screening of your milk

FOSS

Confirmatory
test

Action plan

Secure dairy
products
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Fatty Acids Profiling
® SFA, MUFA, PUFA, Trans FA,

® SCFA, MCFA, LCFA,
® De novo FA, Mixed FA, Preformed FA
® (4,Co,C8,C10,C12,C14,C15,C16,C17,C18,C18:1.......... etc.

Milk Fatty Acid Origin

De novo Mixed Preformed

C12:0
C14;o C16:0 c18:0 C
Ciaal Cisa Cis1 R

C15:0 \ 35-40%

18-30% 30-45%

% D. M. Barbano, etc., Analytica 2019, Rome, Italy. Cows health and feed efficiency improvement through milk analyses and optimized health and feed management.
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Cows health and feed efficiency improvement through milk analyses and
optimized health and feed management

De novo Fatty Acid Synthesis Preformed Fatty Acids

Rumen
fermentation

J

% D. M. Barbano, etc., Analytica 2019, Rome, Italy. Cows health and feed efficiency improvement through milk analyses and optimized health and feed management.
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” Milk “
: component Energy Balance Dale et al., 2019
‘l Methane Vanlierde et al., 2015
\ Fat, Protein, Lactose, SNF Nitrogen used efficiency Greletetal. 2019
\\ Casein Hewavitharana et al. 1997.
\

y  UreaHansen, P.W. 1998.

\Fatty acids soyeurt et al. 2008
\ Blood BHB, NEFA,

IGF-I, Glucose

”
~ _od Milk Indirect Grelet et al. 2016

Lactoferrin Soyeurt et al. 2007
Major minerals Soyeurt et al. 2009
Coagulation, titrable acidity, pH De Marchi et al. 2009
Acetone, B-hydroxybutyrate Grelet et al. 2016
% Wallon'ﬁ Walloon Agricultural Research Centre
) To address today’s questions and to prepare tomorrow’s challenges
CHA-W www.cra.wallonie.be

X Frédéric Dehareng & Clément Grelet, ICAR 2019 Conference, Technical session 7: Challenges in Creating Additional Value from Milk Analysis
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ICAR 2019 Conference — Focus on New Tools

Hall Fanorama

o

8:30-10:30 Technical Session 7 o
Challenges in Creating Additional Value from Milk Analysis 2

Chairpersons: Silvia Orlandini and Jere High =

8:30-8:50 S07(T]-0P-1 Additional value of cell differentiation in the course of DHI testing %
Folkert Onken &

8:50-9:10 SO7(T]-0P-2 Pregnancy testing in dairy cows using a PAG test in milk samples: Different thresholds g

for different stages of the pregnancy
Daniel M. Lefebvre

9:10-9:30 SO07(T]-0P-3 New quality assurance challenges with recent mid-infrared models
Fredéric Dehareng
9:30-9:50 SO7(T]-0P-4 Implementation of a routine Fourier-transform infrared procedure for fatty acid

analysis in milk
Daniel M. Lefebvre

9:50-10:10 SO7(T]-0P-5 Routine infrared phosphorous determination in ex-farm milk giving better insight in
the phosphorous cycle on dairy farms
Harrie van den Bijgaart

10:10-10:30 Question and Discussion

JUYNSVYIW ONOA3E SJILATVNY
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ICAR 2019 Conference — Focus on New Tools

Electronic SO7[T]}-PP-01 ,,MastiMIR™ - A mastitis early warning system based on MIR spectra

posters Laura Monica Dale
SO07{T]-PP-02 Prediction of evaluated energy balance [NEL and ME] in dairy cows by milk mid-
infrared [MIR] spectra

Laura Monica Dale

S07[T]-PP-03 ,,KetoMIR2" - Modelling of ketosis risk using vets diagnosis and MIR spectra for dairy
cows in early lactation
Laura Monica Dale

S07(T]-PP-04 The use of fatty acid profiles from milk recording samples to predict body weight
change of dairy cows in early lactation in commercial dairy farms
Franziska Dettmann

SO7{T]-PP-05 Large scale dataset to improve and validate the prediction of lactoferrin content using
milk mid-infrared spectrometry
Helene Soyeurt

S07[T]-PP-0E Afirst approach to predict nitrogen efficiency of dairy cows through milk FT-MIR
spectra
Cléement Grelet

S07[T]-PP-07 From new milk-testing parameters to new DHI services - The view of an instrument
manufacturer
Daniel Schwarz

JUYNSVYIW ONOA3E SJILATVYNY
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New Quality Assurance Challenges with FTIR Models

FOSS
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Different
Instrument

F—&mEaRn

Same Instrument

o MR8 A[E] Different brands apparatus
o EhE AE1HEZY Same brand but

different model

o BfhE tH[EHZY Same brand and

same model

- Efn= BE/RERNTZE Temperature
/ Humidity in the lab

o ERFE4EIZ Piece replacement

« RRETEHIRE Maintenance operation

o ERAIN/ZEHHEEEE Use / Wear
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New Quality Assurance Challenges with FTIR Models

FOSS
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Test Solution MIR Spectra

490
2017

Bulletin

of the International Dairy Federatlon

;ﬂ B\, J. Dairy Sci. 98:2150-2160

2 http:/idx.doi.org/10.3168/jds.2014-8764
Standardization of milk mid-infrared spectra from a European dairy network

@‘f © American Dairy Science Association®, 2015.

C. Grelst,' J. A. Fernandez Pi 'P. Dard V. Baeten, and F. Deh 2 .
Wallucur:@r’iculluml Reas[egfclq Cgﬁter,lgfzral?::&".aﬂon ofa!:gr::ﬂlru?:;l Pmdtams%r;'p:rri‘nml, 243(:;{1&3;99@,-:1&; Namur, 5030 Gembloux, Belgium Quallty ASSU rance TOOIS for
Mid Infrared Spectrometry in
SR J. Dairy Sci. 100:7910-7921 Dairy Laboratories — Part 1
3 % https:/idoi.org/10.3168/jds.2017-12720
- @‘: @ American Dairy Science Association®, 2017.

Standardization of milk mid-infrared spectrometers
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,I

M. Gengler,} V. Baeten,* and F. Dehareng™

*Valorization of Agriculiural Products Department, Walloon Agricultural Ressarch Center, 5030 Gembloux, Belgium

TAgriculture, Bio-Enginzering, and Chemistry Depariment, University of Liége, Gembloux Agro-Bio Tech, 5030 Gembloux, Belgium
IWalloon Breeding Assoclation, B-5580 Ciney, Belgium

IDF 490 Published 2017
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%a\%arﬂt}ﬂﬁre 3 B 5 EEZL4%m(Raw milk) - Fat, BHB, Phosphorous, Nitrogen use efficiency

SPW - 6 & MilkoScan FT+ (France) & 7 & MilkoScan FT 6000 (Switzerland)

Fat predictions of master and the 13 apparatus before Rfor each sample Fat predictions of master and the 13 apparatus after Rfor each sample Mikl BHB predictions of master and the 13 apparatus before Rfor each sample Mikl BHB predictions of master and the 13 apparatus after R for each sample
standardization Before STD standardization After STD standardization Before STD standardization After STD
7 0011 350 0.088
_ 0.007 0.096
65 & 0.007 4 0.083
6 0.015 3.00 . 0.075
s - 0.009 " # - 0.079
£ 4 0.006 5 150 5 0.058
k=] e g - 5
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Master Predictions Master Predictions Master Predictions Master Predictions 0.075
Calibrati idati i " .
Total Fat alibration Cross validation with 4 subsets Calibration Validation
otal Fa Unit #terms #N 2WL Mean SD SEC R*c SECV Ricv RPDev . .
BHB milk Unit #terms #N HWL Mean SD RMSEC R RPDC #N Mean RMSEv
100ml 7 1792 212 3.912 0.971 0.007 1.00 0.0 . .
&/ L7 1.00 132,99 Log(mmol/L) 9 419 212 0.225 0.171 0.086 0.75 1.97 124 0.156 0.065
vurLiy
Milk P predictions of master and the 13 apparatus befare Rfor each sample Milk P predictions of master and the 13 apparatus after R for each sample Nitrogen use efficiency predictions of master and the 13 R for each sampla Nitrogen use efficiency predictions of master and the 13 R for each sample
standardization standardization apparatus before standardization apparatus after standardization
After STD
Before STD Before STD After STD
1200 n 10.324 0.010
1150 r N 4323 :5, 0.012
2 ay 4.911 0.3 0.009
S . 6.178 L4 )
1100 ] = 0.007
€ 1050 g = o § 02 o ? 5 0003
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! § 5.508 -+ S i 0.005
800 800 6.830 01 015 - 0.003
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Master Predictions 42.930 Master Predictions 6.054 Master Predictions Master Predictions g 0.008
Calibration Cross validation with 4 subsets Calibration Cross-validation with 4 subset External-cows-validation (25% cows out
P Unit #terms N #WL Mean SD Min Max SEC RZc SECV Ricv RPDcv NUE  Nin milk/N Intake, daily ratio #terms. N min max Mean SD SEC Rc SECV Ricw RPDcv SEP Rp RPDp
mg/kg 10 1083 212 998.1 116.8 509 1447 57.4 0.76 58.71 0.75 1.99 12 1033 0.10 0.82 0.37 0.10 0.05 073 0.06 071 1.87 0.05 0.69 1.91
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Always Standardised-No More Instrument Drift

 MilkoScan™FT3 EAFOSSHEVSEN Z ytat B EMRE(CT - bR HBALTIE - IMAFEAFTIRIZER
- BEICGEBBRELCKIHMBENNHEL - B 2B ABFEEBNEREENER
- MilkoScan FT3 M/ EBHITHEIRELE—R - BRERZR - ERNGERFEESREN 2

- FREBPRECRN - MEJUFE-—FHERRARBRENSILRE  ABFEXNTRBNRELRE - A8
OB RANBERSTRIE - BNERE M REFEMB(EAREE - -

IRTT AR NREIR (L Existing Standardised Method MilkoScan™ FT3 B #)5EE1R#E{E Automatic Standardized
Con:e:;ration Correction Correction Correction Correction Correction Con;e::ation
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file:///C:/Users/user/Desktop/2020 乳質分析研討會_200826/演講稿/FOSS-MSC FT3 Deliver peak performance in milk and dairy analysis (1080p)-Video.mp4

tEH EmiEE KRIER Full Coverage Robust Calibrations

Fat, Protein, Casein, Lactose, Low
Lactose, Glucose, Galactose, Total
Solids, Solids Non Fat, Density, Citric
Acid, Urea, Free Fatty Acids, Titratable
Acidity and Freezing Point

Fat, Protein, Lactose, Total Solids and
Solids Non Fat and Freezing Point

Fat, Protein, Lactose, Total Solids, Solids
Non Fat and Titratable Acidity

Yoghurt & fermented application

Fat, Protein, Lactose, Total Solids, Solids Non
Fat, Glucose, Fructose, Sucrose, Total Sugars
and Lactic Acid

Dessert & ice cream apspllcatlon

Fat, Protein, Lactose, Total Solids, Solids Non
Fat, Glucose, Fructose, Sucrose, Total Sugars
and Lactic Acid

Concentrated & fortified milk
%Conc. Milk, Baby Milk, Infant formula, infant
ormula powder, Evaporated Milk,
Sweetened Condensed Milk) .
Fat, Protein, Lactose, Total Solids and Solids
Non Fat

Whey concentrates & permeate

(WPC, WPl and concentrated permeate)
Fat, Protein, Lactose, Total Solids, Solids Non
Fat and Titratable Acidity

FOSS

Other Applications

Juice, Soy Sauce.......

5 |3 3
MilkoScan FT3 ¥ i mAYE EETEERE - FItoH SEE2ENWPCETOIEMN S HBI
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BREmEZEZF= GoodProduct - A Strong Vision

GoodProduct™

Tools to secure an effective and safe supply chain
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2020 SEBIFMEE S 2020 Taiwan Innotech Expo

2020 9. 24-26 &1k

H & —8E Taipei world Trading Center

K %8 EE FR BB Sustainability Theme Zone

HFREE 105E R

International Pavilion, Booth No. 10

FOSS
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