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OverviewOverview

FTFT--MIR MIR TechnologyTechnology PrinciplePrinciple & & BenefitsBenefits
Application Application ofof FTFT--MIR to MIR to MilkMilk TestingTesting::

-- TraditionalTraditional components (CECALAIT components (CECALAIT EvaluationEvaluation) ) 
-- New components (New components (e.g.e.g. FattyFatty AcidsAcids Profile) Profile) 

Qualitative Qualitative AnalysisAnalysis (spectral (spectral databasedatabase developmentdevelopment))
OnOn--goinggoing & Future & Future developmentsdevelopments
ConclusionConclusion
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FTFT--MIR Technology PrincipleMIR Technology Principle
(F(Fourierourier TTransformransform MMidid Infrared )Infrared )

INTERFEROMETERINTERFEROMETER MILK SPECTRUMMILK SPECTRUM

Moving MirrorMoving Mirror

DetectorDetectorFlow Cell (milk)Flow Cell (milk) IR SourceIR Source

Fourier TransformFourier Transform



Bentley FTSBentley FTS
Milk Components Absorption wavebandsMilk Components Absorption wavebands

Protein (NH) Protein (NH) 

Fat A (C=0)Fat A (C=0)

Fatty Acids Fatty Acids 
Fat B (CH)Fat B (CH)

Lactose (OH)Lactose (OH)

Frequency of infrared radiation absorbed depending upon type of Frequency of infrared radiation absorbed depending upon type of molecular bonds /vibration mode molecular bonds /vibration mode 



FTIR ApplicationsFTIR Applications

FTIR technology used for the rapid determination of milk chemicFTIR technology used for the rapid determination of milk chemical al 
composition since 1990 (Aegis/composition since 1990 (Aegis/AnadisAnadis) but scope limited to basic ) but scope limited to basic 
components for many yearscomponents for many years

Traditional Applications:Traditional Applications:
-- Fat , Protein, Lactose Fat , Protein, Lactose 
-- Solids/ Solids Non FatSolids/ Solids Non Fat
-- MUN/Citric AcidMUN/Citric Acid
-- FPD (screening)FPD (screening)

Scope recently extended with new applications :Scope recently extended with new applications :
-- pH, FFA, Fatty Acids profile, pH, FFA, Fatty Acids profile, ketoneketone bodies (acetone, BHB)bodies (acetone, BHB)
-- Screening for potential adulteration (melamineScreening for potential adulteration (melamine……))
-- Qualitative analysisQualitative analysis
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Bentley FTS Bentley FTS AccuracyAccuracy
CECALAIT EVALUATIONCECALAIT EVALUATION
((cowcow, , sheepsheep andand goatgoat milkmilk))

INDIVIDUAL COW MILK SAMPLESINDIVIDUAL COW MILK SAMPLES

n = 118n = 118
Sy,xSy,x = 0,378= 0,378

n = 118n = 118
Sy,xSy,x = 0,378= 0,378

FTS ACCURACY RESULTS MEET  ISO 9622/FIL 141 C: 2000/ICAR FTS ACCURACY RESULTS MEET  ISO 9622/FIL 141 C: 2000/ICAR 
REQUIREMENTS ON COW, SHEEP AND GOAT MILKREQUIREMENTS ON COW, SHEEP AND GOAT MILK

FATFAT PROTEINPROTEIN



New ApplicationsNew Applications
e.g.e.g. MilkMilk FattyFatty AcidsAcids Profile Profile (R(R--COOH)COOH)

1) Improve milk fatty acid profile by optimizing the cows feeding or 
through genetic selection

2) Rewards the best fatty acid composition by introducing it as a 
payment parameter 

3) Produce healthier milk with lower amount of saturated fat to meet 
consumers demands

WhyWhy testingtesting for for FattyFatty AcidsAcids? ? 
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MilkMilk FattyFatty AcidsAcids ProfileProfile
SaturatedSaturated FA (FA (cowcow milkmilk/141 /141 spectraspectra))



MilkMilk FattyFatty AcidsAcids ProfileProfile
UnsaturatedUnsaturated FA (FA (cowcow milkmilk/144 /144 spectraspectra))
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COMPONENTS n SECV SECV (%) R² Sr r Y Sy

Monounsaturated FA 48 0.046 4.35 0.998 0.012 0.033 1.057 0.226

Polyunsaturated FA 47 0.015 12.12 0.986 0.001 0.002 0.122 0.034

Saturated FA 48 0.041 1.39 1.000 0.012 0.033 2.955 0.597

Unsaturated FA 48 0.053 4.50 0.998 0.015 0.043 1.177 0.249

C16 48 0.060 4.63 0.998 0.017 0.049 1.287 0.292

C18:0 48 0.036 7.83 0.994 0.010 0.028 0.460 0.098

C18:1 48 0.049 5.11 0.997 0.016 0.044 0.958 0.205

N: number of samples
SECV: Standard Error of Cross validation
SECV%: relative Standard Error of Cross validation 
Sr: Standard deviation of repeatability 
Y: Mean value of the population 
Sy: Standard deviation of the population

Bentley FTSBentley FTS
MilkMilk FattyFatty AcidsAcids ProfileProfile

AlsoAlso involvedinvolved withwith PHENOFINLAIT PHENOFINLAIT 
andand AGRAMIR AGRAMIR researchresearch programsprograms
in France  in France  



Quantitative vs Qualitative Quantitative vs Qualitative AnalysisAnalysis

Limits of Quantitative Analysis :Limits of Quantitative Analysis :

requires to know the target components to be measured requires to know the target components to be measured 
requires to collect requires to collect representativerepresentative calibration samples and classical calibration samples and classical 

reference valuesreference values

Advantages of the Qualitative Analysis (spectral database):Advantages of the Qualitative Analysis (spectral database):

No classical reference values requiredNo classical reference values required
No need initially to know the target components/contaminants No need initially to know the target components/contaminants 
but requires developing  a spectral database of but requires developing  a spectral database of ““normal/targetnormal/target””

samples  samples  

Qualitative Analysis can be used :Qualitative Analysis can be used :

→→ to detect abnormal samples  to detect abnormal samples  
→→ to detect adulterated samples (melamineto detect adulterated samples (melamine……))
→→ to improve calibration robustness (onto improve calibration robustness (on--going calibration) going calibration) 



νν ((cmcm--1)1)

HOW TO DEVELOP A SPECTRAL HOW TO DEVELOP A SPECTRAL 
DATABASE?DATABASE?

STEP1: SPECTRA COLLECTION OF STEP1: SPECTRA COLLECTION OF «« NORMAL /TARGETNORMAL /TARGET »» SAMPLESSAMPLES



HOW TO DEVELOP A SPECTRAL DATABASE?HOW TO DEVELOP A SPECTRAL DATABASE?

νν ((cmcm--1)1)

MeanMean DatabaseDatabase SpectrumSpectrum

STEP2:  CALCULATE DATABASE MEAN AND STANDARD DEVIATION STEP2:  CALCULATE DATABASE MEAN AND STANDARD DEVIATION 
SPECTRUMSPECTRUM



DETECTION OF ABNORMAL/ADULTERATED SAMPLESDETECTION OF ABNORMAL/ADULTERATED SAMPLES

STEP3:  PROJECTION OF NEW/UNKNOWN SAMPLES IN SPECTRAL STEP3:  PROJECTION OF NEW/UNKNOWN SAMPLES IN SPECTRAL 
DATABASEDATABASE



DETECTION OF ABNORMAL/ADULTERATED SAMPLESDETECTION OF ABNORMAL/ADULTERATED SAMPLES
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DETECTION OF ABNORMAL/ADULTERATED SAMPLESDETECTION OF ABNORMAL/ADULTERATED SAMPLES
SamplesSamples ConformityConformity AssessmentAssessment (%)(%)
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How is it implemented on the FTS?How is it implemented on the FTS?

1) 1) SpectrumSpectrum for for eacheach samplesample savedsaved in local in local 
databasedatabase

2) 2) SpectraSpectra cancan bebe exportedexported automaticallyautomatically
togethertogether withwith thethe resultsresults on on thethe laboratorylaboratory
network   network   

3) 3) DevelopmentDevelopment ofof a local spectral a local spectral 
databasedatabase on on «« normal/normal/targettarget »» samplessamples

4) 4) SpectraSpectra outsideoutside confidence confidence limitslimits cancan
bebe detecteddetected automaticallyautomatically

5) Use 5) Use ofof a spectral a spectral databasedatabase to to identifyidentify potentialpotential
contaminantscontaminants

OPEN PLATFORM:OPEN PLATFORM:



ChallengesChallenges

FTIR technology not sensitive enough at low concentration levelFTIR technology not sensitive enough at low concentration levels.  s.  
Not possible to detect trace adulteration or contamination Not possible to detect trace adulteration or contamination 
(e.g. Melamine LOD (e.g. Melamine LOD 7575--100 100 ppmppm))

→→TradeTrade--off between speed and detection limit  off between speed and detection limit  

Need to define/select carefully the Need to define/select carefully the ““normalnormal”” samples used to develop samples used to develop 
the spectral database. the spectral database. 

→→Development/update of a local spectral databaseDevelopment/update of a local spectral database
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Bentley FTSBentley FTS
OnOn--going & Future Developmentsgoing & Future Developments

1) New calibrations/applications1) New calibrations/applications

-- Quantitative (Quantitative (FattyFatty acidsacids, FFA, , FFA, KetonesKetones bodiesbodies…….).)
-- Qualitative (Qualitative (fingerprintfingerprint))
-- AutomaticAutomatic calibration calibration selectionselection ((bestbest fit) fit) 

2) 2) RapidRapid determinationdetermination ofof milkmilk adulterationadulteration

-- by contaminants by contaminants 
-- by by milkmilk fromfrom differentdifferent animal animal speciesspecies

3) 3) DetectionDetection ofof abnormalabnormal samplessamples::

-- OutsideOutside thethe calibration range  calibration range  
-- OutsideOutside laboratorylaboratory ««normalnormal »» spectral spectral databasedatabase



ConclusionsConclusions

FTS is a powerful and rapid tool for the determination FTS is a powerful and rapid tool for the determination 
of milk chemical compositionof milk chemical composition

FTS can be used to detect accidental and economic FTS can be used to detect accidental and economic 
milk adulterationmilk adulteration
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THANK YOUTHANK YOU
pbroutinpbroutin@@bentleyinstruments.combentleyinstruments.com
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