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Fresh dairy product market In France, in 2005: ƒ Consumption: 137.7 kg dairy products per inhabitant ƒ Number of purchases of dairy products per inhabitant 45 40 35 30 25 20 15 10 5 0 q liquid milk



cream



butter



cheese



fresh dairy product



ƒ Innovation: the segment g of health yoghurt y g represents p 17% of p purchases Paris, August 31st
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Fresh dairy product authentication ƒ Increased number of product types on the market : fat-free, full-fat, set, stirred, drinkable, probiotic



ƒ Increased consumption of dairy products ƒ P Possible ibl fraud f d and d mislabelling i l b lli : ƒ Origin and content of proteins ƒ Addition of undeclared ndeclared compounds compo nds



Æ Need for rapid authentication methods



Paris, August 31st
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1H NMR spectroscopy



ƒ Simplified sample preparation ƒ Rapid measurement ƒ Screening of all protonated molecules



Paris, August 31st
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Plain Yoghurt ?



Origin



?



Ferment Streptoccocus thermophilus



Lactobacillus bulgaricus



Bifidobacterium



Process



Paris, August 31st
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Presentation outline



1. Sample and data sets 2. Chemometric methods 3 Discrimination between cow milk and sheep milk yoghurts 3. 4. Discrimination between the ferments and processes used in yoghurt making



5. Conclusion



Paris, August 31st
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Sample set
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37 retail samples



Number of samples



Code



Sheep milk



4



SHE



Cow milk



33



COW



8



BIF / SET



10



STD / STI



15



STD / SET



ƒ Bifidobacterium ƒ Standard ferment « Stirred »



ƒ Standard ferment « Set » Total : Paris, August 31st
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Spectrum acquisition
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Sample preparation:



ƒ ƒ



Centrifugation of yoghurts (15 min) 750 µL of supernatant + 150 µL of D2O (around 0.75% TSP)



D t acquisition Data i iti :



ƒ ƒ ƒ



NS= 128 AQ= 6.9 sec AQ Experiment duration: 45 min



Data pre-treatment



ƒ ƒ ƒ ƒ ƒ



Phase correction, Base-line correction, W Warping, i Mean of 7 adjacent points : 32 K Æ 4692 variables Edge suppression & water peak suppression Æ 4057 variables



Paris, August 31st
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Data set
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A matrix X(n,p) ( ,p) of the intensities of the spectral p data points p



X(n,p) ( )



Recorded spectra 8



x 10



Variable 1



Variable 2



Variable p



6



5



Sample 1



x1,1



x1,2



x1,p



4



Sample 2



x2,1



x2,2



x2,p



3



Intensity variability 2



Sample n



xn,1



xn,2



xn,p



1



0



10



9



8



7



6



5



4



3



2



1



ppm
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Data set after pre-treatment
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Logarithmic transformation



8 7 6 5 4 3 2 1 0 -1



10



9



8



7



6



5



4



3



2



1



ppm
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1 Sample and data sets 1. 2. Chemometric methods 3. Discrimination between cow milk and sheep milk yoghurts 4. Discrimination between the ferments and processes used in yoghurt making



5. Conclusion



Paris, August 31st
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Why using chemometrics?
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Aromatic compounds x 10



Sugars



Acids



Spectrum of yoghurt



8



2.5



2



1.5



1



0.5



0 10



8



6



4



2



0



chemical shift (ppm)



The relevant information may be in the whole spectrum Chemometrics: to select information Paris, August 31st
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How to select information?
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Each chemical shift that has a spectral value recorded = a variable



value in tthe spectrum m



3,5 3 2,5 2 15 1,5 1 0,5 0 1



1,05



1,1



1,15



1,2



1,25



ppm



Looking for relevant information = Variable selection



Paris, August 31st
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EWZS function
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6



5



x 10



4



Dataset = Xn,2500



Value to predict = Yn,1



3 2 1 0 0



1000



2000



Evolving Window Zone Selection function: A growing sliding window to test zones’ ability to predict Y



Xn,1:500



Paris, August 31st



Legend : Step =500 Minimal size = 500 Maximal size = 1500



Spectum Observation window



6



x 10 5 4 3 2 1 0 0



1000



2000



1st zone tested



In press : ACA,2007, Cuny,M. et al., Evolving Window Zone Selection method followed by Independent Component Analysis as useful chemometric tools to discriminate between grapefruit juice, orange juice and blends
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6



5



x 10



4



Dataset = Xn,2500



Value to predict = Yn,1



3 2 1 0 0



1000



2000



Evolving Window Zone Selection function: A growing sliding window to test zones’ ability to predict Y



Xn,1:500



Paris, August 31st



Xn,1:1000



Legend : Step =500 Minimal size = 500



Spectum Observation window



Maximal size = 1500 6



x 10 5 4 3 2 1 0 0



6



1000



2000



x 10 5 4 3 2 1 0 0



1000



2000



2nd zone tested



In press : ACA,2007, Cuny,M. et al., Evolving Window Zone Selection method followed by Independent Component Analysis as useful chemometric tools to discriminate between grapefruit juice, orange juice and blends
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EWZS function
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6



5



x 10



4



Dataset = Xn,2500



Value to predict = Yn,1



3 2 1 0 0



1000



2000



Evolving Window Zone Selection function: A growing sliding window to test zones’ ability to predict Y GROWING



Xn,1:500



Paris, August 31st



Xn,1:1000



Xn,1:1500



Legend : Step =500 Minimal size = 500



Spectum Observation window



Maximal size = 1500 6



x 10 5 4 3 2 1 0 0



6



1000



2000



x 10 5 4 3 2 1 0 0



6



1000



2000



x 10 5 4 3 2 1 0 0



1000



2000



3rd zone tested



In press : ACA,2007, Cuny,M. et al., Evolving Window Zone Selection method followed by Independent Component Analysis as useful chemometric tools to discriminate between grapefruit juice, orange juice and blends
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EWZS function
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6



5



x 10



4



Dataset = Xn,2500



Value to predict = Yn,1



3 2 1 0 0



1000



2000



Evolving Window Zone Selection function: A growing sliding window to test zones’ ability to predict Y



Legend : Step =500 Minimal size = 500



6



SLIDING



x 10 5 4 3 2 1 0 0



6



1000



2000



6



Xn,1:500



Xn,1:1000



Xn,1:1500



Xn,500:1000



Xn,500:1500



Xn,500:2000



x 10 5 4 3 2 1 0 0



…



Paris, August 31st



Xn,1000:2500



x 10 5 4 3 2 1 0 0



x 10 5 4 3 2 1 0 0



6



1000



2000



6



1000



2000



6



Xn,1000:1500 Xn,1000:2000



Spectum Observation window



Maximal size = 1500



x 10 5 4 3 2 1 0 0



1000



2000



1000



2000



1000



2000



1000



2000



6



1000



2000



6



x 10 5 4 3 2 1 0 0



x 10 5 4 3 2 1 0 0



x 10 5 4 3 2 1 0 0



6



1000



2000



x 10 5 4 3 2 1 0 0



In press : ACA,2007, Cuny,M. et al., Evolving Window Zone Selection method followed by Independent Component Analysis as useful chemometric tools to discriminate between grapefruit juice, orange juice and blends
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EWZS function
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Data reduction



Xn,1:500 1 500



Xn,1:1000 1 1000



Xn,1:1500 1 1500



Prediction



ICA PLS



Xn,500:1000



Xn,500:1500



Xn,500:2000



Criterion



PCA



PLS Linear Regression



Yn,1



RMSECV R²



PLS-DA



Xn,1000:1500 Xn,1000:2000



Xn,1000:2500



…



…



RMSECV (Xn,1:500)



RMSECV (Xn,1:1000)



RMSECV (Xn,1:1500 )



R² (Xn,1:500)



R² (Xn,1:1000)



R² (Xn,1:1500 )



RMSECV (Xn,500:1000)



RMSECV (Xn,500:1500)



RMSECV (Xn,500:2000 )



R² (Xn,500:1000)



R² (Xn,500:1500)



R² (Xn,500:2000 )



RMSECV (Xn,1000:1500) RMSECV (Xn,1000:2000) RMSECV (Xn,1000:2500 )



R² (Xn,1000:1500)



R² (Xn,1000:2000)



R² (Xn,1000:2500 )



…



…



MAP



MAP RMSECV value



Selection



R² value



Selected zone = Xn,500:1500 … … Paris, August 31st



In press : ACA,2007, Cuny,M. et al., Evolving Window Zone Selection method followed by Independent Component Analysis as useful chemometric tools to discriminate between grapefruit juice, orange juice and blends
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Independent Component p Analysis y



1. 2. 3. 4. 5 5.
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Aim : Recover the “pure” p sources from mixed signals. g Based on the assumption of statistical independence of underlying (“pure”) sources. How ? By finding a demixing transformation that minimises dependencies among the estimates of the "pure" sources. A Hyvarinen A. Hyvarinen, JJ. Karhunen Karhunen, and E E. Oja Oja, Independent Component Analysis Analysis, Wiley Wiley, New York York, 2001 2001.



Paris, August 31st
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PLS regression
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Aim : Predict Y from X and describe their relation. How ? PLS regression finds components called “Latent Variables” (LVs) from X that are relevant for Y Variables Y. Perform a simultaneous decomposition of X and Y with the constraint that each LV explains e plains the maximum ma im m variance of X and Y, and covariance between X and Y. Th regression The i model d l can then th be b used d to t predict di t Y. Y



Paris, August 31st
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PLS-DA
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Aim : Predict g groupings p g of samples p in X and describe the relation between X and the groups. How ? Each column of Y represents a predefined grouping. grouping If the sample j belongs to group i, the value for Yj,i is 1. Else the value al e for Yj,i is 0 0. PLS2 regression between X and Y.



Paris, August 31st



22
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5. Conclusion
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Results of EWZS
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Options : • ICA: ICA M Maximum i number b off latent l variables: i bl 7 • Step: 20 • Maximum size of the sliding window: 250 • One sample left-out for cross-validation Max Regression R2



Min RMSECV



1



0.9



500



0.8



500



1000



0.7



1000



1500



0.6



1500



2000



0.5



2000



0.4



2500



1.2



1



1 0.8 0.6



2500



0.4



0.3



3000



3000 0.2



3500



0.2



3500 01 0.1



4000



Paris, August 31st
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100



200



250



4000



8



100



200



250 24
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Results of ICA
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Zones selected on RMSECV criterion Loadings zone 1 3



zone 2



2.5



2



2



1.5



1.5 1



0.5



0.5



0



0



10



8



15 1.5



8



7



1



6



0.5



4



4



0



3.5



-0.5



3



-1



2.5



-1.5



1.5 1



0



2



-2



1 0



5.1 ppm



5



Scores on IC3 and IC C4



5.8 5.6 ppm



-2 5.2



5.1 ppm



5



COW COW COW COW COW COW



0 12 0.12



IC4



5.8 5.6 ppm



-0.5 5.2



3



-1



0.14



0 -0.5 6.2 6



4



2



-6 6 6.2 6



-2.5 8.2 8.1 8 ppm



0.5



-0.5 8.2 8.1 8 ppm



5



-2



ICA 4 components



IC1 IC2 IC3 IC4



6



-4



2 1



zone 3



2



zone 3



3



2.5



zone 2



0.1



COW



0.08



COW COW COW



COW



0.06 COW COW COW COW COW 0.04 COW COW COW COW COW COW COW COW COW COW COW 0.02 COW COW COW 0 COW COW -0.02 COW -0.1



-0.05



SHE SHE SHE 0



0.05



0.1



SHE 0.15



IC3



Paris, August 31st



25



1. 2. 3. 4. 5 5.



From signals to compounds p
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zone 1 2 1.5 1 0.5 0 -0.5 -1 -1.5 -2 2 -2.5



8.2



8.1



zone 2



8



10 8 6 4 2 0 -2 -4 4 -6 6.2



6



ppm



COW SHE



x 10 5 8 7 6 5 4 3 2 1 0 8.2



zone 1



x 10 6



5.8 ppm



5.6



x 10 5



1.5 ? 1



0 6.2



5



4 2 0



0.5 8



5.1 ppm zone 3



14 12 10 8 6



lactose



8.1 ppm



8 7 6 5 4 3 2 1 0 -1 -25.2



zone 2



2



≠ aromatic compound p composition



6



5.8 ppm



5.6



More lactose in cow milk yoghurt added to recipe



Paris, August 31st



zone 3



5.2



5.1 ppm



Less galactose i sheep in h milk ilk yoghurt



5
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5. Conclusion



Streptoccocus thermophilus
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Lactobacillus bulgaricus



Bifidobacterium



27



1. 2. 3. 4. 5 5.



Results of EWZS



Streptoccocus thermophilus
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Lactobacillus bulgaricus



Bifidobacterium Min RMSECV



Max Regression R2



1



1 0.6 0.8



Options :



0.5



1000



• PLS : 2 values :STD -1 / BIF 1 • Step: 20



0.6



04 0.4 2000



2000 0.3



• Maximum number of LVs : 10 • Maximum size of the sliding window: 250



1000



0.4



0.2 3000



3000 0.2 0.1



• 1 sample left-out for crossvalidation



4000 8



Paris, August 31st



4000 100



200



8



100



200
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Results of PLS
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Whole dataset



Zone selected based on RMSECV criterion (spectra)



8



Zone selected based on R² criterion (spectra)



7 6



1.5



1.5



5 4



min : 0.6152



3



max : 1.2842



1



1



BIF



mean : 0.976



min : 0.7676



1



std : 0.2050



max : 1.1758



0



0.5



0.5 9



8



7



6



5



4



3



2



1



Aromatic compounds



Y Predicted d1



10



0 R2= 0.978



1.5



Y Prredicted 1



0.5



0 R2= 0.984



RMSEC = 0.12849



5 Latent Variables -0.5



BIF R2 = 0.836 5 Latent Variables RMSEC = 0.34703



min : 0.2106 max : 1.2785 mean : 0.7524 std :0.3365



STD



-1



0



-1



STD



max : -0.7996



-2 -1



max : -0.8059 mean : -0.992 std : 0.0959



std : 0.1002 -1.5 15 -1



-0.5



-1.5



RMSEC = 0.10809 min : -1.1919



min : -1.1752 mean : -0.986



-1



mean : 0.978 std : 0.1509



5 Latent Variables -0.5



1



Y Predictted 1



-1



STD



BIF



2



min : -1.6329 max : -0.2628 mean : -0.920 std : 0.3248



-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 Y Measured 1



STD Paris, August 31st



STD



0 Y Measured 1



1



BIF



-1.5 -1



STD



0 Y Measured 1



1



BIF



1
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Options : • PLS-DA PLS DA : 2 classes • Step: 20 • Maximum number of LVs : 10 • Maximum size of the sliding window: 250 •1 sample left-out for cross-validation Min RMSECV



Max Regression R2



0



0



0.8



0.6 05 0.5



1000



0.7 1000



0.6



0.4 2000



0.3 0.2



3000



0.5 2000



0.4 0.3



3000



0.2



0.1 4000



0.1 4000



0 Paris, August 31st



100



200



0



100



200 30
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Results of PLS-DA



Paris, August 31st



Selected zone 4 3



x 10



Spectra



6



3.5



2.5



STR



3



2



SET



2.5 2



1.5



Tyr Phe Trp



Arg



1.5 1 1 0.5



0.5



0



0 7.5



7



6.5



6



-0.5



5.5



7.5



Samples/Scores Plot



1.4 1.2



0.8 0.6 0.4 0.2



0.6 0.4 0.2 0 -0.2



0.2



0.3



0.4 0.5 0.6 0.7 0.8 Y Measured 1 (Class 1)



5.5



0.9



1



R2 = 0.833 7 Latent Variables RMSEC = 0.18758



0.8



-0.2 0.1



6



Samples/Scores Plot



1



0



-0.4 0



6.5



1.2



R2 = 0.825 7 Latent Variables RMSEC = 0.19223



1



7



1.4



Y Predictted 2 (Class 2)



Y Predic cted 1 (Class 1)



Predicted 1 Predicted 2 0.79239 0.05323 1.0491 0.042933 0.95497 0.10474 1 0299 1.0299 0 042699 0.042699 0.76493 0.19865 1.0053 0.032172 0.83588 0.045314 0.88906 0.15509 -0.013256 0.92606 0.51881 0.48108 0.29868 0.81718 0.075093 0.84928 0.48472 0.56065 0.077469 0.88302 -0.22816 1.2718 -0.008046 1.036 -0.0055709 1.0222 -0.093697 0.99162 0.63923 0.25146 0 87134 0.87134 0 073457 0.073457 0.82511 0.15297 1.123 -0.26599 0.91842 0.089435 1.1729 -0.2289 0 85662 0.85662 0 14297 0.14297 1.0007 -0.011298 0.97175 -0.0041494 1.1613 -0.1448 0.87812 0.17031 0.87953 0.20561 0.81875 0.2461 1.0895 0.012927 1.2527 -0.25886
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-0.4 0



0.1



0.2



0.3



0.4 0.5 0.6 0.7 0.8 Y Measured 2 (Class 2)



0.9



1
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5. Conclusion
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ƒ Although : • the size of the sample set is limited, limited • the samples are from the market with sometimes little information, this study nevertheless demonstrates the potential of 1H NMR spectroscopy as a rapid method for screening dairy products, in this case yoghurts of different types.



ƒ The crucial step is the selection of informative variables from the entire 1H NMR spectrum. The EWZS procedure described here is able to automatically pick out sections of the spectrum that contain signals that are characteristic of the milk type or manufacturing process.



ƒ Further work is ongoing to identify the discriminant components and d assign i th relevant the l t signals i l in i the th 1H NMR spectrum. t Paris, August 31st
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