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Why do “metrics” matters ?!

® Authenticity
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. " Data Acquisition i Quality Classification / DOC ; Management
in-vivo, in-situ, | Warehouse, Signal Processing, ' Information/Tools
High throughput data-mining, PAT for decision makin,

Fermentation Consumer t m m m 17
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BioAnalytics Database industry tools

metadata ¢




Strategies
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|. Extract Sensory Information

2. Key-Molecules Identification

3. Mechanisms of Formation

4. Kinetic Measurements



a1l

Compliance to Sensory Specifications

Sensitivity Quelliteriiye Consumer Tests

Thresholds Affective

L DIN Methods Acceptance
Preference
S s Hedonic

Difference

Odor Activity Value (OAV concept) EréferenceMapping

DoT (Dosage over Threshold)
Comparative Taste Dilution Analysis (cTDA)

Quantitative LC-Taste®
Krammer, G. et al. 2008, | 2thWeurman Flavour Research
Symposium, 1-4 July 2008, Interlaken, Switzerland.
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g “Workflow™ |

|. Extract Sensory Information

2. Key-Molecules Identification

F0ra

o

7Y T\
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“Correlate Sensory & Chemical Data”

nstrumental

Sensory Analysis

Analysis

“floral” +————————

“Bergamot” +————1:

“floral”




in-Silico ...

Retention Time Deviation

sensory Data
{

O — — — — — — — — — — — — — — — — — — — D

in-Silico...

threshold saturation

eiold

* Sensory profile : “Brain construction”
relations between attributes

Perceived
aroma intensity

‘‘Fech er;§ Law ‘
® Psychophysics : Intensity of Stimulus
is a sigmoid curve

Aroma concentration

®* Independent of compound variations ...

® Detector has (usually) a linear behavior
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Data Fusion : Different metrics ...

inger,* David Labbe, Philippe Pollie, Andreas Rytz, M. Juillerat, C. Yeretzian and I. Blank. Machine Tastes Coffee: Instrumental Approach To Predict the Sensory
resso Coffee. Anal. Chem, 2008, 1574-1581.

“Workflow”

|. Extract Sensory Information

2. Key-Molecules Identification

3. Mechanisms of Formation
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HSC 'S’HZC'Hf'CH H,C OH

[0}
i =
@“zc‘c“ Methional b%o

Phenylacetaldehyde Sotolon

White Wine Porto, Sherry
Madeira Wines

off - Flavor positive - Flavor

Pinho.

> va Ferreira, Barbe J.C and Ber
Escudero, A.; Hernandez-Orte, P.; Cacho, J. E.; Ferreira, V. J. J. o) Food Chem., 2003, 51 (5),
Agric. Food Chem. 2000, 48, 4268-4272.

Background: Mechanisms ...

Major flavor impact compounds ...

H,C OH

o
@Hzc—gﬂ H3c-s-Hzc-H,P-gH e mo

Rate of Formation Highly Dependent

I "Oxygen
D m
§ Levels ! I




Background: Mechanisms ...

Carbohydrate Alcohols | [Phenolic Compound

Caramelization Maillard Oxidation

Flavor Compounds
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Background: Oxygen Chemistry ...
02 Ground State

= _ Superoxide Anion %
(pKa = 4.5-4.9) 02

/ \ Peroxide Anion
HO,* O,*
Perhydroxyl (PKa = 16-18) v\\A
Radical = O2'
(pKa = 11.6) N
HZOZ

Hydroperoxyle Anion

Hidrogen Peroxide

=

Several Reactive , ro +ho
Oxygen Species ...

Background: Oxidation Mechanism ...

Aroma
Antioxidant a Products

Redox Potencial E (mV)

Activation Fenton
Lag Phase Oxidized Haber-Weiss




Antioxidants Dissolved
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|. Extract Sensory Information

2. Key-Molecules Identification

3. Mechanisms of Formation

4. Kinetic Measurements



1 L2 e e L A Dt d D Da Drd U e D e i S Dt ¥ |
@Normal Aged (NA
9 ( ) Different Vintages ( n=51 ) Age 1-60 years Old
@ Forced Aged (FA)
Oxygen Levels
Temperature Program 40 #3 45 #9
g — oS saturatlons saturations saturatlons saturatlons
 — ] } ;
20 [ e———— 20
10 10
0 — 0
0 20 0 somm 0 20 40 Sﬂmﬁ) ﬂj Bl j ]
Isothermal (IFA) Gradient (GFA) t t t
@ Chemicals 18 sampling points (90 days) -C.’\
HJC OH
Dl
H,C (¢}
Glucose o
[€ Maillard: “Amadori Reaction” | Ml A<:|d. -------------- > ¢ N\ o SC/Z/;\X\;;'H \/[;L'(;H
OH OH
02 Ethanal H 7 H 2OH H »OH
[Coxidation ] Ethanol sttt A o S o gl
Glycerol T CH3 CH3




o1
Kinetics Studies : Oxygen consumption
Eao2 = 2.6 kd/mol

Krefo2 = 0.134 days -
Oxygen Consumption Rate T = 20 °C

Rate of consumption varies
with the O, concentration ...

02 (mg/L)

ngi = ngo xexp(-K,, xt)

HE 30§ H
At'=4"days At=4days
Oxygen - First Order with Temperature

ﬂv-

Kinetics Studies : Furfurals & Acetals

Oxidation
O2  Ethanal pH

+
Glycerol |
X2 0 - HoOH HyOH
ik I\ 2 2
HC o cH HO S heoy 6.0 |/v\ @’C (@/c

Glucose + Amino Acid
Ethanol

v

Furfural 5-methyl-furfural 5-hydroxymethyl-furfural CH CH CH3 CH3
3
1,3-(cis/trans)-5-hydroxy-2-  1,3-(cis/trans)-4-hydroxymethyl-4-methyl-
methyl-1,3-dioxane 1,3-dioxolane

C(t) = Coy — (Coy — Cy) e~ Ji Farnlt

Ea; k - First Order reversible with Temperature

Ea dioxane = 32.5 kJ/mol




Kinetics Studies : Sotolon Rate of Formation

t=i t=0
C,, =Cs,, +ry, %

Sot Sot

Cons _ 1,50t
Tsor = Co2 kref €Xp

Ea sot = 38 kdJ/mol
Krefsot = 0.012 days =

Sotolon Rate of Formation
- directly proportional to oxygen consumption rate;
- exponential dependent on storage temperature.

t=10 years; T=10°C Permeability : 10 (mg/L)/ 365 (days)

“Monte Carlo” :

Oxygen Daily Intake Consumed Oxygen Sotolon,, . .,
3

£p i €7 L 5 1 =M :
Step One: Implement Stochastic Kinetic Laws aﬂfe ar[

Require: Initial Conditions: Concentrations, Temperature, Storage Time
Require: Model Parameters: Kinetic Constants, Model Error, Oz Daily Intake
Require: Uncertainty in Cp, Ceq, krey and Ea
Ensure: Monte Carlo Statistical Significance: Number of Cases
for i = 1 to NumberOfCases do
for j = 1 to StorageTir crement="TimeStep do
Conli] « DetermineQ2(j, Temperature,Error):
Consumednz «— Cp, - Cozli];

y a « CalculatelstOrderRev(j,IntialConc,
Temperature, Error):
end for
MonteCarlolj] « AppendResult(02,Consumed02,
Sotolon,Quality Parameters);
end for
Return MonteCarlo

[Jones & al. “2004 AWRI
[REPORT WINE
INDUSTRY JOURNAL,

Frequency
Frequency
Frequency
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“Monte Carlo” :

Oxygen Daily Intake Consumed Oxygen Sotolon H

o
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10 12 14 130 150 170 55 65 75
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cis-dioxane cis-dioxolane trans-dioxolane
c s c
o o ¢ o s Q
3 © < S ©
g 8 g
T o [ —] L o [ S | P T L N e m |
55 6.0 65 34 38 42 46 2.4 2.8 3.2
(mg/L) (mg/L) (ug/L)

t — 10 years. T — 10 oC Permeability : 1,5 (mg/L)/ 365 (days)

“Clustering” : 10 years “Vintage”

time =10 years
T=10°C
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“Clustering” : 10 years “Tawny”

time =10 years
T=20°C

emio Qua '-oo‘ Oxidatio anageme
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o1 "Landscape ... |

® Dynamic

® Multi-Scale
® Multivariate
@ Convoluted

S
S e

Intensity

150
Retention Time

a1
ggﬂ'guah’ty Mass Spectroscopy Signal Processing@i i
rréctiol

Chromatogram




e NO '\, X-Metabolomics

File Alignment Filtering

MassMiner Help

New Open Save Settings

a1

Correlation Between Fragments :
Clustering Non-biological components

Tikunov, Y., et al. (2005). Plant Physiology, 139, 1125-1137

distance

Reload Print BatchAlignment

Mass Spectroscopy Signal Processingfi] |




Mass Spectroscopy Signal Processing

PC 2 14,5568495599692 %

8no A\ X-Metabolomics y PC 1 73.2252521416159 %

Eile Alignment Filtering MassMiner Help

New Open Save Seftings Reload Print Batchalignment

$fep /asinog auwi|

Mass
Expression

=
3
S
=
=
=
=
=
=
£
3
E
5
-
E
5




MS Scan : Mass Spectra
example n°: 4519

83  Sotolon

‘Pathway Reconstruction”

- Correlation

High - Correlation

800 | X-Metabolomics

Furfurals

Acetals

Eile Alignmer inertelp

New Open Save Seftings Reload Print Batchalignment

1,3 -Dioxane ||
- H 20H|
17

" Benzaldehyde

f . ’ o

ol e e

] 2143

© o1
3244
- 3413

2522
2761
4761

1,3 -

H 2 OH
w g

v G g

Dioxane

Furfurals

Non-Target Approach : “Clustering” all MS

<~ MS Scans (1500)——

MS Scans (1500——




The Grapes

(light) : (Light + qrape)

(nwformation (information

=1 (o) ey = (09)

rade) information= 1 (0a) - (O
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Wavelength (nm)

Intermediate Zone
tartaric acid

Complex Fingerprinting :

potassium

ggnvolu Informatlon
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Feature an atte n Recogniti8n

File Format Help

RGN &
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What is Hyperspectral Imaging?

® Spacial Information for each
time,

® Time Course Resolution,

- / * Each point of the field is a
o spectra,

* Allows high discrimination,

* Maturation Monitoring...

LT Te
Movie Making... Imaging : vis-SWNIR




Feature Space Coordinates

Relevant Variance Imaging

Independent
Metabolic Features




vis-SWNIR : Metabolic Imagin

© 2010 Europa Technologies
Image © 2010 DigitalGlobe

©.2010 Tele Atlas

magery Date: Oct 2, 20( N 4 Eyealt
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D00 WinePAT: Hyperspectral viewer
. © Sample point: detaied...

Point: 83.0
Select image data: | PC1

Provided by OpenPAT Core Tea
Position: 133.3 m, 20.0 m

U
\
é/‘jwmepAT

Technology

Value | Unit
482 su.

WinePAT hyperspectral viewer 7575 S

. g 162 su.
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N S 2 8 e
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 WinePAT Viewer 1.0‘1 w0 su.
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WinePAT:

O Sample point: detailed.
PCa Select dat [Description

. _\‘
PCs T—— Bloovided by OpenPAT Core Tear W i n e PAT
o +}__ Neoxanthin F .7 m, 20. 3
- ( Lutein _n |

Technology
Zeaxanthin

Pheophytin_B
Pheophytin_A
8.carotene
CombFrac.linalool
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ombFrac.li
artaric

Malic
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Frutose

o Sample point: viewer
Point data

Point 43.0
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o
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Welcome to WinePAT viewer!
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