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Managing Wine Quality :
Strategies and Tools
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. © Comply with the requirements !
7 Organoleptic properties and Sensory : composition, stability

Product Performance : flavor technology, fitness for use

{ Regulatory compliance : authenticity, labeling, chemical identity, purity

\ Food ethical compliance : Rosher, halal; organic

. © Absence of faults

| Free from off-flavors

| Absence of contaminants
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Wine Composition: the Big Picture
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Why do “metrics” matters ??

* Authenticity

* Quality
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consumption
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How much O2 will maximize “Sensory Quality” 22
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2= M Workflow”

|. Extract Sensory Information

2. Key-Molecules Identification

3. Mechanisms of Formation

4. Kinetic Measurements
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Consumer Tests

Affective

Sensitivity

Acceptance
Preference
Hedonic

Odor Activity Value (OAV concept)
T (D hreshold)

Preference Mapping
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| DataAcquisition Quality Classification | DOC Management
in-vivo, in-sit, Warehouse, Signal Processing, | Information/Tools
High throughput data-mining, PAT for decision making.
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| “Managing the Paradox Family” |

Sawvignon Blane Senson
Potent Odorants Threshold (I?g/L)

4 meroapto4-methyl pentan-2-one “Boxtree”  0,0008

3 weeroaptohexylacetate “Passion fruit” 0,004
3-mercaptohexan1-ol “Passion fruit” 0,060
i rapsi P
cH-s-CH “Asparagus” 10,0 / 5
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|. Extract Sensory Information

2. Key-Molecules Identification
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Flavor Generation Mechanisms

I ROS: Reactive Oxygen Species I

Q. Ground State
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Cyclic Voltammetry : Fundamentals I

Redox Potencial E (mV)

2nd Inflection su0 Gatochin (ring)
Point Coumric acid

Vanilic acid.
1st Inflection

Isolated phenols
meta-diphenols.

Current e
oint Malvidins

Intensity 1 ‘v Ferrulic acid

1/ uA : Procyanidins
Gallc acid
Rutin
Quercetin (B-1ing)
(EpiCatechin
Gallacatechins
Delphinidin Flavonoid
Myriatin triphenols

Hydroxy/methoxy

ortho-diphenols
gallates
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|. Extract Sensory Information

2. Key-Molecules Identification

3. Mechanisms of Formation

I Background: Mechanisms I

‘ Carbohydrate ‘ ‘ Amino Acid ‘ ‘ Alcohols HPhenoIic Compound‘

H

[ oxidation |
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Flavor Compounds

‘ Caramelization ‘ Maillard

Background: Antioxidant Consumption |
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I Experimental Design: Sample Prepara nI

« Forced Aging Protocol

~Group| -
pH=3.2;[SO2 Jfree =12 mglL ; [02]= 1.0 mg/L

Treatment | Treatment Il Treatment Il Treatment I
pH=32 | |SO,(free)=50 mg/l| |O,dissolved =8 mglL| =
T T

Stored @ T=15°C ; @ T = 45°C
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Sensory and Chemical analysis
—
Different Vintages (n=24) Age 1-20 years Old ‘

-Group Il -

* Normal Aged
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White Wine
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“Key-Odorants”
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Cyclic Voltammetry : Normal Aged wines I
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I Background: Mechanisms .. J{

Major flavor impact compounds ...

f
Ol el

Rate of Formation Highly Dependent

z Oxygen i
! Levels !
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I Background: Mechanisms I

| Carbohydrate | ‘ Amino Acid ‘ ‘ Alcohols HPhenoIic Compound‘

Caramelization ‘ Maillard ‘
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Flavor Compounds

I Multivariate Chart Control I
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Multivariate Chart Control

50,00 1

|. Extract Sensory Information

2. Key-Molecules Identification

3. Mechanisms of Formation

4. Kinetic Measurements

‘ Material and Methods]

Biformalaaed (NA) Different Vintages ( n=51 ) Age 1-60 years Old
@ Forced Aged (FA)

Temperature Program

Oxygen Levels
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“Target versus No
Retention T

t=10 years; T = 10 °C Permesbiity: 10 (mg/u)/ 365 ¢ays

“Monte Carlo” :

Ocygen Daiy ke Consumed Osygen p—
21w Ped

34 38 4z ag
(mg]L)

Oxygen Consumption Rate T = 20 °C

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

Co =Cp %exp(=K y, xt)

10 years; T =10 °C Permeability : 1,5 (mg/L)/ 365 (days)

“Monte Carlo”

Oxygen Daly Intake Consumed Oxygen Sotolon ¢ on

&y

0004 0010 01234
(mg/L) (mg/L)
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Oxidation
Glucose + Amino Acid 02  Ethanal py

Ethanol —— 4+
Glycerol

Ea; k - First Order reversible with Temperature

Ea dioxane = 32.5 kJ/mol
Kiref dioxane = 0.0011 days -1

time =10 years
T=10°C
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Easot = 38 kd/mol
Kref sot = 0.012 days -

Sotolon Rate of Formation
- directly proportional to oxygen consumption rate;
- exponential dependent on storage temperature.
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time =10 years
T=20°C

time =10 years

T=10°C

“Clustering” : 10 years “Tawny”

time =10 years
T=20°C

Monitoring “Target
Features’

Port Wine
“Feature Space”
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Chemiomics Quality Prediction Oxidation Manageme
Database and Classification Pre e Control
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® Multivariate
® Convoluted

Intensity

150

Retention Time
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Samples
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Mass Spectroscopy Signal Processing

Original
Data

I rrrrern TN rnyrnen

N O |\, X-Metabolomics

File Alignment Filtering MassMiner Help

New Open Save Settings Reload Print BatchAlignment

Clustering Non-biological components @Forced Aged (FA
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Time Expression : Sotolon

Mass Expression
oH T(°C) & 02

83 H,C
Sotolon CE&
Hy 0
128
JJ 3208

& 3208
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MS Scan : Mass Spectra
example n°: 3208

Furfurals

“Pathway Reconstruction”

- Correlation
High - Correlation

——— MS Scans (2500)—

«—— MS Scans (2500)——
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. Ime Expression : Dioxolane
Mass Expression -

T(°C) & 02
(cis)-4-
hydroxymethyl-4-methyl-

2035 7
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» 2493 B “Clustering” all MS Scans
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«~—— MS Scans (2500)——
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- Time Expression : Furfural
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Non-Target Approach : “Clustering” all MS Scans
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- | Mass Spectroscopy Signal Processing|
Mass Spect: Signal Ps
Correlation Between Fragments : KA Slpdaniabisel ) Sl el
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- Ime Expression : benzaldeido
Mass Expression
1837

Mmoo
Benzaldehyde 1837

Non-Target Approach : “Clustering” all MS Scans
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Time Expression : Benzaldeido
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Mass Expression
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Mass Expression

Methionol
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de/dt - sum (S KiC) =0
S;  Stechiometric Matrix

@ steady State
®dc/dt =o
OKIC, =V, Flux
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b > o Formed
b;; = 0 Not Detected
b; < 0 Consuwmed

NetWork Reconstruction

“Mechanism” “Compositional” thway Weight”
Matrix Matrix Matrix

Complex Fingerprinting :

® Convoluted Information
® Advanced Computational Signal Processing,

Feature and Pattern Recognition
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What is Hyper-spectral Imaging?

Image = Set of pixels with x
and y distribution

® Spacial Information for
each time,

® Time Course Resolution,

® Each point of the field is a
spectra,

® Allows high discrimination,

® Maturation Monitoring...
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Supervised NetWork Reconstruction

“Molecules Candidates”
Matrix

“Mechanism”
Matrix

YAVAVAVAV

(Light) ; (light + Grape)

information information

=1 (o) : = ( (09)

(Grape) information= 1 (0g) - 1 (0)
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30- - _Relevant Variance Imaging v -
August August

— | beta-carotene
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