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Organoleptic properties and Sensory : composition, stability

Product Performance :  flavor technology, fitness for use

Regulatory compliance : authenticity, labeling, chemical identity, purity

Food ethical compliance : kosher, halal, organic

  Absence of  faults

  Comply with the requirements

Free from off-flavors

Absence of contaminants

Quality

Krammer, G. et al. 2008, 12thWeurman Flavour Research Symposium, 1-4 
July 2008, Interlaken, Switzerland.
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Wine Composition:  the Big Picture

metr
ics 

Why do “metrics” matters ??

• Quality

• Authenticity

Raw
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Raw
Data

Data Acquisition
in-vivo, in-situ,

High throughput

Management
Information/Tools 

for decision making

Quality Classification / DOC
Warehouse, Signal Processing, 

data-mining, PAT 
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Complexity “Shelf-Life”
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How much O2 will maximize “Sensory Quality” ??

Sensory 
Quality

“Managing the Paradox Family”

Formation of Sulfur compounds during wine making and 
aging (Rauhut et al., 1996).

thioacetic 
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Potent Odorants
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Research. 2005
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Metabolite Profiling: Multi-scale

“ Workflow”

1. Extract Sensory Information

2. Key-Molecules Identification

3. Mechanisms of Formation

4. Kinetic Measurements
Quantitative LC-Taste®

Scaling

Time Intensity

Thresholds

Degree of 

Difference

Odor Activity Value (OAV concept)

DoT (Dosage over Threshold)

Comparative Taste Dilution Analysis (cTDA)

└ Sorting
└ Categories

└ Ratio Figures

└ DIN Methods

Krammer, G. et al. 2008, 12thWeurman Flavour Research 
Symposium, 1-4 July 2008, Interlaken, Switzerland.

 Compliance to Sensory Specifications

Sensitivity Quantitative Qualitative Consumer Tests

Descriptive 

Analysis

Affective

Acceptance

Preference

Hedonic

Preference Mapping

GC/O

LC-Taste®

“ Workflow”

1. Extract Sensory Information

2. Key-Molecules Identification

Sensory
Analysis

Instrumental
Analysis?

“Correlate Sensory & Chemical Data”

Hybrid tec
hniques
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Hybrid Techniques
“ Workflow”

1. Extract Sensory Information

2. Key-Molecules Identification

3. Mechanisms of Formation

A C. Silva Ferreira, Barbe J.C  and Bertrand A.B. 
J. of Agric. Food Chem., 2003, 51 (5), 1373-1376.

A C. Silva Ferreira, T. Hogg and P. Guedes de Pinho. 
J. of Agric. Food Chem., 2003, 51 (5), 1373-1376.
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Major flavor impact compounds !

Rate of Formation Highly Dependent 

A C. Silva Ferreira, T. Hogg and P. Guedes de Pinho. 
J. of Agric. Food Chem., 2003, 51 (5), 1373-1376.

A C. Silva Ferreira, Barbe J.C  and Bertrand A.B. 
J. of Agric. Food Chem., 2003, 51 (5), 1373-1376.
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Background: Mechanisms !
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Flavor Generation Mechanisms
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Flavor Compounds
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Background: Mechanisms !
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Flavor Generation Mechanisms : Maillard
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Background: Mechanisms !

Several Reactive 
Oxygen Species ...

Reactivity…
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Background: Antioxidant Consumption
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Shelf-Life: Antioxidants “quality & quantity” 

Tools

Cyclic Voltammetry : Fundamentals
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SO2 (free) = 50 mg/L

Treatment I
pH = 3.2

Treatment IV
pH = 4.2

Treatment III
O2 dissolved = 8 mg/L

Stored @ T = 15 ºC ; @ T = 45 ºC

Sensory and Chemical analysis

• Forced Aging Protocol

• Normal Aged
 
Different Vintages (n=24) Age 1-20 years Old
  - Group II -
 

- Group I -
pH= 3.2 ; [SO2 ]free =12 mg/L ; [O2 ]= 1.0 mg/L

Experimental Design: Sample Preparation Cyclic Voltammetry : Normal Aged wines
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Multivariate Chart Control “ Workflow”

1. Extract Sensory Information

2. Key-Molecules Identification

3. Mechanisms of Formation

4. Kinetic Measurements

Temperature Program Oxygen Levels
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Material and Methods 

Isothermal (IFA) Gradient (GFA)
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“Target versus Non-Target Approach”...
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Oxygen Consumption Rate T = 20 ºC

  t = 4 days   t = 4 days

Oxygen - First Order with Temperature

Kinetics Studies : Oxygen consumption
Ea O2 = 2.6 kJ/mol
Kref O2 = 0.134 days -1
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Maillard :  Amadori Reaction

Kinetics Studies : Furfurals & Acetals 

O O

CH3

OH

O O
CH3

CH2OH
O O

CH3

CH2OH

O O

CH3

OH

1,3-(cis/trans)-5-hydroxy-2-
methyl-1,3-dioxane 

1,3-(cis/trans)-4-hydroxymethyl-4-methyl-
1,3-dioxolane 

+

Ethanal 
+ 

Glycerol 

O2
Ethanol

pH

Oxidation

Ea; k - First Order reversible with Temperature

Ea furfural = 143.1 kJ/mol
Kref furfural = 0.0009 days -1

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

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

Kinetics Studies : Sotolon Rate of Formation

Ea sot = 38 kJ/mol
Kref sot = 0.012 days -1
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“Clustering” : 10 years “Vintage”
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Chemiomics 
Database

Port Wine 
“Feature Space”

O2 & Temperature (ºC)

Oxidation Management
Predictive Control

Quality Prediction
and Classification
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Oxidation Management : ChemoInformatics

Tools



Retention Time
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“Target versus Non-Target Approach”...
  Dynamic
  Multi-Scale
  Multivariate
  Convoluted

Landscape ...
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Mass Spectroscopy Signal Processing
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Data
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Correlation Between Fragments :  
Clustering Non-biological components 

Mass Spectroscopy Signal Processing

distance

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

Noise

Robust
Signal

Forced Aged (FA)

Mass Spectroscopy Signal Processing
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Time Expression : SotolonMass Expression
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“Pathway Reconstruction”
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MS Scan : Mass Spectra 
example nº :  3208
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Non-Target Approach :  “Clustering” all MS Scans 
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Time Expression : Benzaldeído

P0
0_
S_
O
2

P0
1_
1I
N
J

P0
1_
2I
N
J

P0
1_
5I
N
J

P0
1_
S_
O
2

P0
2_
1I
N
J

P0
2_
2I
N
J

P0
2_
5I
N
J

P0
2_
S_
O
2

P0
3_
1I
N
J

P0
3_
2I
N
J

P0
3_
5I
N
J

P0
3_
S_
2

P0
4_
1I
N
J

P0
4_
2I
N
J

P0
4_
5I
N
J

P0
4_
S_
O
2

P0
5_
1I
N
J

P0
5_
2I
N
J

P0
5_
5I
N
J

P0
5_
S_
O
2

P0
6_
1I
N
J

P0
6_
2I
N
J

P0
6_
5I
N
J

P0
6_
S_
O
2

P0
7_
S_
O
2

P0
8_
1I
N
J

P0
8_
2I
N
J

P0
8_
5I
N
J

P0
8_
S_
O
2

P0
9_
1I
N
J

P0
9_
2I
N
J

P0
9_
5I
N
J

P0
9_
S_
O
2

P1
0_
1I
N
J

P1
0_
2I
N
J

P1
0_
5I
N
J

P1
0_
S_
O
2

P1
1_
1I
N
J

P1
1_
2I
N
J

P1
1_
5I
N
J

P1
1_
S_
O
2

P1
2_
1I
N
J

P1
2_
2I
N
J

P1
2_
5I
N
J

P1
2_
S_
O
2

P1
3_
1I
N
J

P1
3_
2I
N
J

P1
3_
5I
N
J

P1
3_
S_
O
2

P1
4_
1I
N
J

P1
4_
2I
N
J

P1
4_
5I
N
J

P1
4_
S_
O
2

P1
5_
1I
N
J

P1
5_
2I
N
J

P1
5_
5I
N
J

P1
5_
S_
O
2

P1
6_
1I
N
J

P1
6_
2I
N
J

P1
6_
5I
N
J

P1
6_
S_
O
2

P1
7_
1I
N
J

P1
7_
2I
N
J

P1
7_
5I
N
J

P1
7_
S_
O
2

P1
8_
1I
N
J

P1
8_
2I
N
J

P1
8_
5I
N

1837

Mass Expression

T (ºC) & O2

T (ºC) 

Benzaldehyde77
110

C
H

O

1837 83

128
O

OH

O

H3C

H3C

Sotolon

MS Scans (2500)

M
S

 S
ca

ns
 (2

50
0)

scan corr
2268 0.9763
2455 0.9747
1754 0.9746
1840 0.9737
1755 0.9719
2294 0.9627

2340 0.9626
2659 0.9472
3821 0.9449
1537 0.9432
1718 0.9428
2071 0.9420
1585 0.9410
1586 0.9398
1676 0.9324
2350 -0.7562
2270 -0.7831
2351 -0.8077
1848 -0.8167

Non-Target Approach :  “Clustering” all MS Scans 

83

128
O

OH

O

H3C

H3C

Sotolon

r =0,7638

85
57

58
2294

0.9626

151

81
10951

0.9449
3821

2455
173

129110
86

0.9747

2270
-0.7830

10657

159
73

45

-0.7638

Time Expression : Methionol

P0
0_
S_
O
2

P0
1_
1I
N
J

P0
1_
2I
N
J

P0
1_
5I
N
J

P0
1_
S_
O
2

P0
2_
1I
N
J

P0
2_
2I
N
J

P0
2_
5I
N
J

P0
2_
S_
O
2

P0
3_
1I
N
J

P0
3_
2I
N
J

P0
3_
5I
N
J

P0
3_
S_
2

P0
4_
1I
N
J

P0
4_
2I
N
J

P0
4_
5I
N
J

P0
4_
S_
O
2

P0
5_
1I
N
J

P0
5_
2I
N
J

P0
5_
5I
N
J

P0
5_
S_
O
2

P0
6_
1I
N
J

P0
6_
2I
N
J

P0
6_
5I
N
J

P0
6_
S_
O
2

P0
7_
S_
O
2

P0
8_
1I
N
J

P0
8_
2I
N
J

P0
8_
5I
N
J

P0
8_
S_
O
2

P0
9_
1I
N
J

P0
9_
2I
N
J

P0
9_
5I
N
J

P0
9_
S_
O
2

P1
0_
1I
N
J

P1
0_
2I
N
J

P1
0_
5I
N
J

P1
0_
S_
O
2

P1
1_
1I
N
J

P1
1_
2I
N
J

P1
1_
5I
N
J

P1
1_
S_
O
2

P1
2_
1I
N
J

P1
2_
2I
N
J

P1
2_
5I
N
J

P1
2_
S_
O
2

P1
3_
1I
N
J

P1
3_
2I
N
J

P1
3_
5I
N
J

P1
3_
S_
O
2

P1
4_
1I
N
J

P1
4_
2I
N
J

P1
4_
5I
N
J

P1
4_
S_
O
2

P1
5_
1I
N
J

P1
5_
2I
N
J

P1
5_
5I
N
J

P1
5_
S_
O
2

P1
6_
1I
N
J

P1
6_
2I
N
J

P1
6_
5I
N
J

P1
6_
S_
O
2

P1
7_
1I
N
J

P1
7_
2I
N
J

P1
7_
5I
N
J

P1
7_
S_
O
2

P1
8_
1I
N
J

P1
8_
2I
N
J

P1
8_
5I
N

!"#

#!

2270

Methionol

Mass Expression

1848
6143

47
102
0.9707

2401
0.8005

62

72

46 120
141 189

2845
0.9427

84

55

112

39

1443
-0.9080

103

7547

1718
-0.8929

109

58

81

2-Furaldehyde, 5-methyl-

83

128
O

OH

O

H3C

H3C

Sotolon

MS Scans (2500)

M
S

 S
ca

ns
 (2

50
0)

Non-Target Approach :  “Clustering” all MS Scans 

scan corr
1848 0.9707
2845 0.9427
1847 0.8151
2401 0.8005
2538 0.7914
1845 0.7800
3188 0.7199
2350 0.7062
1676 -0.8769
1550 -0.8791
1681 -0.8797
2302 -0.8828
1678 -0.8884
2408 -0.8927
1718 -0.8929
1443 -0.9080
1686 -0.9159
1690 -0.9213

Non Supervised NetWork Reconstruction

DIOX1,2,4
2122

METIONOL

HMF

2437 - 
Terpeno

23961560

2431 - 
terpeno

1691 - 
unknow

1969

2429 - 
estSUC

2478 - 
C2PheOl

2479

2506 - 
GLU-Oxo-

DE

1596

2427

2110

1990

2329 
- ?

2327 
- ?2326 

- ?

2285

2230

2320 - 
imp

2307 - 
terpeno

1695

1708

1769

2191

2070

1968 - 
MFur

2262 
- imp

2202

22312402 - 
C5DEE

2421

1799 - 
Acetylfuran

2194 - 
SDE

2076 - 
unknow

2078

1383

2575 
2Moxy-
Pheol

2509
2205

1686

2038

2077 - 
2-FurEE

2103

2507

1670

2017

2374

BENZ 
(1837)

1812

C2-
diethoxy-EE

2,2-Dxy-
C2ol

C4-2-
Met-EE

5Met-2-
Fural

C4-2-
OH-3-

Met-EE

2345
2302

2071

2562

2494

1795

2034

2366

1308

2378

2346

95_110
FURFURAL

1546 - 2-
Hex-1-ol

1807 - 
unknow

20391808 - 
unknow

2458 2545

2090

2459

2321

2416

2121

SOTOLON

1595 - 
C4-2-
HO-3-

Met-C2

2574 - p-
Guaiacol

1852 
- ?

2364 - 
SU-Est

2559

Database 

Relational 
DB

“Mechanism”
Matrix 

“Molecules Candidates”
Matrix

Retention 
Time

m / 
z

Samples

Retention Time

m/ z

Supervised NetWork Reconstruction

r2

r1

A

B

D

C

r4r3
r5

r6

r7

E r1 : A → B
r2 : B → C
r3 : B → D
r4 : D → B
r5 : C → D
r6 : C → E
r7 : D → E

dC/dt - Sum (Si Ki Ci) = 0

Si        Stechiometric Matrix

r T = S V

 v1 v2 v3 v4 v5 v6 v7

A -1 0 0 0 0 0 0

B 1 -1 -1 1 0 0 0

C 0 1 0 0 -1 -1 0

D 0 0 1 1 1 0 -1

E 0 0 0 0 0 1 1

v1

v2

v3

v4

v5

v6

v7

S                 .     V  = 0

S                                     .        = 0
@ Steady State  

 dC/dt = 0
Ki Ci = vi      Flux (mol / s)

NetWork Reconstruction

 P1 P2 P3

Scan_A 1 1 1

Scan_B 1 1 1

Scan_C 0 0 1

Scan_D 0 1 1

Scan_E 1 1 1

 S1 S2 S3 S4 ... ... Sn

Scan_A 11 12 13 14 ... ... 1m

Scan_B 22 23 24 ... ... 2m

Scan_C 31 32 33 34 ... ... 3m

Scan_D 41 42 43 44 ... ... 4m

Scan_E 51 52 53 54 ... ... 5m

 S1 S2 S3

Scan_A b11 b12 b13

Scan_B b21 b22 b23

Scan_C b31 b32 b33

Scan_D b41 b42 b43

Scan_E b51 b52 b53

[Y]

“Mechanism”
Matrix 

“Compositional”
Matrix 

“Pathway Weight”
Matrix 

[X] [b]

NetWork Reconstruction

= x

bij = 0 Not Detected
bij > 0 Formed 

bij < 0 Consumed

The Grapes Central Zone
malic acid
sugar

Intermediate Zone
tartaric acid
sugar

Peripheral Zone
astringency
potassium
acidity
sugar
oxidases

Photonics : Molecular Information

(light)
Information

= I (0)

(light + Grape) 
Information

= I (0g)

(Grape) Information= I (0g) - I (0)

Complex Fingerprinting :
  Convoluted Information

  Advanced Computational Signal Processing, 

Feature and Pattern Recognition

Photonics : Molecular Information

Central Zone
malic acid
sugar

Intermediate Zone
tartaric acid
sugar

Peripheral Zone
astringency
potassium
acidity
sugar
oxidases

vis-SWNIR

Metabolic 

Information : Holistic

Image = Set of pixels with x 
and y distribution
Image = Set of pixels with x 
and y distribution

What is Hyper-spectral Imaging? What is Hyperspectral Imaging?

  Spacial Information for 
each time,

  Time Course Resolution,

  Each point of the field is a 
spectra,

  Allows high discrimination,

 Maturation Monitoring... ‏

Movie Making... Imaging : vis-SWNIR



Independent
Metabolic Features

 Independent Information - Relevant Variance

Feature Space Coordinates

Relevant Variance Imaging

19-
July

26-
July

09-
August

30-
August

23-
August

0 % 100 %

vis-SWNIR : Metabolic Imaging

beta-Carotene

19-
July

26-
July

09-
August

30-
August

23-
August

N

vis-SWNIR : Metabolic Imaging

http://www.winepat.net/

http://www.winepat.net/
Thank you !!!


