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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 



Wine Composition:  the Big Picture	




metr
ics 
	


Why do “metrics” matters ??	


•  Quality	


•  Authenticity	






Data Acquisition	

in-vivo, in-situ,	


High throughput	


Management	

Information/Tools 	


for decision making	


!   Quality	
 !    Authenticity	




Strategies	


Wine 
glass 
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pruning 
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consumption 

Complexity 
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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.	


Sensitivity	
 Quantitative	


Descriptive 

Analysis	


Affective	


Acceptance	


Preference	


Hedonic	


Preference Mapping	


GC/O	


LC-Taste®	




1. Extract Sensory Information	


2. Key-Molecules Identification	
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Sensory	

Analysis	


Instrumental	

Analysis	


“Correlate Sensory & Chemical Data”	


“Bergamot”	


“floral”	


“floral”	
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Chemical	  Data	  
X	  

Sensory	  

Chemical	  
•  Independent of compound variations ...	


•  Psychophysics :  Intensity of Stimulus	

 is a sigmoid curve	


•  Sensory profile :  “Brain construction” 	

relations between attributes	


Concentration	


Si
gn

al
	


•  Detector has (usually) a linear behavior 	


I p = k log [C] 	

“Fechner’s Law”	


Thierry Thomas Dauguin 



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

Data Fusion : Different metrics ...	


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. 

off - Flavor positive - Flavor 
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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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Carbohydrate Alcohols Amino Acid 

Maillard Caramelization 

Phenolic Compound 

Oxidation 

Flavor Compounds 

“Hybrid” 

Background: Mechanisms … 

Carbohydrate Alcohols Amino Acid 

Maillard Caramelization 

Phenolic Compound 

Oxidation 

Flavor Compounds 

“Hybrid” 

Background: Mechanisms … 



Several Reactive 
Oxygen Species ...	


Reactivity…	
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Antioxidants Dissolved 

? O2 

O2 O2 

O2 O2 ? 

1. Extract Sensory Information	


2. Key-Molecules Identification	


3. Mechanisms of Formation	


4. Kinetic Measurements	




Material and Methods  

 Different Vintages ( n=51 ) Age 1-60 years Old 
!  Normal Aged (NA) 

!  Forced Aged (FA) 
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!  Chemicals 
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“Target versus Non-Target Approach”... 



High  
Regimen 
6 mg / L 

Low  
Regimen 
1 mg / L 

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 

5-hydroxymethyl-furfural Furfural 5-methyl-furfural 
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Maillard :  Amadori Reaction 

Kinetics Studies : Furfurals & Acetals  
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1,3-(cis/trans)-4-hydroxymethyl-4-methyl- 
1,3-dioxolane  

+
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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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Permeability	  :	  10	  (mg/L)/	  365	  (days)	  	  

“Monte	  Carlo”	  :	  	  10	  %	  dispersion	  

Jones & al. “2004 AWRI  
REPORT WINE 
INDUSTRY JOURNAL,!
 VOL 19 NO 3, MAY-
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Permeability : 1,5 (mg/L)/ 365 (days)  

“Monte Carlo” :  50 % dispersion t = 10 years; T = 10 ºC 
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“Clustering” : 10 years “Vintage” 
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“Clustering” : 10 years “Vintage” 

time  = 10 years 
T = 20 ºC  
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time  = 10 years 
T = 20 ºC  

“Clustering” : 10 years “Tawny” 
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Mapping the “Feature 
Space” 

Chemiomics 
Database 

Oxidation Management : ChemoInformatics 

Port Wine  
“Feature Space” 

O2 & Temperature (ºC) 

Oxidation Management 
Predictive Control 

Quality Prediction 
and Classification 

Monitoring  “Target 
Features” O 
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Tools	


Retention Time

m/z

“Target versus Non-Target Approach”... 



!    Dynamic	

!    Multi-Scale	

!    Multivariate	

!    Convoluted	


Retention Time
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Mass Spectroscopy Signal Processing	




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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Non Target : Mass Expression	


Mass 
Expression	




MS Scans (1500) 

Non-Target Approach :  “Clustering” all MS 
Scans  
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Sotolon 

High - Correlation!

low - Correlation!
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MS Scan : Mass Spectra  
example nº :  4519 

83 

128 
O 

OH 

O 

H3C 

H3C 

Sotolon 

“Pathway Reconstruction”	


Non-Target Approach :  “Clustering” all MS Scans  

M
S

 S
ca

ns
 (1

50
0)

 

Furfurals 

Acetals 

3108!
2012!
2503!
2933!
2678!
2762!
Sotolon!
2011!
3121!
2506!
3412!
2706!
2307!
3851!
2158!
2705!
3242!
1587!
2970!
3900!
3241!
2143!
4019!
3244!
3413!
2522!
2761!
4761!

3
1
0
8
!

2
0
1
2
!

2
5
0
3
!

2
9
3
3
!

2
6
7
8
!

2
7
6
2
!

S
o
t
o
l
o
n
!

2
0
1
1
!

3
1
2
1
!

2
5
0
6
!

3
4
1
2
!

2
7
0
6
!

2
3
0
7
!

3
8
5
1
!

2
1
5
8
!

2
7
0
5
!

3
2
4
2
!

1
5
8
7
!

2
9
7
0
!

3
9
0
0
!

3
2
4
1
!

2
1
4
3
!

4
0
1
9
!

3
2
4
4
!

3
4
1
3
!

2
5
2
2
!

2
7
6
1
!

4
7
6
1
!

1,3 -Dioxane 
117 

103 

O O 
CH 3 

CH 2 OH 

1,3 -Dioxane 
117 

103 

O O 
CH 3 

CH 2 OH 

Benzaldehyde 77 
110 

C
H

O
 



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)!



Complex Fingerprinting :	

•   Convoluted Information	
•   Advanced Computational Signal Processing, 
Feature and Pattern Recognition	


Central Zone	

malic acid	

sugar	


Intermediate Zone	

tartaric acid	

sugar	


Peripheral Zone	

astringency	

potassium	

acidity	

sugar	

oxidases	


vis-SWNIR	


Metabolic 

Information : Holistic	


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	
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 100 %	


vis-SWNIR : Metabolic Imaging	


beta-Carotene!

19-
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N

vis-SWNIR : Metabolic Imaging	


http://



http://
www.winepat.net/	


Obrigado pela vossa 
atenção !!	



