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Impact of Oxygen on Volatile 
Wine Fraction 



i) Applying empirical kinetic models of the key-compounds to monitor the impact of 
O2 and Temperature; 

ii) Building a “wine feature database” from the target compounds in order to 
predict/classify the effect of temperature and O2 using the kinetic models 

iii) Highlighting other correlated compounds through a non target approach to allow 
better understanding of mechanisms “interfaces”; 
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1. Sensory Information 

2. Key-Molecules Identification 

3. Mechanisms of Formation 

4. Kinetic Measurements 

“Workflow” 

Hybrid techniques	


Sensory	


Analysis	



Instrumental	


Analysis	



O 
H O H 

N 
H 

O H R2 

O R1 

O H 

O 

O H 
R2 

O 

C H 
3 

C H 
3 

O 

O 

C H 
3 

O 

C 
H 

3 

O 
C H 

3 

O R2 C H 

O 

O C H 
3 

O O H 

R2 

O H 

OH 

O H 

O H 
2 

“Correlate Sensory & Chemical Data” 
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Ranking “OZ’s” : AEDA!

•  Methional : major single contributor (SV=3.2) !!! 

•  The highest value from the similarity tests was  
founded when the three compounds were added  
simultaneously SV=5.4 ! 
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Sensory Impact : White Wine!

Similarity (SV)	
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10 years Old : “10 Anos” 
( 10 Y ) [Sotolon] = 91 µg/L 

4 years Old : “Ruby” 
( R ) [Sotolon] < 2 µg/L 
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Sensory Impact : Port Wine!

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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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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Carbohydrate Alcohols Amino Acid 

Maillard Caramelization 

Phenolic Compound 

Oxidation 

Flavor Compounds 

“Hybrid” 

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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Antioxidants Dissolved 
? O2 

O2 O2 

O2 O2 ? 
Material and Methods  
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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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Kinetics Studies : Furfurals & Acetals  
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Ea furfural = 143.1 kJ/mol 
Kref furfural = 0.0009 days -1 

Ea dioxane = 32.5 kJ/mol 
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Sotolon Rate of Formation  
- directly proportional to oxygen consumption rate;  
- exponential dependent on storage temperature. 

Kinetics Studies : Sotolon Rate of Formation 
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Permeability	
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  (mg/L)/	
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  (days)	
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  :	
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Jones & al. “2004 AWRI  
REPORT WINE 
INDUSTRY JOURNAL,!
 VOL 19 NO 3, MAY-
JUNE 2004 !
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“Monte Carlo” :  50 % dispersion t = 10 years; T = 10 ºC 
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time  = 10 years 
T = 10 ºC  

“Clustering” : 10 years “Vintage” 
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time  = 10 years 
T = 10 ºC  

“Clustering” : 10 years “Tawny” 
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“Target versus Non-Target Approach”... 
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MS Scan : Mass Spectra  
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Non-Target Approach :  “Clustering” all MS Scans  
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Conclusions 

Appling high-throughput data mining methodologies will allow the understanding 
of the complexity of wine aging : i) identifying the compounds; ii) their reaction 
network; iii) kinetics and thermodynamics.!

In order to optimize “Sensory Quality” three conditions must be addressed :  

1. “Brand Key” Oxygen dependence; 

2. Kinetic studies are indispensables to establish temporal relationships 
between wine constituents and infer the chemical network of reactions -  
the “chemiomics”.   

3. Oxygen regimes of the container need to be provided. 


