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Implantation géographique

Localisée dans les locaux de 

l’école Supérieure de 

Biotechnologie de Strasbourg



 
 

    

    

    

    

 
 

     

     

     

     

     

    

       

                                       

 
 

 

 

 

 

 

  
 

 
 

 

 
  

 



UPLC/UV GC/ToF-MS GC/SCD/MS

4x MPS 

workstations





H2 ? Comment on fait ? 
02

e-
2H2

H2O





GCxGC ? => 19/03/2025



Symposium Whisky : 11/06/2025



Envoi des échantillons : 16/05/2025



Samples



Sample Whisky Name Origin Type / Maturation Tasting Notes & Aromas

1
Old Pulteney 12 Years Old Scotland Ex-bourbon casks

Maritime, salty, vanilla, 

honey, citrus

2
Auchentoshan Three Wood Scotland

Bourbon, Oloroso & 

Pedro Ximénez casks

Rich, toffee, dark fruit, 

chocolate, spice

3

The Famous Grouse Finest Scotland
Ex-bourbon & sherry 

casks

Smooth, malty, light 

smoke, dried fruit, 

sweet grains

4
Monkey Shoulder Scotland Ex-bourbon casks

Creamy, vanilla, honey, 

malt, orange zest

5
Aberlour 12 Year Old Scotland

Double cask

(bourbon & sherry)

Rich, sherried, nutty, 

spice, dried fruits

6

Finlaggan Old Reserve Scotland (Islay)

Ex-bourbon casks

(undisclosed

distillery)

Peaty, smoky, iodine, 

brine, earthy

7
Eigashima Shuzo Akashi Japan

Shochu, bourbon & 

wine casks (varies)

Light, floral, apple, 

toffee, malt

8
Brenne Estate Cask France Cognac casks

Fruity, banana, tropical 

fruit, custard, light oak

9

Amrut Indian Single Malt India Bourbon casks

Tropical fruit, spice, 

oak, honey, intense due 

to climate aging

10

Rittenhouse Straight Rye USA (Kentucky)
New charred oak

barrels

Spicy, caramel, 

cinnamon, black pepper, 

bold finish

11
Powers Gold Label Cut (likely "Powers Gold Label") Ireland Bourbon casks

Spicy, honey, apple, 

cereal grain, vanilla



30 min

1mL whisky

9mL NaCl 5M

+IS (1,4 dibromobenzene)

SPME CAR/DVB/PDMS

1cm

10 incubation 50°C

20 extraction  50°C

Injection port 250°C 5min

1 jour

11x3 +QCs

& blancs



GCxGC/BTX

Carrier Gas : H2

1st dimension : Rxi-5ms (30 m × 0.25 mm i.d. × 0.25 µm film thickness)

DB-Wax UI column (1.7 m × 0.25 mm i.d. × 0.25 µm film thickness)

Modulation : 2.3 sec

Hot pulse : 0.69 sec

Cool time : 0.46 sec





Results

Esters 

filter

Phenols

filter



Sync2D



30 min

1mL whisky

9mL NaCl 5M

+IS (1,4 

dibromobenzene)

SPME CAR/DVB/PDMS

1cm

10 incubation 50°C

20 extraction  50°C

Injection port 250°C 

5min

1 day1 day



Results



Data treatment



Filtering



Publication Chemical class CAS



30 min

1mL whisky

9mL NaCl 5M

+IS (1,4 

dibromobenzene)

SPME CAR/DVB/PDMS

1cm

10 incubation 50°C

20 extraction 50°C

Injection port 250°C 

5min

1 day1 day

1 day



Pivot table



Composition



Statistical analysis



30 min

1mL whisky

9mL NaCl 5M

+IS (1,4 

dibromobenzene)

SPME CAR/DVB/PDMS

1cm

10’ incubation 50°C

20’ extraction  50°C

Injection port 250°C 5min

1 day1 day

1 day

1-5 days



Metaboanalyst=> normalization of the data



Heatmap
     

    

 

   

     

                        
                        
                     
                         
               
                     
                      
                  
                       
                        
                    

     

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  
  

  
 

 
 

 
  

  
  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

 
 

  
 

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

 
 

  
 

 
 
 

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  
 

 
 

 
  

  
  

 
  

  
 

 
 

 
  

  
  

  
 

  
 

 
 

 
  

  
  

 

  
 

 
 

 
  

  
  

  
 

  
 

 
 

 
  

  
  

 
  

  
 

 
 

 
  

  
  

 

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

 
 

  
 

                  

                  
                  

                  

                 

            

                  

          

                  

                  

                  

        

                  

                  

                  

                  

                  

                  

                  

                  

            

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

              

                  

                  

                  

                 

                  

                  

                  

                  

                  

                  

                  

              

                  

                  

                  

                  

             

                  

                  

                  

                  

                  

                  

                  

                  
                  

                  

                  

                  

                  

                  

                  

                  

                  

                

                  

                  

                  

                  

                  

                  
                 

                  

                  

                  

                  

                  

                  

                  

                  

            

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

     

    

 

   

     

                        
                        
                     
                         
               
                     
                      
                  
                       
                        
                    

     

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  
  

  
 

 
 

 
  

  
  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

 
 

  
 

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

 
 

  
 

 
 
 

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  
 

 
 

 
  

  
  

 
  

  
 

 
 

 
  

  
  

  
 

  
 

 
 

 
  

  
  

 

  
 

 
 

 
  

  
  

  
 

  
 

 
 

 
  

  
  

 
  

  
 

 
 

 
  

  
  

 

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

 
 

  
 

                  

                  
                  

                  

                 

            

                  

          

                  

                  

                  

        

                  

                  

                  

                  

                  

                  

                  

                  

            

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

              

                  

                  

                  

                 

                  

                  

                  

                  

                  

                  

                  

              

                  

                  

                  

                  

             

                  

                  

                  

                  

                  

                  

                  

                  
                  

                  

                  

                  

                  

                  

                  

                  

                  

                

                  

                  

                  

                  

                  

                  
                 

                  

                  

                  

                  

                  

                  

                  

                  

            

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  



Dendrogram



Sample Whisky Name Origin

1
Old Pulteney 12 Years Old Scotland

2
Auchentoshan Three Wood Scotland

3
The Famous Grouse Finest Scotland

4 Monkey Shoulder Scotland

5 Aberlour 12 Year Old Scotland

6
Finlaggan Old Reserve Scotland (Islay)

7 Eigashima Shuzo Akashi Japan

8
Brenne Estate Cask France

9
Amrut Indian Single Malt India

10
Rittenhouse Straight Rye USA (Kentucky)

11
Powers Gold Label Cut (likely "Powers Gold Label") Ireland





PCA

Amrut Indian Single Malt

Brenne Estate Cask
Finlaggan Old Reserve



ANOVA



Finlaggan old reserve

https://winebusinessanalytics.com/modals/article/viewArticle.cfm?articleId=153749



GCxGC

1.580
248.42

0.860
499.14

0.140
749.86

1.720
998.28

1.000
1249

0.280
1499.72

1.860
1748.14

1.140
1998.86

0.420
2249.58

0

0.2e9

0.4e9

0.6e9

0.8e9

1.0e9

1st Time (s)
2nd Time (s)

TIC

TIC

1.580
248.42

0.860
499.14

0.140
749.86

1.720
998.28

1.000
1249

0.280
1499.72

1.860
1748.14

1.140
1998.86

0.420
2249.58

0

1e7

2e7

3e7

4e7

5e7

6e7

7e7

8e7

1st Time (s)
2nd Time (s)

AIC

AIC (m/z=95.06)



0.061
489.939

0.860
499.14

1.659
508.341

0.158
519.842

0.958
529.042

1.757
538.243

0.256
549.744

1.055
558.945

1.855
568.145

0

0.2e8

0.4e8

0.6e8

0.8e8

1.0e8

1.2e8

1st Time (s)
2nd Time (s)

AIC TwGCGC-738 1
AIC TwGCGC-739 2
AIC TwGCGC-740 3
AIC TwGCGC-741 4
AIC TwGCGC-742 5
AIC TwGCGC-743 7
AIC TwGCGC-744 6
AIC TwGCGC-745 8
AIC TwGCGC-746 9
AIC TwGCGC-747 10
AIC TwGCGC-748 11

Coffee-like 

Perception threshold : 50ng/L

Sample Whisky Name

1 Old Pulteney 12 Years Old

2 Auchentoshan Three Wood

3 The Famous Grouse Finest

4 Monkey Shoulder

5 Aberlour 12 Year Old

6 Finlaggan Old Reserve

7 Eigashima Shuzo Akashi

8
Brenne Estate Cask

9
Amrut Indian Single Malt

10
Rittenhouse Straight Rye

11 Powers Gold Label Cut



Finlaggan old reserve

Molecule

Odor 

Threshold 

(water)

Aromatic Description

2-Methylpyrazine
60 000 –

105 000 ppb

Nutty, cocoa, green, roasted, 

chocolate, meaty

2,3,5,6-Tetramethylp

yrazine
~10 ppm

Musty, fermented soybean, 

coffee/chocolate-like, heated-lard 

notes

2,5-Diethylpyrazine

Not 

explicitly

reported¹

Likely nutty, roasted, buttery—

common pyrazinic profile; no 

precise threshold found

“Peaty, smoky, iodine, brine, earthy”



Finlaggan old reserve

o-Guaiacol 4-Ethylguaiacol
Molecule

Odor Threshold 

(water)

Aromatic

Description

Guaiacol 0.48 ppb

Sweet, smoky, 

vanilla-like, 

medicinal, 

bacon/ham

nuances

4-Ethylguaiacol (4-EG) ~50 ppb

Spicy, clove-like, 

smoky, woody, 

sweet-vanilla 

nuances

“Peaty, smoky, iodine, brine, earthy”

https://www.ladysomm.net/blog/2016/5/30/4-eg-vs-4-ep?utm_source=chatgpt.com
https://www.ladysomm.net/blog/2016/5/30/4-eg-vs-4-ep?utm_source=chatgpt.com


Amrut Indian Single Malt

Molecule

Odor

Threshold

(water)

Aromatic

Description

3-Ethyl-2,5-dimethylp

yrazine
0.04 µg/L 

Toasted nut, 

roasted, 

nutty

2-Methyl-ethyl 

butanoate
0.5 µg/L

Fruity, 

green, apple 

peel, 

pineapple, 

strawberry, 

tropical

“Tropical fruit, spice, oak, honey, intense due to climate aging”



Brenne Estate Cask

Fruity, banana, tropical fruit, custard, 

light oak

Butanoic acid. 3-methyl-. ethyl ester

Common Name Odor Threshold (water) Description

γ-Nonalactone ppb – 30 ppb (water);

Creamy, coconut-like, sweet, 

buttery, waxy; imparts “tropical” 

lactonic nuances

Limonene
~38 ppb (absolute); ~200 ppb 

(R-enantiomer)

Fresh citrus (orange/lemon zest), 

fruity, tangerine, subtle 

green/herbal notes

Ethyl isovalerate

Not precisely defined; branched 

butanoate esters have very low 

thresholds (estimated in tens ppb)

Fruity—green apple/pineapple, with 

subtle berry note (“myrtille”



2 whiskies very close ?



VOCs signature by country ?
     

    
 

   

     

              
        
     
       
     
      

     

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  
  

  
 

 
 

 
  

  
  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  
 

 
 

 
  

  
  

  
 

  
 

 
 

 
  

  
  

 
  

  
 

 
 

 
  

  
  

 

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

 
 

  
 

 
  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

 
 

  
 

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  

  
 

 
 

 
  

  
  

  
 

 
 

 
  

  
  

  
 

 
 

 
  

  
  

  
 

 
 

 
  

  
  

 
  

  
 

 
 

 
  

  
  

  
 

  
 

 
 

 
  

  
  

 

                  

          

                 

                  
             

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

            

                  

                  

                  

                  

                  
                  

                  

                  

                  

                  

                  

                  

                            

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

        

                  

                  

                  

                  

                  

                  

                  

                

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

             

              

             

                  

                  

                

                  

                  

                  

                  

                  

                  

                  
                  

                  

                  
                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

           

                  

                  

                  

               

                  

                  

                  

                  

                  

                  

                  

               

                  

                  

           

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

          

                  

                 

                  

                  

                  

                  

                  

                  

         

             

                  

          

            

                  

             

                  

                  

                  

                  

          

                  

                  
                  

                  

                  

                  

                  

                  

                  

                  

         

                  

              

                  

                  

                  

                  

                  

                  

                  

                  

             

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

          

                  

                  

                  

                  

                  

             

                  

         

                  

                  

                  

                  

                  

                  

                  

                  
            

                



USA ? (Rittenhouse Straight Rye)

Common Name
Odor Threshold 

(water)
Aromatic Description

β-Ionone
~30 ng/L (~0.03 µg/L) 

in water 

Floral-violet, 

woody-sweet, 

fruity-raspberry, 

green; warm floral and 

subtle fruity nuances

“Spicy, caramel, cinnamon, black pepper, bold finish”



Ireland (Powers Gold Label Cut )

Common Name
Odor Threshold 

(water)
Aromatic Description

Ethyl sorbate
Detection threshold: 

~100 ppb 

Fruity,green, 

pineapple, 

passion-fruit, papaya, 

slightly tropical; 

ethereal/fresh 

nuances

Ethyl sorbate

Spicy, honey, apple, cereal grain, vanilla



Difference between scotish wiskies



Common Name
Odor Threshold 

(water)

Aromatic 

Description

Methyl hexanoate ~10–87 ppb

Fruity, sweet, 

exotic—pineapple, 

melon, apple, grape, 

papaya; ether-like

cis-Menthol
~60–500 ppb 

(variable)

Minty, herbal, 

slightly 

camphoraceous, 

cooling, green, 

resinous

1-Octanol 

(n-Octanol)
~2.7 ppb

Waxy, green, citrusy, 

aldehydic, floral; 

mild mushroom and 

orange peel nuance

2-Heptylfuran
Not well defined 

(~ppm range)

Woody, nutty, 

roasted, fatty, 

coffee-like, slightly 

fruity and tropical



30 min

1mL whisky

9mL NaCl 5M

+IS (1,4 

dibromobenzene)

SPME CAR/DVB/PDMS

1cm

10 incubation 50°C

20 extraction  50°C

Injection port 250°C 

5min

1 day1 day

1-5 days

1 day
2 nights



4x10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230

Humulene epoxide I (19888-33-6)

93.0

80.0 121.0

43.0 107.0 138.0
67.055.0

29.0 147.0 220.0205.0163.0 177.0 187.0

Humulene

epoxyde 2
Humulene

epoxyde 1



4x10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230

Humulene epoxide I (19888-33-6)

93.0

80.0 121.0

43.0 107.0 138.0
67.055.0

29.0 147.0 220.0205.0163.0 177.0 187.0

4x10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160

Humulene epoxide 2 (19888-34-7)

43.0

109.041.0

138.0
67.0 96.0

55.0
81.027.0 39.0 53.045.0 123.079.0

91.073.065.031.0 85.051.0 147.036.0 152.0

Humulene

epoxyde 2

Humulene

epoxyde 1



Et la suite ? 



GC/O



53



Et si ??



•Qiu, C. (2020) – Modeling of Odor Prediction from

Chemical Structures. Stanford University

(CS229/CS230 project). 

•Sharma, A. et al. (2021) – SMILES to Smell: 

Decoding the Structure–Odor Relationship Using

Deep Neural Networks. J. Chem. Inf. Model. 61, 

676–688. 

•Ollitrault, G. et al. (2024) – Pred-O3: a web server 

to predict molecules, olfactory receptors and odor

relationships. Nucleic Acids Research, 52(W1), 

W507–W512. 

•Wakutsu, Y.; Kaneko, H. (2025) – Molecular Odor

Prediction Using Olfactory Receptor Information. 

Molecular Informatics, 44:e202400274. 



Collecte de données

Molecular Odor Prediction Using 
Olfactory Receptor Information

SMILES to Smell: Decoding 
the Structure–Odor 
Relationship of Chemical 
Compounds Using the Deep 
Neural Network Approach

Pred-O3, a web server to predict molecules, 
olfactory receptors and odor relationshipsPyrfume: A window to the world’s olfactory data



Collecte de données



Données
11 052 molécules

772 labels => 300 labels normalisés



Regroupement



Entrainement et validation modèle



A venir….

Hélium Hydrogène

Hélium
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