
Figure 3. Biplot (axes F1 and F3: 51.20 %) of PCA performed on the 65 volatile
compounds found in the roasted cocoa bean samples. In green: compounds
most linked to the F3 axis and which point to have some differentiating power
between samples issued from both, Yeast-1 and Yeast-2 inoculum
fermentations.

Figure 2. Biplot (axes F1 and F2: 58.90 %) of PCA performed on the 58 volatile
compounds found in the raw bean samples. In red: ten main compounds linked
to F1 axis and to samples fermented for 96h. In green: compounds most linked
to the F2 axis and to samples issued from Yeast-1 inoculum fermentation
(fermented for over 4 days).
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 Clear differentiation of samples driven by fermentation duration.
Compounds linked to shortest fermentations indicate that cocoa products
resulting therefrom could exhibit the following sensory characteristics:

Mostly present: alcoholic, green, winey, pungent-fruity notes.
Mostly absent: sweet, fruity, floral notes.

 At least nine compounds differentiate beans fermented with Yeast-1
inoculum from others. These compounds could indicate that products
derived from Yeast-1 inoculum fermented beans could potentially exhibit
mostly a fruity, banana-like flavor, with hints of floral and honey notes.
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Cocoa quality derives strongly from its flavor and its flavor precursor
composition. Both, volatile and non-volatile compounds contribute to the
final flavor perception of cocoa [1].

Among post-harvest processes, fermentation has arguably the most
significant impact on the formation of volatiles, as well as their precursors.
Some of these will then be further transformed during roasting by means of
Maillard reaction and Strecker degradation [2].

Fermentation of cocoa beans involves an initial anaerobic phase, driven by
yeasts and lactic acid bacteria. Followed by an aerobic phase, where acetic
acid bacteria are predominant.

This work focuses on the study of the impact of fermentation time and of
the use of two different yeasts as starter cultures (non-disclosed strains of
Saccharomyces cerevisiae, previously isolated at the fermentation site) on
the resulting volatile composition of raw and roasted cocoa beans.
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 Differences in volatile composition associated to the fermentation
technique are most important after four days of fermentation.

 Yeast inoculum highest potential: at least five days of fermentation.
 Cocoa products derived using these starter cultures could exhibit a more

intense flavor profile and may express different fruity profiles.

Conclusions

Acetaldehyde

Dimethyl sulfidePropanal, 2-methyl-
Acetic acid, methyl ester

Ethyl Acetate

Butanal, 2-methyl-

Butanal, 3-methyl-

Ethanol

2-Pentanone

sec-Butyl acetate

Isobutyl acetateToluene

3-Buten-2-ol, 2-methyl- Butanoic acid, 3-methyl-, ethyl 
ester

Acetic acid, butyl esterHexanal2-Pentanol, acetate

p-Xylene

2-Pentanol 1-Propanol, 2-methyl-
1-Butanol, 3-methyl-, acetate

3-Penten-2-one
β-Myrcene

2-Heptanone

1-Butanol, 3-methyl-

Hexanoic acid, ethyl ester
Styrene

2-Heptanol, acetate

Acetoin
2-Heptanol

Pyrazine, 2,3-dimethyl-

Propanoic acid, 2-hydroxy-, 
ethyl ester

3-Ethoxypropyl acetate

2-Nonanone
2-Acetoxy-3-butanone

Pyrazine, trimethyl-
Acetic acid

Pyrazine, 2-ethyl-3,5-dimethyl-

Pyrazine, tetramethyl-

2,3-Butanediol, diacetate 
(isomer A)

2,3,5-Trimethyl-6-
ethylpyrazine

Benzaldehyde

2,3-Butanediol, diacetate 
(isomer B)

2,3-Butanediol (isomer A)Linalool
2,3-Butanediol, monoacetate 

(isomer A)

2,3-Butanediol (isomer B)

2,3-Butanediol, monoacetate 
(isomer B)

Butyrolactone

Benzeneacetaldehyde

Acetophenone

Benzoic acid, ethyl ester

1,3-Propanediol, diacetate

Butanoic acid, 3-methyl-

Butanedioic acid, diethyl ester Acetic acid, phenylmethyl 
ester

Unknown Compound (ions 43 
61)

Benzeneacetic acid, methyl 
ester

Benzeneacetic acid, ethyl ester

Benzenemethanol, α-methyl-

Acetic acid, 2-phenylethyl 
ester

1-Butanol, 3-methyl-, 
benzoate

Benzyl alcohol

Phenylethyl Alcohol

2-Acetylpyrrole

SP-096H

SP-120H
SP-144H

Y1-096H
Y1-120H

Y1-144H

Y2-096H Y2-120H
Y2-144H

-10

-8

-6

-4

-2

0

2

4

6

8

10

-10 -8 -6 -4 -2 0 2 4 6 8

F
3 

(1
7.

59
 %

)

F1 (33.62 %)

Biplot (axes F1 and F3: 51.20 %)

Heptan-2-one

sec-Butyl acetate
3-acetyloxypropyl acetate

Acetophenone

butane-2,3-diol

E-mail: santiago.guzman_penella@cirad.fr 

Figure 1. Protocol for fermentation, sample processing and analysis. 
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 Differentiation power of fermentation time is partially lost after roasting.

 Discrimination per fermentation technique is more evident after roasting,
especially when starter cultures are used.

 At least five compounds were found to partly describe differences in
volatile composition between samples fermented using the two different
yeasts. Flavors linked to these compounds could point to unique fruity notes
present in final products obtained from cocoa beans derived from each:

Yeast 1: creamy, buttery, and banana-like notes.
Yeast 2: sweet, almond-like and fruity notes.

 Higher aromatic potential in samples fermented for longer and for which
a yeast starter culture was used, compared to spontaneous fermentation.


