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Context and Problem

e Cacao bean market: S17 billion in 2024
* Chocolate market: S130 billion in 2024
* Premium chocolate market: S37 billion in 2024

Details: Worldwide; Statista Consumer Market Insights; 2018 to 2029 © Statista 2025 *

* Most cacao is produced by smallholders who live
In poverty

* An important portion of the “bulk” chocolate
could be premium or ultra-premium, but quality
“potential” is lost during fermentation and drying
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A very complex problem

Varying yeast and
bacterial
populations

Varying composition
Incl. amount of mucilage Varying results
10 major genetic groups and maturity Pathogens
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Cacao Fermentation
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Strategies to reduce variability

e Use starter cultures
» Select adequate yeasts and bacteria

* Design small-scale fermentors
* For research
* For smallholders
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Hypothesis and Objective

* Hypothesis: Using a yeast starter culture containing endogenous yeast
from a local fermentation can be more effective at replicating an aroma
profile, reducing defects, and maintaining microbial diversity depending on
the time it is added to fermenting cacao beans.

* Objective: The objective of this experiment is to elucidate whether the
time in which a yeast and a lactic acid bacteria are added to a fermentation
(Oh vs 12h) will have a significant impact on the resulting aromatic profile

* Sample-to-sample variability (replicate)
 Variability as a function of inoculation time



Experiment Design

‘Analyses were done after 24 and 48 h ‘
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Replicate variability
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Effect of time of inoculation

24hr Ohr YSC1 7 1.D (24hr Ohr YSC1 7 1.0)
x103
425

4

Counts

375
35
325
3
275
25
225
2
175
15
125

24h Oh YSC

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 44.00

24hr 12hr YSC17 2.0 (24hr 12hr YSC17 2.0)
x105 |
261
244
224
2
1.8
16
144
124
14
0.8
064

Counts

044
024

n

b

24h 12h YSC

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 2200 44.00

24hr Ohr YSC + LAB17 2.D (24hr Ohr YSC + LAB172.0)
2 %1034
g 4254
S ]
3.754
354
3.254

34

2754
254
2.254

24

1.754
154
1.254

14

0.754
054
0.25+4

n

24h Oh YSC+LAB

M.

—_———
200

x10% |

Counts !

0.9
0.84
074
064
0.54
044

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400

24h 12h YSC+LAB

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400



Effect of time of inoculation
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Data Identification & Alignment

Componer Compound Name
2.392531 3-Methoxybenzylamine, N-heptyl-N-octyl-

2.453 2,4(1H,3H)-Pyrimidinedione, 6-iodo-5-methyl- or 3-Buten-2-ol, 2-meth

3.587972 1-Methyl-1-ethoxycyclobutane
4.033899 n-Propyl acrylate

4.295128 1-Hepten-3-one

4.490922 2-Propenoic acid, oxiranylmethyl ester
4.609725 Carbonyl sulfide

4.838815 1-Methyl-1-ethoxycyclobutane
5.036941 1,5-Hexadiene, 3,3,4,4-tetrafluoro-

5.129791 2-Propenoic acid, 2-hydroxyethyl ester or 2-Propenoic acid, pentyl este

5.234703 1,2-Oxaborolane, 2-ethyl-4,5-dimethyl-
5.693821 Oxirane, 2-(1,1-dimethylethyl)-3-methyl-
5.830416 Methane, isocyanato-
6.115292 1,2-Oxaborolane, 2-ethyl-4,5-dimethyl-
6.184172 1-Hepten-3-one
6.336043 3,3-Dimethyl-1,2-epoxybutane
6.583149 1,3-Benzenediol, 5-iodo-
6.62025 Formic acid, 2-methylbutyl ester
7.082536 1,5-Hexadiene, 3,3,4,4-tetrafluoro-
7.492579 2-Propenoic acid, anhydride
8.169961 1,5-Hexadiene, 3,3,4,4-tetrafluoro-
9.23754 Carbonocyanidic acid, ethyl ester
9.505067 Pyridine, 3,5-dichloro-2,4,6-trifluoro-
10.34503 Methanesulfonyl chloride
10.49563 3-Furaldehyde
10.59932 [3,3-Bipyrazole]-4,4-dicarboxylic acid, dimethyl ester
11.20269 5-Fluoro-3-trifluoromethylbenzoic acid, ethyl ester
11.60175 1H-Imidazole, 2,4-dimethyl-
12.35883 1-Butanol, 3-methyl-, acetate

24hConi24hConi24h0hY¥Y24h0hY24h0ohY24h0OhY24h12h24h12h24h12h 24h12h

0.023
6.719
0.000
0.000
0.000
0.000
0.000
0.527
0.000
3.529
0.000
3.773
0.000
0.000
0.000
0.000
0.000
0.000
15.475
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
6.289
0.000
0.000
0.000
0.000
0.000
0.145
0.000
3.316
0.000
5.457
2.464
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.102

0.000
0.000
0.000
0.000
0.000
0.000
23.011
0.000
0.000
0.000
0.000
3.797
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.395
0.000
0.038
0.000
0.000
2.480
0.000
0.000
0.071
0.000

0.000
0.000
0.000
0.000
0.000
0.085
24.433
0.000
0.649
0.000
0.300
0.000
0.000
0.000
0.000
0.000
0.027
0.000
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0.000
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0.000
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0.000
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17.608
0.000
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0.000
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21.396
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7.314
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0.000
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0.000
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0.000
0.000
0.000
0.000
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Score Plot
5.0° | Treatment
A ® 24h0hVYsC
.- AR B 24h0hYSC+LAB
o N ey, # 24h12 hYSC
- | & Al 4 24h12 h YSC+LAB
v ool d—— 1 | T Ry A » 24 h Control
S e
o |-
= |
o -2.5- !
o |
T |
O -5.01 :
J
]
v
-7.51
|
-10.0- |

125 -100 -75 50 -25 00 25
First Component

5.0

UF



Covariance
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Preliminary Conclusions

* Different inoculums affect the production of volatile composition
relative to the control and sampling time.

* Duplicates have important differences in composition
* Non-uniform inoculation
* Non-uniform cacao sample distribution — maturity?

* Time of addition has an effect on volatile composition more
pronounced when analyzing at 24 h than at 48 h
* |In early inoculation yeast induced more volatiles that yeast + LAB
* In late inoculation yeast + LAB induced more volatiles than yeast alone
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Future work

* Refine compound identification

* Replicate experiment using additional replicates

* Replicate using small (not micro) batches and complete fermentation
* Produce cocoa liqguors and assess organoleptic quality
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