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Abstract - The unique flavor and aroma of cocoa beans
are derived from the spontaneous fermentation
with natural microorganisms, where yeast is the
primary microorganism found during the initial
period of fermentation. However, the natural
fermentation process may cause variations in the
quality of cocoa beans. The powdered starter culture
of Saccharomyces yeast was produced for cocoa
fermentation. The inoculums were prepared and dried
at 40 °C for 14, 15, and 16 hours, and 45 °C and 50 °C
for 7, 8, and 9 hours, respectively. Liquid starter
culture fermentation was used as a control. The
powder yeast starter culture was dried at 40 °C for 15
hours with a moisture content of < 8.5% (w/w) and
the maximum survival of the yeast population (P <
0.05) was used for small-scale cocoa fermentation. The
cut test results showed that the powdered starter
culture could complete cocoa fermentation with a
consistent quality of cocoa beans. To improve the
quality of powdered starter cultures and better
understand the role of powdered yeast inoculum on
the quality of cocoa beans, the shelf life of powdered
starter cultures and the chemical composition of cacao
beans after fermentation with powdered starter
cultures were further investigated.
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1. Introduction

Cocoa (Theobroma cacao L.) is a
significant industrial crop with high
potential for value-added manufacturing
in Thailand (Chumphon Horticultural
Research Centre, Department of Agriculture,
2021). Fermentation is one of the most
important steps in cocoa processing, as it
significantly influences the final quality of
cocoa beans (Diaz-Mufioz & De Vuyst,
2022). After cocoa pod harvesting, the
cocoa beans are separated from the pods
and fermented in heaps, wooden boxes,
plastic boxes, or plastic baskets with
banana leaves (Schwan et al., 2023). Cocoa
fermentation is a biologically complex
process driven by a succession of specific
microbial communities, primarily yeasts,
lactic acid bacteria (LAB), and acetic acid
bacteria (AAB), which the spontaneous
fermentation of cocoa beans usually takes
2-10days (Campos et al., 2025; De Vuyst
& Weckx, 2016). The dynamic interaction
of these microorganisms is necessary to
produce high-quality final products, as
each species contributes uniquely to the
sensory attributes. However, their activity
and composition depend on several
environmental and process-related
factors, including temperature, pH,
substrate availability, and microbial
inoculum (Afoakwa et al., 2013). Typically,
cocoa fermentation proceeds naturally,
leading to variability in microbial
populations; consequently, this results in
inconsistencies in cocoa bean quality and
flavor profiles across batches. (De Vuyst
& Leroy, 2020).

To initiate and control fermentation,
specific strains are intentionally added
using starter cultures. Starter cultures
enhance fermentation efficiency, reduce
fermentation time, and improve the
predictability and consistency of final
products. Additionally, using particular
strains can produce desired flavor
attributes, such as strengthened fruity or
flowery notes and less bitterness (Martin
& Lindner, 2022). Liquid starter cultures
are commonly used because they can be
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evaluated and adjusted before application.
However, they have limitations in terms
of storage stability and transportation.
The use of dry starter cultures could not
only support decentralized cocoa processing
by facilitating improved quality control
and minimizing the risks of contamination,
such as mold growth during cocoa bean
fermentation, but also offer an extended
shelf life and logistical advantages of
starter cultures, particularly for small
farmers. Thus, this study aimed to
produce a powdered starter culture (PSC)
and evaluate its potential for small-scale
fermentation of cocoa beans.

2. Materials and methods

2.1 Microorganism and starter cultures
preparation

A commercial yeast strain, Saccharomyces
cerevisiae var. boulardii, was obtained
from the Department of Food Technology,
Faculty of Science, Chulalongkorn
University. Yeasts were cultivated on YPD
agar at 30 °C for 48 hours. For yeast
inoculum preparation, the yeast was
cultivated in 250 mL of YPD broth at 200
rpm for 24-48 hours. The suspension was
centrifuged at 6,000 rpm for 15 minutes,
and the cell pellet was washed three
times and resuspended in 0.85% (w/v)
NaCl. All experiments were performed
aseptically.

2.2 Powdered starter culture preparation

The powdered inoculum was
prepared as described by Phuapaiboon
(2016), with some modifications. The yeast
strain suspension in 2.1 was mixed with
150 g of sterilized rice flour and 100 mL
of sterilized distilled water. After
thoroughly mixing, the inoculums were
dried as indicated in Table 1, and the PSC
was collected in a tightly sealed plastic
bag to determine the yield (%) (He et al.,
2025) and moisture content (%) (Moisture
analyzer MA 35, Sartorius, Germany). All
experiments were performed in triplicate.
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Table 1. Drying conditions of the yeast
inoculum.

Temperature (°C) Time (hours)

14
45 15
16
7
50 8
9
7
55 8
9

2.3 Yeast survival determination

The powdered starter cultures in
section 2.2 were used to determine the yeast
population by counting viable cells
on Yeast Peptone Dextrose (YPD) agar.
Each powdered starter culture (1 g) was
serially diluted in 9 ml of 0.1% (w/v)
sterile peptone water.The 0.1 mL of
suspension was inoculatedon YPD agar,
and thenincubated at30 °Cfor 48 hours.
The percentage of yeast survival (Heetal.,
2025) and log reduction (Payne et al., 2025)
were calculated.

2.4 Small-scale fermentation of cocoa
beans

Cocoa pods were purchased from
the Small and Micro Community
Enterprise of Cocoa, Klaeng, Rayong
Province, Thailand. They were cut, and
then the raw cocoa beans were separated
from their pods and placenta. Small-scale
fermentation of raw cocoa beans was
conducted in a laboratory. The PSC with
a moisture content < 8.5% (w/w) and the
maximum survival of yeast population in
section 2.3 was inoculated into 1 kg of raw
cocoa beans at the initial yeast population
of 6 log cfu/mL. Fermentation of raw
cocoa beans with liquid starter culture
(LSC; preparation method of LSC as described
in 2.1) and spontaneous fermentation with
banana leaves (SFB) were also conducted.
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All experiments were performed in duplicate.
The inoculated raw cocoa beans were
fermented in a plastic basket at ambient
temperature (28 - 30 °C). The temperature
of the cocoa beans was monitored daily.
Fermented cocoa beans were collected for
a cut test after fermentation was completed.

2.5 Cut test

The 10 fermented cocoa beans from
each experiment were randomly collected
for a cut test to visually assess the internal
color and texture of the beans (Oliveira et
al., 2021). Each bean was carefully cut in
half, lengthwise. Both halves of each
surface were inspected for color under
artificial light and divided into four
categories: fully brown (FB), partly brown
(PB), partly purple (PP), fully purple (FP),
and slaty. The equivalent percent
fully brown (EB) score was determined
to compare the degree of fermentation
(Mamot, 1989) using the following
equation:

EB=[(1x % FB) + (0.7 x % (PB + PP))
+ (0.5 x % FP) + 0.3 x % slaty)]

2.6 Statistical analysis

One-way single-factor analysis of
variance and Tukey’s range test were used
to determine significant differences
between means using Minitab statistical
software version 18 (Minitab, LLC., USA).
Significant differences were considered at
P <0.05.

3. Results and discussion

3.1 Powdered starter culture production
The properties of all PSC were listed in
Table 2. The yield and moisture content
of PSC after drying were between 86
and 92 % and 4 - 10 %, respectively. Owing
to its protective capabilities, moisture
retention, cost-effectiveness, and
availability, rice flour was used as a
carrier material for the production of PSC.
Its protein and starch could serve as
protectors, promoting microbial survival
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during drying and storage (Yunilas &
Mirwandhono, 2018). The survival of the
yeast population in PSC after drying at 40
°C for 14 and 15 hours was approximately
81%, which was significantly higher than
that of other PSC, since the log reduction
of the yeast population was 1.7 — 1.8,
which was significantly lower than that
of another PSC (P < 0.05). After drying at
45 °C and 50 °C for 7 — 9 hours, the survival
yeast populations of PSC ranged from
67% to 70% and 51% to 57%, respectively.
The increase in drying temperature led to
significantly lower yeast population
survival (P < 0.05). Similarly, longer
exposure times at each temperature
increased the reduction in the yeast
population. The degree of heat exposure
has a major effect on the particular
mechanisms of yeast cells (Rikhvanov et
al., 2014). At higher temperatures, yeast
cells decrease because of various
processes, including the generation of
reactive oxygen species (ROS), membrane
deterioration, and protein denaturation.
More ROS generation and yeast cell death
may result from moderate heat shock at
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45 °C, however, distinct pathways may be
involved in severe heat shock at 50 °C. The
yeast cell membrane’s integrity can be
weakened by heat stress, which could
result in intracellular contents leaking out
and eventually cell death. (Rikhvanov
et al., 2014; Verghese et al., 2012).
Furthermore, proteins may lose their
structure and function due to the higher
temperature, which could result in
cellular malfunction and death (Singh et
al., 2024). The stability and shelf life of
PSC are mainly influenced by its moisture
content. The decrease in moisture content
prevents microbial degradation during
storage and enhances preservation (Alp
& Bulantekin, 2021). Although the drying
temperature at 40 °C for 14 hours provided
PSC with the highest survival yeast
population, its moisture content exceeded
8.5%, which could increase the risk of
microbial contamination (Phuapaiboon,
2016). Therefore, the PSC of drying
temperature at 40 °C for 15 hours was
applied as a starter culture for further
study.

Table 2. Properties of yeast starter culture powder of different drying conditions.

Temperature Time Yield Moisture Yea.st Yeast log
Q) (hours) (%) corltent sur;nval reduction
(%) (%)
14 249 +91.28| 9.20+0.62* | 80.85+0.75* 1.76 + 0.07¢
40 15 88.25 +3.89%| 8.08 £0.13" | 81.07 £2.26* 1.74+0.21¢
16 89.10 + 1.52* | 7.85+0.25¢ | 67.14 +£1.65> 3.01 +0.15¢
7 91.18 £ 0.96®| 8.17+0.28> | 69.59 +1.16* 2.79 +0.11¢
45 8 89.40 £3.07*| 6.68 +0.48¢ | 67.88 £0.71°> 2.95+0.07¢
9 92.83+1.03* | 6.45+0.11% | 67.33 +0.86°> 3.00 + 0.08¢
7 86.61 £2.85° | 591+0.26° | 56.48 £2.19° 3.99 +0.20°
50 8 88.63 £2.20%| 5.84 +0.14¢ |54.00 +0.26°¢ 4.22 +0.02%
9 88.14 + 0.65® | 4.95+0.09 |51.34+0.29¢ 4.46+0.032

Note: Different alphabet in the same column indicates statistically significant differences

(P < 0.05).
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3.2 Small-scale fermentation of cocoa
beans

The temperature profile of fermentation
is a key factor to be monitored and
controlled to achieve high-quality cocoa
beans (Calvo et al., 2021). The change in
temperature during the small-scale
fermentation of cocoa beans was investigated,
as shown in Figure 1. In all batches, the
initial temperature of cocoa beans was
roughly 24 °C, before rising by over 30 °C
on the first day of fermentation. The
temperature of cocoa beans fermented
with PSC was higher than that of LSC and
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20.0

15.0

Temperature (°C)

10.0
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SFB fermentation on day 1. Then, the
temperature slowly increased to the highest
temperature of 38.0 °C on day 5 of fermen-
tation, slightly decreased on day 6, and
remained relatively steady between 35°C
and 36°C until fermentation was completed.
For the LSC and SFB fermentations, the
temperatures of both batches slowly rose
to their highest temperatures of 39.1 and
40.8 °C, respectively, on day 6 of fermen-
tation, then rapidly decreased on day 7
and likely remained steady at about 32 °C
until the end of fermentation.

6 7 8 9 10

N

Time (Days)

Figure 1. Temperature profiles of cocoa beans during fermentation: spontaneous fermentation
with banana leaf (SFB ®), liquid starter culture (LSC @), powdered starter culture

(PSC ®).

The main cause of temperature
variations during cocoa fermentation is
the heat released by microbial metabolism
(Reyes De Corcuera et al., 2020). During
the initial stage of cocoa bean fermentation,
the temperature increased due to the
anaerobic fermentation of the high sugar

content in the cocoa pulp. This process is
largely carried out by yeasts, and optimal
fermentation temperatures are usually
between 32 °C and 60 °C (Campos et al.,
2025). Following the initial yeast activity,
lactic acid bacteria undergo multiplication
and convert carbohydrates into lactic acid.
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This process further decreases the pH and
enhances the development of the flavor.
acetic acid bacteria take over and convert
the ethanol produced by yeasts into acetic
acid, which is essential for seed viability
and flavor development (De Vuyst &
Weckx, 2016). The temperature profile
revealed that cocoa beans fermented by
PSC had a greater temperature than the
other batches. PSC seems to ferment cocoa
beans more effectively and reliably than
both LSC and SFB, possibly because of its
thorough dispersion and adherence to the
cocoa pulp throughout the fermentation
process. The rice flour in PSC acts as a
dispersion matrix and a carrier for
microorganisms, providing a stable and
protective environment (Kavitake et al.,
2018) that facilitates a steady fermentation
process, resulting in a consistent quality
of dried cocoa beans.

3.3 Cut test

The most widely used method for
visually assessing the quality of a random
sample of beans from a batch is a cut test
(Kongor et al., 2013). The degree of
fermentation is determined by the color
and texture changes that occur in cocoa
beans during the fermentation (Oliveira
etal., 2021). After cutting the beans in half
lengthwise, the beans of each experiment
were divided into four different categories
as mentioned in 2.5. Approximately 70%
of the SFB cocoa beans showed partly
purple with small fissures, whereas over
80% of the beans fermented with LSC and
PSC were partly or entirely brown with
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larger fissures (Figures 2b and 2c). The EB
scores of SFB, LSC, and PSC fermentation
of cocoa beans were 72 + 0 = 82 ,4, and 82
+ 0, respectively (P < 0.05).

The degree of fermentation of cocoa
beans can be determined by the EB score.
The obtained EB scores of cocoa beans
from LSC and PSC fermentation were
higher than those of the SFB batch.
Purple-colored cocoa beans were identified
as under-fermented, but brown beans
with larger fissures on the cotyledons
indicate a successful fermentation process
(Sulaiman & Yang, 2015). The inoculated
yeast cells in LSC and PSC rapidly
consumed the substrate in cocoa pulp and
produced a range of metabolites early on
in the fermentation process (Diaz-Mufioz
etal., 2021), consistent with their temperature
profile shown in Figure 2. Polyphenols
like anthocyanidins can leak out of the
beans as a result of their metabolites, but
other polyphenols undergo oxidation and
polymerization to form insoluble
high-molecular-weight compounds
known as tannins. As a result, during the
fermentation process, the internal color of
the cocoa bean changes from purple to
brown, while the embryo’s surface
becomes more deeply and broadly ridged.
(Castro-Alayo et al., 2019; Afoakwa et al.,
2013). The results demonstrate that PSC
achieved the same level of quality in the
cocoa bean fermentation process as LSC,
but with a more consistent quality of
cocoa beans than SFB. Further investigation
into the large-scale fermentation of cocoa
beans is therefore required.



Volume 12, Number 1, January - April 2026

(@)
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Figure 2. The cut test of cocoa beans after
fermentation for 10 days: spontaneous
fermentation with banana leaf (a), fermentation
of liquid starter culture (b), and powdered
starter culture (c).

4. Conclusions

This study showed that PSC can be
used to improve the fermentation of cocoa
beans reliably, producing high-quality
dry cocoa beans. The low-temperature
process with a prolonged drying time of
40°C for 15 hours was found to be suitable
for the production of PSC. The quality of
the cocoa beans obtained from fermentation
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using PSC was comparable to that of LSC.
To improve the quality of PSC and better
understand its role in the quality of cocoa
beans, the shelf life of PSC and the chemical
composition of cacao beans after fermen-
tation with PSC were further investigated.
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