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Abstract

The purpose of this study was to determine the response to the addition of tape yeast and
various cover leaves in the fermentation process of quality cocoa beans (Theobroma cacao
L.) according to the Indonesian National Standard (SNI). This research was conducted at
PT Perkebunan Nusantara (PTPN) XII, Ngrangkah Pawon plantation, Kediri Regency and
Laboratory of Agrotechnology, Universitas Darussalam Gontor in April-August 2020. The
research design used a factorial completely randomized design (CRD). The first factor
was the addition of tape yeast (R) which consisted of 5 levels, namely: no yeast (R0), the
addition of 0.5% tape yeast (R1), 1.0% (R2), 1.5% (R3), and 2.0% (R4). The second
factor was plant leaves (D) which consisted of 5 levels, namely: D1 (banana leaves), D2
(teak leaves), D3 (taro leaves), D4 (papaya leaves) and D5 (bamboo leaves). Observation
parameters included fermentation temperature of cocoa beans, pulp acidity (pH) of cocoa
beans, the account of cocoa beans per 100 g, moisture content, sugar content, cut test and,
phytochemical qualitative test. Observation data were analyzed by using analysis of
variance (ANOVA) and further tested with LSD 5%. The addition of tape yeast and plant
leaves as a cover for fermented cocoa beans improved the quality of the dry cocoa beans.
There was no interaction between the addition of tape yeast and plant leaves as a cover for
fermented cocoa beans in all observations of the quality of dry cocoa beans. The addition
of 1% tape yeast improved the quality of fermented cocoa beans on the parameters of
fermentation temperature on day 2 (43.2°C), the account of cocoa beans per 100 g (93.8
cocoa beans), sugar content (2.8°Bx) and brown seed color (99.2%). Teak leaves, taro
leaves, papaya leaves and bamboo leaves can be used as a cover for fermenting cocoa
beans such as banana leaves which are commonly used by farmers.

1. Introduction

Unfermented cocoa beans are low quality as raw

of the characteristic aroma and taste of chocolate are
formed in cocoa beans during the fermentation process

material for processed foods. Unfermented cocoa beans
contain higher polyphenols and lower amino acid content
than fermented cocoa beans (Rosniati and Kalsum,
2012). The bitter and astringent taste of cocoa beans can
be reduced and eliminated through the fermentation
process during post-harvest handling (Kongor et al.,
2016). Fermentation can improve the quality of cocoa
beans and meet the quality requirements as raw materials
for making chocolate. Fermentation of cocoa beans
serves to decompose the pulp of cocoa beans, improve
the color and taste of cocoa, and reduce the bitter and
astringent taste and form cavities in the cotyledons of
cocoa beans (De Vuyst and Weckx, 2016). The aroma
component strengthens and permeates the cotyledon
tissue of the cocoa bean during fermentation. Precursors
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(Kadow et al., 2013).

Fermentation is often described as the process of
sugar catabolism in fruit extracts and seeds by yeasts
which ultimately produces ethanol (Stanbury et al.,
2017). Pulp is rich in sugar content and decreases even
almost completely loses sugar during the fermentation of
cocoa beans (Purwanto et al., 2019). During the
fermentation process, the diversity of microorganisms
involved in the fermentation of cocoa beans is very high.
Greater diversity of yeasts when compared to bacteria
involved in fermentation (Figueroa-Hernandez et al.,
2019). Yeast plays an important role in the early
fermentation of cocoa beans and the decomposition of
the pulp (De Vuyst and Weckx, 2016). The quality of
cocoa beans can be increased by the presence of yeast
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activity (Santos et al., 2020). The presence of yeast
during fermentation makes the processed chocolate taste
more delicious and forms cocoa beans that are browner
(Ho et al., 2014).

Microorganisms that are often used in the
fermentation process are yeast Saccharomyces
cerevisiae. Some of the advantages of S. cerevisiae are
fast growth, tolerance to low pH, tolerance to acetic acid
and tolerance to high temperatures (Beato et al., 2016).
Saccharomyces cerevisiae improves the quality of
processed food and beverage products from fermented
cocoa beans. Saccharomyces cerevisiae influences the
formation of chocolate taste sensors in cocoa beans when
fermented.

On average, tape yeast contains molds, yeasts and
bacteria (Muhiddin et al., 2019). Tape yeast can be used
as a substitute for fermenters in fermenting milk into
yogurt (Oktaviana et al., 2015). The addition of dry
bread yeast improved the quality of the cut test of cocoa
beans but there were still some seeds that germinated
were moldy and were attacked by insects (Patty, 2019).
Tape yeast has the opportunity to accelerate the
fermentation of cocoa beans. Purwanto et al. (2019)
stated that the addition of tape yeast accelerated the
fermentation process of cocoa beans, on the 3™ day the
fermentation process went perfectly with the indicated
fermentation index of >1, while natural fermentation on
the 3" day had a fermentation index of <I. Yeast
significantly improves the pulp removal process of cocoa
beans while producing more metabolic products leading
to an increase in the fermentation index (Cempaka et al.,
2014).

The results of Kristanto et al. (2017) study of the
temperature of 5 kg wet cocoa beans added with 5 g
yeast was higher than 3 g yeast, but the addition of 3 g
and 5 g yeast had not been able to produce grade A dry
cocoa beans. This study aimed to determine the optimal
percentage of tape yeast addition to improve the quality
of cocoa beans during the fermentation process. Through
a clear comparison between the amount of tape yeast that
must be given and the number of wet cocoa beans to be
fermented, it will be easier for farmers to add tape yeast.

Some farmers prefer to sell wet cocoa beans and are
not used to fermentation to produce quality cocoa beans
(Manalu, 2018). Middleman or local markets give the
price of dry fermented and unfermented cocoa beans a
small difference at the farmer level. Many farmers
choose to sell dry cocoa beans without fermentation
(Bachtiar et al., 2019; Pradnyawathi et al., 2019). In
general, smallholders do not ferment cocoa beans
because they only get a few cocoa pods that are
harvested (Pradnyawathi et al., 2019). Long dry seasons
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often result in reduced yields of cocoa pods and fewer
beans, so there is not much of it to ferment. Farmers can
store cocoa pods until it is felt that the number of beans
obtained is sufficient for fermentation. The disadvantage
of storing cocoa pods: if they are stored for more than 7
days, it causes some cocoa beans to germinate and if
stored for more than 21 days, it will cause the cocoa
beans to become moldy (Emmanuel et al., 2012).

The room temperature of the fermenter or
fermentation box affects the change in the fermentation
temperature of cocoa beans (Hartuti et al., 2018). The
small volume of fermented cocoa beans makes the heat
generated during fermentation low and makes the
fermentation yield low. The larger the volume of
fermented cocoa beans (1 ton) can make the fermentation
yield low (Hernandez-Hernandez et al., 2016).
Fermentation containers affect the quality of fermented
cocoa beans (Aryani et al., 2018). The most commonly
used fermentation method is carrying out the
fermentation of cocoa beans using wooden boxes,
followed by the pile method without a special container
(Figueroa-Hernandez et al., 2019). Fermentation of
cocoa beans is simply done by stacking 50 kg of cocoa
beans and then covering them with banana leaves
(Tarigan and Iflah, 2017).

Saccharomyces cerevisiae has the potential to be
developed as a starter for cocoa bean fermentation (De
Almeida et al., 2019). Tape yeast contains S. cerevisiae
as the yeast that dominates the population. Farmers are
more familiar with tape yeast which is sold freely in the
market as a microbe to make fermented food. The use of
tape yeast as a stimulant for cocoa bean fermentation
makes it easier for farmers to carry out fermentation. The
styrofoam box is used as a fermenter to maintain the
warmth of the fermenter temperature because the amount
of wet fermented cocoa beans is small (4 kg). Before the
styrofoam box is closed, various plant leaves are covered
over the wet cocoa beans to maintain humidity and
temperature during fermentation. This fermentation
method requires proof through experimentation in order
to be a solution for small farmers in carrying out
fermentation to produce quality cocoa beans. This study
aimed to determine the response to the addition of tape
yeast and cover leaves for small-scale cocoa bean
fermentation in styrofoam boxes.

2. Materials and methods
2.1 Source of sample

Cocoa pods were sourced from PT Perkebunan
Nusantara (PTPN) XII, Ngrangkah Pawon plantation,
Kediri Regency, East Java, Indonesia.
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2.2 Research methods

The experiment in this study used a two-factor
completely randomized design (CRD). The first factor is
the addition of tape yeast (R) which consists of 5 levels,
namely: without tape yeast (RO), the addition of 0.5%
tape yeast (R1), 1.0% (R2), 1.5% (R3), and 2.0% (R4).
The second factor is leaf cover (D) which consists of 5
levels, namely: D1 (banana leaves), D2 (teak leaves), D3
(taro leaves), D4 (papaya leaves) and D5 (bamboo
leaves). The combination of the two treatment factors
obtained 25 treatment combinations. Each treatment
combination was repeated 2 times, based on the
implementation time, so that 50 experimental units were
obtained.

The styrofoam box used is 34 cm x 25 cm % 30 cm
(Figure 1). Each side of the styrofoam box is perforated
with a diameter of 1 cm, with as many as 8 holes on each
side of the box. The top side of the box or box lid is not
perforated so there are five perforated sides of the box.
The styrofoam box is placed on a wooden block.

30 e¢m

/ 25cm

Figure 1. The styrofoam fermentation box.

lem

34 cm

2.3 Cocoa bean fermentation process

The samples of cocoa beans used in this research
were 4 kg x 50 boxes of fermentation = 200 kg of wet
cocoa beans. Which is fermented for 4 days in a
fermentation box. The process of fermenting cocoa beans
follows the flow chart in Figure 2.

Cocoa pods 1—‘ Cocoa pods cracking
husk

‘ Wet cocoa beans (4 kg per box)
v

‘ Tape yeast powder

Fermentation was carried out with the addition of tape yeast, namely: without
tape yeast (control): additions of 0.5% (20 g), 1% (40 g), 1.5% (60 g), and
2.0% (80 g).

Cover leaf which consists of 5 levels, namely: banana leaves, teak leaves, taro
leaves, papaya leaves and bamboo leaves.

fermented cocoa beans for 4 days ’47 measuring
temperature, stirring
‘ cocoa beans and
Washing measuring pH after
fermentation
Drying
cocoa beans quality
dry cocoa beans L ’
determination

Figure 2. The process of fermenting cocoa beans.
https://doi.org/10.26656/fr.2017.8(S2).50

2.4 Cocoa beans quality determination
2.4.1 Temperature

The measurement of the temperature of wet cocoa
beans is carried out during the fermentation process
every 12 hrs. Temperature measurement was done using
a thermometer.

2.4.2 pH of cocoa beans pulp

The measurement of the external pH of cocoa beans
was carried out before and after fermentation using a pH
meter. Measurements were carried out by dissolving 10 g
of wet cocoa beans into 10 mL of distilled water and
then inserting the pH meter into the cocoa bean solution.

2.4.3 Account of cocoa beans per 100 g

Measurement of the number of beans per 100 g was
done by weighing 100 g of dry cocoa beans and then
counting the number of beans contained in the 100 g
(Bada Standarisasi Nasional, 2008). Grade AA if the
maximum number of cocoa beans is 85 beans per 100 g.
Grade A if the number of cocoa beans is 86-100 beans
per 100 g. Grade B if the number of cocoa beans is 101-
110 beans per 100 g. Grade C if the number of cocoa
beans is 111-120 beans per 100 g. Grade S if the number
of cocoa beans is more than 120 beans per 100 g.

2.4.4 Moisture content

Measurement of water content begins with drying
the empty petri dish for 10 mins. Weigh the empty petri
dish (MO0). Dry cocoa beans were broken and weighed as
much as 3 g and then put into a petri dish. Counting the
weight of the petri dish and the weight of cocoa beans
(M1). The petri dish containing cocoa beans was placed
in an oven at a temperature of (103+£2°C) for 16 hrs, then
put in a desiccator and weighed (M2).

M1— M2

— X 100
M1-—-MO0 "

Moisture content =
2.4.5 Sugar content

Measuring the sugar content of dry cocoa beans
using a refractometer. Dry cocoa beans were pounded
and then dripped with distilled water. Liquid cocoa beans
were dropped on a refractometer prism to determine the
sugar content on the Brix scale.

2.4.6 Cut test

Dry cocoa beans were split lengthwise in the middle
so that they became two halves of the same size. Then,
they were observed one by one for the color of the cocoa
beans based on their classification. The classification of
this test is divided into three classes: slaty, purple and
brown. Slaty color is included in the class of
unfermented beans. The dominant purple color over
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brown is incorporated into the semi-fermented beans.
The dominant brown color is included in the well-
fermented beans. Calculate the percentage of seed color
using the following formulas:

number of slaty — colored cocoa beans
Unfermented cocoa beans =

® 10004
total number of cocoa beans ’

. number of purple — colored cocoa beans
Semi — fermented coca beans =

X 10094
total number of cocoa beans 0

number of brown — colored cocoa beans
Well — fermented coca beans =

X 100%
total number of cocoa beans ’

The cut test can be used to calculate the number of
cocoa beans damaged by mold, insect-infested and
germination.

2.4.7 Phytochemical qualitative test

The alkaloid test was carried out by extracting 0.5 g
of cocoa bean powder with 3 mL of 95% ethanol and
then filtered using Whatman filter paper.

Alkaloids. A total of 2 mL of cocoa bean extract was
added to 1 mL of HCI and 1 mL of distilled water, then
reacted with 2 drops of Dragendorff’s reagent. If the
solution changes color to orange, it indicates that the
cocoa beans contain alkaloids (Kayaputri et al., 2014).

Polyphenol. A total of 1 mL of cocoa bean extract
was reacted with a 5% FeCl; solution. If the solution
changes color to blackish green, it indicates that the
cocoa beans contain polyphenols (Adhayanti et al.,
2018).

Flavonoid. A total of 1 mL of cocoa bean extract was
mixed with 0.1 g of Mg powder and 1 mL of HCI, and
then the solution was heated for 10 mins. If the solution
changes color to red, it indicates that the cocoa bean
contains flavonoids (Ergina and Pursitasari, 2014).

Tannin. A total of 1 mL of cocoa bean extract is
mixed with 2 mL of hot water, 1 mL of 10% NaCl, and 1
mL of 2% gelatin solution. If a precipitate forms, it
shows that the cocoa beans contain tannin (Ikalinus et
al., 2015).

2.5 Data analysis

Observation data were analyzed by analysis of

e

12 24 36 48 60 72 84 96
hours ' hours | hours | hours  hours = hours  hours = hours

284 356 409 424 420 429 380 381
298 379 406 425 411 395 369  36.1
299 374 416 432 386 393 | 335 | 335
340 374 403 431 398 365 316 312
353 377 404 429 426 399 | 363 | 337

50.0
45.0
40.0
35.0
30.0
25.0
20.0
15.0
10.0

5.0

00

Temperature (°C)

=—@=—PR0 (without tape yeast)
R1 (0.5% tape yeast)
R2 (1% tape yeast)
R3 (1.5% tape yeast)
=@==R4 (2% tape yeast)

Figure 3. Fermentation temperature of cocoa beans due to the
effect of adding tape yeast.
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variance (ANOV A) through Microsoft Excel if there was
a significant effect because the treatment would be

continued with the Least Significance Different test
(LSD) 5%.

3. Results and discussion
3.1 Temperature

Temperature is one of the parameters of the
observations made to determine the occurrence of the
fermentation process. The addition of tape yeast and leaf
cover simultaneously did not affect the fermentation
temperature. ANOVA test results indicate that the
treatment with the addition of tape yeast affects the
fermentation temperature of cocoa beans when observed
at 12 hrs, 60 hrs, 72 hrs, 84 hrs, and 96 hrs after
fermentation. At 12 hrs of fermentation, the temperature
started to increase and at 60 hrs of fermentation, the
temperature began to decrease (Figure 3). The dose of
tape yeast that was added significantly increased the
fermentation temperature at 12 hrs of fermentation. The
addition of 2% and 1.5% tape yeast resulted in
temperatures of 35.3°C and 34.0°C which were
significantly different at 5% LSD (4.45) with the
treatment temperature without the addition of tape yeast
(28.4°C). Fermentation of cocoa beans without the
addition of tape yeast experienced a maximum
temperature at 72 hrs of fermentation, while the addition
of 0.5%, 1%, 1.5% and 2% tape yeast experienced a
maximum temperature at 48 hrs of fermentation (Figure
3). The results of the ANOVA showed that the leaf cover
treatment independently had no effect on the
fermentation temperature at all observations of
fermentation time. At 12 hrs of fermentation, the
temperature on the treatment of bamboo leaves as cocoa
bean cover produced the lowest temperature (25°C)
which was not significantly different from that of banana
leaves, teak leaves, taro leaves and papaya leaves on the
5% LSD test. The maximum temperature in all leaf cover
treatments occurred at 48 hrs of fermentation and the
highest temperature was found in the cover leaves from
50.0
45.0
40.0
35.0
30.0
25.0
20.0
15.0
10.0

5.0
0.0

Temperature (°C)

12 24 36 48 60 72 84 96
hours ' hours ' hours | hours ' hours ' hours  hours ' hours

299 | 358 | 406 433 | 408 419 358 @ 357
314 | 374 | 411 427 | 412 401 359 356
317 | 373 404 424 408 389 342 341
323 | 377 | 408 423 | 406 373 342 331
250 | 37.8 | 409 434 | 407 | 399 362 341

==@==0)1 (Banana leaves)
=== [)? (Teak leaves)

D3 (Taro leaves)
=== D4 (Papaya leaves)
==@= D5 (Bamboo leaves)

Figure 4. Fermentation temperature due to the effect of plant
leaves as a cover for cocoa beans.

© 2024 The Authors. Published by Rynnye Lyan Resources



Hamawi et al. / Food Research 8 (Suppl. 2) (2024) 66 - 77 70

bamboo and banana leaves (43.4°C and 43.3°C) (Figure
4). The pattern of changes in the temperature of cocoa
bean fermentation from 12 hrs to 96 hrs increases until it
reaches the peak then the temperature decreases, after
decreasing it experiences ups and downs, but the
increase does not exceed the maximum temperature
(Figures 3 and 4).

Yeast is a microorganism that dominates the
fermentation process on the first and second days of
fermentation. Yeast decomposes the cocoa bean pulp,
increases evaporation, and reduces the viscosity of the
pulp, thereby allowing air to enter the cocoa beans (De
Vuyst and Weckx, 2016). There is an increase in the
average temperature starting on the first day of
fermentation (Pereira et al., 2020). The highest yeast
abundance was observed in the first 24 hrs, yeast
dominated the fermentation and produced ethanol
(Pereira et al., 2020; Lima et al., 2021). Yeast produces
ethanol at a temperature of 25-35°C (Hernandez-
Hernandez et al., 2016). The addition of tape yeast
increases the amount of ethanol (Cempaka et al., 2014;
Kurniawan et al., 2014; Hatmi et al., 2015). The highest
ethanol concentration was detected at 48 hrs of
fermentation (Lima et al., 2021). Ethanol triggers an
increase in fermentation temperature (De Vuyst and
Weckx, 2016). On the nd day of fermentation, the
temperature can reach 45°C (Santos et al., 2020). The
addition of yeast triggers the achievement of high
temperatures faster at the beginning of fermentation
(Chagas Junior et al., 2021). Natural fermentation
without the addition of microbes, the highest temperature
on the 3 to 5™ day then the temperature decreases, with
the maximum temperature reaching 40-50°C (Herndndez
-Hernandez et al., 2016; Deus et al., 2021; Bobiles et al.,
2022). The optimum temperature for cocoa bean
fermentation is ~40°C (Hernani et al., 2019). There was
no significant difference between the yeast population in
natural fermentation and the addition of yeast during
fermentation, but the addition of yeast increased the
yeast population at the beginning of the fermentation
(Peralta et al., 2021). Fermented cocoa beans with tape
yeast reached the maximum temperature (42.5-43.2°C)
on the 2™ day and those without tape yeast reached the
maximum temperature (42.9°C) on the 3™ day.
Therefore, the addition of tape yeast is recommended to
accelerate the achievement of the maximum temperature
in the cocoa bean fermentation process.

Temperature can affect the fermentation time to be
faster (Sari et al., 2021). The room temperature of the
fermenter or fermentation box affects the fermentation
temperature of the cocoa beans (Hartuti et al., 2018). The
styrofoam box increases the fermentation temperature of
the cocoa beans and shortens the time required for
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fermentation (Rahmi et al., 2017). The temperature in
the styrofoam box is maintained so that the fermentation
temperature can be as high as 42.3-43.4°C (Figures 3 and
4), even though the number of wet fermented cocoa
beans is only 4 kg. Temperature affects the growth of S.
cerevisiae compared to pH, ethanol and free oxygen
factor. Saccharomyces cerevisiae grows optimally at a
temperature of 30°C to 35°C and a maximum
temperature of 45°C, at a temperature of 42°C its growth
stops (Kouamé et al., 2021). At a temperature of >40°C
the yeast suspected to be S. cerevisiae was quite high and
still persisted until the cocoa bean fermentation was
complete (Purwanto et al., 2019). Yeast inoculation and
increasing temperature affect yeast growth during the
fermentation process. The presence of pH, ethanol and
nitrogen had no significant effect on yeast growth. The
addition of high enough yeast coupled with a low
temperature increase will make glucose run out quickly.
On the other hand, if the addition of a small amount of
yeast is accompanied by a high enough temperature
increase, the yeast growth will stop before the glucose
runs out (Kouamé et al., 2021).

Basically, all treatments of plant leaves as a cover
for fermented cocoa beans are able to maintain the
warmth of the fermentation temperature of 4 kg of wet
cocoa beans. Treatment of banana leaves and bamboo
leaves was able to produce the highest temperature of
43°C which was not significantly different from teak
leaves, taro leaves and papaya leaves (Figure 4). Natural
fermentation of wet cocoa beans < 5 kg can reach the
maximum temperature of > 40°C, because the heat loss
of fermentation is prevented by cheesecloth wrapping the
cocoa beans (Bobiles et al., 2022). All types of leaf-
covered fermented cocoa beans were able to reach the
maximum temperature (42.3-43.4°C) on the 2™ day. So
that in addition to using banana leaves, fermented cocoa
beans can be covered using teak leaves, taro leaves,
papaya leaves and bamboo leaves.

The aroma and taste precursors of chocolate are
formed as the fermentation temperature increases. The
enzymatic browning reaction and the formation of the
characteristic brown color of cocoa beans are driven by
polyphenol oxidase (PPO) activity. The temperature of
42°C is ideal for supporting PPO activity in influencing
the color, bitterness and astringency of chocolate
(Chagas Junior et al., 2021). Increased temperature
supports proteolytic activity. The cocoa flavor is formed
at high temperatures ranging from 34.6-46.6°C with a
high hydrophobic amino acid content (Deus et al., 2021).
Amino acid biosynthesis can be affected by the presence
of S. cerevisiae (Almeida et al., 2020). The maximum
temperature of cocoa bean fermentation achieved on day
2 was 42.5-43.4°C (Figures 3 and 4) and the application
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of tape yeast containing S. cerevisiae was thought to be
able to make cocoa beans ferment perfectly.

3.2 pH of cocoa beans pulp

The pH of the cocoa bean pulp before fermentation
was 4.3 and after fermentation for 4 days, there was an
increase in pH to 5.75-6.14 (Figure 5). The combination
of additional treatment of tape yeast and cover leaf
fermented cocoa beans did not significantly affect the pH
increase of cocoa beans pulp. Separately, the addition of
tape yeast and leaf cover of cocoa bean fermentation
significantly affect the increase in pH of cocoa bean
pulp. With a significant difference test at 5% LSD (0.23)
fermentation that was not given tape yeast produced the
lowest pH (5.75) and the pH of cocoa beans due to
treatment with 0.5-2% tape yeast dose was not
significantly different (5.93-6.14). The Ileaf cover
treatment using taro leaves and papaya leaves produced
the lowest pH (5.77 and 5.82) and was significantly
different from the treatment of bamboo leaves, teak
leaves and banana leaves (6.05, 6.05 and 6.20).

pH Before and After Fermentation

D5 (Bamboo leaves;

) 4.3
D4 (Papaya leaves) ™ 5.82
D3 (Taro leaves) = 5.77
D2 (Teak leaves)

1.3

)
) 43

D1 (Banana leaves]

Treatments

R4 (2% tape yeast) 4.3 614
R3 (1.5% tape yeast) 4.3 94
R2 (1% tape yeast) 13 593
R1 (0.5% tape yeast) 4.3 613
RO (without tape yeast) 43 55

0 1 2 3 4 5 6 7
pH

pH after fermentation mpH before fermentation

Figure 5. pH of cocoa beans pulp after fermentation due to the
application of tape yeast and the leaf cover.

There was an increase in the pH of the cocoa bean
pulp every day during fermentation. The addition of tape
yeast in the laboratory-scale fermentation of cocoa beans
has an effect on the increase in pH (Purwanto et al.,
2019). The growth of S. cerevisiae can be affected by
pH, its growth decreases at pH 6.5 and its growth stops
at pH 8 (Kouamé et al., 2021). The presence of S.
cerevisiae continues to degrade the cocoa bean pulp and
the formation of organic acids required by further
bacteria. Decomposition of organic acids during
fermentation which makes the pH increase. The pH of
the pulp is inversely proportional to the pH of the cocoa
bean. The pH of cocoa beans decreased during
fermentation and the addition of lactic acid bacteria
(LAB) significantly reduced the acidity of the cocoa
beans (Apriyanto, 2017; Miguel et al., 2017).

According to the research by Hernani et al. (2019),
the pH of cocoa bean pulp that reaches >5 during
fermentation can improve the quality of cocoa beans. In
all treatments, the pH of the cocoa bean pulp was >5
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(5.75-6.14) after 4 days of fermentation in a styrofoam
box. Proving that fermented cocoa beans in small
quantities of 4 kg covered with leaves in a styrofoam box
are able to produce an optimal pH of cocoa bean pulp.

3.3 Account of cocoa beans per 100 g

The number of dry cocoa beans after fermentation
from all treatments was 92.7-103.7 beans per 100 g
(Figure 6). The addition of tape yeast had a significant
effect on the number of 100 cocoa beans, while the
fermentation cover had no significant effect on the
number of 100 cocoa beans. The addition of 2% tape
yeast resulted in the highest number of cocoa beans and
was significantly different from the 5% LSD test level
(5.33). In 100 g of dry cocoa beans as a result of
treatment with 2% tape yeast, there are 103.7 cocoa
beans. The application of tape yeast 0-1.5% produced
dry cocoa beans as much as 93.3-96.8 cocoa beans per
100 g. The leaf cover treatments resulted in 92.7-99 dry
cocoa beans per 100 g. According to Badan Standarisasi
Nasional (2008) in the Indonesian National Standard
(SNI2323:2008), the quality of fermented cocoa beans is
classified into grades AA, A, B, C and S. The
fermentation of cocoa beans from research results can be
classified into quality levels A and B. The number of
cocoa beans per 100 g is significantly affected by the
fermentation time (Aryani et al., 2018). Fermented cocoa
beans produce dry cocoa beans of groups AA, A and B
(Aryani et al., 2018; Hartuti et al., 2018). Dry fermented
cocoa beans have the opportunity to get a high selling
value. The quality of cocoa beans determines the selling
value and different places of sale. Grades A and B can be
sold to chocolate processing companies, while grades C
and S are sold to middlemen and local markets (Bachtiar
etal.,2019).

RO (without tape yeast)
104.0

102.0

R1 (0.5% tape yeast)

R2 (1% tape yeast)

R3 (1.5% tape yeast)

D2 (Teak leaves) R4 (2% tape yeast)

103.7
D1 (Banana leaves)

Figure 6. Account of cocoa beans per 100 g due to application
of tape yeast and the leaf cover.

3.4 Cocoa beans moisture content

The moisture content of fermented cocoa beans after
sun drying in all treatments was 8-5.5% (Figure 7). The
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moisture content of the cocoa beans has not met the
requirements of the Indonesian national standard which
requires the maximum moisture content of dry cocoa
beans to be 7.5% (Badan Standarisasi Nasional, 2008).
Several researchers (Hayati et al., 2012; Baihaqi et al.,
2016); Nizori et al., 2021) reported that the drying
technique affects the moisture content of cocoa beans.
Drying in the sun tends to produce high moisture
content. A temperature of 50-70°C is the optimal
temperature for drying cocoa beans in an oven. Drying
cocoa beans in the sun has various obstacles such as
rainy and cloudy days that can hinder the drying process.
To achieve the moisture content of cocoa beans
according to quality standards, it is recommended that
after drying in the sun, they are dried in an oven to
uniform the moisture content of the cocoa beans.
RO (without tape yeast)

20.0

14.0

15.0

D5 (Bamboo leaves) 15?1 (0.5% tape yeast)

13.0

10.0

D4 (Papaya leaves) R2 (1% tape yeast)

12.0
50

D3 (Taro leaves) R3 (1.5% tape yeast)

12.5

D2 (Teak leaves) R4 (2% tape yeast)

14.0

D1 (Banana leaves)

Figure 7. Cocoa beans moisture content due to application of
tape yeast and the leaf cover.

The addition, of the presence of S. cerevisiae at the
beginning of the fermentation resulted in a lower
moisture content of dry cocoa beans (Baihaqi et al.,
2016). The results of this study indicate that increasing
the dose of tape yeast tends to produce a lower moisture
content of dry cocoa beans. Application of 1.5% and 2%
tape yeast resulted in lower moisture content of cocoa
beans than 0.5% and 1% tape yeast.

3.5 Sugar content

The total dissolved sugar solids in dry cocoa beans,
the results of the study, ranged from 1.8 to 2.8°Bx
(Figure 8.). The addition of tape yeast can produce large
and small amounts of sugar in cocoa beans. Leaf cover
fermented cocoa beans from banana leaves, teak leaves,
taro leaves, papaya leaves and bamboo leaves produce
soluble sugar in the range of 2.2-2.6°Bx. Cocoa fruit that
is ripe when the fruit is opened has a sugar content of
~13.3-20°Bx (Cubillos Bojaca et al., 2019; Dulce et al.,
2021). The sugar content of cocoa beans decreases with
the process of fermentation, drying and storage of cocoa
pods (Afoakwa et al., 2013; Afoakwa et al., 2015). The
presence of sucrose in dry cocoa beans can be used as an
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indicator if the fermentation is not perfect. Dried cocoa
beans are only glucose and fructose, which is an
indication that the fermentation process was successful.

RO (without tape
yeast), 2.7

D5 (Bamboo )5

leaves), 2.3 R1 (0.5% tape
yeast), 1.9
Q,
D4 (Papaya 15 RZ[l/ot;p‘)ge yeast),
leaves), 2.4 1 :
05
0
D3 (Taro leaves), R3 (1.5% tape
2.6 yeast), 2.5
R4 (2% tape yeast),
D2 (Teak leaves),
1.8
2.2
D1 (Banana
leaves), 2.2

Figure 8. Cocoa beans sugar content due to application of tape
yeast and the leaf cover.

3.6 Cut test

Changes in the color of cocoa beans inside and
outside the beans can be used as an indication of the
success of fermentation. Color changes in cocoa beans
can be tested by cut test. The results of the dry cocoa
bean cutting test after 4 days of fermentation showed that
the number of cocoa beans that were brown was >88% of
the cocoa beans were brown (Figure 9). Brown cocoa
beans indicate that the cocoa beans are well fermented.
The addition of 1% tape yeast significantly increased the
number of well-fermented cocoa beans by 11.29% from
the control (cocoa beans without tape yeast). Cocoa
beans that were not added with tape yeast produced
11.4% purple cocoa beans. Purple cocoa beans indicate
that the fermentation process is not yet complete (semi-
fermentation). Banana leaves, teak leaves, taro leaves,
papaya leaves and bamboo leaves have the potential to
be used as a cover for fermenting cocoa beans to
improve their quality. From all fermentation cover leaf
treatments, it was found that slaty colored cocoa beans or
unfermented cocoa beans were only around 0-2.8%. Wet
cocoa beans weighing <5 kg can be fermented using a
Styrofoam box. Before the Styrofoam box is closed, it is
best to cover the pile of cocoa beans with leaves (banana,
teak, taro, papaya and bamboo).

Tape yeast contains yeast and bacteria (Ninsix,
2013). The addition of tape yeast accelerated the growth
of yeast, LAB and BAA at the beginning of the
fermentation so as to accelerate the fermentation of
cocoa beans. Yeast produces ethanol and pectinolytic
enzymes which contribute to the physicochemical
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changes of cocoa beans during fermentation (Pereira et
al., 2020; Santos et al., 2020; Dulce et al., 2021). In the
cut test, cocoa beans were classified according to the
color change of the cotyledons into slaty, purple and
brown colors as the degree of success of fermentation.
Color as a measure of the anthocyanin oxidation process
in cocoa beans. Slaty color as an indicator of
unfermented and purple as an indicator of semi-
fermented cocoa beans, while the brown color indicates
well-fermented cocoa beans (Hernadndez-Hernandez et
al., 2016). The entry of acid into the cotyledons during
fermentation triggers the cells containing anthocyanins
(purple pigments) to rupture, causing the cotyledons to
turn purple. The polyphenol oxidase enzyme causes the
oxidase of anthocyanins so that the cotyledons turn
brown (Rahardjo ef al., 2022).

99.2
100.0 976 95.0 972 9%.0 956 972

88.0

94.2
80.0
60.0
40.0

20.0 514

0.6 =400 Sngo2=22 285622 )

445 282 240

2.0.8

Percentage (%)

0.0
RO R1(0.5% R2(1% R3(1.5% R4 (2%
(without tape tape tape tape
tape yeast) yeast) yeast) yeast)
yeast)

D1 D2 (TeakD3(Taro D4 D5
(Banana leaves) leaves) (Papaya (Bamboo
leaves) leaves) leaves)

Treatments

Brown Purple Slaty

Figure 9. Percentage of cotyledon color from cut test results.

The amount of fermented cocoa beans increases with
the duration of fermentation. In the first 12 hrs of
fermentation, there were 20% fermented cocoa beans and
at 72 hrs of fermentation, there were 70% fermented
cocoa beans (Apriyanto et al., 2020). Improving the
quality of cocoa beans can be done by adding S.
stirring or giving aeration during
fermentation (Hanny and Kresnowati, 2015; Sabahannur,
2017). The addition of 0.2% tape yeast increased the
fermentation index of cocoa beans on a laboratory scale
and accelerated the fermentation process with an
indication that on the 3rd day the fermentation index had
reached >1 (Purwanto ef al., 2019).

cerevisiae and

The results of this study did not find moldy and
germinated cocoa beans. A fermentation temperature of
>40°C suppresses fungal growth on cocoa beans (Hatmi
et al., 2015). The fermentation process that is not stirred
can cause the cocoa beans in the top pile to become
moldy (Hartuti ez al., 2018). Germination can be caused
by the storage of cocoa pods for too long (~10 days)
before the cocoa beans are fermented (Kongor et al.,
2013). All treatments in this study could reach a
maximum temperature of 42.3-43.4°C so that no seeds
were damaged due to fungal attacks or seeds germinated.
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3.7 Phytochemical qualitative

In the phytochemical test of dry cocoa beans after
fermentation, there were still alkaloids, polyphenols,
flavonoids and tannins (Table 1). All fermentation
treatments in this study did not eliminate the content of
alkaloids, polyphenols, flavonoids and tannins, although
they are present in small amounts. These compounds are
included in secondary metabolites of cocoa beans that
humans need. Wet cocoa beans contain high levels
(15%) of polyphenols (Kadow et al., 2013). Post-harvest
activities such as fermentation, drying, and roasting can
reduce the polyphenol content of cocoa beans (Atmaja et
al., 2016; Apriyanto et al., 2020; Lima et al., 2021).
During fermentation, polyphenols are oxidized, so that
the astringent and bitter taste of cocoa beans is reduced
and the taste of chocolate is increased (Kongor et al.,
2016). Saccharomyces cerevisiae was able to reduce
phenolic compounds by 26 mg ECE/g (Chagas Junior et
al., 2021).

Table 1. Phytochemical qualitative of fermented cocoa beans
due to application of tape yeast and the leaf cover.

Phytochemical Qualitative

> g e
Treatments S 3 g g
s = 8 z
& 2 & =
RO (without tape yeast) + + + +
R1 (0.5% tape yeast) + + + +
R2 (1% tape yeast) + + + +
R3 (1.5% tape yeast) + + + +
R4 (2% tape yeast) + + + +
D1 (Banana leaves) + + + +
D2 (Teak leaves) + + + +
D3 (Taro leaves) + + + +
D4 (Papaya leaves) + + + +
D5 (Bamboo leaves) + + + +

Cocoa beans as raw material for processed foods
such as chocolate should be fermented to reduce
polyphenols. Polyphenols in cocoa beans are included in
antioxidant compounds. Cocoa beans for cosmetic and
medicinal raw materials require large amounts of
polyphenols. Efforts that can be made to increase and
maintain the polyphenol content can be made by
blanching technique before fermentation and the addition
of cysteine during fermentation (Arizona et al., 2013;
Nurhayati et al., 2018; Nurhayati et al., 2022). Apart
from post-harvest handling techniques, the content of
secondary metabolites of cocoa beans such as flavonoids
is influenced by environmental and climatic conditions
where the plant grows (Agudelo ef al., 2022).
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4. Conclusion

The addition of tape yeast which is sold freely in the
market can increase the number of perfectly fermented
cocoa beans. Tape yeast increases the fermentation
temperature of cocoa beans, the account of cocoa beans
per 100 g, the sugar content, and the number of brown
cocoa beans. The best dosage of tape yeast for
fermentation is 1% of the wet weight of the wet cocoa
beans. During fermentation, teak leaves, taro leaves,
papaya leaves, and bamboo leaves have the same role as
banana leaves in maintaining the temperature and
humidity of fermenting cocoa beans, so these leaves can
be used as a cover for fermenting cocoa beans like
banana leaves, which are usually used by farmers.
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