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Abstract

Cocoa powder is made from fermented cocoa beans which are separated from fat, grounded and sifted
to produce a powder. The fermentation stage is an important stage in processing cocoa beans for
chocolate flavor formation. The traditional fermentation done by farmer triggers fungal growth that can
produce a toxin called mycotoxin. The use of lactic acid bacteria in cocoa beans fermentation has been
known to inhibit the growth of mycotoxin-producing fungi. The addition of Lactobacillus plantarum HL
15 as a culture starter has known as an antifungal. The objective of this research is to study the effect
of Lactobacillus plantarum HL 15 as culture starter and fermentation box variation on microbiology,
chemical and sensory characteristics of cocoa powder. Cocoa beans fermentation was conducted by
starter culture addition and without starter culture addition and then using a new fermentation box and
old fermentation box. The analysis of cocoa powder was carried out include water content, pH, fungi
contamination, and sensory evaluation on color, flavor and taste of the cocoa powder. The result showed
that water content (3.85 % to 4.55%), pH (4.85 to 4.95), and sensory evaluation is not significant
differences for all treatment. The addition of Lactobacillus plantarum HL 15 as a culture starter in old
and new fermentation boxes has a smaller lever of fungi contamination compare to the treatment
without Lactobacillus plantarum HL 15 as culture starter.
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1 Introduction

Cocoa is one of the three largest commodities produced in Indonesia besides tea and coffee. The total
area of cocoa plantations in Indonesia in 2016 reached 1,701,351 m2 with a production of 656,817 tons
from community plantations, state plantations, and private plantations. This number is predicted to
increase in 2017 to 688,345 tons. Cocoa productivity in Indonesia about 380 kg/ha [1]. The high cocoa
productivity to makes cocoa as one of Indonesia’s export commodities.

Every region in Indonesia has the potential to develop cocoa production. The Special Region of
Yogyakarta has a total area of 5,156 ha of cocoa plantations with production reaching 1,212 tons in
2015. Cocoa productivity in the Special Region of Yogyakarta reaches 235 kg/ha and entirely belongs
to community plantations [1]. This high productivity has not been matched by good postharvest
handling and often has an impact on the quality diversity of the dried cocoa beans produced. The
diversity of the quality of Indonesian cocoa beans is caused by several factors such as the lack of
processing facilities, weak quality control at all stages of the processing of people's cocoa beans.

The dry fermented cocoa beans from small plantations still face post-harvest problems. The quality
problems of Indonesian cocoa are the high level of acidity of beans followed by the weak flavor, the
lack of quality consistency and unfermented beans. According to Haryadi and Suprianto [2], the cocoa
beans of Indonesian farmers, especially those produced by small plantations are the lowest valued in
the international market due to the low quality of the beans and dominated by unfermented beans

(slaty).
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Contamination of mycotoxin-producing fungi is a concern in improving the quality of fermented
cocoa beans related to the dangers of mycotoxins produced and the condition of post-harvest cocoa
beans that support the growth of mycotoxin-producing fungi. The optimum temperature for aflatoxin
forming by Aspergillus sp. is 5 - 45°C with minimum humidity 80% at pH 5,5-7,0 [3,4]. This condition is
easily achieved during the fermentation of cocoa beans, which shows the magnitude of potential
contamination of mycotoxin-producing fungi during the fermentation process. Some types of fungi that
are found to contaminate cocoa are Penicillium, Aspergillus niger, dan Aspergillus flavus [5,6,7,8]. These
fungi are found in cocoa bean which during fermentation do not experience stirring [2]. Fungal
contamination of permitted food products is regulated in the Indonesian National Standard (SNI).

Fermentation is an important step in processing cocoa beans that determine the quality of cocoa
beans. In the fermentation process, the formation of cocoa flavor precursor compounds by microbes
such as yeast, lactic acid bacteria, and acetic acid bacteria by changing the substrate into ethanol, lactic
acid, and acetic acid. Fermentation plays an important role in determining the final quality of dried
cocoa beans. At the time of fermentation, there is the involvement of lactic acid bacteria (LAB) which
have the ability to produce lactic acid, which can inhibit the growth of fungi [9,10,11,12].

In the cocoa bean fermentation, LAB has proven role as an antifungal. Many studies have been done
to determine the ability of LAB in inhibiting the growth of fungi producing toxin (ochratoxin) during the
cocoa beans fermentation. The application of LAB in cocoa bean fermentation is the biological control
of OTA-producing fungi. According to the identification of LAB as Lactobacillus plantarum B4496,
Lactobacillus brevis 207 and Lactobacillus sanfranciscensis BB12 showed interesting in vitro broad
antifungal activities towards the three ochratoxin-producing fungi (Aspergillus carbonarius, Aspergillus
niger and Aspergillus ochraceus) with inhibition percentages ranging from 15% to 66.7% [13].
According to Deepthi et al [14]., Lactobacillus has anti-fungal ability. The metabolic product of LAB
causes an acid condition that inhibits germination and hypha formation from mold. Anti-fungal
compounds such as phenillactic acid (PLA) and 4-hydroxyphenillactic acid was found in Lactobacillus
plantarum [15]. Marwati et al [16,17] said that Lactobacillus plantarum HL15 has potential as anti-
fungal. The use of Lactobacillus plantarum HL15 is expected to reduce fungi contamination during the
fermentation of cocoa beans.

The addition of Lactobacillus plantarum HL15 in the cocoa beans fermentation, it certainly affects
the chemical, microbiology and sensory character of the cocoa beans which will be processed into cocoa
powder. Therefore, the objective of this study is to find out the effect of adding Lactobacillus plantarum
HL15 as a starter culture and variation of fermentation box on the chemical, microbiology and sensory
characteristic of cocoa powder.

2 Material and Method

2.1 Material and Equipments

The materials used in this research were cocoa beans that had been fermented with Lactobacillus
plantarum HL15 as starter and cocoa beans fermented without a starter. So in this study used four type
of cocoa beans, namely (1) fermented cocoa beans without a starter on the old box, (2) fermented cocoa
beans without a starter on the new box, (3) fermented cocoa beans with a starter on the old box and (4)
fermented cocoa beans with a starter on the new box. Fermented cocoa beans were obtained from Ngudi
Raharjo Il farmers group, Gunung Kidul, Yogyakarta. In the process of cocoa powder, the materials used
are cocoa cake, vanilla, sugar, corn starch and baking soda.

In the sensory evaluation, the materials used were aqua dest, cocoa powder from various treatments
and sugar. In the microbial contamination test, used aqua dest, chloramphenicol, Buffer Pepton Water
(BPW), DG18 and Peptone Dextrose Agar.

Cocoa powder process was conducted using steamer, roaster, rotary cutter, blower and separator
for winnowing process, castor, hydraulic presser, grinder for cocoa powder process, sieve, alkalizing
machine, refrigerator or cooler.

Water content analysis used dedicator, oven, analytic scale, spatulas and weigh bottle. pH level was
determined used pH meter. The tools used in the sensory evaluation are glass, pans, stoves, trays and
measuring spoon. In microbial contamination testing the tools used were bunsen, Petri dishes,
Erlenmeyer, analytical scales, micropipette, autoclaves, incubators, filters, spatulas, and analytic scales.
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2.2 Method

This study was conducted in two stages. The first stage was the cocoa powder processing conducted in
Agro Techno Park, Gunung Kidul. The second stage was the quality analysis of cocoa powder. Chemical,
microbiology, and sensory evaluation were conducted based on the Indonesian National Standard [18]
for cocoa powder.

2.2.1 Cocoa powder Processing

Cocoa powder processing was conducted in Agro Techno Park, Gunung Kidul based on the method
presented by Copetti et al [19]. The making of cocoa powder begins steaming fermented cocoa beans at
100 °C for 30 minutes. And then roasting at 120 °C for 30 minutes. Separation of seed coat was
conducted using the separator is equipped with a blower. The nib, which is obtained, is put into a caster
to produce chocolate paste. Furthermore, the chocolate paste is pressed using a hydraulic press for
about 15 minutes to separate the cocoa butter and chocolate cake. Chocolate cake is crushed and put
into refrigerator before milling. After grinding, sifting is done (200 mesh). The sifting process was
carried out several times to obtain maximum results. Finally, the alkalization process was carried out
to produce cocoa powder.

2.2.2 Water content assay

The water content of cocoa powder was determined by thermogravimetry [20].
2.2.3 pH assay

The measurement of pH using pH meter [18].

2.2.4 Microbial contamination assay

Microbial contamination test with direct plating method on DG 18 media to determine the type of mold
and dilution method on PDA media to count the number of mold colonies per gram sample [21,22]. A
direct plating test is done by sowing a number of cocoa powder samples on the media so that DG18 is
evenly distributed on Petri dishes. The Petri dish is then incubated at room temperature for 5 days.
After 5 days, observations of fungi grew and were identified based on their appearance and color
characteristics.

The dilution method was carried out by dilution Buffer Pepton Water with dilution sequent 10-2, 10-
3 and 10-% Then pouring the media PDA as much as 15 ml into a Petri dish is then incubated at room
temperature for 5 days. Calculation of the colony formed using the rules of colony calculation in
accordance with PPOMN 2006.

2.2.5 Sensory assay

Sensory testing was carried out using 40 panelists using the hedonic method and difference scoring test
[18]. Samples are presented in the form of powder and chocolate drinks. Panelists conducted an
assessment in no specified order using a scale of 1 to 7. Scale 1 shows the attribute with the weakest
value and scale 7 shows the attribute with the strongest value for Difference Scoring Test. Sensory
testing with the Difference Scoring Test is an assessment of the color, aroma, and flavor attributes of
cocoa powder and chocolate drinks. As for the Hedonic Test, scale 1 shows the most disliked sample
and scale 7 shows the most liked sample.

3 Result and Discussion

3.1 Water Content of Cocoa Powder

Overall cocoa powder has a moisture content in accordance with SNI 3747: 2009 is less than 5% by
weight and not significantly different between treatments. The water content of cocoa powder as shown
in Fig 1. Cocoa powder from cocoa beans fermented with a starter in the old fermentation box has a
water content of 4.19%. Cocoa powder from fermented cocoa beans without a starter in the old
fermentation box has a moisture content of 3.85%. Cocoa powder produce from fermented cocoa beans
with a starter in a new fermentation box has a water content of 4.55%. Whereas the cocoa powder
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produce from fermented cocoa benas without a starter in the new fermentation box has a moisture
content of 4.09%.
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Fig 1. Water content of cocoa powder

Moisture content in cocoa beans after fermentation is reduced by drying. The water content of
fermented cocoa beans was 60% lowered to less than 7% to 8% through the drying process [23].
According to Putri [24], the moisture content of fermented cocoa beans with L. plantarum HL 15 as
starter is 6.52%. In the roasting process, the moisture content decrease to less than 3%. The water
content of cocoa powder is determined by the processing, namely drying cocoa beans and roasting
where the heat can evaporate the free water contained in cocoa beans. During the processing of cocoa
powder, absorption of environmental moisture can occur by the material so that the water content
increases.

3.2 pH of Cocoa Powder

One important factor determining the high consumer acceptance of chocolate powder flavor is the
acidity attribute. The acidity of the cocoa powder is influenced by the pH value. The pH value of the
cocoa beans to be processed into cocoa powder changes due to the evaporation of volatile organic acids
and alkalization [19]. The pH values of the cocoa cake and the cocoa powder are also different. Cocoa
powder has a higher pH value because it has been alkalized. The pH value of cocoa cake and cocoa
powder can be seen in Fig 2 and Fig 3.
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Fig 2. pH value of cocoa cake
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Fig 3. pH value of cocoa powder

The pH levels successively from highest to lowest in cocoa cake are fermented cocoa beans without
starter in a new fermentation box (4.95), fermented cocoa beans with a starter in the old fermentation
box (4.91), fermented cocoa beans with starter in a new fermentation box (4.88), and fermented cocoa
beans without a starter in the old fermentation box (4.85). In cocoa meal it is known that the lowest pH
is cocoa cake from fermented cocoa beans without a starter in the old fermentation box (4.85). In cocoa
meal it is known that the lowest pH is cocoa cake from fermented cocoa beans without a starter in the
old fermentation box (4.85). The pH levels successively from highest to lowest in cocoa powder are
fermented cocoa beans without a starter in the old fermentation box (6.3), fermented cocoa beans with
a starter in a new fermentation box (5.93), fermented cocoa beans without starter in a new fermentation
box (5.89), and cocoa beans fermented with a starter in the old fermentation box (5.46). Whereas in
cocoa powder it is known that the lowest pH is cocoa powder from cocoa beans fermented with a starter
in the old fermentation box (5.46).

The pH value of cocoa powder is influenced by the pH value of fermented cocoa beans. The low pH
value in cocoa beans is caused by the migration of acetic acid and lactic acid during fermentation and
decreases the pH in the beans from 6.5 to 4.5 [25]. According to Ho et al [26], acetic acid has more effect
on decreasing pH than lactic acid. The 4.75 to 5.19 pH value shows that fermentation succeeded [25].
At the time of roasting, there is the volatilization of volatile organic acids which allows a decrease in
acid concentration and an increase in pH [21]. However, the increase in pH value during the processing
is not too significant so that the pH value on the cocoa cake and cocoa beans do not differ. The pH value
on the cocoa cake can be used as a parameter of process success. Based on this, it can be stated that the
fermentation of cocoa beans used in processing cocoa powder has been done well. The difference in pH
between treatments on cocoa cake showed no significant difference.

In the processing of cocoa powder from the cocoa cake, the cocoa cake is crushed, milled, sifted and
alkalised to produce cocoa powder in accordance with the standards. One process that affects the final
pH of cocoa powder is alkalization. During the alkalization the addition of baking soda, vanillin, corn
starch and sugar. The main objectives of the alkalization process are to reduce acidity, increase the
solubility of chocolate powder, and intensify the aroma of chocolate [27,19]. After alkalization, the
overall pH of the four treatments increased (Fig 3). The difference in pH of the four treatments did not
show a significant difference.

3.3 Sensory Attribute

3.3.1 Difference Scoring Test
a. Brown intensity color

The color of cocoa powder is in accordance with SNI 3747: 2009 cocoa powder. The brown color of the
cocoa powder comes from the oxidation of polyphenols by oxygen and polyphenol oxidases to produce
quinones which give a brown appearance [2]. This can occur because of the migration of acetic acid into
cells causes a decrease in internal pH and rupture of cell membranes. Polyphenols also migrate out into
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the epidermis and undergo oxidation. The brown color formed shows the success of the fermentation
and drying process [28].

The intensity of the brown color of the cocoa powder from fermented cocoa beans with a starter in
the old fermentation box was 4.33. Cocoa powder from fermented cocoa beans without a starter in the
old fermentation box is 4.98. Cocoa powder from fermented cocoa beans with a starter in a new
fermentation box is 4.70. Cocoa powder from fermented cocoa beans without a starter in the new
fermentation box is 4.95. Cocoa powder with fermented beans in the old box with a starter has a lower
color intensity than fermented beans in the old box without a starter. The same thing happened in cocoa
powder with fermented cocoa beans in a new fermentation box with a starter having a lower color
intensity than fermented cocoa beans in a new box without a starter (Fig 4). However, the difference in
the overall color intensity of the treatment was not significant. This can be caused by differences in
panelist sensitivity.
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Fig 4. Brown intensity color of cocoa powder

b. The specific aroma of cocoa powder

The results are in accordance with the SNI for cocoa powder which is a distinctive aroma of cocoa and
free from foreign odors. The typical chocolate aroma value for cocoa powder from fermented cocoa
beans with a starter in the old fermentation box is 4.7. Chocolate powder from fermented cocoa beans
without a starter in the old fermentation box is 4.85. The cocoa powder from fermented cocoa beans
with a starter in a new fermentation box is 4.65. The cocoa powder from fermented cocoa beans without
a starter in the new fermentation box is 4.88 (Fig 5). The intensity of the characteristic aroma of
chocolate for all treatments did not show a significant difference.
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Fig 5. Specific aroma of cocoa powder
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The formation of a special aroma chocolate precursor occurs during fermentation. Protein fractions
in cocoa (albumin and globulin) are converted to hydrophilic and hydrophobic peptides and amino
acids by aspartic endoprotease and carboxypeptidase activated by organic acids during fermentation
[29]. Amino acids and oligopeptides form essential precursors for the formation of chocolate aromas
during roasting by the Maillard reaction [28].

c. Bitterness flavor

The formation of bitter flavor occurs during fermentation. Damage to cell membranes due to an increase
in internal pH after the entry of acetic acid and lactic acid causes the mixing of various enzymatic
reactions [28, 30]. Polyphenol and methylxanthine to be responsible for bitter flavor formation [31,32].
The existence of these compounds is determined by the type of cocoa, climatic conditions, fermentation,
drying and processing in the industry [25].

The intensity of the bitter chocolate powder flavor from fermented cocoa beans with a starter in the
old fermentation box is worth 4.15; cocoa powder from fermented cocoa beans without a starter in the
old fermentation box was 3.43; cocoa powder from fermented cocoa beans with starter in the new
fermentation box is 4.63 and cocoa powder from fermented cocoa beans without starter in the new
fermentation box is 3.8. Based on these results it is known that the cocoa powder from cocoa beans
fermented with a starter in the old and new fermentation boxes has a bitter flavor that is stronger than
the cocoa powder from the fermented beans without the starter in the old and new fermentation boxes,
but the difference is not significant (Fig 6).
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Fig 6. Bitterness flavor of cocoa bean

d. Acidity flavor of cocoa bean

The results of acidity flavor intensity showed that all four treatments had in accordance with the SNI
3747:2009. The acidic flavor of cocoa becomes from organic acid compound forming during
fermentation [23]. The acid enters the seed cotyledons and decreases the internal pH [28]. The addition
of Lactobacillus plantarum as a starter provides suitable conditions for better growth of acetic acid
bacteria [2]. This triggers the growth of higher acetic acid bacteria to produce more acetic acid. The
more acetic acid produced, the lower the pH will be because more acetic acid migrates into the seeds.
The intensity of the acidity flavor for cocoa powder from fermented cocoa beans with a starter in the
old fermentation box was 3.48; cocoa powder from fermented cocoa beans without a starter in the old
fermentation box was 2.85; the cocoa powder from fermented cocoa beans with starter in the new
fermentation box is 3.4 and the cocoa powder from fermented cocoa beans without starter in the new
fermentation box is 3.03 (Fig 7). Thus, the cocoa powder from cocoa beans fermented with the starter
in the old and new fermentation boxes has a stronger sour flavor than the cocoa powder from fermented
cocoa beans without starter in the old and new fermentation boxes, but the difference is not significant.
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Fig 7. Acidity flavor of cocoa powder

3.3.2 Hedonic Test

The results showed that the overall preferred value of cocoa powder from fermented cocoa beans
without starter in the old fermentation box was 4.88; cocoa powder from fermented cocoa beans with
a starter in a new fermentation box is 4.8; cocoa powder from fermented cocoa beans without starter
in the new fermentation box is 4.55 and chocolate powder from fermented cocoa beans with starter in
the old fermentation box is 4.38. Chocolate powder from fermented cocoa beans without starter in the
old fermentation box has the highest overall preference value (4.88) with the lowest acidity value
(2.85), the lowest bitterness value (3.43), the highest intensity of brown color (4.98) and the distinctive
aroma of high chocolate (4.85)

Cocoa powder from fermented cocoa beans with the starter in the old fermentation box has the
lowest overall preference value (4.38) with the highest acidity value (3.48), the second-highest
bitterness value (4.15), the lowest brown color intensity (4,325) and the second-lowest typical
chocolate aroma (4.7). The overall sensory testing assessment is shown in Fig 8. Overall, however, there
was no significant difference in the preference scores for all treatments.

Sensory Testing Results

Intensity of Brown Color

Overall Preference Value 4 P 2 Typical Chocolate Aroma

Acidity Value Bitterness Value

— New box, with culture New box, without culture

0ld box, without culture 0ld box, with culture

Fig 8. Hedonic value of cocoa powder

3.4 Identification of microbial contamination of cocoa powder by direct plating
method

Based on the results, cocoa powder from fermented cocoa beans with a starter in a fermentation box,
yeast and fungi were found in the form of Eurotium (Fig 9). In the cocoa powder from fermented cocoa
beans without a starter in the fermentation box, new yeasts and fungi have not been identified (Fig 10).
In the cocoa powder from fermented cocoa beans with a starter in the old fermentation box, yeast and
fungi were found, namely Eurotium (Fig 11). In the cocoa powder from fermented cocoa beans without
a starter in the old fermentation box, yeast and fungi were found, namely Eurotium (Fig 12).
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Fig 12. Cocoa powder without starter; direct plating; 1.3, and 5 days incubation

The type of fungi that are found are not fungi that can produce mycotoxins. Eurotium is a fungus that
can grow during storage. Chocolate powder products contaminated with this fungus can be caused by
the storage conditions of cocoa beans before they are processed into cocoa powder. The dried cocoa
beans used have been stored at room temperature for 4 months (July-October 2017) with vacuum
packaging. Storage is carried out at room temperature (25 ° C-34 ° C) with 80-85% humidity. According
to Karisma [33], fermentation of cocoa beans with starter Lactobacillus plantarum HL15 as a starter
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culture produces cocoa beans that are free fungal contamination. This shows that fermentation with
Lactobacillus plantarum HL15 and good drying already suppresses the growth of fungi. Thus, fungal
contamination of the final product is caused by the storage conditions of the cocoa beans before
processing and fungi from the environment.

3.5 Identification of Microbial Contamination of cocoa powder by dilution method

Fungi contamination in cocoa powder from fermented cocoa beans with a starter in a new fermentation
box is 1.5x10? colonies per gram. Cocoa powder from fermented cocoa beans without a starter in a new
fermentation box is 5.5x10? colonies per gram. Fungi contamination in cocoa powder from fermented
cocoa beans with a starter in an old fermentation box is 1.5x10? colonies per gram. While the cocoa
powder from fermented cocoa beans without a starter in the old fermentation box is 7.0x10? colonies
per gram. SNI 3747:2009 suggested that fungi and yeast contamination are allowed 1.0x10? colonies
per gram or about 50 colonies for fungi or yeast only. Based on these results it is concluded that fungi
and yeast contamination on all treatments are nothing meets the standard. From these results, it is also
known that the fungal colonies on cocoa powder from fermented cocoa beans with a starter in the old
and new fermentation boxes have the same value of 1.5x10? colonies per gram and lower than the
colonies formed in cocoa powder from fermented cocoa beans without a starter on the old or new
fermentation box.

This proves that the addition of a starter can inhibit the growth of fungi in cocoa powder products.
Lactobacillus plantarum is known to have a good ability in producing anti-fungal metabolites [34]. There
are two ways to systematically inhibit mold growth by Lactobacillus plantarum. The direct way is by
becoming a mold competitor in obtaining a substrate or indirect way by producing the results of
metabolites that are antagonistic to mold growth. Lactic acid, acetic acid and phenylacetic acid produced
during the fermentation of cocoa beans are organic acids that have the most important role in inhibiting
mold growth [35].

4 Conclusion

Based on the research that has been done, it can be concluded that the water content of cocoa powder
from fermented cocoa beans with or without the addition of a starter in the old box or new box is in
accordance with SNI 3747: 2009 Cocoa Powder which is less than 5% by weight. The addition of a
starter or a variation of the fermentation box did not affect the water content of the chocolate powder.
Likewise, the pH of cake and cocoa powder did not differ significantly in all treatments.

The cocoa powder produced from the four sensory treatments according to SNI 3747: 2009
chocolate powder is good for the color of aroma and flavor. Overall, the four chocolate powder
treatments did not show differences in terms of sensory.

The fungus that contaminates cocoa powder is Eurotium sp. It was found that the limit of fungi
contamination of the four treatments did not meet SNI 3747: 2009 cocoa powder. Cocoa powder from
cocoa beans fermented with a starter in both old and new fermentation boxes has a lower number of
fungi colonies than cocoa beans with the addition of a starter which is 1.5x10% colonies per gram.
Overall, it can be concluded that the addition of the starter and fermentation box did not have a
significant effect on the chemical and sensory characteristics of cocoa powder. However, the treatment
of adding a starter can reduce mold contamination compared to the treatment without adding a starter.

Further research needs to be done by combining the application of GAP and GMP to produce quality
cocoa powder without contamination of mycotoxin-producing fungi.
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