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Abstract. The purpose of this study was to determine the effect of
Organic and Non-Organic Balinese Cacao (Theobroma cacao L.) storage
duration on chemical and microbiological levels in order to know the exact
storage period to get a good substrate for fermentation. This research is the
first step in preparing Specialty Cocoa. Chemical parameters such as
reducing sugar, total sugar, protein content, moisture content, and pH along
the pod storage were determined in this study. The ideal substrate
condition for cocoa fermentation was suggested on the 4™ d, in which the
pulp contained total sugar of 12.5 % and moisture content of 86 %.
Meanwhile, the statistical analysis was done to test whether the duration of
pod storage has a significant effect on the presence of bacteria related to
fermentation. The test showed that the duration of pod storage did not have
a significant effect on either lactic acid bacteria or acetic acid bacteria
content (P value > 0.05). Nevertheless, the research found that lactic acid
bacteria content was up to 1.9 log CFU mL~' and acetic acid bacteria
content was up to 2.72 log CFU mL™! during the 5 d of pod storage.
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1 Introduction

Currently, the market of chocolate industry in developed countries continues to grow,
especially in the market segment known as specialty cocoa or Fine and Flavor Cocoa (FFC)
[1]. In order to produce FFC, it requires good cocoa handling at the farm level because its
precursor compounds are formed especially during fermentation which is usually carried
out at the farm level in the country of origin. Although some studies have been carried out
on dry seeds such as activation of flavor precursors [2, 3] and starter culture formulations
[4-6], it can still be seen that many efforts need to be made and are still constrained. Even
the flavor modification of dried cocoa beans is not necessary if the natural fermentation
process is carried out properly.
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Indonesia is the third-largest cocoa producer in the world. The seven largest cocoa-
producing countries in the world today are Ivory Coast, Ghana, Indonesia, Nigeria, Brazil,
Ecuador, and Malaysia. Indonesia contributes around 8 % to 17 % of world production [7].
Therefore, research support needs to be carried out from various parties to maintain the
continuity of cacao (Theobroma cacao L.) cultivation in Indonesia and the sustainability of
cocoa raw materials from Indonesia.

The focus of the attention to the quality of cocoa in the country of origin should be the
fermentation stage, and the fermentation process needs a proper preparation or a pre-
conditioning stage. This preconditioning includes storage of cocoa pods, pre-drying, and
reduction of cocoa pulp [8—10]. This research was initial research and focused on the
storage stage of cocoa pods and the use of pectinase and Ca?" enzymes during fermentation.
It was hoped that after this research was carried out, there would be one standard method to
prepare the fermentation process, especially the desired composition of cocoa pulp
including what parameters must be controlled and a solution to be found so that the
fermentation takes place properly and it can produce quality dry cocoa beans.

Several parameters of cocoa quality based on SNI 2323.2008 concerning cocoa beans
are only related to the number of beans, moisture content, fat content, and total microbial
pollutants. Several organoleptic parameters such as cocoa beans that are not acidic, less
bitter, not as spicy, and have a distinctive taste are usually required in the specialty cocoa
market. The research that has been conducted by [11-14] stated that increasing the time of
cocoa pods storage days, can reduce bitter and sour taste although the polyphenol
compounds are also reduced. However, [1] in his review stated that detailed research is
needed in terms of reducing the protein and sugar content of cocoa pulp to reduce the sour
and bitter taste. This study aimed to determine the effect of cocoa pod storage time on the
total sugar content of cocoa pulp before fermentation to determine the effect of cocoa pod
storage time on protein content in cocoa pulp before fermentation. The urgencies of this
study were the increasing trend of the chocolate product market on demand for the best and
the distinctive taste of cocoa as its raw material has prompted research support from various
groups to get the best cocoa by performing good fermentation. However, in order to carry
out good fermentation, it was necessary to prepare an ideal substrate beforehand. The
conditioning of cocoa pulp as a substrate and raw material for fermentation was obtained
from preconditioning fermentation of cocoa, one of which was determining the length of
time for the fermentation. This research was the beginning of further research in an effort to
produce the best-fermented cocoa from various sources in Indonesia that have different
conditions for cocoa pods.

2 Methods

The research was conducted in two stages, namely testing the time of cocoa pods storage
and testing the addition of pectinase and Ca?' during fermentation of cocoa beans.
This article reported the first step which is an analysis of cocoa pod storage time in a farm.
The organic and non—organic cocoa pods were obtained from cocoa plantations in Bali.
Cocoa pods were opened according to the day of observation, every day from 0 d to 5 d.
The pulp was manually separated from the beans by rubbing the beans (with adhering pulp)
between fingers and squeezing the pulp into a clean sample bag. The pulp was then stored
at —200 °C prior to analyses.

Determination of reducing sugar content in a sample can be determined using a DNS
reagent or dinitro salicylic acid / 3,5—dinitrosalicylic acid. DNS acts as an oxidizer and in
alkaline conditions, it will react by reducing sugars to form 3—amino—5—nitrosalicylic acid
[15]. DNS standard solutions are made using glucose dissolved in distilled water with a
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concentration of 1 000 mg kg™! and diluted to 200 mg kg, 400 mg kg™!, 600 mg kg!, and
800 mg kg! [15].

Total sugar standard solution is made using sucrose which is dissolved in distilled water
with a concentration of 100 mg kg™! and diluted to 20 mg kg™, 40 mg kg™!, 60 mg kg™!, and
80 mg kg!. 1 mL of the sample was put in a test tube and 1 mL of phenol acid reagent was
added and shaken until homogeneous. After that, 5 mL of concentrated sulfuric acid was
added to the mixture. The mixture was then shaken until homogeneous and left for 10 min.
After leaving, the mixture was placed in a water bath at a temperature of 25 °C to 30 °C for
15 min. The absorbance of the sample was measured at a wavelength of 488 nm [16].

The next step was testing the water content [17], measuring the weight of a sample of
fresh cocoa pulp (W1), drying them in the oven with a temperature of 102 °C until it
reached the weight constant (W2). Then the percentage of water content was calculated
[18, 19].

The measurement of protein content used Kjeldahl Method (SNI-01-2782-1990).
The stages of protein analysis using the Kjeldahl method included digestion, distillation,
and titration [18, 19]. The destruction aimed to release the element N from the protein
which was converted into ammonium sulfate. In the distillation stage, the ammonium
sulfate was converted into ammonia which was captured by the standard acid solution
excess. The remaining acid which did not react with ammonia was titrated so that the
amount of ammonia from the N protein sample could be determined..

Microbiological Testing. The ability of the cocoa pulp medium to support
microorganisms is very important for the fermentation process to run well. To see the
ability of the medium to grow yeast, a PDA with the addition of chloramphenicol, Lactic
Acid Bacteria (LAB) with MRSA media, Acetic Acid Bacteria (BAA) with NA media can
be used [20].

Data Processing Techniques. After obtaining the results of the analysis of each test
material, an analysis of the effect of time cacao pods™ was analyzed on the total sugar
content, protein content, and amount of yeast, LAB, and BAA using statistical analysis of
variance (one way ANOVA) followed by Tukey's comparison to test if Hl was accepted.
The independent variables for the ANOVA test were storage time of cocoa pods™ (PO, P1,
P2, P3, P4, P5). The dependent variables for the ANOVA test were the total sugar content,
protein content, and amount of yeast.

3 Result and discussions
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Fig. 1. Effect of pod storage (d) on reducing sugar content

The statistical test results of reducing sugar data showed that the pod storage time had a
significant effect on reducing sugar levels (P value < 0.05), which means the longer the pod
storage time, the higher the tendency of reducing sugar levels. The results of statistical tests
showed that the variation of pod storage time had an interaction with the reducing sugar
content of cocoa pulp (P value > 0.05).

In [14], the reduced sugar content of cocoa that has been stored for 10 d decreased from
7.5 % to 4.8 %, slightly different from the results of the observations in this study that only
decreased the reducing sugar levels after 1 d and 2 d of storage. This reduction in reducing
sugar levels is caused by the existing reducing sugars being converted into energy for
physiological processes and metabolic activities that are present in the cocoa pods.
Sampling for the next fermentation test was taken from the 4™ d storage sample because it
had the lowest value, namely 6.14 %. The adequate sugar content can reduce the level of a
sour taste in dry cocoa beans, and speed up the fermentation time [1].

3.2 Total sugar
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Fig. 2. Effect of pod storage (d) on total sugar

The statistical test results from the total sugar data showed that the cacao did not have a
significant effect on the total sugar content (P value > 0.05).

Total sugar data shows that the total sugar content was quite high in the organic cocoa
pulp so the highest value was 34.4 % after the 2" d of storage and reached the lowest level
after the 4™ d of storage to reach 12.5 %. This is influenced by the physiological activity of
the pulp breaking down into simpler compounds. The published result stated that cocoa
pulp contains 80 % to 90 % water, 10 % to 13 % sugar, 1 % pectin, so sampling to carry out
the next fermentation process can be carried out on organic cocoa pulp after the 4" d of
storage, based on this data (total sugar 12.5 %).



E3S Web of Conferences 374, 00007 (2023) https://doi.org/10.1051/e3sconf/202337400007
3" NRLS

3.3 Water content
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Fig. 3. Effect of pod storage on moisture content

The published result stated that cocoa pulp contains 80 % to 90 % water and this research
shows that it contains 79 % to 86 % it seems that the post-harvest respiration and
transpiration processes at this point produce the highest moisture content.

Taking samples for the next fermentation process is better done at 4 d of storage
because after the 4™ d of storage, the water content tends to decrease. Low water content
provides unfavorable conditions for microbial activity during fermentation.

3.4 pH
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Fig. 4. Effect of pod storage (d) on pH

The results of statistical tests from pH data show that the storage time has a significant
effect on the pH value (P value < 0.05). From the pH observation data, it can be seen that
organic cocoa pulp is lower than non—organic cocoa pulp and increases with increasing pod
storage days. The pH of several other cocoa varieties outside Indonesia ranges from pH 3 to
pH 3.5 so the pH of Balinese cocoa is relatively higher than cocoa in other countries. The
pH conditions play a role in good fermentation conditions, so pod storage until the 4 d can
still be used because after 4 d of storage the organic cocoa pulp has increased.



E3S Web of Conferences 374, 00007 (2023) https://doi.org/10.1051/e3sconf/202337400007
3" NRLS

3.5 Protein
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Fig. 5. Effect of pod storage on protein content

From the protein observation data, it can be seen that the protein content ranges from
1.04 % to 2.25 %, which is relatively small compared to some data on the protein content of
other cocoa varieties, which is around 10 % to 24 %. Data on protein content in organic and
inorganic cocoa pulp were statistically significant (P < 0.05).

3.6 Microbiology test

Production of acids in the pulp is important in cacao fermentation as these acids are
diffused into the beans and subsequently induce the important reactions leading to well-
fermented cocoa beans. Acid production in the fermentation stage is influenced by the
existence of lactic acid bacteria and acetic acid bacteria in the fermentation stage. However,
the aim of this research was to get a proper preparation (pre-conditioning stage) before
fermentation, not yet focused on the number of those bacteria. Thus, the statistical analysis
was done to test whether the duration of pod storage has a significant effect on the presence
or absence of those bacteria. The statistical test showed that the duration of pod storage had
a significant effect on neither lactic acid bacteria nor acetic acid bacteria content
(P value > 0.05). Nevertheless, the research found that lactic acid bacteria content was up to
1.9 log CFU mL™" and acetic acid bacteria content was up to 2.72 log CFU mL™".

Table 1. Microbiological result

Pod Storage (d) Lactic Acic} Bacteria (log CFU mL’l) Acetic Ac?d Bacteria (log CFU ml.jl)
Organic Non-—organic Organic Non-—organic
0 0.00 0.00 1.29 1.30
1 0.00 1.90 2.72 2.50
2 0.00 1.30 0.00 2.34
3 0.00 1.45 1.00 1.00
4 1.30 1.45 2.07 1.75

4 Conclusions

The next step of the research will be using organic cocoa pods from Bali with a pod storage
time of 4% d. Observations will be conducted on the fermentation process with the addition
of pectinase and Ca®’. The final result of the fermentation process will not only be tested
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according to the provisions of SNI 2323-2008 but also be tested with international standard
flavor and taste by trained panelists from Puslitkoka Jember, East Java, Indonesia.

This research was funding by Hibah Internal of Surabaya University, East Java, Indonesia with
agreement letter number 050/SP/Lit/LPPM-01/FTB/XII/2019. The authors thank the Surabaya
University, East Java, Indonesia, and declare no conflict of interest.

References

1. M.S. Munoz, J.R. Cortina, F.E. Vaillant, S.E. Parra. Crit. Rev. Food Sci. Nutr.
60,10:1593-1613(2019).
https://scholar.google.co.id/scholar?hl=id&as_sdt=0%2C5&q=An+Overview+of+the+
physicaland+biochemical+transformationtoftcocoatseeds+to+beans+and+totchocola
te%3A+Flavort+formation&btnG=

2. R. Nazaruddin, L.K. Seng, O. Hassan, M. Said. Ind. Crop Prod. 24,1:87-94(2006).
https://doi.org/10.1016/j.indcrop.2006.03.013

3. M. Apriyanto, S. Sutardi, S. Supriyanto, E. Harmayanti. Formulasi biji kakao kering
menggunakan Sacharomyces cereviceae, Lactobacillus lactic, dan Acetobacter aceti
[Dried cocoa beans formulation using Sacharomyces cereviceae, Lactobacillus lactic,
and Acetobacter aceti]. Agritech. 37,3:302-311(2017). [in Bahasa Indonesia].
https://doi.org/10.22146/agritech.17113

4. M. Crafack, H. Keul, C.E. Eskildsen, M.A. Peterson, S. Saerens, A. Blennow et al.,
Food Res. Int. 63:306-316(2014). https://doi.org/10.1016/j.foodres.2014.04.032

5. V.C. de Melo Pereira, M.G. da Cruz Pedroso Miguel, C.L. Ramos, R.F. Schwan. Appl.
Environ. Microbiol. 78,15:5395-5405(2012). http://dx.doi.org/10.1128/AEM.01144-12

6. Lefeber, T.Z. Papalexandraton, W. Gobert, N. Camu, L. de Vuyst. Food Microbiol.
30,2:379-392(2012). https://doi.org/10.1016/1.fm.2011.12.021

7. 1ICCO. Fine on flavor cocoa [Online] from http://www.icco.org/about-cocoa/fine-or-
flavor-coco-html (2017). [Accesed on January 15th 2018].

8. J.E. Kongor, M. Hinneh, D. Van de Walle, E.O. Afoakwa, P. Boeckx, K. Dewettinck,
Food Res. Int. 82:44-52(2016). https://doi.org/10.1016/j.foodres.2016.01.012

9. E.O. Afoakwa, A. Peterson, M. Fowler, A. Ryan. Crit. Rev. Food Sci. Nutr. 48,9:840—
857(2008). https://doi.org/10.1080/10408390701719272

10. R.F. Schwan, A.E. Wheals. Crit. Rev. Food Sci. Nutr. 44,4:205-221(2004).
https://doi.org/10.1080/10408690490464104

11. L. De Vuyst, S. Weckx. J. Appl. Microbiol. 121,1:5-17(2016).
https://doi.org/10.1111/jam.13045

12. R.F. Schwan, G.H. Fleet, Cocoa and coffee fermentation [Online] from
https://www.routledge.com/Cocoa-and-Coffee-Fermentations/Schwan-
Fleet/p/book/9781439847916 (2014). [Accesed January 15, 2018].

13. R. Saltini, R. Akkerman, S. Frosch. Food Control. 29,1:167-187(2013).
https://doi.org/10.1016/j.foodcont.2012.05.054

14. E.O. Afoakwa, J.E. Kongor, J. Takrama, A.S. Budu. Int. Food Res. J. 20,4:1843—
1853(2013).
https://scholar.google.co.id/scholar?hl=id&as_sdt=0%2C5&qg=Changes+in+nib+acidifi
cation+and+biochemical+composition+during+fermentation+oft+preconditioned+coco
a+%28Theobromine+cacao%29+beans.&btnG=

15. M.S. Rojas, F. Chejne, H. Ciro, J. Montoya. J. Food Process Eng. 43,6: ID:
216295316 (2020) https://doi.org/10.1111/jfpe.13400

16. S.S. Nielsen (ed.). Food Analysis Laboratory Manual. 2nd ed. USA: Purdue University
(2010). p. 1-50.



https://doi.org/10.1016/j.indcrop.2006.03.013
https://doi.org/10.22146/agritech.17113
https://doi.org/10.1016/j.foodres.2014.04.032
http://dx.doi.org/10.1128/AEM.01144-12.
https://doi.org/10.1016/j.fm.2011.12.021
http://www.icco.org/about-%20cocoa/fine-or-flavor-coco-html
http://www.icco.org/about-%20cocoa/fine-or-flavor-coco-html
https://doi.org/10.1016/j.foodres.2016.01.012
https://doi.org/10.1080/10408390701719272
https://doi.org/10.1080/10408690490464104
https://doi.org/10.1111/jam.13045
https://doi.org/10.1016/j.foodcont.2012.05.054

E3S Web of Conferences 374, 00007 (2023) https://doi.org/10.1051/e3sconf/202337400007
3" NRLS

https://books.google.co.id/books?id=i5TdyXBiwRsC&printsec=frontcover&dq=Nielse
n,+S.+S.++Food+AnalysistLaboratory+Manual.+USA:+Purdue+University&hl=en&s
a=X&ved=2ahUKEwiH urs8ubuAhVBfX0KHcLDCgsQ6AEWAXoECAYQAg#v=on
epage&q&f=false

17. R. Hayati, Yusmanizar, Mustafril, H. Fauzi. Kajian fermentasi dan suhu pengeringan
pada mutu kakao (Theobroma cacao L.) [Study of fermentation and drying
temperature in cacao quality (Theobroma cacao L.)]. JTEP. 26,2:129—135(2012). [in
Bahasa Indonesia].
https://doi.org/10.19028/jtep.026.2.25p or
https://scholar.google.co.id/scholar?hl=id&as_sdt=0%2C5&qg=Kajian+Fermentasi+dan
+Suhu+tPengeringan+pada+Mutut+Kakao+%28Theobroma+cacao+L.%29&btnG=

18. R.Tonda, L. Zalizar, W. Widodo, R.H. Setyobudi, D. Hermawan, D. Damat, E.D.
Purbajanti, et al., Jordan J. Biol. Sci., 15, 5: 879—886 (2022)
https://doi.org/10.54319/jjbs/150517

19. R.H. Setyobudi, S.K. Wahono, P.G. Adinurani, A. Wahyudi, W. Widodo, M. Mel, et
al., MATEC Web Conf., 133, 01039 : 1-13 (2018)
https://doi.org/10.1051/matecconf/201816401039

20. A. Wahyudi, D. Pamungkas, L. Hendraningsih, and Z.V. Gaile, Proc. Pak. Acad. Sci.:
B, 54, 1: 41-45 (2021) https://ppaspk.org/index.php/PPAS-B/article/view/374



https://doi.org/10.19028/jtep.026.2.%25p
https://scholar.google.co.id/scholar?hl=id&as_sdt=0%2C5&q=Kajian+Fermentasi+dan+Suhu+Pengeringan+pada+Mutu+Kakao+%28Theobroma+cacao+L.%29&btnG
https://scholar.google.co.id/scholar?hl=id&as_sdt=0%2C5&q=Kajian+Fermentasi+dan+Suhu+Pengeringan+pada+Mutu+Kakao+%28Theobroma+cacao+L.%29&btnG
https://doi.org/10.54319/jjbs/150517
https://doi.org/10.1051/matecconf/201816401039
https://ppaspk.org/index.php/PPAS-B/article/view/374

