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Abstract— The fermentation process has an important role in determining the quality of cocoa beans by forming taste, color, aroma, 

and appearance. The purpose of this study was to determine the effect of inoculum concentration and fermentation time on the 

characteristics of dry cocoa beans and determine the best conditions for both inoculum addition concentration and fermentation time 

to produce dry cocoa beans under Indonesian national standards. The research used completely randomized design with two factors; 

the first factor was the starter concentration consisting of controls (0%), 0.5%, 1%, 1.5%, and 2% (v/w). The second factor is the 

fermentation time, namely 1 day, 2 days, 3 days, 4 days, and 5 days. Treatment was repeated twice to get 50 units of the experiment. 

The results showed that the addition concentration of mixed inoculum (Saccharomyces cerevisiae and Lactobacillus plantarum) had a 

significant effect on changes in temperature and pH during fermentation, and it also had a significant effect on total unfermented 

beans. This study showed that time fermentation treatment had a very significant effect on all tests. The interaction of the two 

treatments had a significant effect on temperature changes during fermentation; it also significantly affected total unfermented beans. 

According to the Indonesian National Standard of cocoa beans, the best treatment, and the fastest fermentation time to produce the 

first quality standard (cut test) is a concentration of 1% mixed inoculum and fermentation in 3 days. 
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I. INTRODUCTION

Cocoa (Theobroma cacao L.) is a tropical plant that can 

be easily found in Indonesia. In this country, the 

development of cocoa production grows significantly and 

continually. Indonesia is currently in the second position as 

the biggest cocoa producer globally [1]. Based on data from 

the Directorate General of Estate Crops [1] the total cocoa 

production in Indonesia is 590,684 tons in 2017, 593,833 

tons in 2018, and 596,477 tons in 2019, obtained from 

1.658.421 ha cocoa farm in 2017, 1.678.268 ha cocoa farm 

in 2018, and 1.683.868 ha in 2019. However, the quality of 

the cocoa produced by most Indonesian farmers is low.  
The fermentation process has a significant role in 

determining the quality of the cocoa beans, such as 

enzymatic reaction forming the flavor, color, and aroma; it 

becomes the determining factors of good taste and 

appearance [2]–[4]. The fermentation will prevent mold 

growth and hinder the process of germination, and it will 
make the skin of the beans lose, and the pulp of the bean will 

be crushed so that it will ease the drying process [5]. In 

general, cocoa fermentation is carried out by the activity of 

microbes: yeast, lactic acid bacteria, and acetic acid bacteria 

[6], [7]. The cocoa pulp contains sucrose, glucose, and 

fructose, which are the main ingredients in traditional cocoa 

fermentation. Microbial succession is started by yeast until 

the second day, then by lactic acid bacteria until the third 

day, and acetic acid bacteria until the fifth day. In 

fermentation, ethanol, lactic acid, and acetic acid are 

produced [7]. 
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Kresnowati and Febriami [8] stated that starter culture's 

addition to cocoa beans' fermentation process could improve 

the fermentation performance. Vuyst and Weck [9] also 

reported that various starter cultures had been proposed for 

successful fermentation, particularly microbial activities of 

three groups of microorganisms, namely yeasts, lactic acid 

bacteria (LAB), and acetic acid bacteria (AAB). The 

addition of S. cerevisiae and L. plantarum inoculum 

combination at the beginning of fermentation provides the 

best results because it improves the fermentation's 

performance through microbial population’s modification, 
sugar reduction acceleration and primary metabolite 

production leading to a fermentation index of 1.38 ± 0.07 at 

the end of fermentation. 

Inoculum concentration is an essential factor determining 

cocoa beans fermentation success using microbial inoculums 

[10]. Ganda-Putra and Wartini [11] used the concentration of 

the addition of yeast 0.5–2% (v/w); the same thing was also 

done by Yanti et al. [12]. The addition of inoculum as much 

as 0.5%, 1%, 1.5%, and 2% (w/w) can shorten the 

fermentation time with the quality level under the quality 

requirements of SNI 2323:2008 and SNI 3749:2009 [12]. 
This study aimed to determine the effect of adding S. 

cerevisiae and L. plantarum inoculums to the characteristics 

of dry cocoa beans and determine the concentration of S. 

cerevisiae and L. plantarum inoculum addition to produce 

dry cocoa beans in accordance with the Indonesian National 

Standard (SNI 2323:2008 and SNI 3749:2009) [13]. 

II. MATERIALS AND METHODS 

A. Materials, Strains, and Culture Conditions 

The main material used in this study was the cocoa pod 
obtained from the community plantation in Medewi Village, 

Pekutatan District, Jembrana Regency, of which fruit criteria 

were  green-yellow to yellow in color,  a uniform length of 

10–30 cm, weight per seed around 3.4 g or equivalent to 

1.02 ounces per fruit, and a uniform diameter of 7–15 cm. 

Pure culture of S. cerevisiae and L. plantarum were obtained 

from the Microbiology Laboratory, Faculty of Agricultural 

Technology, Gadjah Mada University, Yogyakarta. Media 

and chemicals used included: de Man Rogosa and Sharpe 

Broth/MRSB (Merck); Potato Dextrose Agar (PDA); 

Peptone (Oxoid); Potato Dextrose Broth (PDB)(Oxoid); 
NaCl (Merck); HCl, glucose, ethanol 96%, and distilled 

water. Saccharomyces cerevisiae and Lactobacillus 

plantarum cultures used in this study were maintained on 

potato dextrose broth (PDB) and de Man-Rogosa-Sharpe 

(MRS), respectively [14].  

B. Research Design  

The research used a completely randomized design (CRD) 

with two factors; the first factor was the starter concentration 

consisting five levels, namely; controls (0%), 0.5%, 1%, 
1.5%, and 2% (v/w). The second factor is fermentation time, 

namely 1 day, 2 days, 3 days, 4 days, and 5 days. The first 

factor was the concentration of the addition of a combination 

of microbes based on the optical density value of OD660 5 in 

the form of cells that had been washed with saline solution 

(NaCl 0,85%), and the addition of S. cerevisiae and L. 

plantarum with (1:1) ratio. The number of treatments given 

to the two factors was 25, and it was repeated twice; thus, it 

became 50 experimental units. 

C. Materials Preparation 

Cocoa pod used in this study was stored for 48 h, in order 

to make the cocoa had a uniform maturity, then it was 

sprayed with 70% alcohol before being broken down using 

blunt objects by pounding the cocoa pods each other without 

damaging the cocoa seeds, then the cocoa seeds were 
cleaned from the placenta. After that, sorting was done to 

remove any attached beans and cuts caused by breaking the 

pod skin. The cocoa seeds were then collected in a container, 

and after all, seeds had been collected, they were put into 

each fermenter prepared. All the processes were conducted 

in an aseptic condition. 

D. Preparation of Microbial Culture 

Pure microbial cultures were rejuvenated to make stock 
and working cultures. To rejuvenated cells and make 

working culture, S. cerevisiae using PDB media and L. 

plantarum using MRS broth media. The media as much as 6 

mL was poured down into the test tube, and it was added by 

1 mL of pure culture. The test tubes containing media and 

pure culture were incubated at 37oC, shaken for 24 h, and 

then it was poured into the Erlenmeyer containing fresh 

media for the culture growth before being shaken for 24 h to 

multiply the cells [15], [16]. 

All cultures were transferred to centrifuge tubes of 14 mL 

each; then, they were centrifuged at 5000 rpm at 4oC for 20 

min. The supernatant was removed before being added with 
saline solution (0.85% NaCl) for 14 mL; then, it was shaken. 

The process was carried out twice. The supernatant was 

discarded, and the cells obtained were collected and 

combined to check the value of their optical density (OD660).  

After the OD660 had been known, it was equated by adding 

saline solution to have an OD660 value of 5, and the 

microbial cells were ready for use [17], [18]. 

E. Cocoa Bean Fermentation  

The fermentation process was conducted in two ways 

which were fermentation without the addition of a starter 

(control) and the fermentation with the addition of starter, a 

combination of the S. cerevisiae and L. plantarum in a ratio 

of 1:1. The microorganisms with OD660 value of 5, added at 

the beginning of the fermentation of cocoa seeds or on the 0 

day were 0%, 0.5%, 1%, 1.5%, and 2% (v/w), respectively. 

The cocoa beans were put into the box fermenter (6 kg 

capacity) which had previously been sprayed with 70% 

alcohol to avoid contamination. The fermentation was 

carried out on 5 kg of cocoa seeds per unit in a sterile 

fermenter at room temperature of ± 33–35oC for 5 days, and 
it was stirred and sampled every day (24 h). 

F. Observed Variables  

Variables observed were unfermented beans content 

(Indonesian National Standard), content of beans infested by 

insects, germinated beans content, and moldy beans content 

[13], cocoa's temperature, and pH of the cocoa pulp during 

the fermentation process. The total yeast was enumerated on 

spread plates by using PDA at 30°C for 2 days. In 
comparison, total LAB was determined using MRS agar at 
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37°C for 24-48 h [3], [8]. Emerging colonies were counted 

and survivor populations were expressed as log CFU per 

gram (log CFU/g) [19]. 

G. Statistical Analysis  

All objective data were obtained in duplicate and 

analyzed using analysis of variance (ANOVA), facilitated by 

the statistical package program SPSS version 16.0 (SPSS 

Inc.; Chicago, IL, USA) [20] and significant differences (p < 
0.05) among means of the treatments, then continued using 

Tukey’s test. 

III. RESULTS AND DISCUSSION 

A. Microbiological Changes in Cocoa Beans during 
Fermentation 

The observed microbiological changes during cocoa 

beans' fermentation process were total yeast and total lactic 

acid bacteria (LAB). Calculation of total yeast and total 
lactic acid bacteria in cocoa beans had been done every day 

(24 h) for 5 days of fermentation. Total yeast and lactic acid 

bacteria in cocoa beans were reported on a logarithmic scale 

as in Fig. 1 and Fig. 2. Fig. 1 showed that the total yeast in 

the treatments of adding microbial starter (Saccharomyces 

cerevisiae and Lactobacillus plantarum in the ratio of 1:1) 

were 0.5, 1, 1.5, and 2%, which increased significantly from 

the beginning to the second-day fermentation, then 

decreased after 2 days of fermentation; whereas in control 

(without adding a microbial starter), it significantly 

increased at the beginning of day 1 fermentation, then 

decreased until the end of fermentation. Fig. 2 showed that 
the population of lactic acid bacteria in the microbial starter 

addition treatment of 0.5%, 2%, and control increased 

significantly from the beginning to the second day of 

fermentation, then decreased after 2 days of fermentation, 

while the addition of 1% and 1.5% microbial starter 

increased significantly from the beginning to the 3rd day 

fermentation, then decreased until the end of the 

fermentation. Camu et al. [21], reported that all fermentation 

was characterized by a high lactic acid bacteria (LAB) level 

from at the beginning (8.0 log CFU/g), as reflected by the 

number of colonies on MRS media. LAB grow during 
fermentation to a maximum population of 8.9 log CFU/g 

after 48 h incubation. 

The microbial starter addition consisting of S. cerevisiae 

and L. plantarum in cocoa fermentation caused the total 

yeast and lactic acid bacteria to be higher than previous 

studies. This study's results were like the results of previous 

studies that showed that yeast and lactic acid bacteria were 

detected during cocoa fermentation and affected the total 

growth of yeast and LAB [6], [10]. Yeast and LAB are one 

of the dominant microbes during the fermentation process of 

cocoa beans. It was confirmed by the presence of very high 

yeast and LAB populations in cocoa beans' fermentation on 
the 2nd day with a concentration of 2% starter addition, as 

shown in Fig. 1 and Fig. 2. 

Kresnowati and Febriami [8], Feng et al. [22] revealed 

that S. cerevisiae and L. plantarum play an essential role in 

cocoa's fermentation. S. cerevisiae and L. plantarum can 

produce the enzyme pectinase that is capable of hydrolyzing 

pectin into simple sugars, ethanol, and other organic 

compounds. Minifie [23] stated that pectin pulp's content is 

4.1%, which will later be hydrolyzed by the enzyme 

pectinase into organic compounds, be diffused into the bean 

(cotyledon), and affecting flavor, color, and aroma. 

 

 
 

Fig. 1 Total yeast during cocoa bean fermentation 

 

 
Fig. 2 Total lactic acid bacteria during fermentation of cocoa beans 

 

Fig. 2 showed that the log total lactic acid bacteria on day 

0 (starter concentration 0% or control) and 1% were the 

highest in the 6.98 log CFU/g. Meanwhile, the 

concentrations of 0.5%, 1.5%, and 2% were 6.49, 6.24, and 
6.28 (log CFU/g), respectively. This disparity can occur due 

to the fermenter used in this experiment, which may have 

been contaminated by a few microbes previously. Fig. 1 

showed the same case on the initial fermentation stages (0 

day), the total yeast was also not uniform. 

B. Physical Changes in Cocoa Beans during Fermentation  

The observation of the SNI 2323:2008 cut test [13] was 

conducted by using the senses. The cut test was carried out 
by observing defective beans with the following 

classifications: moldy beans, unfermented beans, beans 

infested by insects, and germinated beans, as shown in Table 

1. 
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The data were taken on beans passed the drying process 

with a temperature of 60oC for 24 h. Table 1 showed the 

term (D) refers to the day of fermentation (fermentation 

time), while the term (C) refers to the treatment 

(concentration of addition of starter). 

1) Unfermented cocoa beans: Variance analysis results 

showed that the addition of microbial starter treatment had a 

significant effect (p < 0.05), and fermentation time also had 

a very significant effect (p < 0.01). Besides, the interaction 

between treatments had a significant effect (p < 0.05) on 

unfermented beans content (Table 2). 

TABLE I 

 DEFECTIVE COCOA BEANS DURING FERMENTATION 

Treatment 

Defective beans during fermentation (%) 

Unfermented 

beans 

Beans infested 

by insects 

Germinated 

beans 
Moldy beans 

Indonesian 

National 

Standards 

(SNI) 

2323:2008 

(%) 

I II III I II III I II III I II III 

3 8 20 1 2 2 2 3 3 2 4 4 

C1D1 62 ± 4 0 ± 0 0 ± 0 0 ± 0 

C1D2 36 ± 10 0 ± 0 0 ± 0 0 ± 0 

C1D3 19 ± 6 0 ± 0 0 ± 0 0 ± 0 

C1D4 15 ± 4 0 ± 0 0 ± 0 0 ± 0 

C1D5 3 ± 3 0 ± 0 0 ± 0 0 ± 0 

C2D1 64 ± 4 0 ± 0 0 ± 0 0 ± 0 

C2D2 34 ± 7 0 ± 0 0 ± 0 0 ± 0 

C2D3 9 ± 2 0 ± 0 0 ± 0 0 ± 0 

C2D4 3 ± 2 0 ± 0 0 ± 0 0 ± 0 

C2D5 1 ± 1 0 ± 0 0 ± 0 0 ± 0 

C3D1 62 ± 2 0 ± 0 0 ± 0 0 ± 0 

C3D2 44 ± 6 0 ± 0 0 ± 0 0 ± 0 

C3D3 3 ± 0 0 ± 0 0 ± 0 0 ± 0 

C3D4 1 ± 0 0 ± 0 0 ± 0 0 ± 0 

C3D5 0 ± 0 0 ± 0 0 ± 0 0 ± 0 

C4D1 64 ± 6 0 ± 0 0 ± 0 0 ± 0 

C4D2 37 ± 9 0 ± 0 0 ± 0 0 ± 0 

C4D3 2 ± 2 0 ± 0 0 ± 0 0 ± 0 

C4D4 1 ± 1 0 ± 0 0 ± 0 0 ± 0 

C4D5 0 ± 0 0 ± 0 0 ± 0 0 ± 0 

C5D1 60 ± 2 0 ± 0 0 ± 0 0 ± 0 

C5D2 41 ± 9 0 ± 0 0 ± 0 0 ± 0 

C5D3 6 ± 1 0 ± 0 0 ± 0 0 ± 0 

C5D4 2 ± 1 0 ± 0 0 ± 0 0 ± 0 

C5D5 0 ± 0 0 ± 0 0 ± 0 0 ± 0 

This data is taken on beans that have passed the drying process at 60oC for 

24 h. The term (D) refers to the time of fermentation, while the term (C) 

refers to the treatment of starter concentration. 

 

The results of the determination of the total unfermented 

beans were categorized under the quality standard of cocoa 

beans stipulated in SNI 2323:2008 [13] stating that for 

quality of I, II, and III, the maximum numbers of 

unfermented cocoa beans are 3%, 8%, and 20%. The results 

of the unfermented beans were presented in Table 2, 

showing that on the 4th day of the control treatment, the 

beans were fermented at the quality standard III because 

there were 14.5% of the beans that had not been fermented, 

and on the 5th day they were fermented with the standard 

quality I because there were only 3% unfermented beans 
found. In the treatment of adding 1% and 1.5% starter 

concentrations, it could be seen that the beans were 

fermented on the 3rd day with the quality standard I of which 

percentage value of unfermented beans were 3% and 1.5%, 

respectively. The addition of 2% concentration resulted in 

fermented beans with the quality standard II on the 3rd day 

with a percentage value of 5.5%. In the addition of a 

concentration of 0.5%, the beans were fermented on the 

quality standard III on the 3rd day with a percentage value of 

8.5%. On the following day, the concentrations of 2% and 

0.5% were equally fermented in quality standard I with 

unfermented beans percentage values of 2.50% and 2.17%, 

respectively. 

Table 2 shows that the treatment of adding 1% and 1.5% 

microbes is the best because the beans were fermented at a 
quality standard I on the 3rd day; it contradicted the previous 

data related to the total LAB showing that concentrations of 

1% and 1.5% underwent slow growth, this was assumed to 

be due to the growth of acetic acid bacteria dominating on 

the second day to the end of the fermentation. It made the 

beans remain well-fermented because, according to Ardana 

and Fleet [6], Schwan and Wheal [7], the acetic acid bacteria 

live in cocoa fermentation and play an essential role in 

determining the quality of cocoa beans. 

TABLE II 
UNFERMENTED BEANS CONTENT (%, BEANS/BEANS) 

Cells 

concentration 

(%) 

Fermentation time (Day) 

1 2 3 4 5 

0.0 62.17 a 36.00 c 19.00 de 14.50 ef 3.00 ef 

0.5 63.67 a 33.83 cd 8.50 ef 2.50 ef 0.50 f 

1.0 61.67 a 43.83 bc 3.00 ef 1.17 f 0.17 f 

1.5 63.67 a 36.83 c 1.50 f 0.83 f 0.00 f 

2.0 59.67 ab 40.83 c 5.50 ef 2.17 ef 0.33 f 

The same letters behind the mean values were not significantly different in 

the Tukey’s test of 0.05.  

 

According to Diansari [24], Hernández-Hernández et al. 

[25], during the fermentation process, cocoa beans change 

their color because the content of polyphenol compounds in 
the cotyledon oxidized by the enzyme polyphenol oxidase 

with the help of air, thus changing the color of the beans 

from purple to brown. The cotyledon that is not fully 

fermented indicates that they still have high levels of 

polyphenols; thus, they cannot produce a brown color. 

2) Beans infested by insects: The results of 

determination of total beans infested by insects were 

categorized based on cocoa beans quality standard in 

accordance with SNI 2323:2008 [13] stating that for quality 

of I, II, and III the maximum amount of cocoa beans infested 

by the insect are 1, 2, and 2. Based on Table 1, it is known 
that in this study, it was not found any cotyledon infested by 

insects in all fermentation treatments. Thus, the cocoa 

produced had fulfilled SNI 2323:2008. This study's results 

were consistent with the results of research conducted by 

Ariyanti [26] on the fermentation of cocoa beans in Belopa, 

Luwu Regency for 5–6 days, which was also found no 

insects during the fermentation. 

 The presence of insects on cocoa beans is generally 

caused by post-harvest handling that has not been done 

correctly and adequately, referring to Good Handling 

Practices (GHP) and Good Manufacturing Practices (GMP), 

as well as the presence of infestations and infections of 

insects and molds [27]. Insect infestation in cocoa beans 

causes mechanical damage or injury and holes on them so 
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that the cocoa beans are broken and easily infested and 

infected by molds. Another thing to be aware of is insects' 

presence as a factor playing roles in spreading molds 

contamination to other healthy beans. Meanwhile, the 

presence of insects can be influenced by changes in chemical 

content in cocoa beans. Therefore, it will increase the spread 

of mold contaminants [27]. 

3) Germinated cocoa beans: The results of 

determination of the total germinated beans were categorized 

according to the quality standard of cocoa beans had fulfilled 

the requirements of SNI 2323:2008 stating that for the 
quality of I, II, and III, the maximum amount of cocoa beans 

germinating is 2, 3, and 3. Based on Table 1, it is known that 

in this study, all fermentation treatments contained no 

germination of the cotyledon. Thus, the cocoa produced had 

fulfilled the requirements of SNI 2323:2008. It happened 

because the processes of both the natural fermentation and 

the fermentation by the addition of a starter (S. cerevisiae 

and L. plantarum) could make the cotyledon die, thus 

fulfilling SNI 2323:2008 requirements. 

According to Kustyawati and Setyani [10], the beans' 

death is caused by the formation of acetic acid by acetic acid 

bacteria diffusing into the cotyledon and the increased 

temperature in the fermentation substrate causing death to 

the beans. In other words, the fermentation process can 

prevent cocoa beans from germination; therefore, it will 

improve the quality of cocoa beans [7]. During the 

fermentation, most microbes can produce pectinolytic 
enzymes and metabolites such as organic acids that can 

increase acidity and reduce pH from 6.3 to 4 so that pectin is 

hydrolyzed and makes the beans of the cocoa die [22], [28]. 

Pereira [16] and Leal et al. [29] stated that during the 

process of cocoa fermentation, several enzymes are found 

(peroxidase, oxidase, invertase, raffinate, glycerophosphate 

and phytase). These enzymes cause enzymatic reactions in 

cocoa beans triggering changes in color, aroma, and flavor. 

After the cotyledons of the beans die, the process takes place 

while they are still in the fermenter until the drying process 

[30]. 

4) Moldy cocoa beans: The results of determination of 

the total moldy beans were categorized according to the 

quality standard of cocoa beans had fulfilled the 

requirements of Indonesia National Standards (SNI 

2323:2008) stating that for the quality of I, II, and III, the 

maximum amount of moldy cocoa beans is 2, 3, and 3. 

Based on Table 1, it is known that the fermentation 

treatment in this study freed the beans from molds, and it 

had fulfilled the requirements of SNI 2323:2008. It 

happened because the processes of both the natural 

fermentation and the fermentation by the addition of starter 

on the cocoa beans equally produced alcohol disinfectant to 
molds. Besides, it is known that the growth of lactic acid 

bacteria in the fermentation of cocoa beans can inhibit the 

growth of molds. This study's results were consistent with 

the study conducted by Suwasono and Susijahadi [31] and 

Ozturk and Young [32], finding several types of lactic acid 

bacteria from fermented cocoa beans producing anti-

microbial peptide compounds that can inhibit the growth of 

molds growing on the cocoa beans. Hatiningsih et al. [33] 

also stated that the lactic acid bacterium which is L. 

fermentum isolated from the coffee beans producing anti 

molds metabolites against A. flavus FNCC 6019, A. niger 

FNCC 6018, and P. citrinum FNCC 6066. 

Settanni et al. [34] stated that some strains of LAB 

produce lactic acid, caproic acid, acetic acid, formic acid, 
phenylacetic acid, and 4-hydroxy phenyl lactic acid, cyclic 

dipeptides such as cyclo (L-Phe-L-Pro), cyclo (Gly-L-Leu), 

cyclo (L-Phe-trans-4-OH-L-Pro), mevano lactone, benzoic 

acid, methyl hydantoin, short-chain fatty acids, protein 

compounds with low molecular weight (MW) and 

bacteriocin. The same thing was stated by Yang et al. [35] 

that compounds produced by lactic acid bacteria include 

organic acids, a peptide, diacyl, CO2, acetaldehyde, d-

isomers, amino acids and mainly are bacteriocins that are 

antimicrobial and effectively inhibit microbial growth. 

5) Temperature changes during fermentation: Variance 
analysis results showed that the addition of microbial starter 

treatment, fermentation time, and the interaction between 

treatments had very significant effects (p < 0.01) on the 

temperature changes during fermentation. The patterns of 

temperature changes during fermentation can be seen in Fig. 

3. 

 

 
 

Fig. 3 Temperature changes during fermentation 

 

The study showed that the temperature during the 

fermentation in the treatment of the addition of microbial 
starter concentrations of 1%, 1.5%. It increased by 2% from 

the initial fermentation, and it was optimum on the 48th h of 

fermentation with temperatures of 41.92oC, 42.3oC, and 

42.83oC. Then, it decreased until the end of the fermentation. 

The control treatment and 0.5% experienced an increase in 

temperature from the beginning to 72th h of fermentation 

with temperatures of 41.71oC and 41.85oC. Then, it 

continued to decrease until the end of the fermentation. 

Figure 3 shows that the addition of a microbial starter makes 

the fermentation condition better than the control, because 

the addition of microbes made the temperature optimum on 

the 2nd day, whereas the control treatment was optimum on 
the 3rd day. 

Ganeswari et al. [36] and Takrama et al. [37] stated that 

the temperature rise at the beginning of fermentation is 

influenced by converting organic sugars in cocoa pulp to 

alcohol by yeast, and this alcoholic fermentation process 

produces heat. LAB in cocoa fermentation produces lactic 
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acid as the main product. Besides, it also produces acetic 

acid, ethanol, CO2, and causes heat release triggering the 

cocoa stack temperature increase. The heat makes the cocoa 

pulp begin to melt and make the air enter the cocoa stack 

cavity, causing aeration that makes conditions suitable for 

the dominance of acetic acid bacteria triggering optimal 

temperature increase in the cocoa stack. The temperature 

then decreases due to the heat produced in part, lost through 

the fermenter wall until the end of the fermentation [38]. 

6) pH changes during fermentation: Variance analysis 

results showed that during the fermentation, the addition of 
microbial starter treatment and fermentation time had a very 

significant effect (p < 0.01) on pH changes, yet the 

interaction between treatments had no significant effect (p > 

0.05) on pH changes. The average pH changes during 

fermentation can be seen in Fig. 4. 

 

 
 

Fig. 4 pH changes during the fermentation 

 

Schwan and Wheals [7] stated that the initial pH of cocoa 

fermentation ranges from 3.5 and then rises to 4.2 on the 2nd 

day of the fermentation, and it continues to increase until the 

end of the fermentation. Fig. 4 shows that on the 2nd day of 

the fermentation, the pH at the control, the concentrations of 

0.5%, 1%, 1.5%, and 2% are 4.50, 4.60, 4.65, 4.60, and 4.85, 

respectively. The pattern in Fig. 5 shows that this study is 

consistent with the previous studies, indicating that the pH of 

the pulp will tend to increase from the beginning to the end 
of the fermentation [24], [38]. 

Changes in pH occur due to the reaction of the breakdown 

of citric acid, lactic acid, and acetic acid in the cocoa pulp, 

the more number of acids formed by the process of sugar 

decomposition by yeast, the higher the pH value will be 

because the pH value is directly proportional to H+ 

concentrations obtained from weak acids in cocoa pulp [6], 

[10]. 

The concentration of the addition of mixed inoculums (S. 

cerevisiae and L. plantarum) had a very significant effect on 

changes in temperature and pH during the fermentation. It 

also had a significant effect on total unfermented beans, 
whereas the length of the fermentation treatment had a very 

significant effect on the content of the unfermented beans, 

changes in temperature, and pH during the fermentation. 

Furthermore, the two treatments' interaction had very 

significant effects on the temperature changes during 

fermentation and the total unfermented beans, but it had no 

significant effect on changes of pH during the fermentation. 

The best treatment to produce cocoa beans' characteristics 

under SNI with the fastest fermentation time was 1% 

concentration because the beans had been fermented on the 

3rd day by the quality standard I with a percentage value of 

unfermented beans of 3%. Farmers easily implement a 

further study on making a starter in the form of yeast 

because its options to make a starter that must be in an 

aseptic condition. 

7)  Water content: Based on the measurement of water 
content in dried cocoa beans during fermentation, which was 

carried out under Indonesian National Standards [13], the 

following results were obtained.  

The results of determining the water content were 

reported according to Fig. 5 and showing that the water 
content in this fermentation was under the standards because 

the average did not exceed the maximum standard set by the 

National Standardization Agency (BSN) [13] of 7.5%. Also, 

cocoa beans' average moisture content was not below 5%, 

which could cause the seed coat to become fragile [39], [40]. 

 

 
 

Fig. 5 Moisture content of fermented, dried cocoa beans 

 

These results indicated that the moisture content of dried 

beans during fermentation gradually decreased. The average 

water content during fermentation from the first day to the 

fifth day was as follows 8.01%; 7.33%; 6.61%, 6.60%, and 

5.34%. The decrease in water content was caused by the 

pulp release in the cocoa beans due to microbes' 

decomposition process and rinsing. Then, the drying process 

became more comfortable since the attached pulp did not 

block the beans. 

According to Wollgast and Anklam [41], the decrease in 
water content is due to the ingredient content in beans, such 

as water, polyphenols, and proteins, which will break and 

diffuse out of seed pieces because of the generated heat from 

the fermentation process. This causes the weight of dried 

cocoa beans to decrease if the fermentation process's length. 

Costa et al. [40] state that the one affecting cocoa beans' 

water content is the drying process. The drying process can 

be done naturally with sunlight and artificial drying from 

drying instruments (ovens). This process dries the cocoa 

beans from 60% water content into 6–7%. At this stage, 

chemical changes occur to perfect the formation of good 
aroma and color. 
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C. Chemical Changes during Cocoa Beans Fermentation

Chemical testing of cocoa beans was carried out after the

cocoa had passed the drying process until the water content 

was less than 7.5% according to Indonesian National 

Standards [13] of cocoa beans, including water content tests 
fermentation index, reducing sugar content and acid content. 

1) Fermentation index: During the fermentation of

cocoa beans, the polyphenols in cocoa beans diffuse out, 

degrade, and react with other cellular compounds, causing 

the cocoa bean pieces to turn brown. The polyphenols in 

cocoa beans cause the bitter taste and cause pigment in 

cotyledons are whitish purple in color. The fermentation 

index is a measure of cocoa color changes that can be used 

as a success indicator of fermentation. The fermentation 

index values which equal to or more than 1 indicate that the 

bean pieces are brown and fully fermented [8]. Fermentation 
index, phenolic compounds, and antioxidant activity are 

important parameters for understanding cocoa bean quality. 

The following results were obtained based on the 

measurement of the fermentation index in dried cocoa beans 

during fermentation (Fig 6). 

Fig. 6 Fermentation index of dried cocoa beans during fermentation 

The results of determining the fermentation index are 

presented in Fig. 5, showing that the longer the fermentation 

process was, the more the value of the fermentation index 

would increase. It was due to the increased intensity of 

brown color in cocoa beans caused by the polyphenol 

fermentation process in the beans being oxidized by the 
enzyme polyphenol oxidase. According to Misnawi [42], the 

fermentation index value is equal to or more than 1, which 

indicates that the fermentation process in cocoa beans is 

perfect. Then, the brown color on cocoa chips caused by 

complex tannins becomes dominant. 

Based on Fig. 6, it showed that the natural (control) 

fermentation on days 1–4 beans had not been completely 

fermented since the fermentation index values were as 

follows: 0.68, 0.70, 0.77, and 0.87. Then, the natural 

fermentation on day 5 showed the fermentation index of 1.14, 

meaning that the fermentation on day 5 was complete. A 
fermentation by adding a starter showed that the process 

occurred faster than controls. The average fermentation 

indexes of treatment with a starter addition were 0.63, 0.79, 

0.88, 1.03, and 1.23. This data showed that on 1–2 days, the 

average cocoa beans had not been fully fermented, but on 

day 3 cocoa beans were sufficiently fermented with a 

fermentation index that got closer to 1. On the other hand, 

the fermentation on days 4 and 5 showed that cocoa was 

completely fermented. 

This data had a pattern in line with the previous data. The 

total of unfermented beans tested by the cut-test method 

showed that the longer the fermentation process was, the 

more the fermented beans would be perfect. Adding 

microbial starters (S. cerevisiae and L. plantarum) could 

speed up the fermentation process compared to natural 

fermentation (without adding the microbes). Ganda-Putra et 

al. [43] also stated that natural fermentation tends to be 

slower than the treatments, as follows: 
 Optimum conditions of pulp pectin depolymerization by

polygalacturonate (PG) (temperature 47.5°C; initial pH

of pulp 4.6).

 Depolymerization optimum conditions under the

sequence of demethylation optimum conditions of pulp

pectin by endogenous pectin methyl esterase (PME).

 The depolymerization optimum condition of pulp pectin

by PG (temperature 48.5°C; initial pulp pH 8.0 for 1 day.

 Temperature 47.5°C; initial pulp pH 4.6 for 6 days).

2) Sugar reduction total: Reducing sugar resulted from

pectin, starch, and sucrose overhauls contained in the pulp 
by microbial during fermentation. With the help of the 

pectinase enzyme, pectin was broken down into alcohol and 

pectinid acid; then pectinid acid, with the help of the 

pectinase enzyme, was broken down into galactose, 

arabinose, and acetic acid. Starch in the placenta was 

converted into sugar by amylolytic yeasts. Besides reducing 

sugar function as raw material for ethanol formation, it also 

functioned as a candidate flavor compounds in cocoa beans 

[44]. Glucose and fructose were the main reducing sugars in 

cocoa beans produced by the enzymatic process of 

anthocyanins to produce arabinose and galactose by the 
glycosidase action [16], [45]. Reducing sugars were 

percussive aromas of carbonyl in the cocoa bean 

fermentation produced through sucrose hydrolysis by the 

glycosidase action enzyme invertase, which would later be a 

determining factor for the cocoa bean aroma [46]. 

From the presented data in Fig. 7, the total of reduced 
sugar in all treatments increased at the beginning of 

fermentation and then decreased on the 2nd day, then tend 

was stable until the end of fermentation. Following previous 

studies conducted by Afoakwa et al. [47], the reduced sugar 

content in fermented cocoa beans increases at the beginning 

of fermentation and decreases in the middle of fermentation, 

and remains stable until the end of the fermentation period. 

Apriyanto et al. [44] stated that the sugar reduction in dry 

cocoa beans at the beginning of the fermentation process 4.5 

± 0.1 increased to 11.45 ± 0.1 at the next 24 h of 

fermentation it continued to fall to 10.6 ± 0.1 in 120 h of 

fermentation.  
Changes in reducing sugar concentration indicate that 

there are metabolic changes during fermentation [48]. When 

viewed from microbial succession, this data appeared to 

correlate with total yeast and total LAB, which was optimal 

on the second day. It was supposed that these microbes 

caused metabolic changes to occur. Besides, this data also 

appeared to correlate with the fermentation index data 

showing that the hindering control treatment had a lower 

fermentation index value compared to the addition of starter 
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treatment (S. cerevisiae and L. plantarum). It was suspected 

that there were more percentages of reducing sugar, which 

would cause cocoa beans to have better color and aroma. 
 

 
Fig. 7 Total of reduced sugar in dry cocoa beans during fermentation 

3) Acid total: Based on the acid total measurement in 

dried cocoa beans during fermentation, the following results 

were obtained. The results of determining the fermentation 

index were reported according to Fig. 8. They showed that in 

the control (without adding a starter), the optimal total acid 

on day 3 with a value of 1.52% decreased until day 5 with a 

total acid value of 1.34%. In the treatment of adding starters 

0.5%, 1%, 1.5%, and 2%, the total optimal acid on the 2nd 

day with a value of 2.09%, 1.60%, 1.86%, and 2.01% 
decreased slowly until the day 5 with total acid values of 

1.41%, 1.42%, 1.48%, and 1.41%. The treatment of adding 

starter (L. plantarum) at the beginning of fermentation was 

able to replace the role of S. cerevisiae, as evidenced by the 

increase in total acid value on the day 2 of fermentation. It 

was in line with previous data which stated that the total 

lactic acid bacteria were optimal on day 2. Apriyanto et al. 

[44] reported that fermented cocoa beans were added by 

starters (S. cerevisiae, L. lactis, and A. aceti), stated that 

adding L. lactis FNCC0856 at the beginning of fermentation 

could immediately replace the role of S. cerevisiae 
evidenced by increasing the production of lactic acid from 

1.3% ± 0.1 in 12 h of fermentation to 4.5% ± 0.1 in 60 h of 

fermentation. After that, it decreased to 1.8% ± 0.1 in 120 h 

of fermentation. The total acid in the pulp results from an 

overhaul of sugar into alcohol by S. cerevisiae. The glucose 

sugar becomes lactic acid by LAB, and alcohol becomes 

acetic acid by acetic acid bacteria dominated by A. aceti [45]. 

Naturally, acetic acid bacteria will remain alive in cocoa 

fermentation [16], [38]. At the beginning of 24 h, the yeast 

fermentation dominated fermentation, which overhauled the 

pulp's sugar component. The treatment of adding a starter 

caused the acid total to increase and was optimal on the 2nd 
day, while the control increased on the 2nd day and optimal 

on the 3rd day. It meant that the sugar overhaul carried out by 

yeast was more optimal in the starter addition treatment 

compared to the control. When the anaerobic phase of cocoa 

fermentation process begins to stop because the pulp begins 

to melt due to an overhaul by LAB and yeast which causes 

air to enter, then microbial succession will be continued by 

acetic acid bacteria which will convert ethanol into acetic 

acid [37], [42], [49], [50]. The acid content in fermented 

cocoa beans is the quality indication of dried cocoa beans. 

Schwan and Wheal [7] explained that in LAB stages 
producing ethanol and lactic acid, ethanol is broken down by 

acetic acid bacteria into acetic acid and organic acids. In the 

dynamics of ethanol formation, there are also the dynamics 

of acid formation following the same pattern. This is because 

the acid formed mainly comes from the oxidation of ethanol 

to acetic acid. 
 

 
Fig. 8 Total acidity of dried cocoa beans during fermentation 

IV. CONCLUSIONS 

The best treatments to produce the best cocoa beans 

quality characteristics and the fastest fermentation time are 

the microbial culture concentration of 1.0% because the 
beans have been fermented on the third day with the quality 

standard I and the percentage values of unfermented beans 

of 3.0%.  
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