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Abstract. Fermentation is a crucial step in the post-harpestessing of cocoa
beans. This process comprises mixed culture mialdativities on the cocoa
bean pulp, producing metabolites that act as imnapbrprecursors for cocoa
flavour development. Variations in the microbiapptation dynamics during the
fermentation process may induce changes in theatbvprocess. Thus, the
introduction of a specific microbial starter cubunay improve the quality of the
fermentation. This article discusses the effectdhefaddition ofSaccharomyces
cerevisaevar. Chevalieri starter culture on cocoa bean é&ation. The
dynamics in the yeast concentration, sugary pulppmunds and metabolic
products were measured during fermentation. Therations in the dynamic
metabolite profile were significant, although ondy slight difference was
observed in the yeast population. A higher fermé@nandex was measured for
the cocoa bean fermentation with yeast starteui@yltl.13 compared to 0.84. In
conclusion, this method can potentially be appliedshorten the cocoa bean
fermentation time.
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1 I ntroduction

Cocoa beans are the principal raw material for clae production. Harvested
from the plantation as cocoa pods, some procesdnds to be done before the
cocoa beans are ready for the market [1]. The cpoda need to be opened and
the mucilagous pulp (mucilage) surrounding the bea@eds to be removed.
Further, curing needs to be performed to form thecolate flavor. This step
comprises fermentation and drying. The quality ke turing process largely
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determines the economic value of the cocoa beandonksian cocoa
beans are mostly unfermented and are thus ofteghibaii low prices.

The removal of part of the mucilage surrounding ¢heoa beans can be done
manually or mechanically [1-3]. The mechanical pss; however, requires
special machinery that may be too expensive fdfitteaal cocoa farmers in
third world countries. On the other hand, the magnius pulp contains sugary
compounds such as glucose, fructose, sucrose, amwse, which could be
good substrate for microbial growth [1]. Indeedridg the fermentation process
of the cocoa bean a number of particular microdsyas secrete pectinolytic
enzymes that break the chemical structure of theilage, resulting in the
chemical removal of the pulp or draining of the itage.

Yeasts have been reported to play a significareé nolthe pulp degradation
process. Cocoa pulp can be readily fermented bgtyeaich aSaccharomyces
cerevisiae producing an alcoholic beveragg. cerevisiaevar. Chevalieri in
particular, has been reported to have the pecticaditivity [1]. Yeast is also
suggested to decrease pulp and bean acidity thitheeglhtilization of citric acid.
The secondary products of yeast metabolism (e.ganic acid, aldehydes,
ketones, higher alcohols, esters) and glycosidasduption are likely to be
significant and should impact the quality of theul® and chocolate. However,
these potentially important influences previousvé been overlooked in the
literature and require further investigation.

The addition of microbial starter to cocoa beamfemtation in order to improve
the quality of the fermentation process has beesearehed elsewhere.
Kustyawat [4] studied the addition of a mix&l cerevisiaeLactobacillus
lactis, and Acetobacteracetistarter cultures. Away studied the addition of
SaccharomycesAcetobacter, Lactobacillusand Streptococcusstartercultures

[5].

It is hypothesized that the addition®f cerevisia@ar. Chevalieri starter culture
to cocoa bean fermentation may improve the pulpatigion process and the
overall fermentation process. It may provide a gaaternative for the
mucilagous pulp degradation process and improveytiadity of the produced
cocoa beans. Furthermore, the addition of a spauifino culture as starter may
simplify starter culture preparation. Should theaabean fermentation process
become simpler, better, and faster, it may intemaste people to perform this
process and hence improve the quality of the prediuacoa beans. Thus, it
was the aim of this research to study how the smddf yeast starter cultures to
cocoa bean fermentation might improve the pulp aigfion process and
overall cocoa fermentation quality. Furthermoreg thynamics of metabolic
products during fermentation were also studied.
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2 Materials and M ethods

2.1 Strains and Culture Media

S. cerevisiaevar. Chevalieri was obtained from the culture ectibn of the
Microbiology and Bioprocess Technology Laboratddgpartment of Chemical
Engineering, Institut Teknologi Bandung, Indonediae yeast was cultivated
in 100 mL sterile YPG media, containing glucose){2mgpton (2g), and yeast
extract (1g), for 24 h, and agitated at 120 rpmfdjlee inoculation at the
beginning of the fermentation) [6]. A stock cultufeom this strain was
preserved as slanted agar of the same media witha2to agar.

2.2  Cocoa Bean Preparation

Cocoa beans of the Forastero cultivar, obtainedn fitbbe Nusantara VIII

plantation, West Java, Indonesia, were used thimutgthe research. Cocoa
pods were harvested from the tree and stored ifati@atory. The pods were
cut with a machete and the beans plus surroundify ywere scooped out by
sterile gloves and placed in five plastic bags,ngvalistributed under non-
sterile conditions.

2.3 Cocoa Bean Fer mentation

The fermentation of the cocoa beans was performgtbstic bags according to
[7]. The fermentation temperature was controllethgiss water bath following

the temperature profile of cocoa bean fermentagoi@rmentation time of 0-24
h at 30°C, 24-48 h at 35°C, 48-72 h at 40°C, 72-12@t 50°C. The

fermentation was set to be anaerobic until 48 hying the plastic bags with

ropes and was subsequently set to be aerobic rapthem and agitating the
fermentation system at 40 rpm. Samples were celleetvery 24 h for pulp

analysis and yeast concentration. At the end ofeéhmentation, samples were
also analysed for pH, fermentation index, and totdyphenol.

Two variations were performed during the fermeptatifermentation with and
without starter culture added. The starter cultwatainedS. cerevisiaevar.
Chevalieri (2.6 x 1bcells/g cocoa seeds) at 90% cell viability. Tharter
culture was added at the beginning of fermentation.

24  Analysisof Pulp Composition

Cocoa bean samples (6 g) were manually separatedtfre pulp. The obtained
pulp was extracted by an equal volume of distildeder in an incubator shaker
at 120 rpm, at 25-2€ for 24 h. The samples were homogenized for 4prior

to centrifugation at 14,000 rpm, at°Z8for 15 min. The supernatant was used
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for sugary compounds and metabolic products coretgor analysis (including
sucrose, glucose, fructose, citric acid, lacticda@cetic acid and ethanol).
HPLC analysis was performed with an Aminex HPX-8Zdlumn and RID
detector, using 5 mM H2S04 at 0.6 mL/min as theiteqihase [8].

25 Analysisof Yeast Concentration

A sample for yeast concentration analysis was peebay diluting 0.1 g of
cocoa bean pulp in 10 mL of aquadest. The sampgethen vortexed to get a
homogenous solution. The yeast concentration wesredd from cell counting
using a haematocytometer.

2.6  Analysisof Bean pH

Two grams of nibs were homogenized for 30 s in 40afhhot distilled water
and then vacuum filtered through Whatman filter paderA 25mL aliquot was
pipeted into a beaker and the pH was measured agigmeter.

2.7 Fermentation | ndex

The fermentation index (FI) was determined accagrdim [9]. 0.5 g ground
cocoa nibs were extracted with 50 mL of 97:3 migtof methanol:HCI. The
homogenate was allowed to stand in the refrige@&uC) for 16-19 h and then
vacuum filtered. The filtrate was analyzed by a spebotometer. The
fermentation index of the sample was obtained bgutating the ratio of
absorbance at 460 nm to the absorbance at 530 nm.

2.8  Total Polyphenol

The total polyphenol content of the cocoa beans detsrmined following the
method of [10]. The fermented cocoa beans were ethahd an amount of 20 g
cocoa powder was extracted with methanol for 3x2Zle extract was then
evaporated to obtain a concentrated extract. Theerdrated extract was
partitioned with n-hexane and distilled water. Orl. of the polyphenol-
containing-hexanefraction was inserted into a tids¢ and 1 mL of ethanol, 5
mL of distilled water, and 0.5 mL of Folin Ciocalteeagent (50%) were added.
The tube was shaken and allowed to stand for 5anth subsequently added
with 1 mL of 5% sodium carbonate and mixed welle Tast tube was then kept
in the dark for 60 min before its absorbance wasasueed at 725 nm.
Quantification of the total polyphenol content wesformed with a calibration
curve prepared using Gallic acid solution with kmozoncentration.
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3 Results and Discussion

3.1 Dynamicsof Yeast Concentrationduring Cocoa Bean
Fermentation

According to [3], a yeast amount of4D0° cfu/g cocoa bean is able to initiate
cocoa bean fermentation. The endogeneous yeastrmpatton at the beginning
of the cocoa bean fermentation was measured to3oe 1 cells/g cocoa bean
(Figure 1). The addition of yeast starter increabedyeast concentration at the
beginning of the cocoa bean fermentation to 2,8%ells/g cocoa bean (Figure
1). The obtained yeast concentration at the beginaf the cocoa concentration
seemed very high, more than sufficient to initie@eoa bean fermentation. It is
important to note that in this research the yeastentration was measured by
cell counting using a haemocytometer whereby alls-edeador alive—are
counted.

The yeast concentration was observed to decreasagdthe cocoa bean

fermentation (Figure 1). For the natural fermeotatithe yeast concentration
continuously decreased to 2,8 x'délls/g after 96 h. In contrast, the yeast
concentration for the fermentation added by yedasttes was observed to

double within the first 24 h. Afterwards, a deciegsrofile was observed and

at 96 h the yeast concentration was about 2,9 gel/g.

The decrease in yeast concentration may have mesed by several factors,
such as temperature and pH of the fermentation. Foeease in the
fermentation temperature from 30°C at the beginwihthe process to 50°C at
the end, set the fermentation off from the optiteahperature for yeast growth,
which is 30°C. The yeast fermentation may prodw@us organic acids, such
as acetate and citrate, that reduce the pH ofdtmeehntation. The decrease in
pH set the fermentation off from the optimal pH y&ast growth, which is 4.5.
Beside that yeast fermentation normally produckareil as metabolic product.
The increase in ethanol concentration may also beseed the yeast growth.

The yeast concentration was obtained by cell cagnising a hematocytometer
and therefore cells of all states, i.e. fit andndyiwere measured. This may
explain the observed increase in yeast concentratithin the first 24 h after

applying the yeast starter. Starter addition ingedathe percentage of fit and
viable cells, whereas the endogenous cells weretlymost in their best

condition. It is interesting to see how the dynaariic the yeast concentration
can affect the dynamics in other species concémtrabince the concentration
of other microbial species involved in the ferméotawas not measured here,
however, the way the change in yeast populatiorahyrs may have affected
other species dynamics could not be concluded. Mieless, the observed
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dynamics in the yeast concentration may have effethe dynamics in the
metabolic concentration throughout the cocoa beanéntation.
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Figurel Dynamics in yeast concentration during cocoa besmmdntation
(open symbol for natural fermentation, closed syhfbo yeast starter added
fermentation).

3.2 Dynamics of Sugary Compounds of Cocoa Bean Pulp During
Fermentation

The composition of the mucilagous pulp of cocoankes rich in sugary
compounds such as glucose, fructose, sucrose,aandge. These may serve as
substrate for microbial fermentation. Ardhana afekf[3] have reported that
the sugary compounds in the cocoa bean of Foraatetdrinitario cultivar are
mostly fructose. In agreement with this, we fouhdttthe concentration of
fructose in our pulp extracts was higher than tfathe other sugars. The
fructose concentration in the pulp extract beftwe fermentation was observed
to be in the range of 10.6-12.8 mg/g pulp, whethasoncentrations of glucose
and sucrose were observed to be 5.1-5.8 and 6.M@/Q pulp, respectively
(Figure 2).

A similar decreasing trend of sucrose concentratvas observed during both
the natural and the yeast starter added cocoaferaantation (Figure 2(a)). At
the end of the fermentation, the concentrationsuafose were observed to be
90% of their initial concentration.

The obtained data for dynamics in the glucose amttdse concentrations were
slightly scattered. Overall, decreasing profilesraveobserved for these
compounds and the changes were significantly higihan the changes
observed for the sucrose concentrations. The ghucoscentration decreased
up to 75% of its initial concentration in the yeatdtrter added fermentation and
up to 63% of its initial concentation in the natuiermentation (Figure 2(b)).

On the other hand, the fructose concentration dsekonly by 49% and 59%
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in the yeast starter added fermentation and thealdermentation, respectively
(Figure 2(c)).
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Figure2 Dynamics in sugar concentration during cocoa beaméntation: (a)
sucrose, (b) glucose, (c) fructose (open symbohtdural fermentation, closed
symbol for yeast starter added fermentation).

The decrease in concentration of sugary compoundshé cocoa beans
indicates the removal of cocoa bean pulp, whidmis of the goals of the cocoa
bean fermentation process. Although not much diffee was observed in the
changes of these compounds between the naturaéfigation and the yeast
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starter added fermentation, the data suggest lpgtieess efficiency in the latter
process.

3.3  Dynamics of Metabolic Products During Cocoa Bean
Fermentation

The metabolic products of the cocoa bean fermemtatiere measured as citric
acid, acetic acid, lactic acid, and ethanol. Thessgabolites are the most
important metabolic products of normally occurrimgcroorganisms in cocoa
bean fermentation, such as yeasts, acetic aciermcand lactic acid bacteria
[1,11], and were measured throughout the expergnent

Citrate was reported to be a significant compoméiibe pulp. It may compose
1-3% of the pulp composition on wet basis [1] atedgresence is normally
associated with the acidity of the pulp. Somehowe tinitial citrate
concentration measured in our experiments wasivehatiow, about 0.02-0.05
mg/g of pulp (Figure 3(a)). Its level varied durinbe fermentation and
decreasing profiles were observed in both the ahtermentation and the yeast
starter added fermentation. Most citrate was corsuat the end of the natural
fermentation, whereas there was about 38% of itigliwitrate concentration at
the end of the yeast starter added fermentatiop. detreasing profile shows
that citrate may have been consumed during the efetation. However,
considering the availability of a more favoured Studite, the sugary compounds
in the pulp, this was not likely. Another hypottess that the citrate was
diffused to the bean, causing a decrease in theofpithe bean. However,
considering the absolute concentration of citridtis, effect would be minor.

Ethanol is normally the main product of yeast fentadon. The addition of a
yeast starter culture was therefore expected tease the level of ethanol
during the cocoa bean fermentation. The initiablef ethanol was measured to
be 2.1-2.6 mg/gof pulp (Figure 3(b)). In both fentaions, the ethanol
concentration was observed to increase until theirman concentration, the
ethanol peak, and decrease afterwards. As expeittedaddition of a yeast
starter culture to the fermentation was observeghift and amplify the ethanol
peak. In the natural fermentation, an ethanol méak4 mg/g pulp occurred at
48 h of fermentation. In the yeast starter addechdatation, the ethanol peak
was found later, at 96 h of fermentation, and gjéa size, 16.1 mg/g pulp. The
occurence of the ethanol peak indicates that tbdymed ethanol was used by
other processes, such as a substrate of otheespeciwas diffused to the bean.

Acetate is another significant metabolic productcatoa bean fermentation.
During the fermentation, the concentration of deet@as observed to increase,
creating a peak, and decreasing afterwards. In fathentations the acetate
peaks were observed at 48 hours of fermentationafiradconcentration of 44-
48.5 mg/g pulp (Figure 3(c)). The dynamics datawslioat after the acetate
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peak, the acetate concentration decreased slow#neiryeast starter added
fermentation.
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Figure3 Dynamics in metabolic product concentration duricgcoa bean
fermentation: (a) citrate, (b) ethanol, (c) acetdt) lactate (open symbol for
natural fermentation, closed symbol for yeast staatided fermentation).
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It is normally stated that in cocoa bean fermeataticetate is produced from
ethanol by acetic acid bacteria [12]. The resulisws that the measured
concentration of acetate was significantly higheant the measured ethanol
concentration. This suggests that acetate was @misduced through other
mechanisms or that the overall metabolic dynamatupeé obscured the real
mechanism. In order to reveal the mechanism of &doean fermentation
development, simulation of the dynamic model of ¢beoa bean fermentation
iS hecessary.

Another significant metabolic product in cocoa bdarmentation is lactate,
which level was measured to be up to 8.5 mg/g pAlfnough no clear pattern
was observed for lactate in both fermentationsuieig3(d)), the presence of
lactate marks the presence of lactic acid bactdrieing the cocoa bean
fermentation.

Although dynamic metabolic profiles have been ai®difrom both the natural
fermentation and the fermentation with yeast stadddition, no further
information could be gained relating these metabmiofiles to the cocoa flavor
development process.

3.4  Comparison of Fermented Cocoa Beans

The Indonesian National Standard (SNI 01-2323-2GGG)nes the quality of

cocoa beans according to their size (number of $éan100g), moisture

content, degree of fermentation, and the presehcentaminants such as fungi,
insects.etc In this research we measured the final pH, fetat@mn index, and

total poliphenol as the measures of the degreerafdntation.

Table 1 shows that the addition of a yeast staridiure to the cocoa bean
fermentation increased the pH of the pulp whildeitreased the pH of the cocoa
beans. The increase in pH of the pulp indicates ttea mucilagous pulp was
reduced more in the yeast starter added fermentafitus is consistent with the
reduced pH of the bean, which indicates that megardc acid was produced in
the yeast starter added fermentation. In this reBese only measured acetate,
lactate, and citrate (Figure 3), whose levels wahightly higher in the yeast
starter added fermentation.

The completion of the fermentation is marked by févenentation index being
equal to or higher than 1.0. In this research wasueed the fermentation index
to be significantly increased from 0.84 to 1.13 thg addition of the yeast
starter culture. This told us that the fermentatmoceeded faster with the
addition of the yeast starter culture. Consisterithg poliphenol content was
observed to decrease from 1.13 to 0.81, sincedhghgnol content is normally
reduced by fermentation. Overall, the increasenenfermentation index in the
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fermentation with yeast starter addition suggdsas by applying this method,
the fermentation time can be shortened.

Tablel Comparison of physical and chemical parametergwwhénted cocoa
bean with and without starter addition.

Analysis Natural_ Yeast Starter Added
Fer mentation Fer mentation
pH (pulp) 3.59+0.023 4,76 +0.14
pH (bean) 6.12 £ 0.02 5.19 £ 0.013
Fermentation Inde 0.84 + 0.00: 1.13 £0.00¢
Total Polyphenol (mg/t 1.13+0.12 0.81+0.27
4 Conclusion

This research studied the effects of yeast staddition on mucilagous pulp
degradation during cocoa bean fermentation. Althooigly a small difference
in yeast concentration was observed between theachean fermentation with
and without yeast starter addition, its effectstio@ substrates and metabolic
composition of the system were substantial. Theitiatddof a yeast starter
culture significantly improved the mucilagous pufmoval process. At the
same time, it produced more metabolic products l#wto an increase of the
fermentation index from 0.84 to 1.13, which inde&sathe completion of the
cocoa bean fermentation process, and led to aasia the final pH from 6.12
to 5.19. The obtained results suggest that thetidaraf the cocoa bean
fermentation process can be shortened by the addifi yeast starter cultures.
Although a detailed mechanism could not be disemjethe addition ofS.
cerevisiaevar. Chevalieri yeast did improve the fermentatfpncess of the
cocoa bean.
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