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Abstract—Aims of the research was to determine antimicrobial activities of halophilic yeasts isolated from cocoa bean pulp towards E. 
coli and Salmonella spp.. Research done with experimental methods and the data were descriptive-exploratory analyzed. Yeasts 
isolated from cocoa bean pulp (third days fermentation) and cultured on Malt Extract Agar (MEA). Total yeasts population on 
Nutrient Agar (NA) with addition of 5 and 10% (w/v) NaCl counted to determine potential halophilic yeast. Antimicrobial activities 
towards E.coli and Salmonella spp. determined by diffusion well method on NA. Isolate C2 shown halophilic characteristic with total 
yeast population of 9.2 x 102 cfu/g on 5% NaCl and zero yeasts population on 10% NaCl, while isolate C1 shown better halophilic 
characteristic with total yeast population of 2.1 x 103 cfu/g on 5% NaCl and 1.3 x103 cfu/g on 10% NaCl. Antimicrobial activites of 
selected isolates shown by isolate C1 with 1-2 mm clear zone towards E.coli and 2-3 mm clear zone towards Salmonella spp. while 
isolate C2 shown no inhibition towards E.coli and 5-10 mm clear zone inhibition towards Salmonella spp..  
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I. INTRODUCTION 

Cocoa (Theobroma cacao L.) were main ingredient for 
making chocolate, but it also can used as an important 
ingredient for cosmetics. The cocoa plant is a perennial tree, 
and it is originally from the understory of rainforests of 
South and Central America [1]. Part of the cocoa that can 
used mainly from the bean after through some certain 
processes, including fermentation. 

The fermentation process of cocoa were very complex 
microbiological process, because it involves certain 
microbes such as lactic acid bacteria, spore-forming bacteria, 
mold and yeasts [2, 3, 4]. The fermentations driven by a 
complex interplay between raw materials, different 
microorganisms, and their metabolites.   

Pulp is a suitable medium for the growth of microbes, it  
consists of 82-87%  water,  10–15%  fermentable  sugars  
(glucose,  fructose, and sucrose), 2-3% pentosans, 1–3% 
citric acid, 1–1.5% pectin, and about 1–2% of other 
hemicellulosic polysaccharides [5].  In spontaneous 
fermentation, yeast growth, LAB and acetic acid bacteria 
derived from contamination of pulp and cocoa beans that 
play a role in the biochemical changes during fermentation 
of cocoa [6]. During fermentation, microbial activity in the 
pulp will produce alcohols, acids and liberate heat. This 
reaction causes the diffusion of substances into the seed 

metabolites. This resulted in the formation reaction of flavor, 
aroma and color [7]. 

Yeasts are among the most frequently isolated 
microorganisms from fermenting cocoa beans, especially 
during the early stages of fermentation. Yeasts are essential 
in cocoa bean fermentation along with their role in 
developing the acceptable beans and chocolate flavor [8]. A 
diversity of yeast species was found, with predominance in 
the genera now known as Saccharomyces, Hanseniaspora 
(anamorph Kloeckera), and Pichia [1]. Primarily, the yeasts 
initiate an alcoholic fermentation of pulp sugars to produce 
mainly ethanol and carbon dioxide, and a vast array of 
secondary metabolites, such as higher alcohols, organic 
acids, esters, aldehydes, ketones, sulfur, and nitrogen 
volatiles, as has been well established for other fermented 
commodities [9, 10]. 

Beside producing desired metabolites, cocoa fermentation 
process will decrease water activity from 0.98-0.99 to 0.72-
0.77 after 6 days fermentation [11]. Microorganisms ability 
to survive in low water acitivity environments were identic 
with halophilic microorganisms properties [12]. Low water 
activity also could result by high salinity that shown by 
others fermented products such pickle [13]. 

There are high pathogen contamination risks on cacao 
processing. Contaminations of E.coli was highest during 
drying and storage, with percentages of up to 100% and 89% 
of positives samples [14]. This is also happen for Salmonella 
spp. contamination risk which has critical period at the end 
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of fermentation process and the beginning of drying process 
[11]. 

At the beginning of fermentation, risk of contamination 
was lower. Antimicrobial activities at the first stage of cacao 
fermentation process resulted by yeasts metabolites such as 
ethanol and organic acids [16]. Presence of phenolics and 
other phytochemical compound in cocoa fermentation 
process also give antimicrobial activities [15].  

The research objective was to determine the existence of 
indigenous halophilic yeasts of cocoa beans pulp that has 
antimicrobial activities towards pathogenic bacteria such as 
E. coli and Salmonella spp.   

II. MATERIALS AND METHODS 

Cocoa bean (Figure 1) taken from PT PP Bajabang 
Indonesia, Bandung District. Cocoa bean pulp on third days 
fermentation diluted on 0.85% NaCl solution and cultured 
on Malt Extract Agar (MEA) with 100 ppm tetracyclin 
addition. Halophilic yeasts determined with total yeasts 
population on Nutrient Agar (NA) with addition of 5 and 
10% (w/v) NaCl and incubated at 37ºC for 24h. 
Antimicrobial activities towards E.coli and Salmonella spp. 
determined by well diffusion method on NA [17]. 

 
 

 
 

Fig. 1.  Cocoa bean (Theobroma cacao L.) 

III.  RESULTS AND DISCUSSIONS 

The yeasts isolated on MEA show two different isolates. 
Table I shown morphology characteristics of isolates C1 was 
yellow, round and grew on the surface of the media, while 
isolates C2 was cream, assymetric and grew at the bottom of 
the media.  

TABLE I 
MORPHOLOGY CHARACTERISTICS OF ISOLATES  

 
Isolate Colour Shape Position 

C1 yellow Round Surface 
C2 cream Assymetric Bottom 

 
Two selected yeasts isolate were tested on NA with 5% 

and 10% NaCl addition. The results on Table 2 showed that 
only isolates C1 which survived on NA with addition NaCl 
until 10% with the average population yeasts of 1.3 x 
103cfu/ml and 2.1 x 103cfu/ml yeasts population survived on 
NA with addition of 5% NaCl. While isolates C2 only 
survived until 5% NaCl addition with the average yeasts 
population of 9.2 x 102cfu/ml.  

TABLE II 
IDENTIFICATION OF YEASTS HALOPHILIC CHARACTERISTICS 

 
Isolate 5% NaCl (103) 

(x103cfu/g) 
10% NaCl 
(x103cfu/g) 

R1 R2 R3 R1 R2 R3 
C1 198 223 211 152 92 134 
C2 103 89 84 <30 <30 <30 

  *R = replication 
 
High concentration of saline at the environments could 

prevent growth of microorganisms. Some of specially 
adapted organisms found where mostly prokaryotic 
organisms such as yeasts [17]. Debaryomyces hansenii was 
one of marine yeast that has halophilic characteristics [18]. 
This halophilic yeasts species also found in food products 
such as camembert and blue-veined cheese [19]. 

The mechanism in adapting high salinity of the 
environment shown by the most extremely halotolerant 
yeasts species of Hortaea werneckii which known as Black 
yeasts. The black yeasts tolerate high concentration of NaCl 
by the alternative energy production mechanisms such as 
glycerophospate shuttle, isovaleryl-CoA dehydrogenase/ 
electron-transferring-flavoprotein: ubiquinone oxireductase 
system, or the Na+ and/orthe H+ electrochemical potentials 
and the post-transcriptional regulation [17].  

TABLE III 
YEASTS INHIBITION ABILITIES TOWARDS PATHOGENS 

 
Isolate E. coli 

(mm) 
Salmonella spp. 

(mm) 
R1 R2 R3 R1 R2 R3 

C1 1 1 2 2 3 3 
C2 - - - 10 8 5 

 

 
 (a) (b)  

 
 (c) (d)  

 
Fig. 2.  Antimicrobial activities (a) Isolates C1-E.coli, (b) Isolates C2-E.coli,     

(c) Isolates C1- Salmonella spp., (d) Isolates C2-Salmonella spp. 
 
The results on Table 3 shown the antimicrobial activities 

of two selected yeasts towards E.coli and Salmonella spp. 
(Figure 2). Isolate C2 shown halophilic characteristic with 
total yeast population of 9.2 x 102 cfu/g on 5% NaCl and 
zero yeasts population on 10% NaCl, while isolate C1 shown 
better halophilic characteristic with total yeast population of 
2.1 x 103 cfu/g on 5% NaCl and 1.3 x103 cfu/g on 10% 
NaCl. Antimicrobial activites of selected isolates shown by 
isolate C1 with 1-2 mm clear zone towards E.coli and 2-3 
mm clear zone towards Salmonella spp. while isolate C2 
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shown no inhibition towards E.coli and 5-10 mm clear zone 
inhibition towards Salmonella spp..  

Antimicrobial activities towards gram negatives bacteria 
such as E.coli and Salmonella spp. could caused by the 
production of organic acid and hydrogen proxide [20]. 
Yeasts known could produce organic acids (hexanoate, 
octanoate, and decanoate) and protein that could inhibit the 
growth of pathogenic bacteria [21]. Beside that, there were 
also available the antimicrobial proteins that could act as an 
antimicrobial agent [22]. Moreover, yeasts also have ability 
in producing sulphur dioxide that could inhibit the growth of 
bacteria [23]. 

Halophilic yeasts with antimicrobial activities has wide 
range prospect in food production. Utilization in salted 
fermented products such as cheese or pickle, useful to 
produce desired flavor and also reduce pathogenic bacteria 
contamination risks. 

IV.  CONCLUSIONS 

Isolate C1 shown better halophilic characteristic with total 
yeast population of 2.1 x 103 cfu/g on 5% NaCl and 1.3 x103 
cfu/g on 10% NaCl. Antimicrobial activites of isolate C1 
was 1-2 mm clear zone towards E.coli and 2-3 mm clear 
zone towards Salmonella spp., while isolate C2 shown no 
inhibition towards E.coli and 5-10 mm clear zone inhibition 
towards Salmonella spp..  

ACKNOWLEDGMENT 

Authors would like to thank PT PP Bajabang Indonesia, 
Laboratory of Food Microbiology, Department of Food 
Technology, Faculty of Agro-Industrial Technology 
Universitas Padjadjaran for the support on this research. 

REFERENCES 
[1] Schwan, R.F. and Fleet, G.H. Cocoa and Coffe Fermentations. CRC 

Press. 2015. 
[2] Masoud, W., Cesar, L. B., Jespersen, L., and Jakobsen, M. “Yeast 

involved in the fermentation of Coffee arabica in East Africa 
determined by genotyping and by direct denaturing gradient gel 
electrophoresis”. Yeast, vol. 21, p. 549–556, 2004. 

[3] Schwan, R. F. and Wheals, A. E. “The microbiology of cocoa 
fermentation and its role in chocolate quality”. Critical Reviews in 
Food Science and Nutrition, vol. 44, p.205–222, 2004. 

[4] Nielsen, D. S., Cho, G. S., Hanak, A., Huch, M., Franz, C. M. A. P., 
and  Arneborg, N. “The effect of bacteriocin-producing Lactobacillus 
plantarum 36 Cocoa and Coffee fermentations strains on the 
intracellular pH of sessile and planktonic Listeria monocytogenes 
single cells”.  International Journal of Food Microbiology, vol. 
141, 2010. 

[5] Pettipher, G. L. “Analysis of cocoa pulp and the formulation of a 
standardised artificial cocoa pulp medium. Journal of the Science  
and  Food Agriculture, vol. 37, p. 297–309, 1986. 

[6] Galvez , A., H. Abriouel, R. L. Lopez, and N. B. Omar. Bacteriocin-
based strategies for food bi, preservation. Int. J. Food Microbio. v. 
120, p. 51-70, 2007. 

[7] Kustyawati, M. E. dan S. Setyani. “Pengaruh penambahan inokulum 
campuran terhadap perubahan kimia dan mikrobiologi selama 
Fermentasi Coklat”. Jurnal Teknologi Industri dan Hasil Pertanian 
vol. 13 no. 2 p. 73-84, 2008.  

[8] Ho, V.T.T., Zhao, J. and Fleet G. Yeasts are essential for cocoa bean 
fermentation. Int. J. Food. Microbiol. vol. 174, p. 72-87, 2014. 

[9] Romano, P., Fiore, C., Paraggio, M., Caruso, M., and Capece, A. 
“Function of yeast species and strains in wine flavour”. International 
Journal of Food Microbiology, vol. 86, p. 169–180, 2003. 

[10] Ugliano, M. and Henschke, P. “Yeasts  and wine flavour”.  In:  
Moreno Arribas, M. V. and Polo, M. C. Ed., Wine Chemistry and 
Biochemistry. Springer Science, NY, pp. 313–391, 2009. 

[11] Nascimento, M. S., Pena, P.O., Brum, D. M., Imazaki, F. T., Tucci, 
M. L. S., Efraim, P. “Behavior of Salmonella during fermentation, 
drying and storage of cocoa beans”. International J. of Food 
Microbiology, vol. 167, p. 363-368, 2013.   

[12] DasSarma, S. and DasSarma, P. Halophiles. In eLS. John Wiley & 
Sons, Ltd: Chichester, 2012. [Online] Available : www.els.net 

[13] Muzaifa, M. “Physic characteristics change of bilimbi during 
fermentation of asam sunti (traditional fermented bilimbi of Aceh)” 
Jurnal Teknologi dan Industri Petanian Indonesia, vol. (5) no. 2. 
2013. 

[14] Nascimento, M. S., Silva, N., Silva, I. F., Silva, J. C., Marques, E.R., 
Santos, A. R. B. “Enteropahogens in cocoa pre-processing”. Food 
Control, vol. 21, p. 408-411, 2010. 

[15] Fapohunda, S. O. And Afolayan A. “Fermentation of cocoa beans 
and antimicrobial potentials of the pod husk phytochemicals”. J. 
Phys. Pharm. Adv. vol. 2 no. 3, p. 158-164, 2012. 

[16] Roostita, L.B., Fleet, G.H., Wendry, S.P., Apon, Z.M., and 
Gemilang, L.U.”Determination of yeasts antimicrobial activity in 
milk and meat products”. Advance Journal of Food Science and 
Technology, vol. 3 no. 6, p. 442-445, 2011. 

[17] Petrovic, U., Cimerman, N., and Plemenitas, A. “Cellular responses 
to environmental salinity in the halophilic black yeast Hortaea 
werneckii”. Molecular Microbiology, vol. 45 no. 3, p. 665-672, 2002.  

[18] Almagro, A., Prista, C., Catro, S., Quintas, C., Madeira-Lopes, A., 
Ramos, J., and Loureiro-Dias, M.C. “Effects of salts on 
Debaryomyces hansenii and Saccharomyces cerevisiae under stress 
conditions. Int. J. Food Micrbiol. vol 56, p.191-197, 2000. 

[19] Roostita. R. and Fleet, G. “The occurence and growth of yeasts in 
Camembert and Blue-veined cheeses”. International Journal of Food 
Microbiology, vol. 28, p. 393-404, 1996. 

[20] Ito, A., Sato, Y., Kudo, S., Sato, S., Nakajima, H. Toba, T. “The 
screening of hydrogen peroxide-producing lactic acid bacteria and 
their application to inactivating psychrotropic food borne pathogens”. 
Current Microbiology, vol 47, p. 231-236, 2003. 

[21] Roostita, L.B. Potensi dan prospek Yeast (khamir) dalam 
meningkatkan diversifikasi pangan di Indonesia. Pidato Pengukuhan 
Jabatan Guru Besar Tetap dalam Ilmu Pangan. Faculty of Animal 
Husbandry, University of Padjadjaran, Bandung. 2004. 

[22] Roostita, L.B., Deteksi intra dan ekstraseluler poliol pada 
pertumbuhan yeast Toleran Debaryomyces hansenii dalam asam dan 
larutan garam konsentrasi Tinggi. J. Vet. Sain, vol. 19 no. 2, 2001. 

[23] Fleet, G.H., “Yeast interactions and wine flavour”. J. Food 
Microbiol., vol. 86 p.11-22, 2003. 

 
 
 
 

109




