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Abstract: Notably during the cultivation of cocoa seeds, fungal contamination can occur due to favorable environmental conditions 

and this contamination remains until cultivation. Otherwise, the bacterial presence can arise during fermentation and remain until 

post-cultivation. Drying methods are used during the processing of cocoa beans and contribute to the reduction of microbial 

contamination. The main objective of the work was to evaluate the presence of toxigenic fungi and bacteria in cocoa almonds after 

fermentation and drying.  The methodology artificial drying of heate dair flow, was the methodology demanded less fungal growth. 

However, bacteria of the genus bacillus were those that appeared in all drying methods surviving after. Therefore, there are few studies 

that report the presence of microorganisms after the fermentation and drying process of the cocoa seed contamination of cocoa beans 

in the Amazon region. 
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1. Introduction 
 

The Agroforestry System (SAFs) is currently being 

widespread in the Amazon due to its characteristics of 

providing economic development in environmental 

conservation. Its implementation in the Amazon region is 

aimed at recovering degraded areas with a view to local 

development with an emphasis on integrated management of 

natural resources. By presenting these characteristics, the 

SAFs increasingly draws the attention of public policy 

programs and national and international researchers 

(PORRO, 2009). 

 

Seeds or grains recently removed from the field have a high 

water content, making it impossible to store them in these 

conditions. For this reason, it is necessary to subject them to 

drying processes in order to maintain the physical and 

chemical properties of the grains or seeds and prolong their 

quality, as well as reducing the activity of insects and 

proliferation of fungi (CARVALHO & NAKAGAWA, 

2012). 

 

According to research carried out, it points to the significant 

appearance of microorganisms in the cocoa bean, such as 

bacteria and fungi, and its growth that causes damage to it 

and consequently harms human productivity and health, as 

the presence of toxicity has been verified. population 

(COPETTI, 2009). 

 

The drying process is extremely important for obtaining 

quality cocoa beans. For this reason, fermentation must be 

carried out immediately to prevent the proliferation of fungi, 

as the unwanted presence of fungi causes an unpleasant taste 

in the almond and is impossible to be used in subsequent 

processing steps (EFRAIM, 2004). 

Cocoa fermentation presents lactic bacteria of Lactobacillus 

sp., including L. fermentum and L. plantarum, are isolated 

together with several species of Leuconostoc spp., 

Lactococcus spp. and Pediococcus spp.  and yeasts as the 

main acting agents. 

 

Several species of Bacillus, other bacteria and filamentous 

fungi can also grow during fermentation (GARCIA-

ARMISEN et al., 2010; LIMA et al., 2011), especially when 

this process is performed in boxes (PASSOS et al., 1984; 

THOMPSON et al., 2013; SCHWAN & WHEALS, 2004).  

BALs in fermented foods not only contribute to the taste, 

aroma and texture, but they also promote their quality and 

safety (KOPERMSUB & YUNCHALARD, 2010). 

 

Previous research has shown the different types of fungi that 

have been isolated cocoa beans like Mucor, Penicillium, 

Rhyzopus, Fuzarium and especially Aspergillus. (COPETTI 

et al, 2011; MOUNJOUENPOU et al. 2008; SANCHES – 

HERVAS et al. 2008). 

 

The objective of this work is identified and to evaluate 

strategies to reduce the presence of fungi and bacteria 

resulting from the pulping process (fermentation) and three 

type soft drying (“Terreiro”, “Estufa” and “Hot Air”) during 

the processing of cocoa beans. 

 

2. Materials and Methods 
 

Sampling and drying method analysis 

The almonds samples were donated already fermented by 

the owner Michinori Konagano, in a total of 6 kilos. They 

were divided into three parts of 2 kilos and a sample of 20 

almonds was separated for each one, where before beginning 

the drying process the samples were weighed. Then 
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submitted to three types of drying:   Greenhouse, Terreiro 

and mixed drying of greenhouse plus prototype artificial 

dryer with finned type resistance, as shown in figure 01. 

 

Drying Method 

 
Figure 1: A: Greenhouse drying; B: drying in terrace; C: 

Greenhouse drying + Prototype 

 

The green houses were built to dry cocoa beans with a size 

of 1 m² each, so the following materials were used: 8 X 2m 

stilts, 12 X 1m ripples, 6 X 1.5m ripples, 12 meters of 

canvas for greenhouses 150 microns, 1 sheet of 40 mm 

plywood and caught (BRASIL, 2008). To build the dryer on 

the terrace, only 2.25 m² of black canvas was used. Finally, 

3 thermo hygrometers were purchased to measure the 

temperature and humidity of the air, in order to monitor the 

drying process of the cocoa bean. The Greenhouse drying 

plus prototype artificial dryer with U-type finned resistance 

"artificial drying of heate dair flow", consists of drying the 

cocoa almond from 06:00 to 18:00 in the green house, using 

solar energy and from 6:01 pm to 5:59 am in the artificial 

drying prototype artificial drying of heate dair flow to keep 

the drying process constant. 

 

Isolation of fermenting bacteria and toxigenic fungi 

Subsequently, 10 samples of each treatment were taken and 

sent to the Microscopy laboratory for identification of the 

fungus and bacteria and their incidence for each drying 

method used in the study (LEVY, 2004). 

 

Nevertheless, the isolation of the bacteria was carried out 

from the collected samples, one of the procedures applied 

was the crushing of the dried cocoa bean. These scraping 

samples were inserted in the culture medium Agar Mac 

Conkey and Blood Agar, grown for 48 hours in the 

microbiological oven, (figure 02). Cultures were analyzed 

by counting the colony-forming units (CFU / mL) (LEVY, 

2004). 

 

Bacteria Culture Medium 

 
Figure 2: A: MacConkey Agar and Blood Agar; B: 

Greenhouse Microbiological. 

Consequently, to evaluate the ochratoxigenic fungi 

contaminating the cocoa samples, the almonds were 

moistenedhen scraped and placed in the culture medium 

Sabouraud agar with Chlorphenicol and Sabouraud agar 

with Chlorphenicol and Cyclohexemide, incubated at 25 ° C, 

figure 03, (PITT et al. 2009), for later identification. 

 

Fungal Culture Media 

 
Figure 3: I-Sabouraud agar with Chlorphenicol and II and 

III: Sabouraud agar with Chlorphenicol + Cyclohexemide. 

 

3. Results and Discussion 
 

Several studies seek to establish which factors lead to the 

development of mycotoxins in food, but so far there is no 

accuracy of all contaminating factors, only that they are 

correlated to humidity, temperature, time, physical condition 

of the grain, levels of O2 and CO2, product water activity 

and microbiological interaction (HOELTZ, 2005). 

 

For this reason, Enfraim et al. (2010) apud Crespo (1985), 

says that the drying process of cocoa beans should be done 

as soon as possible after the cocoa fermentation stage is 

finished and should be well conducted, in order to avoid 

unpleasant taste and possible proliferation. fungal. 

 

After 14 days from the start of the fungi incubation process 

in cocoa beans, growth was observed in the three drying 

methods, figure 04. 

 

Fungal growth Drying Method 

 
Figura 4: A: Terrace; B: Greenhouse; C: Greenhouse + 

Prototype. 

 

Figure 04 shows the fungal growth, and it was observed that 

the cleanest culture medium was the artificial drying of 

heate dair flow, as the drying methodology demanded less 

time and presented less exposure to weather conditions. The 

fungal growth was to the group Penicillium spp and 

Aspergillus spp. 
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During the drying process of the cocoa beans, chemical-

physical reactions occur, causing the final product to taste 

like chocolate, the drying temperature is in the ideal 

temperature range between 35°-50°C, avoiding organoleptic 

changes and product quality (SALES and CÂNDIDA, 

2016). According to Schabo (2014), due to the fact that 

cocoa is dried at relatively low temperatures, it does not 

show efficiency in the process of elimination of fungi of the 

genus Aspergillus spp, Penicilliumspp. and Fusarium spp 

that develop when growing under excellent conditions at 

these temperatures. 

 

COPETTI ET AL. (2011) AND SANCHES - HERVAS ET 

AL. (2008), reported the presence of Aspergillus species in 

all different processing phases primary effect of cocoa 

beans, with emphasis on the species producing ochratoxin A 

in the section Nigri, which increased after fermentation. 

 

The presence of aflatoxins in cocoa beans is already known 

to contaminate agricultural areas grown with cocoa, coffee, 

peanuts and corn (COPETTI et al., 2011). A high percentage 

of A. flavus (almost 60%) was able to produce aflatoxins in 

cocoa beans (COPETTI et al., 2011; SANCHES - HERVAS 

et al., 2008). 

 

Currently, Gram-positive and gram-negative bacteria were 

found in cocoa beans <100 CFU / ml, figure 05. The bacteria 

identified were gram-positive bacteria of the genus Bacillus 

spp. 

Bacteria Colony 

 
Figura 5: Bacillus gram positive 

 

According to Granados 2016, the bacteria found in the cocoa 

beans were Bacillus, B. brevis and B. megaterium 

 

The verification of Bacillus spp. in the cocoa almond maybe 

associated with soil contamination during the drying step, as 

Ferrari Filho (2011) indicates that the practice of drying 

agricultural products is considered one of the most important 

steps, since it is a determining factor in the control of 

microorganisms. And it is subject to the action of 

microorganisms from soils, air, handling by producers 

(RIBEIRO et al., 1986; LOPEZ & DIMICK, 1991; 

SCHWAN, 1996; OETTERER, 2004). 

 

This diversity of microorganisms presents in almonds cocoa 

beans come from the air, from their direct contact with the 

hands and tools of workers, contact with other cocoa beans, 

the trough itself fermentation, among other sources (Ferrari 

Filho, 2011). 

 

4. Conclusion 
 

It is possible to conclude that in the Amazon region there are 

few studies regarding the contamination of cocoa beans 

resulting from drying processes, and through there search it 

was verified the presence of this microorganism in the 

almonds, no matter how much the drying methodology 

variation has been done. Was able to prevent the 

proliferation of undesirable microorganisms in cocoa beans. 

 

References 
 

[1] ARDHANA, M.M. & FLEET, G.H. The microbial 

ecology of cocoa bean fermentation in Indonesia. 

International Journal of Food Microbiology, 86:87-89, 

2003. 

[2] BRASIL, Marta Martins. Eficiência das Serrarias em 

Manaus e Itacoatiara: Utilização da Norma para 

Comercialização. Manaus-AM. UFAM, 2008. 

[3] CARVALHO, NELSON M; NAKAGAWA. JOÃO. 

Sementes: ciência, tecnologia e produção. 5.ed. 

Jaboticabal: Funep, 2012. 382-384 e 460-468p. 

[4] COPETTI M, V et al.aflatoxigenic fungi and 

aflatoxing [in cocoa. International Journal of Food 

Microbiology, Amsterdam, v148, n 2, p 141- 144 

Agust 2011ª. COPETTI M. V et. Al Mycobiota of 

cocoa: from farm to chocolate. Food microbiology, 

Londom. V.28, n8, p 1499-1504. Dec 2011b. 

[5] COPETTI, Marina Venturini, Micobiota do cacau: 

fungos e micotoxinas do cacau ao chocolate / Marina 

Venturini Copetti. -- Campinas, SP: [s.n.], 2009. 

[6] EFRAIM, P. Estudo Para Minimizar As Perdas De 

Flavonóides Durante A Fermentação De Sementes De 

Cacau Para Produção De Chocolate – Campinas, SP, 

2004, 110p. 

[7] EFRAIM, Priscilla et al. Influência da fermentação e 

secagem de amêndoas de cacau no teor de compostos 

fenólicos e na aceitação sensorial. Food Science and 

Technology (Campinas), 2010. 

[8] EFRAIM, Priscilla et al. Revisão: Polifenóis em cacau 

e derivados: teores, fatores de variação e efeitos na 

saúde. BrazilianJournalof Food Technology, 2011. 

[9] EFRAIM, Priscilla; PEZOA-GARCÍA, Nelson 

Horácio; JARDIM, Denise Calil Pereira;  

NISHIKAWA , Amanda;  HADDAD, Renato; 

EBERLIN, Marcos Nogueira. Influência da 

Fermentação e Secagem de Amêndoas de Cacau no 

Teor de Compostos Fenólicos e na Aceitação 

Sensorial. Ciência e Tecnologia de Alimentos. 

Campinas, 30(Supl.1): 142-150, 2010. 

[10] FERRARI FILHO, Edar. Métodos e temperaturas de 

secagem sobre a qualidade físico-química e 

microbiológica de grãos de milho no armazenamento. 

2011. 

[11] GARCIA-ARMISEN, T.; PAPALEXANDRATOU, 

Z.; HENDRYCKX, H.; CAMU, N., VRANCKEN, G.; 

DE VUYST, L.; and CORNELIS, P. Diversity of the 

total bacterial community associated with Ghanaian 

Paper ID: SR21223105807 DOI: 10.21275/SR21223105807 886 



International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2020): 7.803 

Volume 10 Issue 5, May 2021 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

and Brazilian cocoa bean fermentation samples as 

revealed by a 16 S rRNA gene clone library. Applied 

Microbiology and Biotechnology, Berlin, v.87, n.6, 

p.2281-2292, 2010 

[12] HOELTZ, Michele. Estudo da Influência de 

Manejos Pós-Colheita na Incidência de fungos e 

Micotoxinas no Arroz (Oryza sativa L.). Orientador: 

Isa Beatriz Noll. 2005. 88f. Dissertação (mestrado em 

Microbiologia Agrícola e do Ambiente) – Faculdade 

de Agronomia, Universidade Federal do Rio Grande 

do Sul, Porto Alegre, 2005. 

[13] KOPERMSUB, P.; and YUNCHALARD, S. 

Identification of lactic acid bacteria associated with the 

production of plaasom, a traditional fermented fish 

product of Thailand. International Journal of Food 

Microbiology, Vol 138, n.3, p.200-204, 2010. 

[14] LEVY, C. E. Detecção e identificação dos fungos de 

importância médica. Manual de Microbiologia Clínica 

para o controle de infecção em serviços de saúde. 

Brasília: Agência Nacional de Vigilancia Sanitária, p. 

1-27, 2004. 

[15] LIMA, L. Microbial ecology of the cocoa chain. (PhD 

Thesis). Wageningen University, Netherlands, p.312, 

2012. 

[16] LOPEZ A.S.; DIMICK, P.S. Enzymes Involved in 

Cocoa Curing. In: Food Enzymology (Vol. 1), ed. Fox, 

P.F. Elsevier Science Publisher ltd. London, V. 16, p. 

211-236, 1991 

[17] MALE, David et al. Imunologia; tradução Keila Kazue 

Ida, Douglas Futuro. 8 ed. – Rio de Janeiro: Elsevier, 

2014, 477p. 

[18] MOUNJOUENPOU P.; GUEULE D.; FONTANA-

TACHON A.; GUYOT B.; TONDJE P.R.; GUIRAUD 

J.P, (2008). Filamentous fungi producing ochratoxin A 

during cocoa processing in Cameroon. International 

Journal of Food Microbiology, 128: 234-241. 

[19] MURRAY, Patrick R.; ROSENTHAL, Ken; 

PFALLER, Michael. Microbiologia medica 8 ed. - Rio 

de Janeiro: Elsevier, 2017, 848p. 

[20] OETTERER, M. Tecnologias de obtenção do cacau e 

do chocolate. Universidade de São Paulo. Escola 

Superior de Agricultura Luiz de Queiroz. 2004. 

[21] PALACIOS-CABRERA, Héctor et al. Growth of 

Aspergillus ochraceus, A. carbonarius and A. niger on 

culture media at different water activities and 

temperatures. BrazilianJournalofMicrobiology, v. 36, 

n. 1, p. 24-28, 2005.. Disponível em 

<http://www.scielo.br/scielo.php?script=sci_arttext&pi

d=S1517-83822005000100005&lng=en&nrm=iso>. 

acesso em 29 de abril de 2019. 

http://dx.doi.org/10.1590/S1517-83822005000100005. 

[22] PASSOS, F. M. L.; SILVA, D. O.; LOPEZ, A.; 

FERREIRA, C. L. L.; and GUIMARÃES, W. V. 

Characterization and distribution of lactic acid bacteria 

from traditional cocoa bean fermentations in Bahia. 

Journal of Food Science, v.49, p.205-208, 1984. 

[23] PITT, John I. et al. Fungos e deterioração de alimentos 

. Nova Iorque: Springer, 2009. 

[24] PORRO, Roberto. Alternativa agroflorestal na 

Amazônia em transformação. –Brasília, DF: Embrapa 

Informação Tecnológica, 2009, 825p. 

[25] RIBEIRO, N.C.A.; BEZERRA, J.L.; LOPEZ, A.S. 

Microbiota na Fermentação do Cacau no Estado da 

Bahia, Brasil. Revista Theobroma. 16(1): 47-55. 1986. 

[26] SALES, Jorge Henrique; CÂNDIDA, Thamyris. 

Efeito da Temperatura Sobre a Amêndoa de 

Cacau: Secador Vertical. GEINTEC – Gestão, 

Inovação e Tecnologias.Vol. 6/n. 3/ p.3437-3446, 

2016. 

[27] SAMSON, Robert A. et al. Introdução aos fungos 

alimentares e aéreos. 

CentraalbureauvoorSchimmelcultures (CBS), 2004. 

[28] SANCHEZ-HERVAS, M., GIL, J.V., BISBAL, F., 

RAMON, D. & MARTINEZ-CULEBRAS, P.V. 2008. 

Microbiota and mycotoxin producing fungi from cocoa 

beans. International Journal of Food Microbiology, 

125 (3): 336-340. 

[29] SCHABO, Danieli Cristina. Fungos do Gênero 

Asperfillus Isolados de Amêndoas  de Cacau do 

Estado de Rondônia.  Orientador: Luís Roberto 

Batista. 2014. 139f. Dissertação ( mestrado em 

Microbiologia de Alimentos) – Lavras, UFLA, 2014. 

[30] SCHWAN, R.F. & WHEALS, A.E. The microbiology 

of cocoa fermentation and its role in chocolate quality. 

Critical Reviews in Food Science and Nutrition 44:1-

17, 2004 

[31] SCHWAN, R.F. Microbiology of cacao fermentation: 

A study to improve quality. In: 12ª Conferência 

Internacional de Pesquisa em Cacau. Salvador-BA. 

Nov. 1996. 

[32] THOMPSON, S. S.; MILLER, K. B.; LOPEZ, A.; and 

CAMU, N. Cocoa and coffee, In: Doyle, M. P., 

Buchanan, R. L. (Eds.), Food Microbiology: 

Fundamentals and Frontiers, 4th ed. ASM Press, 

Washington, DC, p.881-889, (2013). 

Paper ID: SR21223105807 DOI: 10.21275/SR21223105807 887 




