


Identification of microorganisms involved in cocoa fermentation in Togo and evaluation of their impact on the quality of the derived product
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ABSTRACT
[bookmark: _GoBack]



	
Aims: To identify the microorganisms involved in spontaneous cocoa fermentation in Togo and to evaluate their impact on the quality of the derived product.
Study design: Experimental study
Place and Duration of Study: Laboratory of Microbiology and Food Quality Control (LAMICODA), University of Lomé, Togo and Laboratory of Biomedical, Food and Environmental Health Sciences (LaSBASE), Higher School of Biological and Food Techniques (ESTBA), University of Lomé, Togo between January 2023 and July 2025.
Methodology: Spontaneous fermentations were carried out at two cocoa production sites in the Kloto region: Gadza-Wukpe and Tove Atsave. Characteristic colonies were isolated and subjected to standard biochemical identification tests. The selected strains were then used for controlled laboratory fermentations. The beans obtained were subjected to organoleptic analysis and an evaluation of their commercial quality based on international standards. Finally, a molecular identification of the strains was carried out. Results: Microbiological analyses made it possible to isolate 27 strains among the mesophilic aerobic flora, yeasts and molds and lactic acid bacteria belonging to the genera Saccharomyces, Bacillus, Corynebacterium, Staphylococcus, Enterococcus. Conclusion: As a perspective, the standardization of fermentation processes will allow to produce derived products, particularly chocolate and roasted cocoa beans of better and constant quality.
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1. INTRODUCTION 

Cocoa is a key export crop in Togo (Guy Pontie, 2017), with production of 19476 tons in 2023. (MAHVDR, 2023). Togo aims to position itself in the cocoa market by promoting high-quality cocoa. The first cocoa plantations were established in the Kpalimé region in 1895 by German colonizers. Cocoa thrives in hot and humid forest areas, with the Plateaux region, particularly the Kloto prefecture, offering optimal conditions (Guy Pontie, 2017).
Currently, the area devoted to cocoa production in Togo is approximately 27 645 hectares in 2023 (DSID, 2023), mainly concentrated in the Plateaux region hectares de cacao.. Although cocoa cultivation in Togo dates back to the 19th century, few studies have focused on the cocoa bean fermentation process in Togo, as highlighted by Taylor et al. Cocoa is the main raw material for chocolate and its derivatives. Post-harvest practices, particularly fermentation and drying, significantly influence the quality of the derived products.
In Togolese cocoa plantations, fermentation occurs spontaneously, either on the ground, in banana leaves, baskets, or piles on the ground, for 5 to 7 days. Fermentation primarily triggers several transformations in fresh cocoa beans:
- Removal of the mucilaginous pulp surrounding them
- Induction of embryo death, preventing the beans from germinating, which hinders their preservation
- Causes profound biochemical changes within the cotyledons.
The beans are then dried to reduce their moisture content from 60% in fermented beans to 6-7%. The dried beans are then exposed to the sun for 7 to 14 days, depending on the amount of sunlight. The fermented and dried beans are packed in 70 kg jute bags and stored in cooperative warehouses, cooperative facilities, or on farmers' premises (Pitcholo, 1990).
This study aims to :
· Research and isolate microorganisms associated with cocoa fermentation in Togo,
· Identify characteristic strains by biochemical and molecular methods,
· Analyze the impact on the organoleptic and market quality of fermented beans.
This integrated approach aims to provide scientific data to support the development of local starter crops, likely to strengthen the competitiveness of Togolese cocoa on the international market.

2. material and methods 

2.1. Monitoring of fermentation on site

The fermentations took place in two cocoa-producing localities in the Kloto region, Gadza-Wukpe and Tove Atsave. The pods were harvested from the cocoa trees and were shelled within an hour of shelling.
In Gadza-wukpe, fermentation took place in a rattan basket, the beans were previously placed in banana leaves, usually used for fermentation. In Tove - Atsave, the cocoa beans placed in banana leaves were put in a hole in the ground.
The cocoa pods are opened with a club and the fresh beans, covered with mucilage, are fermented. Fermentation lasted 7 days with manual mixing of the piles every 48 hours, particularly on days 1, 3, 5 and 7.
[bookmark: _Hlk204166134]After the seven days of fermentation, the beans are immediately put to dry on racks for 7 to 14 days depending on the sunshine. Every 48 hours, approximately three samples of 100g each of fermented cocoa beans were taken in sterile bags. These were placed in a cooler containing cold accumulators for better conservation.
The samples were then transported to the Laboratory of Microbiology and Food Control (LAMICODA) at the University of Lome.

Table 1.	Sampling schedule

	Fermentation days
	D1
	D2
	D3
	D4
	D5
	D6
	D7

	Mixing and sampling beans Mixing and sampling beans
	*
	
	*
	
	*
	
	*




2.2. Isolation of microorganisms involved in the fermentation process

2.2.1. Sample preparation
For each sample, 25 g of fermented beans were aseptically collected, placed in 225 mL of sterile buffered peptone water (BPPW), and homogenized for 2 minutes using a stomacher.

2.2.2. Dilution and seeding
Successive decimal dilutions (10⁻¹ to 10⁻⁶) were carried out from the homogenate obtained. For each dilution, 100 µL were inoculated by plating on selective culture media, chosen according to the target microbial groups:

Table 2.	Germs sought and culture conditions

	Germs wanted
	Culture medium
	Growing conditions

	Yeasts and molds
	Sabouraud dextrose agar supplemented with 250mg/100ml chloramphenicol

	The NF ISO 7954 standard: August 1988 thanks to the mass seeding technique. Incubation after homogenization and solidification is carried out at 30°C for 48 to 72 hours.

	Lactic acid bacteria
	De Man Rogosa Sharpe agar (MRS medium)
	Incubated at 30°C for 24 to 48 hours according to the method described by Harrigan and Mc Cance in 1976.

	Total mesophilic flora
	PCA medium
	The NF V08-051 standard : February 1999 by the mass seeding technique. The dishes are incubated at 30°C for 72 hours.







2.3. Morphological and biochemical characterization
After incubation, colonies with distinct morphology (size, shape, color, relief, opacity) were selected for each type of medium. In order to identify the microorganisms counted, identification tests were carried out, including catalase, oxidase and GRAM staining tests. 5 (Miguel et al., 2017)

[bookmark: _Hlk207777059]2.3.1. Catalase

Catalase tests were conducted according to the protocol of Mcleod and Gordon,1936 

2.3.2. Oxydase

Oxidase tests were conducted according to Mcleod and Gordon, 1987
[bookmark: _Hlk207777134]2.3.3. GRAM staining

[bookmark: _Hlk207777109][bookmark: _Hlk204157331]GRAM staining was done according to the GRAM principle. It allowed the germs to be dissociated into Gram-positive or Gram-negative germs.

2.3.4. Molecular identification

Obtaining pure culture and analyses

2.4. Controlled fermentation in the laboratory
A fermentation process was carried out in the laboratory, involving the inoculation of selected strains. These strains were incubated in 5 ml of Mueller Hinton broth at 30 °C for 48 hours.
Upon receipt, the cocoa pods were shelled, the fresh beans were taken out and distributed among small plastic baskets covered with banana leaves. The inoculum was then added to the fresh beans, triggering the fermentation process for 5 days, with the beans being mixed every 48 hours.
After fermentation, the beans are immediately dried on rattan racks. Drying lasts 7 to 14 days depending on the amount of sunlight during the drying period. The beans are regularly turned during the drying process to ensure a uniform drying process.

2.5. Sensory analysis

2.5.1 Obtaining the product derivative
Once the beans have dried, they are roasted. Roasting is an important step in cocoa processing causing water loss and generating volatile compounds responsible for chocolate aroma (R.F. Pena-Correa ˜ et al, 2022). The beans were roasted for 10 minutes over medium heat in a pan. The cocoa beans were then shelled by hand. This step removes the shells from the beans. The resulting roasted cocoa beans are then stored in airtight jars to preserve their freshness.

2.5.2 Composition of the tasting panel
To evaluate the organoleptic characteristics of the cocoa beans obtained, a sensory analysis session was organized within the SATA Laboratory (Food Sciences and Agri-Food Technologies Laboratory) of ESTBA (Higher School of Biological and Food Technology) at the University of Lome.
50 panel members (of which 64% men and 36% of women) for most of them are students of the bachelor’s degree course in Food Analysis and Control participated in the session.
They were presented with five samples of cocoa beans, including a sample of roasted cocoa beans from the Chocotogo brand, a control sample from the laboratory fermentation, and three samples of cocoa beans from the laboratory fermentation tests. All samples were randomly coded.
Each taster had to try two beans from each sample with a mineral water mouth rinse after each sample.
A rating sheet was made available to them, on which they noted their assessment of the different samples.
The records were collected and analyzed to obtain the results of the sensory analysis.

Table 3.	Sampling for analysis organoleptic
	Identification number
	Sample tested

	165
	Sample No. 20

	273
	Sample No. 16

	174
	Witness

	615
	Sample No. 6

	379
	Chocotogo roasted cocoa beans



2.5.6. Assessment of merchantability
The assessment of the marketable quality of cocoa beans from each sample allows us to determine the quantity of moldy, moth-eaten, flat, sprouted beans, the fermentation rate as well as the humidity rate.
Bean count refers to the number of healthy and normal cocoa beans contained in a given mass of beans ( Konan et al., 2023). In order to determine the bean count of the samples, a weighing procedure on an electronic balance is carried out to determine the average weight of a bean and the number of beans per 100 g. 
The fermentation index is determined by the cut test. This test serves as a benchmark for determining cocoa quality on the world market. This method uses color as the evaluation criterion.
[bookmark: _Hlk204919619]In practice, assessing the fermentation quality of cocoa beans involves selecting a representative sample, usually 300 beans. This analysis focuses on visually examining the cotyledons, the main part of the bean, to determine the fermentation rate. Well-fermented beans are characterized by a uniform brownish color and a uniform texture, as opposed to under-fermented beans, which may display purple or white hues and an uneven texture .


Table 4: Criteria sought during the control of marketable quality

	Criteria sought
Designation of defects

	Beans moldy

	Beans moths-weevil

	Flat beans

	Beans sprouted

	Unfermented beans​

	Beans insufficiently fermented

	Beans insufficiently fermented

	Unfermented​

	Humidity

	Number of beans





3. results and discussion

3.1. Results

3.1.1 Isolated microbial diversity and biochemical tests
The germ count allowed the isolation of lactic acid bacteria, yeasts and molds and a diversified total mesophilic flora. (Tables 1 and 2)


[bookmark: _Hlk206410403]Fig. 1: Results of the Agou zone 




Fig. 2: Results of Tove zone
Biochemical identification has highlighted the microbial diversity involved in cocoa fermentation. The table summarizes the results of the biochemical tests and shows the biochemical characteristics of the identified and selected germs. (Fig. 3)


Fig. 3: Results characterization phenotypic


3.1.3. Sensory analysis of fermented beans
The results of sensory analysis show that the dominant taste characteristics are cocoa, bitter taste, woody taste and nutty taste.
The analysis also does not show that the panel did not find any significant difference between the different samples. (Fig. 4)

Fig. 4: Sensory analysis result (taste detected)


Fig. 5: Sensory analysis result

3.1.4. Marketable quality of beans
The marketable quality tests established that 84.84% of the analyzed samples are of superior quality, 12.12 are of common quality and 3.03% must be reconditioned before analysis. (Fig. 6)


Fig. 6: Result of the marketable quality control


3.2. Discussion

The results of this study confirm that cocoa fermentation in Togo relies on a microbial diversity comparable to that observed in other producing regions such as Ivory Coast or Ghana. The genera Saccharomyces , Lactobacillus and Acetobacter play a central role, in agreement with the work of Ardhana and Fleet (2003) and Camu et al. (2008).
According to the study by Tovar et al., a wide diversity of microorganism species with internationally registered beneficial characteristics was discovered, including P. acidilactici, L. brevis, L. plantarum, L. farraginis, L. rhamnosus, Gluconobacter sp ., G. japonicus, A. tropicalis, A. pasteurianus/pomorum, A. malorum/tropicalis, D. hansenii, M. guillermondii , W. anomalus, B. megaterium and B. subtilis .
Nielsen, 2006 found the following germs Candida, Bacillus, Lactobacillus, Saccharomyces, Acetobacter
(Mota-Gutierrez et al, 2018) observed that colony counts revealed the predominance of yeasts at the beginning of both fermentations, followed by acetic acid bacteria (AAB) and lactic acid bacteria (LAB). Hanseniaspora opuntiae, S. cerevisiae, Pichia pijperi, Acetobacter pasteurianus and Lactobacillus fermentum were the most abundant operational taxonomic units (OTUs) during both fermentation processes (B and H), although different relative abundances were observed.
The study by Kouame et al., 2015 highlights the microbial diversity existing in cocoa fermentation in Agnéby-Tiassa .
Like all these studies, our work confirms that fermentation involves a broad microbial diversity in the cocoa fermentation process in Togo as in other producing regions in the world.
[bookmark: _Hlk205454105]Following the marketability tests, the quality tests showed that 84.9% of the cocoa beans obtained from fermentation inoculated with the isolated strains are of superior quality. This demonstrates that the strains used for fermentation make it possible to obtain cocoa beans that can be marketed under the superior quality grade .
Isolation and morpho-biochemical characterization revealed the predominant presence of lactic acid bacteria ( Lactobacillus plantarum , L. fermentum ), acetic acid bacteria ( Acetobacter pasteurianus , Gluconobacter oxydans ) and yeasts ( Saccharomyces cerevisiae , Pichia kudriavzevii ). These genera are classically reported in the literature on cocoa fermentation , particularly in West Africa ( Camu et al., 2008 ; De Vuyst et al., 2016), confirming their central role in the metabolic transformations of cocoa mucilage.
The dominance of S. cerevisiae and L. plantarum as key species in Togolese isolates provides a relevant basis for the development of local starter cultures, adapted to the specific environmental conditions of the country.
Molecular identification validated the biochemical results and ensured essential taxonomic precision for future biotechnological exploitation of the strains.
Treatment with the inoculated strains therefore had no significant impact on the organoleptic quality of the fermented cocoa beans.
Sensory analyses conducted by Ariza Budi Tunjung Sari et al, 2023, revealed that cocoa beans from Indonesia and Ghana had cocoa notes.
This study determined that a wide variety of germs are involved in the fermentation of cocoa beans in Togo. However, the study could not show a significant impact of the strains involved individually for the improvement of the organoleptic and market quality of cocoa beans.
Finally, although this study provides a solid foundation, some limitations must be considered, including the limited number of sampling sites and the lack of metagenomic analysis of spontaneous fermentation. A more integrated approach including metabolomics could provide more detailed information on the specific contribution of each microorganism to aroma profiles.


4. Conclusion

Cocoa is an important crop in Togo both economically and agriculturally. It is therefore essential to study the stages of cocoa processing that give it its organoleptic and marketable characteristics. Fermentation is a crucial step in this process and harmonization of the products obtained is necessary. Through this study, the diversity of germs involved in fermentation was established as well as the sensory profile of the beans marked mainly by cocoa, bitter, nutty and woody tastes. However, the study could not determine a strain that significantly improves the organoleptic quality of cocoa beans. It is therefore essential to complete the analyses by studying more deeply the fermentation parameters and the design of starter for cocoa fermentation.
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