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Abstract: Cocoa beans fermentation is an absolute requirement for the full development of chocolate flavor precursors. Here, 

we investigated the dynamic of microbial flora succession taking place in Agnéby-Tiassa cocoa fermentation. The results show 

that the first time of fermentation, the bacterial ecology quickly underwent changes characterized by the successional growth of 

lactic acid bacteria, yeasts, acetic acid bacteria and Bacillus. The dominance of Lactic acid bacteria observed at the onset of 

process was represented by a large proportion of homofermentative strains (98.88%). Besides, all the LAB strains were able to 

metabolize glucose, fructose, sucrose and a proportion of 71.35% exhibit capacity to degrade citric acid. Yeasts population was 

characterized by a large diversity based on their carbon profile and their ability to produce pectinolytic enzymes (13.55%) 

essential to degrade pectin of cocoa pulp. Furthermore, acetic acid bacteria were dominated by Acetobacter genus which 

represent 83.22% of AAB isolated. The later stages of fermentation were dominated by the presence of Bacillus strains which 

possess technological potentially as pectinolytic activity, capacity to metabolize citric acid and acidification capacity. Our results 

show that microflora isolated in this cocoa region producer behave differently and emphasize a microbial diversity existing in 

cocoa fermentation of Agnéby-Tiassa area. 
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1. Introduction 

A microbial fermentation and drying process are required to 

initiate the formation of the precursors of cocoa flavor [1]. 

Cocoa beans fermentation involves a large number of different 

microorganisms, mainly yeasts, lactic acid bacteria (LAB), 

acetic acid bacteria (AAB) and Bacillus [2, 3], which is 

essential in determining the quality of cocoa beans aroma and 

future chocolate [4, 5, 6]. During the initial phases of the 

cocoa beans fermentation process, yeasts are favoured due to 

high sugar concentrations, low oxygen availability and low 

pH. They consume citric acid producing ethanol, and present 

pectinolytic activity. The reduced oxygen availability, 

combined with increased temperature and pH, favour the 

development of lactic acid bacteria (LAB), which consume 

citric acid and convert sugars to lactic acid. The increased 

aeration, due to pectin degradation, promotes the development 

of acetic acid bacteria (AAB), which ferment the ethanol, a 

highly exothermic process [2, 7, 8]. Concerning Bacillus 

species; many reports have indicated presence of various 

species which grow throughout of fermentation process [3, 9, 

10, 11]. This microbial activity generates a range of 

metabolites end-products such as alcohols and organic acids 

which diffuse into beans to cause their death. The change 

triggers an array of biochemical reactions and chemical 

changes within the beans, that are essential for the 

development of the characteristic cocoa flavour [12, 13, 14]. 

Many studies have reported the influence of cocoa pods 

origin and fermentation practices in the farm on the evolution 

of cocoa bean fermentation process [3, 7, 8, 15, 16]. They 

show that cocoa bean fermentation process differs from 

country to country, as it is often carried out according to 

typical local ways, differing in fermentation method, duration 

of the fermentation, and other operational practices on the 

farm, which may all impact the quality of the final products [3, 

8, 17]. In Côte d’Ivoire, there are several cocoa-producing 

regions which give variable and non-reproducible quality of 

fermented cocoa beans. This variability has led to high 
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economy loss over past years, evaluated at more than 200 

billion francs CFA [18]. Understanding of microbial ecology 

of the fermentation process seems to be an efficient approach 

to control quality of cocoa fermented beans and reduce 

economic losses. In this context, Agnéby-Tiassa region one of 

the cocoa-producing regions of Côte d’Ivoire, with 26.180 

tons of cocoa beans for campaign 2013–2014 [19], the 

microbial flora responsible of its fermentation is still unknown. 

On the other hand, the few studies on Côte d’Ivoire microbiota 

reported in literature until now remain recent [21, 22, 23, 24, 

25, 26]. In this study, we investigated biochemical 

characteristics of microbial population involved in traditional 

cocoa bean fermentation of Agnéby-Tiassa and their impact 

on the quality of fermented beans. 

2. Materials and Methods 

2.1. Fermentation Conditions and Sampling 

The ripe cocoa pods constituted of mixed genotypes 

(Forastero, Trinitario and Criollo cultivars) were harvested at 

a cocoa farm located in the region of Agnéby-Tiassa 

(geographic coordinates 6°00' North 4°00' West, Côte 

d’Ivoire). Cocoa pods were broken open manually with a knife, 

and beans were removed from pods and fermented 

traditionally by heap fermentation for six days. The 

fermenting mass about 150 kg, set on banana leaves and 

covered with banana leaves. Each 12 hours the fermenting 

mass was turned. And then, 200 g of samples were collected 

randomly at the start of the fermentation (0 h) and after every 

12 h until the end of fermentation. Samples collected were 

sealed in sterile bags (stomacher) transferred to the laboratory 

and stored in freezer at -20°C. Microbiological analyses were 

performed on the day of sample collection. The pH and 

temperature were also regularly recorded directly at 15 cm 

depth on the fermenting heap, with portable pHmeter and 

thermometer. 

2.2. Isolation and Enumeration of Microorganisms 

For culture-based quantification, 25 g of cocoa beans and 

adherent pulp was added to 225 ml saline-peptone water 0.1% 

(wt/v) (Oxoid, Basingstoke, United Kingdom) in a sterile 

stomacher 400 (Seward, Worthington, United Kingdom), 

homogenised for 5 min and diluted serially. Samples (0.1 ml) of 

the homogenate were plated on four different culture media 

following appropriate dilution for enumeration of the number of 

colony-forming units (CFU). Lactic acid bacteria (LAB) were 

enumerated by plate inoculation on MRS (Man Rogossa and 

Sharpe) agar supplemented with 0.1% (v/v) nystatin to inhibit 

fungal growth. Plates were incubated at 30°C for 48-72 h under 

anaerobic conditions in a candle-jar. Concerning Acetic acid 

bacteria (AAB), they were enumerated by surface inoculation 

on Duthathai agar as described by [19] method. The medium 

containing 0.5% D-glucose, 1% yeasts extract, 1% peptone, 2% 

glycerol, 1.5% potato and 4% ethanol (v/v), was supplemented 

with 0.0016 % bromocresol green to monitor pH variation and 

nystatin 0.1% to inhibit fungal growth. The culture was 

incubated at 30°C to enable colony enumeration. Malt Yeast 

Peptone Glucose (MYPG) agar containing 3% yeast extract, 

3% malt extract, 5% peptone (Himedia), and 1% glucose, 

adjusted to pH 5.6 supplemented with 100 mg/L 

chloramphenicol (Sigma, Paris, France) to inhibit bacterial 

growth, was used to enumerate yeasts population. The plates 

were incubated at 30°C for 72 h. Bacteria of strain Bacillus 

were enumerated on Nutrient agar (NA) containing 0.1% 

nystatin to inhibit fungal growth. After the spreading, the plates 

were incubated at 30°C at 48 h. Following incubation, the 

number of cell formed united (CFU) was recorded, followed by 

morphological characterization and counts of each colony type 

obtained, as described previously [27]. Phenotypic 

characterization of bacterial colonies originating from MRS, 

Duthathai agar, and NA plates was performed by conventional 

microbiological methods, including gram staining in 

conjunction with microscopic examination, catalase and 

oxidase activity and motility tests. The yeast colonies were 

physiologically characterized by determining their morphology. 

The strains isolated were stored at -80 °C in Luria Bertani, MRS, 

MYPG and NA broth supplemented with 20% (v/v) glycerol in 

Eppendorf tubes, for further studies. 

2.3. Biochemical Characterization of Strains Isolated 

2.3.1. Screening of Yeast Pectinolytic Strains 

Method described by [9] was used for the screening of 

yeast pectinolytic strains. Five wells of 0.5 cm in diameter 

and 2 to 3 mm in depth were made aseptically on plate agar 

containing a basal mineral medium (0.28% NH4SO4, 0.6% 

K2HPO4, 0.01% MgSO4, 0.2% KH2PO4, and 0.5% glucose) 

supplemented with 0.02% yeast extract, 1% pectin, and 1.7% 

agar adjusted pH to 5.6. Then pure yeast culture was 

suspended in saline tryptone to have an optical density of 1 at 

600 nm. The wells were subsequently loaded with 7 µl of the 

suspension. All the wells of the same plate were inoculated 

with a single suspension. After 48 h incubation at 30°C, the 

solid culture medium was flooded with a solution of iodine 

and potassium iodide (5 g potassium iodide, 1 g iodine and 

330 ml distilled water) to reveal the clear zones around the 

wells corresponding pectinolytic activity [28]. 

2.3.2. Carbon Metabolism of Yeast Strains 

Following screening of pectinolytic activity of yeasts, a 

subset of 25 isolates was selected based pectinolytic activity 

for further analysis. The carbon metabolism study was 

carried out according to [29] method. A pre-culture was 

prepared by growing cells in malt extract broth 0.3% for 24 h 

at 30ºC. Then 10 µL of the pre-culture (OD600 = 0.5) were 

used to inoculate 10 mL of sterilized medium contained in 25 

mL of tube. This medium, in which a Durham tube was 

inserted, was composed of 0.5% yeast extract and 2% of each 

carbohydrates tested (D-glucose, D-fructose, D-galactose, 

sucrose, maltose and lactose). Cultures were then incubated 

at 30ºC for 48 h to 3 weeks. The presence of gas in Durham 

tubes indicates that the isolates ferment sugars with 

production of carbon dioxide (CO2). 
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2.3.3. Carbon Metabolism of Lactic Acid Bacterial Strains 

Carbon metabolism of LAB isolates were carried out to 

evaluate their ability to produce acid by catabolizing glucose, 

fructose and sucrose. The study of sugars metabolism was 

performed in a modified MRS medium containing the 

appropriate carbohydrate at 2% as sole carbon source, 1.7% 

agar and supplemented with 0.005% of bromocresol purple. 

Each strain was cultivated by central sting in the medium and 

then incubated at 30 °C for 72 h in anaerobic conditions. A 

negative control was prepared in the same conditions and not 

inoculated with the microbial culture. The capacity of strains 

to metabolize the carbon source is assessed by the presence of 

colony in the tube and the change of medium colour due to pH 

lowering, comparatively to the negative control. 

2.3.4. Fermentative Type of LAB Strains 

Fermentative type of bacterial strains was evaluated by [30] 

method with slight modification. Each strain was cultivated 

and incubated as described above, in the same MRS medium. 

The carbohydrates tested were glucose, fructose and sucrose. 

The fermentative type was determined by ability of strains to 

produce gas from carbon source. Heterofermentative LAB 

type was identified by the presence of gas at the bottom of the 

tube with yellow zone. 

2.3.5. Citrate Metabolism of LAB 

The capacity of LAB strains to metabolize citrate was 

performed according to [31] method. KMK agar containing 1% 

skimmed milk powder, 0.5% casein peptone, 0.5% glucose and 

1.5% agar added with 1 mL of two solutions A and B was used. 

The solution (A) of potassium ferricyanide (K3FeCN) was 

prepared at 10% in water distilled. The solution (B) containing 

1 g iron citrate and 1 g sodium citrate was prepared in 40 mL of 

distilled water. The medium was inoculated by spot with pure 

24 h pre-culture of LAB strains and then incubated at 30°C for 

48 h. After incubation, the colonies which appear blue on the 

medium are the microorganisms which are able to metabolize 

citrate “citrate (+)” and white colonies characterized by 

microorganisms which are not able to metabolize citrate “citrate 

(–)”. 

2.3.6. Acidification Capacity of AAB 

Acidification capacity of AAB strains was performed 

using an adapted [32] method with slight modification. 

Hestrin-Schramm (HS) agar containing 0.05% D-glucose, 

0.5% yeasts extract, 0.3% casein peptone, 2% glycerol, 1.5% 

calcium carbonate, 1.5% ethanol (v/v) and 1.5% agar, 

supplemented with 0.0016% bromocresol green, adjusted at 

pH 6.8, was used. Then HS agar was spot inoculated with 

pure 24 h pre-culture of AAB strains and incubated at 30°C 

for 10 days. Acid production was monitored by formation of 

yellow halo around the spot and acidification capacity of 

strains was evaluated each day by measuring of halo 

diameter. 

2.3.7. Distinction of AAB by over Oxidation Test 

This test evaluated the ability of the isolates of acetic 

bacteria to carry out over oxidation of lactic and acetic acids 

by the HS medium. The modified HS medium containing 

0.05% glucose and 1% acetic acid or lactic acid as a carbon 

source was used. Addition of acetic acid or lactic acid to the 

HS broth provokes the change of the green medium color 

into yellow. Five milliliters of medium contained in a 20 ml 

flask were inoculated with the bacterial pre-culture and 

incubated at 30°C for 48 h. Over oxidation of acetic acid into 

CO2 and H2O was assessed by the change of medium color 

back to green, due to pH rising. 

2.3.8. Screening of Bacillus Strains for Pectinolytic Activity 

The method [9] described previously was used to evaluate 

the capacity of Bacillus strains to degrade pectin as sole 

carbon source. 

2.3.9. Citrate Metabolism of Bacillus Strains 

The capacity of Bacillus strains to metabolize citrate was 

carried out according to [31] method described previously 

using KMK agar added with solutions A and B of potassium 

ferricyanide. After incubation at 30°C for 48 h, the colonies 

which appear blue on the medium are able to metabolize 

citrate and white colonies characterized microorganisms 

which are not able to metabolize citrate. 

2.3.10. Acidification Capacity of Bacillus Strains 

Bacillus strains were evaluated to their acidification 

capacity using an adapted method [32] described previously. 

The inoculation was carried out by central sting of HS medium 

flowed on tube with the pure 24 h pre-culture of Bacillus and 

incubated at 30°C for 48 h. A negative control was prepared in 

the same conditions excepted that it was not inoculated with 

the microbial culture. Acid production was monitored by 

formation of yellow area in the tube with or not production of 

gas. Acidification capacity of Bacillus was determined by 

evaluating in a visual based. 

3. Results and Discussion 

The study reveals that the temperature inside the 

Agnéby-Tiassa fermenting cocoa mass ranged from an initial 

28°C to a maximum 46°C obtained after 36 h of fermentation 

(Figure 1). Then the temperature decreased progressively, 

dropping at 30°C at the end of process. The initial pH at the 

start of the fermentation was 4.46 and decrease slightly to 4.05 

at 24 hours (Figure 1). Then the value increased progressively 

to 5.86 at 60 h and rose sharply to reach its maximum value 

7.12 at the end of the fermentation process. The similar pattern 

was reported in others cocoa fermentation in many countries 

[1, 6, 33, 34, 35]. According to a report [22], the increase of 

both parameters seems to be an inherent property of cocoa 

fermentation worldwide. However, the acid pH observed at 

the beginning of fermentation is known to depend primarily 

on the presence of citric acid in cocoa beans mucilage [36] and 

its increase was associated to citric acid consumption [2, 30]. 

Moreover, alkaline pH reached at the end of process was also 

been reported by some authors [9], [35] and [37] in Ivorian 

cocoa fermentation. This situation seems to be a particularly 

of Côte d’Ivoire cocoa fermentation, since alkaline pH has not 
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been yet reported in other country. According

increasing of temperature observed during fermentation 

process was associated to intense metabolic activity 

microorganisms that occurred during this 

sometimes about 50°C at the end of the process. Overall, 

temperature and pH changes showed in cocoa fermentation 

provided an ecosystem that selected for the successional 

growth of various species of yeasts, lactic acid bacteria, acetic 

acid bacteria and Bacillus. 

Figure 1. Evolution of temperature and pH during cocoa fermentation

bars indicates standard deviation between three replicates

The dynamic of microorganism population obtained from 

numeration during cocoa fermentation process are shown on 

Fig 2. The results revealed that at the beginning of 

fermentation, yeasts, lactic acid bacteria and 

present with different level of bacterial load. Among the

LAB were the most important bacterial load to 6.18 log UFC 

g
-1

 of beans compared with yeasts and Bacillus

and 5.91 log CFU g
-1

 of beans, respectively

bacteria populations were undetectable at the beginning of 

process. 

During the fermentation, the LAB population increased 

sharply to reach a peak of 7.27 log CFU g

while yeasts population obtained maximum load 7.46 log 

CFU g
-1

 of beans at 36 h of fermentation. Acetic acid bacteria 

population started to develop after 12 h with bacterial load 

5.72 log CFU g
-1 

of beans and the bacterial load increased 

rapidly to reach a peak of 7.72 log CFU g
-

Concerning Bacillus populations, the number remained high 

throughout the fermentation and reached the most important 

peak of 8.08 log CFU g
-1 

of beans at the end of fe

process. However, the results show that generally

decrease of bacterial load of different microorganisms was 

observed after the peak and became undetectable at the end of 

the process. The presence of flora bacterial at the start of 

fermentation was similar to that observed in many countries [3, 

38]. According to some authors [2, 39, 40

which colonized cocoa fermenting mass come from the cocoa 

pod surface mainly, hands of workers, knives, unwashed 

baskets used for transport of seeds, and dried mucilage left on 
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fermentation, yeasts, lactic acid bacteria and Bacillus were 

present with different level of bacterial load. Among them, 

LAB were the most important bacterial load to 6.18 log UFC 

Bacillus load to 5.90 

s, respectively. The acetic acid 

bacteria populations were undetectable at the beginning of 

During the fermentation, the LAB population increased 

a peak of 7.27 log CFU g
-1

 of beans at 12 h 

while yeasts population obtained maximum load 7.46 log 

at 36 h of fermentation. Acetic acid bacteria 

population started to develop after 12 h with bacterial load 

e bacterial load increased 
-1

 of beans at 60 h. 

populations, the number remained high 

throughout the fermentation and reached the most important 

at the end of fermentation 

However, the results show that generally high 

decrease of bacterial load of different microorganisms was 

observed after the peak and became undetectable at the end of 

the process. The presence of flora bacterial at the start of cocoa 

rmentation was similar to that observed in many countries [3, 

40], microorganisms 

which colonized cocoa fermenting mass come from the cocoa 

pod surface mainly, hands of workers, knives, unwashed 

port of seeds, and dried mucilage left on 

the walls of boxes from previous fermentations. 

that the fermentation of cocoa is a spontaneous 

microbiological process. In the initial phases of the 

fermentation, growth of yeasts and LAB are favoured

regard increase of load bacterial level to the first time of 

process at 12 and 36 h of fermentation, respectively. 

Thereafter, their population declined to nondetectable levels 

until fermentation was terminated

previous studies conducted in other

has been admitted that the initial acidity of the pulp (pH 3.6) 

together with the high sugar content and limited oxygen 

availability in the pulp, favour colonization by yeasts [2, 3]. 

While the amended conditions favour the development of 

lactic acid bacterial. They metabolism conduct mucilage 

breakdown which consequence was modification of aeration 

conditions and produces fermentable carbohydrate substrates 

[34]. The changes of fermentative mass 

to rise of temperature above 37°C are great to acetic acid 

bacteria development which became the dominant organisms 

(bacterial load) at 60 h of process. This stage of mic

succession is reflected by a decline 

ethanol and increase of acetic acid. The exot

of acetic acid bacteria raise the temperature of the fermenting 

mass even further up to 50°C or more. It seems that the 

decrease in the number of acetic

onwards is probably due to their inhibition by the high 

temperature in the cocoa mass which occurred [2, 11]. As 

regard the Bacillus population, the numbers still persisted 

throughout the process and were the dominant microflora after 

84 h until the end of process. Their sim

that of yeasts, LAB and AAB, as too observed in Indonesia [3] 

and Ghana fermentations [8] may indicate that these strains 

had an exceptional ability to proliferate under very extreme 

conditions and to use a big diversity of carbon sou

Indeed, towards the end of the fermentation, the major sources 

of carbon are organic acids such as acetic acid and lactic acid, 

and mannitol. Moreover, the report [

Bacillus species are able to use those 

of energy. This can explain probably the

species during the later stages of process

Figure 2. Microorganism growths dynamic during cocoa fermentation
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xes from previous fermentations. It indicates 

that the fermentation of cocoa is a spontaneous 

microbiological process. In the initial phases of the 

growth of yeasts and LAB are favoured as 

regard increase of load bacterial level to the first time of 

process at 12 and 36 h of fermentation, respectively. 

Thereafter, their population declined to nondetectable levels 

until fermentation was terminated. These findings agree with 

es conducted in other countries [38, 41, 42]. It 

has been admitted that the initial acidity of the pulp (pH 3.6) 

together with the high sugar content and limited oxygen 

availability in the pulp, favour colonization by yeasts [2, 3]. 

tions favour the development of 

lactic acid bacterial. They metabolism conduct mucilage 

breakdown which consequence was modification of aeration 

conditions and produces fermentable carbohydrate substrates 

changes of fermentative mass conditions associate 

to rise of temperature above 37°C are great to acetic acid 

bacteria development which became the dominant organisms 

(bacterial load) at 60 h of process. This stage of microbial 

a decline of the concentration of 

acetic acid. The exothermic reactions 

acid bacteria raise the temperature of the fermenting 

mass even further up to 50°C or more. It seems that the 

decrease in the number of acetic-acid bacteria from three days 

due to their inhibition by the high 

temperature in the cocoa mass which occurred [2, 11]. As 

population, the numbers still persisted 

throughout the process and were the dominant microflora after 

84 h until the end of process. Their simultaneous growth with 

that of yeasts, LAB and AAB, as too observed in Indonesia [3] 

and Ghana fermentations [8] may indicate that these strains 

had an exceptional ability to proliferate under very extreme 

conditions and to use a big diversity of carbon sources [43]. 

Indeed, towards the end of the fermentation, the major sources 

of carbon are organic acids such as acetic acid and lactic acid, 

report [44], indicated that many 

species are able to use those compounds as a source 

of energy. This can explain probably the growth of Bacillus 

of process. 

 

dynamic during cocoa fermentation. 
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The variation of physical and chemical parameters 

associated to the microbial succession dynamic which

place and the technological role of each microorganism in 

cocoa fermentation shaping the quality of the commercial 

cocoa beans. 

Biochemical identification of yeast strains isolated from 

Agnéby-Tiassa cocoa fermentation, revealed that of them 230 

isolates. A relatively low proportion of 13.55% (32 strains) 

was able to degrade pectin as sole carbon source. Based on 

halo diameter, pectinolytic strains were classified i

groups: the first group concerned high strains producing 2

cm of halo diameter, second group comprised strains yielding 

1.5-2 cm halo diameter corresponding to a middle pectinolytic 

activity and the last group of strains presented low pectinoly

activity with halo diameter ranging in 1-1.4 cm (Figure

Activity of pectinolytic yeast strains in cocoa fermen

was also reported by some authors [17]. This technological 

property of yeasts strains is very important for cocoa 

fermentation process [2, 45]. Indeed, according to

pectinolytic activity of yeasts contributes to change aeration at 

the beginning of the cocoa fermentation and seemed to be 

more relevant to improve bean quality. 

Figure 3. Screening of yeast strains with different l

activity. 

Hence the best pectinolytic yeasts isolated based on halo 

diameter were further studied for their carbon metabolism. 

Table 1 shows the carbohydrates profile of pectinolytic yeast

strains. Ten profiles were obtained: the profile 2 recording the 

most important number of pectinolytic yeast

which is characterized by ability to ferment glucose and 

fructose, while the profile 1 included pectinolytic yeast

which is able to metabolize glucose, fructose and sucrose. The 

isolate T0Ys6 of profile 5 was able to metabolize all the tested 

sugars. The number of profile obtained indicating pro

wide diversity of yeast species isolated of Agnéby

fermentation. Besides, nearly of the half of strains (48%) were 

able to metabolize glucose and fructose while 20% ferment 

glucose, fructose and sucrose which are the main 

carbohydrates contained in the cocoa pulp 

diversity of pectinolytic yeast presents in this

constitutes a potential influence on the quality of fermented 

dry cocoa beans and chocolates produced thereof.

One hundred seventy-eight (178) LAB strains characterized 

as Gram positive, oxidase negative, catalase negative and 
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place and the technological role of each microorganism in 

cocoa fermentation shaping the quality of the commercial 

strains isolated from 

Tiassa cocoa fermentation, revealed that of them 230 

tion of 13.55% (32 strains) 
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activity and the last group of strains presented low pectinolytic 

1.4 cm (Figure 3). 

strains in cocoa fermentation 

. This technological 

property of yeasts strains is very important for cocoa 

according to [45] 

to change aeration at 

the beginning of the cocoa fermentation and seemed to be 

 

with different levels of pectinolytic 

Hence the best pectinolytic yeasts isolated based on halo 

diameter were further studied for their carbon metabolism. 

s profile of pectinolytic yeast 

strains. Ten profiles were obtained: the profile 2 recording the 

nt number of pectinolytic yeast strains (48%) 

which is characterized by ability to ferment glucose and 

e 1 included pectinolytic yeast (20%) 

le to metabolize glucose, fructose and sucrose. The 

isolate T0Ys6 of profile 5 was able to metabolize all the tested 

sugars. The number of profile obtained indicating probably a 

species isolated of Agnéby-Tiassa 

s, nearly of the half of strains (48%) were 

able to metabolize glucose and fructose while 20% ferment 

glucose, fructose and sucrose which are the main 

carbohydrates contained in the cocoa pulp [46]. The high 

diversity of pectinolytic yeast presents in this area may 

constitutes a potential influence on the quality of fermented 

dry cocoa beans and chocolates produced thereof. 

LAB strains characterized 

as Gram positive, oxidase negative, catalase negative and 

cocci or rods shaped were isolated during the cocoa 

fermentation. Thirty-seven (37) 

(20.79%) and 141 were lactobacilli (79.21%). The similar 

observation has been reported in Ghanaian and Nigerian cocoa 

fermentation [40, 41]. Moreover, our results sho

homofermentative strains (98.88%) are widely dominant 

among LAB isolated from Agnéby

(Table 2). 

Table 1. Fermentative profile of pectinolytic yeast

Profiles 
 

Glu Fru Suc Mal

Profile 1 + + + -

Profile 2 + + - -

Profile 3 + + - -

Profile 4 + + + +

Profile 5 + + + +

Profile 6 + + + -

Profile 7 + + + -

Profile 8 + + + +

Profile 9 + + - +

Profile 10 + - - -

Glu: glucose; Fru: fructose; Suc: sucrose; Mal: maltose

galactose 

+: positive, -: negative 

These results are not consistent with those found in 

Ghanaian fermentation [8]; Indonesian fermentation 

Dominican Republic fermentation 

heterofermentative LAB constitute the major group occurring 

during cocoa beans fermentations. 

community observed in fermentation process of this area

could explain the difference of quality existing between 

Ivorian commercial cocoa beans and others

producing. On the other hand, 

produced by lactic bacteria is not desirable due to the negative 

impact on the cocoa beans [2]. 

[47] are demonstrated that high level of lactic acid in cocoa 

beans fermenting mass may allow enhanced growth of 

Acetobacter genus which is able to metabolize lactic acid. 

Consequently, predominance of homofermentative forms in 

Agnéby-Tiassa cocoa fermentation may constitute

alternative asset considering the important role of AAB in 

fermentative process and on the quality of end products. 

Besides, the LAB strains isolated were analysed and screened 

for their ability to produce acid by catabolizing glucose, 

fructose, sucrose and citrate. The results revealed that all of 

the strains are able to metabolize glucose, fructose, sucrose 

and a wide proportion of strains (71.35%) fermented citrate 

(Table 2). These results are consistent with the observation 

according to some lactic acid bacteria species may metabolize 

pulp citric acid [2, 13]. This confirmed the prominent growth 

of lactic acid bacteria during the first 2 days of fermentation. 

Citrate metabolism constitutes an important and particular 

property. Indeed, the citric acid 

of cocoa pulp before fermentation processing 

and it degradation in the first stage of fermentation allows the 

raise of the pH favourable for the development of many 

bacterial groups which may contribute to
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d were isolated during the cocoa 

(37) isolates were lactococci 

(20.79%) and 141 were lactobacilli (79.21%). The similar 

observation has been reported in Ghanaian and Nigerian cocoa 

. Moreover, our results showed that 

homofermentative strains (98.88%) are widely dominant 

among LAB isolated from Agnéby-Tiassa cocoa fermentation 

ve profile of pectinolytic yeast strains. 

Total of isolates 
Mal Lac Gal 

- - - 5 

- - - 12 

- - + 1 

+ + + 1 

+ - + 1 

- + + 1 

- - + 1 

+ - - 1 

+ - - 1 

- - - 1 

glucose; Fru: fructose; Suc: sucrose; Mal: maltose ; Lac : lactose ; Gal : 

These results are not consistent with those found in 

; Indonesian fermentation [3] and 

Dominican Republic fermentation [34] which reported that 

heterofermentative LAB constitute the major group occurring 

during cocoa beans fermentations. This difference of LAB 

community observed in fermentation process of this area 

could explain the difference of quality existing between 

rian commercial cocoa beans and others cocoa region 

, it has known that the acidity 

produced by lactic bacteria is not desirable due to the negative 

]. However, more recent reports 

ed that high level of lactic acid in cocoa 

beans fermenting mass may allow enhanced growth of 

genus which is able to metabolize lactic acid. 

Consequently, predominance of homofermentative forms in 

Tiassa cocoa fermentation may constitute an 

alternative asset considering the important role of AAB in 

fermentative process and on the quality of end products. 

Besides, the LAB strains isolated were analysed and screened 

for their ability to produce acid by catabolizing glucose, 

e and citrate. The results revealed that all of 

the strains are able to metabolize glucose, fructose, sucrose 

and a wide proportion of strains (71.35%) fermented citrate 

(Table 2). These results are consistent with the observation 

acid bacteria species may metabolize 

. This confirmed the prominent growth 

of lactic acid bacteria during the first 2 days of fermentation. 

Citrate metabolism constitutes an important and particular 

 is responsible for the initial pH 

of cocoa pulp before fermentation processing [3; 13, 48, 49] 

and it degradation in the first stage of fermentation allows the 

raise of the pH favourable for the development of many 

bacterial groups which may contribute to impact positively 
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cocoa bean quality [2, 50]. 

Table 2. Distribution of LAB strains according to the carbon metabolism

Profiles 
Tested 

strains 

Number of LAB 

metabolizing the sugar 

Glu Fru Suc

lactobacilli 141 141 141 141

Lactococci 37 37 37 37 

Glu: glucose; Fru: fructose; Suc: sucrose; Citr: citrate.

With respect to AAB, the isolates Gram negative, oxidase 

negative, catalase positive, straight or slightly curved were 

selected. Among the 155 strains, 26 (16.77%) were 

Gluconobacter and 129 (83.22%) were Acetobacter

The genera Acetobacter were able to oxidize acetic acid and 

lactic acid to CO2 and H2O indicated by turning of medium 

from yellow to green (Figure 4).This observation was not the 

same for Gluconobacter genera. The same observation has 

been regularly recorded in cocoa beans fermentation 

According to these authors, from the 10 existing genera of 

AAB, only the Acetobacter and Gluconobacter

reported to colonize cocoa beans fermenting mass 

the Acetobacter genus dominant [51, 52

genus is known to oxidize ethanol to acetic acid and species 

from the genus Acetobacter have the additional capacity to 

oxidize acetic acid to carbon dioxide and water 

known that production of acetic acid during cocoa 

fermentation is desirable for development of precursors 

chocolate aroma [54, 55]. At date, the possible impact of the 

balance between both types of AAB, on the quality of bean is

not established. 

T: control test, I1: positive test corresponding to Acetobacter

negative test corresponding to Gluconobacter genus 

Figure 4. Over oxidation of AAB strains

All the AAB isolates were screened for their capacity to 

acidify solid medium as evidenced by yellow halo round the 

colonies. The halo diameters ranged from 0.7 and 3.1 cm. All 

the AAB strains showed naturally acidification capacity but 

with different levels. On based the halo diameter produced three 

strains groups were identified, 69 strains AAB
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Glu: glucose; Fru: fructose; Suc: sucrose; Citr: citrate. 

With respect to AAB, the isolates Gram negative, oxidase 

negative, catalase positive, straight or slightly curved were 

selected. Among the 155 strains, 26 (16.77%) were 

Acetobacter genus. 

were able to oxidize acetic acid and 

O indicated by turning of medium 

This observation was not the 

same observation has 

been regularly recorded in cocoa beans fermentation [8, 14]. 

, from the 10 existing genera of 

Gluconobacter genera were 

reported to colonize cocoa beans fermenting mass [51], with 

52]. Gluconobacter 

genus is known to oxidize ethanol to acetic acid and species 

have the additional capacity to 

oxidize acetic acid to carbon dioxide and water [53]. It 

known that production of acetic acid during cocoa 

fermentation is desirable for development of precursors 

. At date, the possible impact of the 

balance between both types of AAB, on the quality of bean is 

 

Acetobacter genus, I2: 

 

ver oxidation of AAB strains. 

All the AAB isolates were screened for their capacity to 

y yellow halo round the 

colonies. The halo diameters ranged from 0.7 and 3.1 cm. All 

the AAB strains showed naturally acidification capacity but 

with different levels. On based the halo diameter produced three 

strains groups were identified, 69 strains AAB produced high 

acidity with halo diameter to 1.7

ranged from 1.1-1.7 cm, 73 strains were considered to produce 

middle acidity and 13 isolates showed low acidity capacity. 

This property is agreed with the classic description of 

bacteria in the literature [56

acidification during cocoa fermentation caused by acetic acid 

was positive effect and contributes for development of 

characteristic flavour of chocolate 

Three hundred and three (30

isolated from cocoa fermentation and 

time for pectinolytic activity. A number of 101 (32.16%) 

were positive for pectin degradation based present of clear 

halo round colonies. Among them, 5 presented the mo

important pectinolytic activity with halo diameter ranged 

from 2.7-3.4 cm, 46 produced middle activity with halo 

diameter comprised to 2-2.6 cm and 50 strains showed low 

pectinolytic activity. Our results show that the proportion of 

pectinolytic Bacillus strains is less than these recorded by 

some others authors [9, 28] which

of bacilli, respectively. But it confirms the finding of 

author [9] indicating that the degradation of the pulp during 

cocoa fermentation might not be on

yeasts. Moreover, several authors 

dramatic decline of yeasts 

fermentation emphasizing the important role that 

pectinolytic enzymes producer may play in the remaining 

time of cocoa fermentation. 

Screening of Bacillus strains for citrate metabolism as sole 

carbon source and acidification capacity in solid medium 

revealed that 149 strains (47.60%) were able to metabolize 

citrate and 174 strains (60%) were acidified solid medium as 

evidenced by the turning from green to yellow colour.

finding demonstrated the most important role of 

strains in cocoa fermentation. 

strains involved in Agnéby-Tiassa cocoa fermentation have 

interesting potentialities and 

fermented and dried cocoa bean quality.

4. Conclusion 

The study had revealed that

fermentation is characterized by LAB strains presenting high 

homofermentative metabolism. These bacteria were able to 

metabolize citrate as carbon source, a valuable property for 

cocoa fermentation. The results indicated that 

present in this region were also 

metabolize citrate but an addition they were able to produce 

pectinolytic enzymes and to acidify culture medium. 

Concerning yeast strains, they are

pectinolytic strains in low proportion (13.55%)

possessed a large diversity based on their carbon metabolism 

profile. Furthermore, AAB population was highly dominated 

by the type Acetobacter rather than 

together, these results show that microflora iso

cocoa-producing region behave differently and emphasize a 

microbial diversity existing in cocoa fermentation of 

Agnéby-Tiassa. 

Tiassa: Biochemical Study of Microflora  

acidity with halo diameter to 1.7-3.1 cm. With a halo diameter 

1.7 cm, 73 strains were considered to produce 

middle acidity and 13 isolates showed low acidity capacity. 

This property is agreed with the classic description of these 

6]. As described previously, 

acidification during cocoa fermentation caused by acetic acid 

was positive effect and contributes for development of 

characteristic flavour of chocolate [57]. 

Three hundred and three (303) isolates of Bacillus were 

rom cocoa fermentation and screened at the first 

time for pectinolytic activity. A number of 101 (32.16%) 

were positive for pectin degradation based present of clear 

halo round colonies. Among them, 5 presented the most 

important pectinolytic activity with halo diameter ranged 

3.4 cm, 46 produced middle activity with halo 

2.6 cm and 50 strains showed low 

pectinolytic activity. Our results show that the proportion of 

strains is less than these recorded by 

which reported 61% and 91.83% 

of bacilli, respectively. But it confirms the finding of the 

indicating that the degradation of the pulp during 

cocoa fermentation might not be only due to pectinolytic 

several authors [16, 42] reported a 

 population after 24 h of 

fermentation emphasizing the important role that Bacillus 

pectinolytic enzymes producer may play in the remaining 

strains for citrate metabolism as sole 

carbon source and acidification capacity in solid medium 

revealed that 149 strains (47.60%) were able to metabolize 

citrate and 174 strains (60%) were acidified solid medium as 

ing from green to yellow colour. This 

finding demonstrated the most important role of Bacillus 

strains in cocoa fermentation. It indicates that Bacillus 

Tiassa cocoa fermentation have 

and could contribute to enhance 

cocoa bean quality. 

The study had revealed that Agnéby-Tiassa cocoa 

fermentation is characterized by LAB strains presenting high 

homofermentative metabolism. These bacteria were able to 

metabolize citrate as carbon source, a valuable property for 

The results indicated that Bacillus strains 

also characterized by ability to 

metabolize citrate but an addition they were able to produce 

pectinolytic enzymes and to acidify culture medium. 

, they are composed mainly of 

in low proportion (13.55%) which 

possessed a large diversity based on their carbon metabolism 

. Furthermore, AAB population was highly dominated 

rather than Gluconobacter. All 

together, these results show that microflora isolated in this 

region behave differently and emphasize a 

microbial diversity existing in cocoa fermentation of 
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