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ABSTRACT 
 

Aims: The variability of lactic acid bacteria (LAB) species involved in cocoa bean fermentation 
would cause inconsistency in the quality of cocoa. The aims of this study is to investigate the 
physicochemical parameters of cocoa bean fermentation in order to assess the activity and the 
molecular diversity of LAB involved in cocoa fermentation from six other regions of Côte d’Ivoire. 
Place and Duration of Study: Laboratory of Biotechnology, UFR Biosciences, University Félix 
Houphouet-Boigny (Côte d’Ivoire), between October 2016 and September 2017. 
Methodology: Spontaneous heap fermentations were conducted in six cocoa producing regions 
during 6 days. Physicochemical analysis of cocoa mass such as temperature, pH, titratable acidity 
and reducing sugars were carried out. In addition, LAB isolation was performed using plate culture 
on MRS medium and their fermentative type as well as their profile were determined. In addition, 
LAB species were determined by restriction profile analysis of the 16S gene. 
Results: a total of 568 LAB were isolated from cocoa fermentation. Biochemical and morphological 
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identification of these germs revealed the clear dominance of the bacilli form (81.16%) and the 
heterofermentative type (over 80%) with facultative heterofermentative type recording more than 
half (54.4%) of the isolated population. Their molecular identification by sequencing the 
hypervariable zone of the 16S rDNA gene of a few representatives from each restriction group 
revealed 08 species with a predominance of Lactobacillus plantarum (76.76%) and Leuconostoc 
mesenteroides (15.31%) associated with minority species. This species diversity could be exploited 
for selecting appropriate starter cultures. 
Conclusion: This diversity of LAB species could be responsible for the variability of cocoa quality in 
Côte d’Ivoire. 
 

 

Keywords: Cocoa beans; Côte d’Ivoire; fermentation; lactic acid bacteria; molecular diversity. 
 

1. INTRODUCTION  
 
Lactic acid bacteria (LAB), Gram-positive and 
catalase–negative bacteria, are useful 
microorganisms for humans [1]. They are a 
heterogeneous group composed of cocci and 
bacilli which grow under micro aero-tolerant to 
strictly anaerobic conditions [2]. These germs are 
highly prevalent in habitats rich nutrient such as 
soil, water, manure, animal skin, feces and plant 
matter [3]. The use of LAB has been of great 
importance in food technology. It is basically 
used to improve aroma, texture, flavor, shelf live, 
nutritional value or digestibility of fermented 
foods products and beverages such as dairy 
foods, fermented sausages etc. LAB can achieve 
these various functions because they synthesize 
a broad range of compounds including organic 
acids, bacteriocins, vitamins antimicrobial 
agents, aromatic compounds and 
exopolysaccharides (EPS) among others [4]. 

 
A wide variety of LAB have been identified in 
food fermentation, including mainly Lactobacillus, 
Leuconostoc, Weissella, Streptococcus, and 
Pediococcus species. During cocoa 
fermentation, LAB strains undergo either the 
homo-fermentative or the hetero-fermentative 
pathway. LAB strains like L. lactis, L. delbrueckii 
and L. casei uses the homo-fermentative 
pathway to metabolize one molecule of hexose 
sugar such as glucose to two molecules of lactic 
acid and two molecules of ATP whiles, strains 
like L. amylovorus, L. manibotivorans ferments 
one molecule of glucose to one molecule of lactic 
acid, one molecule of ethanol or acetate, one 
molecule of CO2, and only one molecule of ATP 
[5]. 

 
So in cocoa fermentation, LAB use pulp sugars 
to produce mannitol, lactic and acetic acids [5-6]. 
These germs also metabolize the citric acid 
contained in the cocoa pulp to produce aromatic 
compounds such as acetaldehyde, diacetyl, 

acetoin, 2,3-butanediol and offer favorable 
conditions for the other bacteria growth notably 
Bacillus and acetic acid bacteria (AAB) in cocoa 
fermentation. The lactic acid and mannitol they 
produce could serve as extra energy sources for 
AAB species [7]. LAB species are important for a 
successful microbial succession during cocoa 
bean fermentations. Actually, they form the link 
between the ethanol and flavor-producing yeast 
fermentation and the acetic acid-producing AAB 
fermentation [8]. This importance of LAB in 
cocoa fermentation explain why these germs 
were mostly studied in order to assess their 
diversity and identify different key species which 
could be exploited for selecting appropriate 
starter cultures in cocoa fermentation. Species 
involved in cocoa fermentations from several 
countries have been identified. These studies 
have shown that LAB species involved in cocoa 
fermentation differ from country to another 
country and also from local region to another [9-
10-11-12]. This species variability would be 
responsible for the inconstency of fermented 
cocoa bean quality in Côte d’Ivoire as well as the 
hazardous and spontaneous nature of this 
fermentation. To fix this problem, scientists have 
suggested to use starters to improve this process 
[13-14-15]. Thus, authors [8] indicate that LAB 
accelerates the fermentation process by 
producing metabolites such as organic acids, 
aromatic compounds. Also, Penia et al. [16] 
showed that Lactobacillus plantarum improved 
the fermentation index and could significantly 
reduce the fermentation time. Authors [17] found 
a positive effect on the quality of fermented 
cocoa. The addition of Lactobacillus fermentum 
in the fermentation mass of cocoa led to high 
quantity of fully fermented beans (98.43%). In 
addition, the controlled fermentation trials, with 
convincing results, were performed with microbial 
cocktails always including a strain of LAB [13-
18]. 
 

This underlines the fundamental role of LAB in 
this fermentation process and points out the 
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need to identify the different species involved in 
the fermentation of cocoa from the main ivorian 
cocoa-producing regions. So investigations must 
be carry out in the different cocoa-producing 
areas. From Côte d’Ivoire, the first cocoa 
producer/exporter, on 17 cocoa producing 
regions, only LAB strains involving in cocoa 
fermentation with varieties of cocoa (Forastero, 
Trinitario and Criollo) of six local regions, 
including Agnéby-Tiassa, Guemon, Indénié-
Djouablin, Lôh-Djiboua, Nawa, Sud-Comoé were 
studied in order to assess molecular diversity of 
LAB citrate degradation strains and to select 
appropriate starter [12]. Perfect knowledge of the 
diversity of these strains is necessary for all the 
ivorian producing regions as none information 
exists from the others local regions. The aims of 
this study is to investigate the physicochemical 
parameters of cocoa bean fermentation in order 
to assess the activity and the molecular diversity 
of LAB involved in cocoa fermentation from six 
other regions of Côte d’Ivoire. 
 

2. MATERIALS AND METHODS  
 

2.1 Fermentation Condition and Sampling 
 

Cocoa pods constituted of mixed genotypes 
(Forastero, Trinitario and Criollo cultivars) were 
harvested at farms from six cocoa producing 
regions of Côte d’Ivoire notably Cavally (6° 25' 0 
North -7° 30' 0 West), Gkôklè (4° 57′ 04″ north 
6° 05′ 19″ West), Gôh (6° 15’ 0’’ North 5° 55’ 0’’ 
West), Haut-Sassandra (7° 0' 0 North -6° 34' 59 
West), San-Pedro (4° 44' 54 North -6° 38' 10 
West) and Tonkpi (7° 24’ 45’’ North 7° 33’ 14’’ 
West). The spontaneous cocoa bean 
fermentation was performed in National Flowers 
Center of Félix Houphouët-Boigny University 
(temperature around 28-30°C and humidity 60-
65%), in traditional conditions by heap 
fermentation during 6 days. The fermenting mass 
(50 kg) set on banana leaves and covered with 
banana leaves (Fig 1). The fermenting heap was 
mixed and 100 g beans were collected in sterile 
Stomacher bag, at the start and each 12 h of 
fermentation. A total of 13 samples of each 
fermenting cocoa according to the locality were 
collected for physicochemical and microbial 
analysis. 
 

2.2 Physicochemical Analysis   
 
2.2.1 Temperature and pH determination 
 
The temperature was recorded directly on mass 
fermenting with a precision thermoter (ALLA, 

France). The pulp pH was determined according 
to [19] method. Ten (10) g of the pulp make as 
was weighed using a scale (SARTORIUS) and 
then, 90 mL of distilled water was added. The 
extract obtained was homogenized and 
centrifuged at 4500 rpm (LABOFUGE) for 10 
min. The supernatant obtained was used to read 
the pH by introducing a previously calibrated pH-
meter electrode. 
 
2.2.2 Cocoa pulp titratable acidity 

determination  
 
Titratable acidity was determined according to 
[19] method. Cocoa beans were mixed in distilled 
water and filtrate. Titration was carried out by 
pouring drop by drop a solution of NaOH (0.1. N) 
(V1) in 5 mL of filtrate in the presence of 
phenolphthalein (2 drops) until obtaining a pink 
color (indicating the end of the titration). 
Titratable acidity was expressed milliequivalents 
(meq) for 1 g of fresh matter by the following 
relation: 
 
Each treatment was tested in triplicate 
 

��������	�������	 �
���

�
� =

�	 × �� 	× 		100

�	 ×	��

 

 
V0: volume (mL) of the collected filtrate, 
V1: volume (mL) of poured NaOH, 
N: normality of NaOH (0.1), 
m: mass of the sample 
 
2.2.3 Reducing sugars extraction and 

determination 
 
The extraction of the water-soluble sugars from 
the pulp was carried out according to [20] 
method. Thus, 5 g of cocoa beans were 
homogenized in 50 mL distilled water at 60°C for 
a few min until cooled at ambient temperature. 
The mixture was then filtered on Watman paper 
(Whatman, Ø 185 mm) and the filtrate was 
supplemented until 100 mL with distilled water.  
 
The quantification of the reducing sugars was 
carried out according to the method described by 
[21]. To 100 µL of water-soluble sugar previously 
extracts were added 200 µL of DNS (3,5 
dinitrosalycilic acid). Then, the solution was 
heated during 5 min. After cooling, 2 mL of 
distilled water were added and the optical density 
was obtained with a spectrophotometer 
(PIOWAY, Singapore) at 540 nm against a blank. 
A standard curve was established with glucose 
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Fig. 1. Cocoa pods before slicing (A) and fresh cocoa beans on banana leaves (B) 

 

solution (1 mg/mL) and the amount of reducing 
sugars of each sample was obtained from the 
regression equation established using the 
standard curve. 
 

2.3 Biochemical Characterization of LAB 
Strains Isolates 

 

2.3.1 Isolation and numeration of LAB strains 
 

The enumeration and isolation of LAB was 
carried out using the decimal dilution method 
[22]. A mass of 25 g of fermented beans was 
added to 225 mL of buffered peptone water in a 
500 mL sterile flask, and shaken for 2 to 5 min at 
room temperature to obtain homogenous sample 
containing the bacteria (initial dilution). One 
milliliter (1.0 mL) of the bacteria-enriched 
peptone water was diluted in 9 mL of 0.1% 
tryptone salt solution which was the first dilution 
and then, from this solution, a serial dilution was 
performed up to 10−8. This serial dilution was 
only plated onto the rich elements composition 
medium of Man-Rogosa-Sharpe (MRS) agar 
(Oxoid) supplemented with 50 μg/mL of nystatin 
to inhibit fungal growth [22-23]. Plates were 
incubated at 30°C for 48–72 h, under anaerobic 
conditions, for subsequent colony counts and 
bacterial enumeration expressed as CFU per g of 
cocoa (ISO 4833). LAB were identified as being 
Gram-positive, oxidase and catalase negative, 
and unable for sporulation. These isolates were 
stored at −80°C in MRS buffer medium 
supplemented with 20% (v/v) glycerol, in 
Eppendorf tubes, for further investigations. Each 
treatment was tested in triplicate. 
 

2.3.2 Fermentative type of LAB isolates 
 

The fermentative type was performed according 
to the method described by [24]. Ten (10) mL of 

MRS medium with either glucose or gluconate as 
sole carbon source were placed in test tubes with 
Durham tubes. After autoclaved at 121°C for 20 
min and cooling, the broths were inoculated with 
one colony of LAB and Incubated at 30°C for 2-7 
days (Venticell, Medcenter, Germany). In the 
case of gas production from glucose, the isolate 
is strictly heterofermentary. If gas produced from 
gluconate, the isolate is facultative 
heterofermentary, otherwise, the isolate is said to 
be strictly homofermentary.  
 
2.3.3 Carbon metabolism of LAB isolates 
 
The carbon metabolism of bacterial strains was 
evaluated by [25] method. This study was 
performed in a modified MRS medium containing 
the appropriate carbohydrate at 2% as sole 
carbon source, and supplemented with 0.005% 
of bromocresol purple. The carbohydrates tested 
were glucose, fructose and sucrose that are 
known to be the sugars contained in the cocoa 
pulp [26]. The medium was inoculated with the 
strain to be tested and then incubated at 30°C for 
48 h (MMM Medcenter, Germany). The capacity 
of strains to metabolize the carbon source is 
assessed by the change of medium color from 
purple to yellow due to pH lowering, 
comparatively to the negative control.  
 

2.4 Identification of LAB Species Isolates 
 
2.4.1 PCR amplification of 16S ribosomal 

RNA genes (16S rRNA gene) 
 
A genotypic approach toward the 16S rRNA 
genes in all the isolates was performed to 
discriminate and identify LAB microorganisms 
isolated previously. This approach is now 
generally accepted as the best target for studying 
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phylogenetic relationships [5-27]. For this 
purpose, a multiple alignment 
(https://npsaprabi.ibcp.fr/NPSA/npsa_clustalw.ht
ml) of 16S rRNA genes from various species of 
LAB enabled us to design the forward (5′-
GGYRTGCCTAATACATGCAAGT-3′) and 
reverse (5′-CCCGGGAACGTATTCACCGCG-3′) 
primers. These specific primers anneal to the 
most highly conserved 5′ and 3′ regions of the 
16S rRNA gene, respectively, and after PCR 
they generate an amplicon of approximately 
1400 bp. To perform the PCR reactions, bacteria 
grown for 24 h on agar plates were suspended in 
100 μL of sterile distilled water and the resulting 
suspensions were used as DNA templates. PCR 
amplification was carried out in a Sensoquest 
Labcycler, as described previously [28]. 
Reactions were performed in a final volume of 50 
μL containing 1 μL of bacterial suspension, 1.25 
U of Taq DNA polymerase (Biolabs, Lyon, 
France), 5 μL of 10× standard buffer; 1 μL 
deoxynucleoside triphosphate (10 mM), 2 μL of 
each primer (10 μM) (Eurofins Genomics, 
Allemagne) and 38.75 μL of water. After an initial 
denaturation at 95°C for 4 min, reactions were 
run for 35 cycles, each cycle comprising: 
denaturation at 95°C for1 min, annealing at 56°C 
for 1 min and extension at 72°C for 1 min. 
Finally, a 10 min extension at 72°C was carried 
out. The presence and yield of specific PCR 
products were monitored using agarose 0.8% 
(w/v) gel electrophoresis at 70 V, for 2 h, in 1× 
Tris Borate EDTA buffer and visualized with 
ethidium bromide staining and UV 
transillumination. 
 
2.4.2 16S rRNA gene restriction and 

sequence analysis 
 
The 1400 bp PCR products were directly 
digested with two restriction enzymes, HaeIII and 
TaqI, in separate reactions. The digestions were 
carried out for one hour at 37°C for restriction 
enzyme HaeIII and at 65°C for TaqI in afinal 
volume of 20 μL containing 12 μL of PCR 
product, 2 μL of commercially supplied 
incubation buffer, 5 μL of water and 1 μL (10 U) 
of the restriction enzyme (Biolab, Lyon, France). 
Digestion products were run on a 2% agarose 
gel in Tris-Borate EDTA buffer at 35 V overnight. 
Gels were stained with ethidium bromide, 
visualized by transillumination, and digitalized 
with a gel print system. Strains were grouped 
according to their restriction profiles. For further 
identification, at least four representative strains 
from each restriction group were randomly 
chosen for amplification of the hyper-variable 

region of the 16S rRNA genes, about 500 bp, 
using the primers F27 
(5′AGAGTTTGATCCTGGCTCAG-3′) and R520 
(5′-ACCGCGGCTGCTGGC3′) [29]. PCR 
reactions were performed in the same conditions 
as described previously. PCR products were 
purified using the PCR clean-up (Macherey 
Nagel, Germany) and then sequenced using the 
primer F27. The basic local alignment searchtool 
(BLAST,blast N) from the NCBI database site 
(blast.ncbi.nlm.nih.gov/) was used to find the 
closest sequences relative to the amplified 16S 
RNA genes in order to identify our LAB strains. 
The phylogenetic tree was constructed from the 
partial sequences of RNA 16S genes alignment 
using the maximum likelihood method [30]. 

 
2.5 Data Analysis 
 
The collected data were formatted with the Office 
Excel 2013 software. Descriptive parameters 
including standard deviations, averages of the 
parameters studied (temperature, pH, titratable 
acidity, reducing sugar) were calculated using 
the XLstat 2017 software. Sequences of the 
strains were compared with each other using the 
Clustal W in MEGA6 software to see the 
phylogenetic links between the different species 
of lactic acid bacteria isolated. 

 
3. RESULTS  
 
3.1 Change in Environmental Condition 

During Cocoa Bean Fermentation  
 
3.1.1 Temperature and hydrogen potential 

(pH) 

 
Fig. 2 shown the temperature and pH variations 
that occur during the different fermentations. 
Concerning the temperature (Fig. 2A), the study 
revealed an inside variation in the fermenting 
cocoa mass ranged from an initial of 29°C to a 
maximum of (40-48°C) obtained after 24 to 72 h 
of fermentation. Then the temperature decreased 
progressively, dropping at 30°C at the end of 
process for all the studied areas. However, the 
highest temperature peak (47°C) was obtained in 
the Cavally region after 48 h of fermentation, 
while the lowest peak was recorded in the San-
Pédro area after 24 h of fermentation. Moreover, 
it also observed that Gbôklè and San-Pedro 
reached maximal temperature faster than Haut-
Sassandra and Cavally, and Gôh and Tonkpi 
after 24, 48 and 72 h of fermentation, 
respectively.  
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Unlike the temperature that droped at the end of 
fermentation, the pH raised progressively during 
this process, to 3.4 at the beginning of the 
process up to 7.7 at the end (Fig. 2B). However, 
during the first 72 h of this fermentation, the pH 
of cocoa pulp remain acid with values ranging 
between 4.4 – 5.6. 
 
3.1.2 Titratable acidity 
 
The titratable acidity variation of cocoa pulp was 
similar for the six regions (Fig. 3). However, 

where Gôh region recorded its higher titratable 
acidity after only 12 h of fermentation time the 
other five regions (Gbôklè, San-Pedro, Haut-
Sassandra, Cavally and Tonkpi) take longer than 
24 h. The higher acidity value (4.43 meq/g of 
cocoa beans) was obtained in San-Pedro while 
the lower acidity value (1.96 meq/g of cocoa 
beans) was recorded in Cavally. Regions of Gôh 
and Tonkpi were recorded the same maximum 
acidity value (2.06 meq/g of cocoa beans) but at 
different times of fermentation around 12 h and 
24 h, respectively (Fig. 3). 

 

 
 

 

 

Fig. 2. Evolution of temperature (A) and pulp pH (B) during cocoa heap fermentation 
The temperature and pH are presented as means and standard deviation 
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Fig. 3. Evolution of titratable acidity of cocoa pulp during cocoa heap fermentation 
Titrable acidity is presented as means and standard deviation 

 

3.1.3 Sugar reducing of cocoa pulp  
 

The evolution of the reducing sugars contained in 
the cocoa pulp during the fermentation is 
illustrated in Fig 4. A decrease in the amount of 
sugar followed by a stabilization until the end of 
fermentation is observed. At the beginning of 
fermentation, the amount of sugar varies from 56 
to 72 mg/g of beans and drops to about 10 mg/g 
of beans at the 84th h then stabilizes until the 
144th h. 
 

3.2 Isolation and Biochemical 
Identification of LAB Strains 

 

3.2.1 Growth dynamics of LAB 
 
The dynamic of LAB’s population obtained from 
numeration during fermentation of cocoa from six 
major producing regions of Côte d’Ivoire is 
depicted in Fig 5. In general, these strains 
exhibited a similar growth profile. Indeed, these 
strains are present at the beginning of the 
fermentation at varying loads between 4.42 and 
6.51 log CFU / g of beans for Gôh and San 
Pedro regions, respectivly. Then, the LAB 
microbial population of Gôh region rapidly 
increased to a maximum load of 6.95 log CFU/g 
of beans, after 24 h of fermentation time unlike 
Cavally, Gbokle and Tonkpi regions which took 
36 hours to reach a maximum load between 6.87 
and 8.14 log CFU / g of beans and Haut 
Sassandra 48 hours for a maximum load of 7.32 
log CFU / g of beans. Subsequently, LAB 
population decreased gradually until reaching 
undetectable levels at the end of fermentation. 
However, the occurrence time of LAB during 
these six cocoa fermentations is 24 h – 72 h. 

3.2.2 Morphology of LAB isolates 
 

Biochemical and morphological identification               
of LAB strains isolated from the six                        
cocoa producing regions studied, revealed                    
the presence of Lactococci (107 strains)                      
and Lactobacilli (461 strains) in (Table 1) with                   
a clear dominance of the bacilli form                   
(81.16%).    
 
There is also an unequal distribution of                   
these forms according to the regions. In                     
fact, San-Pedro region recorded the                     
highest proportion (25.59%) of bacilli form 
against 6.94% for Gôh region, while the                   
cocci form dominates (37.38%) in the region of 
Haut-Sassandra unlike San-Pedro region 
(03.75%). 
 

3.2.3 Fermentative type and profile 
 

The fermentative type of the different LAB  
strains isolated from cocoa fermentation of                 
the six cocoa producing regions studied is                
also presented in Table 1. The gas production 
from glucose or gluconate by LAB (Table 1)                
led to group these seeds in three fermentative 
types: Those who produced gas from                   
glucose are strict heterofermentative, while   
those who produce it from gluconate                           
are facultative heterofermentative. Finally strict 
homofermentative are unable to produce gas 
from gluconate. Overall, the heterofermentative 
type dominates (over 80%) the 
homofermentative type in all the studied regions 
with the facultative Hetero-fermentative type 
recording more than half (54.4%) of the isolated 
population.  
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Fig. 4. Evolution of reducing sugars of cocoa pulp during cocoa heap fermentation 
Reducing sugar is presented as means and standard deviation 

 
 

Fig. 5. LAB growth dynamic during cocoa heap fermentation 
LAB population is presented as means and standard deviation 

 
With regard to the fermentative profile, the use of 
the different studied sugars by these germs 
resulted in the turn of the fermentative medium 
from purple to yellow. So All the tested isolates 
were able to use both glucose, fructose and 
sucrose as substrate to produce acid. 
 
3.2.4 Species of lactic acid bacteria involved 

in cocoa fermentation from the six 
regions of Côte d'Ivoire 

 
The presumptive isolates of LAB: Gram positive, 
oxidase and catalase negative isolates, were 
stored in cryostubes containing MRS broth 
supplemented with 20% glycerol at -20°C for 

subsequent analyzes. The number of LAB 
isolates varied from one region (Table 2). San-
Pedro area recorded the highest level of isolates 
(122), while in Gôh region 48 LAB were isolated. 
A total of 568 LAB were isolated for all regions. 
 
The species of LAB isolates from the                   
cocoa fermentation of the six studied                     
regions were determined by sequencing                      
the hypervariable zone of the 16S rDNA gene                  
of a few representatives from each                    
restriction group. The LAB flora involved in the 
fermentation of cocoa in Côte d'Ivoire consists 
essentially of four genera divided into 8 species 
(Table 2).  

0

20

40

60

80

0 12 24 36 48 60 72 84 96 108 120 132 144

R
ed

u
ci

n
g 

su
ga

r
(m

g/
g 

of
 p

u
lp

e)

Time (h)

Cavally Gbôklè Gôh

Haut-Sassandra San Pedro Tonkpi

0

5

10

0 12 24 36 48 60 72 84 96 108 120 132 144

L
ac

ti
c 

ac
id

 b
ac

te
ri

a 
(L

og
 C

F
U

/g
 o

f 
b

ea
n

s)

Time (h)

Cavally Gbôklè Gôh
Haut-Sassandra San-Pédro Tonkpi



 
 
 
 

Adiko et al.; ARRB, 27(2): 1-16, 2018; Article no.ARRB.42194 
 
 

 
9 
 

Table 1. Distribution of lactic acid bacteria (LAB) strains isolates according to their form and their fermentative type per region 
 

Regions Cavally Gbokle Goh Haut sassandra San Pedro Tonkpi Total 
Total isolates 104 

(18.31%) 
087 
(15.32%) 

048 
(08.45%) 

109 
(19.19%) 

122 
(21.48%) 

098 
(17.25%) 

568 
(100%) 

Form Cocci 12 
(11.21%) 

23  
(21.49%) 

16  
(14.96%) 

40 
(37.38%) 

04 
(03.75%) 

12 
(11.21%) 

107 
(18.84%) 

Bacilli 92 
(19.95%) 

64 
(13.87%) 

32 
(06.94%) 

69 
(14.97%) 

118 
(25.59%) 

86 
(18.65%) 

461 
(81.16%) 

Fermenta-tive 
type 

Homo- 
Fermentative strict 

06 
(05.56%) 

16 
(14.82%) 

33 
(30.56%) 

15 
(13.89%) 

17 
(15.74%) 

21 
(19.43%) 

108 
(19%) 

Hetero- 
Fermentative strict 

23 
(15.24%) 

37 
(24.50%) 

06 
(03.97%) 

46 
(30.46%) 

18 
(11.92%) 

21 
(13.91%) 

151 
(26.58%) 

Facultative 
Hetero-fermentative 

75 
(24.27%) 

34 
(11.00%) 

09 
(02.91%) 

48 
(15.53%) 

87 
(28.15%) 

56 
(18.14%) 

309 
(54.40%) 

 
Table 2. LAB species isolated from cocoa fermentation and their RFLP group 

 
Genera Species RNA (16S) 

Pb 
Restriction fragment 
Hae III (Pb) 

Restriction fragment 
Taq I (Pb) 

Number of 
isolates 

RLFP 
group 

Lactobacillus Lactobacillus plantarum 1400 580+460+300 700+350+200 436 I 
Lactobacillus Casei 1400 600+460+320 750+550+200 10 III 
Lactobacillus curieae 1400 600+450+280 700+450+200 14 V 
Lactobacillus fabifermantens 1400 600+450+300 700+400+200 7 VII 

Leuconostoc Leuconostoc mesenteroides 1400 1100+250 700+400+200 87 II 
Weissella Weissella paramesenteroides 1400 1150+300 750+600 2 IV 
Enterococcus Enterococcus feacium 1400 600+450+250 650+450+250 11 VI 

Enterococcus casseflavus 1400 650+450+300 750+400+200 1 VIII 
 



A comprehensive study on the distribution of 
these LAB species in the different studied 
regions led to Fig 6. The majority species in all 
these six regions are Lactobacillus plantarum
with a rate of 76.76% followed by 
mesenteroides (15.31%). The minority species 
consist of Lactobacillus curieae
Enterococcus faecium (1.93%), 
casei (1.76%) Lactobacillus fabifermentans
(1.23%), Weissella paramesenteroides 
and Enterococcus casseliflavus (0.17%) (Fig 6). 
Globally, Lactobacillus plantarum dominates the 
lactic flora involved in cocoa fermentation in the 
six regions studied. Furthermore, the hyper
variable region of the 16S RNA gene sequence 
analysis revealed very weak intraspecies 
variation (< 2%) inside the different restriction 
groups (Fig 7). 
 

4. DISCUSSION 
 

4.1 Physicochemical Parameters of the 
Fermental Mass of Cocoa 

 
Microbial fermentation is an indispensable 
process for high quality chocolate from cocoa 
bean raw material [31]. The growth and 
development of the microbiota involved in natural 
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with a rate of 76.76% followed by Leuconostoc 
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Lactobacillus curieae (2.46%), 

(1.93%), Lactobacillus 
Lactobacillus fabifermentans 

Weissella paramesenteroides (0.35%) 
(0.17%) (Fig 6). 

dominates the 
lactic flora involved in cocoa fermentation in the 
six regions studied. Furthermore, the hyper-
variable region of the 16S RNA gene sequence 
analysis revealed very weak intraspecies 

erent restriction 

Physicochemical Parameters of the 
 

Microbial fermentation is an indispensable 
process for high quality chocolate from cocoa 

The growth and 
development of the microbiota involved in natural 

cocoa bean dependent fermentation is closely 
related to fermentative conditions such as 
temperature, pH, oxygen, suga [7-
fermentative parameters were studied
the activity of the germs involved in cocoa 
fermentation. The temperature study of cocoa 
mass fermented revealed an increase of this one 
during the first three days followed by a decrease 
until the end of the fermentation. The increase in 
temperature would be due to the growth of
yeasts which convert sugars into ethanol and the 
growth of acetic acid bacteria (AAB) which 
oxidize ethanol into acetic acid by exothermic 
reaction [6-31]. In our work the temperature 
peaks were between 40 and 47°C. These results 
are similar with those of Vinicius et al. [
obtained 46°C during cocoa fermentation. 
Authors [10] noted a temperature increase of the 
fermentation heap up to 50°C. It shoul
that the highest temperature was obtained during 
the fermentation of cocoa from Cavally, the 
strains resulting from this fermentation would 
have an interesting characteristic as much as 
they could possibly carry out their activity up to 
47°C. The acidic pH observed at the beginning of 
fermentation increases gradually to reach 
alkaline pH at the end of fermentation. Similar 
results have been obtained in several works
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Fig. 7. Phylogenetic tree of LAB strains isolated from Ivorian cocoa fermentation 

The partial sequences of the hyper variable region of the 16S rRNA genes were aligned and the evolutionary 
distribution was inferred by using the Maximum Likelihood method. The tree with the highest log likelihood (-

1929.0880) is shown. The percentage of trees in which the associated taxa clustered together is shown next to 
the branches. Initial tree(s) for the heuristic search were obtained by applying the maximum Parsimony method. 
The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. The analysis 

involved 38 nucleotide sequences. All positions with less than 100% site coverage were eliminated. That is, fewer 
than 0% alignment gaps, missing data, and ambiguous bases were allowed at any position. There were a total of 

442 positions in the final dataset. Evolutionary analyses were conducted using Clustal W in MEGA6. 
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including those of authors [33-34] in Côte d’Ivoire 
and Mahazar et al. [35] in Malaysia. This result is 
due to the degradation of citric acid contained in 
cocoa pulp by yeasts and LAB [12-15]. Indeed, 
metabolites (acetic and lactic acids) resulting 
from the degradation of citric acid diffuse inside 
the cotyledons for the activation of endogenous 
enzymes and / or to volatilize under heat and 
mixing of the fermenting mass [31]. In addition, 
yeast and LAB use the carbon substrates 
contained in the pulp to produce organic acids 
and ethanol which translates the decrease of 
sugar during the fermentation of the six studied 
regions. A similar evolution of reducing sugars 
during cocoa fermentation has been reported by 
[9-36]. The increase in titratable acid observed at 
the beginning of the fermentation is due to the 
activity of LAB and AAB. Indeed, these germs 
use sugars present in the cocoa pulp to produce 
organic acids such as lactic and acetic acids. 
These organic acids will diffuse inside the 
cotyledons and cause the decline of its pH [9]. 
This decrease in the pH of cotyledons promotes 
the triggering of biochemical reactions inside the 
seed to produce precursors of chocolate aroma 
[37]. On the other hand, the change in 
temperature and pH of fermented cocoa mass 
influences the microbial growth [31].  
 

4.2 LAB Dynamics During Cocoa 
Fermentation 

 
The dynamics of LAB population obtained during 
the fermentation shows that these germs are 
present throughout cocoa fermentation with 
different proportions. For the majority of the 
studied regions, the maximum bacterial 
population was obtained after 36 h of 
fermentation with values ranging from 106 to 108 
CFU/g of beans. This strong growth at the 
beginning of fermentation is due to the presence 
of sugars including glucose, fructose and 
sucrose in fresh cocoa pulp and anaerobic 
conditions created by the abundance of cocoa 
pulp. Also, in the early hours of the cocoa 
fermentation, the temperature oscillates between 
30 and 40°C and the pH is acidic. All these 
factors promote the growth of LAB, hence the 
strong population of LAB observed during this 
period. The same growth dynamics of LAB was 
observed during the fermentation of cocoa in 
Mexico [6-22]. Our results corroborate those 
obtained by [9] who observed a strong growth of 
these bacteria (106-108 CFU / g of beans) during 
the first hours of fermentation (36-48 h). The 
decrease in LAB population could be explained 
by the reduction of carbohydrates in cocoa pulp 

after 48 h of fermentation and an increase of the 
oxygen content in the medium as well as the 
temperature of the fermentation mass.  
 

4.3 Biochemical Characteristics of 
Isolated LABs 

 
It should be noted that LAB isolated from                   
cocoa fermentations from the six regions                 
are characterized by morphological diversity. 
Indeed they present themselves in two                    
forms, namely bacilli and cocci. The bacilli 
dominate the flora of the six regions with 
percentages between 63.3% and 96.72%.                    
This predominance of bacilli has already                     
been demonstrated by authors [11-38-39]. These 
bacteria are distinguished into three groups 
according to their fermentative type; strict 
homofermentative, strict heterofermentative and 
facultatif heterofermentative. Facultatif 
heterofermentative dominate the lactic flora for 
all regions with 54.4% followed by strict 
heterofermentative (26.58%) and strict 
homofermentive (19%). These values are close 
to those of Kostinek et al. [11] who obtained 
20.7% strict heterofermentive; 22.28 strict 
homofermentive and 57% of facultatif 
heterofermentive. The Gôh region is dominated 
by strict homofermentative LAB with a 
percentage of 68.75%. Strict homofermentative 
species produce only lactic acid from carbon 
substrate. This acid could be used by AAB of the 
genus Acetobacter to produce aromatic 
compounds such as acetoin and contribute to           
the acidification of cotyledons. This acidification 
will contribute to death of the embryo and induce 
the activation of enzymes responsible for the 
development of chocolate precursors [16-35]. But 
it is important to point out that lactic acid is not 
volatile and high concentrations of this residual 
acid will impart a sour flavor to the chocolate 
[40]. Therefore, cocoa from Gôh region could 
give chocolate acid notes. The 
heterofermentative species produce in addition to 
lactic acid, acetic acid. Fermentation carried out 
with this type of bacteria would be more 
advantageous as much as they produce less 
lactic acid. Also, the production of acetic acid is a 
very interesting characteristic because it triggers 
the reactions responsible for the development of 
the aroma chocolate [31]. The regions of Cavally, 
Gboklê, Haut-Sassandra, San-Pedro and Tonkpi 
dominated by facultatif heterofermentative LAB 
could produce good quality beans. The 
fermentative type diversity of LAB would be at 
the origin of the variability of the quality cocoa 
beans. 
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4.4 Diversity of LAB Isolates 
 
Genetic diversity has been observed in LAB 
isolated from cocoa fermentation from the six 
studied regions of Côte d’Ivoire. Indeed, this 
study showed LAB isolates are subdivided into 
eight species whith a predominance of 
Lactobacillus plantarum (76.76%) in all regions. 
This finding confirms the dominance of the 
facultatif heterofermentative type observed in the 
studied regions as Lactobacillus plantarum 
species are known to be facultatif 
heterofermentative type. Lactobacillus plantarum 
is an facultative heterofermentative species 
capable of fermenting sugars via the glycolysis 
pathway or the pentose phosphate pathway. This 
species has a homolactic or heterolactic 
fermentation profile [41]. The predominance of 
this species could be explained by its adaptability 
in different ecological niches thanks to high 
number of sugars transport system [41] but also 
its ability to resist in acid and ethanol stresses 
[42]. Our results corroborate those of [11-12] who 
reported a predominance of Lactobacillus 
plantarum during cocoa fermentation in Côte 
d’Ivoire. Also this species was found mainly in 
the Democratic Republic [43] and in Nigeria [10]. 
On the other hand, Vinicius et al. [32] reported a 
predominance of Lactobacillus fermentum in 
Ghana and Ashokkumar et al. [44] in India. The 
predominance of Lactobacillus plantarum in all 
the studied regions, would be beneficial for 
leading to good quality beans by its ability to 
produce metabolites such as lactic acid, acetic 
acid and acetoin [13-22]. It should be noted this 
species has already been successfully used as 
starter in controlled cocoa fermentation [13-16]. 
Lactobacillus plantarum, is also capable of 
producing antimicrobial substances, which play 
an important role in bacterial ecology [6]. The 
minority species namely, Lactobacillus casei, 
Lactobacillus fabifermentans, Weissella 
paramesenteroides, Enterococcus faecium, 
Enterococcus casseliflavus and Lactobacillus 
curieae would provide specific cocoa from the 
regions where they have been isolated. 
Lactobacillus fabifermentans derived from 
Cavally and Haut-Sassandra regions is a new 
species isolated from the spontaneous cocoa 
fermentation in Ghana by De Bruyne et al. [45]. 
Enterococcus casseliflavus isolated from cocoa 
fermentation from Sassandra has already been 
found in Ghana by [6]. Lactobacillus casei has 
many properties such as lactic acid and protease 
production. It is used in the manufacture of 
cheese [46], yogurt [47] and saussice [48]. This 
germ could contribute to flavor development in 

cocoa due to proteolytic activitie. Leuconostoc 
mesenteroids, weissella paramesenteroids and 
Enterococcus feacium have low acidity [49] but 
are able to inhibit the growth of food-borne 
pathogens by the production of bacteriocins [50-
51]. Also these microorganisms are known for 
their ability to produce volatile compounds such 
as ethanol and acetoin [49]. Their use as starters 
could help to obtain the aromatic character of 
cocoa sought and guaranty its safety. Thus, the 
strains of Lactobacillus plantarum and 
Leuconostoc mesenteroides, which are the most 
abundant species in this study whith a great 
biochemical diversity, constitute some potential 
ways concerning starters research for the control 
of fermentative cocoa process still spontaneous 
in Côte d’Ivoire. This diversity of LAB species 
would be responsible for the variability of cocoa 
quality in Côte d’Ivoire. 
 

5. CONCLUSION 
 
The results of this study clearly highlight the 
molecular diversity of LAB involved in the 
fermentation of six Ivorian cocoa producer 
regions, with a predominance of Lactobacillus 
plantarum and Leuconostoc mesenteroides 
among the eight distinct species identified. This 
diversity of LAB species, varying one local region 
to another, can explain the variability of cocoa 
beans quality in Côte d’Ivoire. Moreover, the 
minority species make as identified would make 
as provide specific cocoa from the regions where 
they have been isolated. So, the great diversity 
of LAB species  would contribute to resolve the 
problem of the variability of cocoa beans quality 
which cause huge economic loss in Côte d’Ivoire. 
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