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ABSTRACT 
 

Lactic acid bacteria (LAB) has long been safely applied in the production of fermented foods and 
beverages. These bacteria are important for their contribution to food quality and also for their 
undeniable effects on health. In Africa, despite the abundance of isolated food sources and the 
diversity of identified microorganisms, the market for probiotics and functional foods based on 
selected local strains is almost non-existent. This paper aims to determine some technological 
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properties of LAB isolates from fermented maize dough used for doklu production for potential 
application in food and probiotic products. A total of 25 LAB strains isolated from maize dough 
fermentation processes during doklu production were identified by 16S rDNA gene sequencing. 
Technological studies such as growth and acidification kinetics, diacetyl production, hydrogen 
peroxide production, and proteolytic activity were carried out. Their survival and growth under 
unfavorable conditions of temperature, salt concentration and pH were also analyzed. The isolates 
were identified as Pediococcus acidilactici (56%), Lactobacillus fermentum (24%), Pediococcus 
pentosaceus (12%) and Lactobacillus plantarum (8%). The technological properties of the LAB 
strains showed that 10 of them rapidly acidify the medium with pH variation (ΔpH) greater than 1 
after 6 hours of fermentation. Good production of diacetyl and hydrogen peroxide, as well as good 
proteolytic activity, were obtained for several strains. Pediococcus acidilactici S15, S55, S56; 
Lactobacillus plantarum S32, S121 and Lactobacillus fermentum S44 showed the best 
technological properties. However, only 5 of them obtained good resistance following the various 
survival and growth under unfavorable conditions of temperature, salt concentration, and pH. This 
work has therefore demonstrated that the lactic acid bacteria involved in the natural fermentation of 
maize dough have interesting properties for various applications whether in the processing of food 
products as well as in the development of probiotic products. 
 

 
Keywords: Doklu; Lactic Acid Bacteria (LAB); maize dough; Pediococcus acidilactici; technological 

properties. 
 

1. INTRODUCTION  
 
Foods derived from cereals are popular 
worldwide and differ depending on the local 
culture and traditions [1]. They serve as 
important components of the daily diet, providing 
carbohydrates, proteins, dietary fibers, and 
vitamins [2]. Doklu, one of these cereal-based 
foods, is a product obtained from fermented corn 
dough consumed by people in southern and 
South-Easten of Côte d'Ivoire. People often 
appreciate doklu for its sour taste [3]. The 
manufacturing process of this product includes a 
fermentation step performed by a wide range of 
microorganisms, predominated by lactic acid 
bacteria (LAB). LAB involved in this spontaneous 
fermentation were mainly identified as 
Lactobacillus fermentum, Pedioccocus 
acidilactici, Lactobacillus plantarum, Pediococcus 
pentosaceus, and Weissella cibaria [4]. 
 
Studies on the technological and safety 
properties of LAB from different origins evidence 
that such microbial group has appropriate 
characteristics for many applications [5]. LAB has 
long been safely applied in the production of 
fermented foods and beverages. They occupy a 
central role in traditional starter cultures and are 
known to enhance the shelf life, and improve 
microbial safety, texture and sensory profile of 
the fermented product, mainly through the 
production of organic acids, aroma compounds, 
bacteriocins, exopolysaccharides and several 
enzymes [6]. LAB are also common components 
of probiotics, due to the fact that they are 

« generally regarded as safe » as they have long 
been used in the manufacture of foods and are 
desirable members of the intestinal microflora [7]. 
 
In Africa, despite the abundance of isolated food 
sources and the diversity of identified 
microorganisms, the market for probiotics and 
functional foods based on selected local strains 
is almost non-existent. Isolation of original LAB 
from traditional fermented foods is of crucial 
interest in view of there is paucity of literature 
regarding novel and emerging uses of LAB as 
probiotics in most developing countries. 
However, for the application of these LAB strains 
as dietary adjuncts, in addition to screening for 
beneficial properties, several factors which may 
influence the survival and colonization of these 
bacteria need to be addressed [8]. This paper 
aims to determine some technological properties 
of LAB isolates from fermented maize dough 
used for doklu production. We reported the 
isolation, characterization and identification of 
novel LAB strains. Also, the evaluation of some 
physiological and technological properties and 
the selection of some potential probiotic 
candidates. 
 

2. MATERIALS AND METHODS  
 

2.1 LAB Isolation and Identification 
 

2.1.1 Sample Collection and isolation 
 

Fermented maize dough samples were collected 
just at the end of the fermentation in sterile 
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containers from a traditional producer at Abidjan 
(Côte d'Ivoire). Immediately after collection, 
samples were transferred in an icebox to the 
laboratory within 1 h for analyses. Lactic Acid 
Bacteria isolation was performed after dilution of 
10 g of maize dough diluted with 90 mL of sterile 
buffered peptone water (BPW). Successive 
decimal dilutions were then prepared and spread 
out on Man Rogosa and Sharpe (MRS) agar 
(Biokar, France). Plates were incubated under 
microaerobic conditions at 37°C for 48 h. 
Subsequently, colonies were randomly picked 
from the countable plate from each sample, 
purified by successive streaking on the same 
medium, and tested for Gram coloration and 
catalase production. Gram-positive and catalase-
negative isolates were stored at -80°C in MRS 
medium containing glycerol (25%). 
 
2.1.2 DNA extraction 

 
Two ml of overnight bacterial culture were used 
for DNA extraction. Bacterial cells were pelleted 
by centrifugation for 10 min at 6000 rpm and 
protoplast by 1 h incubation at 37°C in 300 μL of 
50 mM Tris·HCl (50 mM) EDTA (5mM) at pH 7.5 
containing lysozyme (10 mg/mL), Mutanolysin 
(60 U/mL) and RNAse (200µg/mL). The total 
DNA was then extracted as previously described 
[9]. 
 
2.1.3 PCR Condition 

 
The V1-V3 region of the 16S rRNA gene was 
amplified by using extracted DNA from isolated 
strains. PCR amplifications were performed in a 
final volume of 50 μL, containing 10% of PCR 
buffer; 2.5 mM of dNTP, 10 pM of each primer 
(V1-AGTCAGTCAGCCGAGTTTGATCMTGGCTCAG 
and V3-TATGGTAATTCAATTACCGCGGCTGCTGG), 
5 U/µL of Taq polymerase and 500 ng/µL of DNA 
extract. Samples were amplified in a thermal 
cycler (GeneAmp PCR System 9700) 
programmed as follows: initial denaturation of 
DNA for 1 min at 94°C; 30 cycles (each of 1 min 
at 94°C, 1 min at 65°C and 1 min at 72°C) and a 
final extension 10 min at 72°C. PCR products 
were then separated by electrophoresis on a 1 % 
(w/v) agarose gel. 
 

2.1.4 Sequencing 
 
The amplified fragments were sequenced by 
Eurofins Genomics (Ebersberg, Germany) and 
taxonomic analysis was performed using Blast 
NCBI database (https://blast.ncbi.nlm.nih.gov/ 
Blast.cgi?PAGE_TYPE=BlastSearch). 

2.2 Technological Characterization 
 
2.2.1 LAB strain preparation 
 
For analysis, the strains were subcultured in 
MRS broth and incubated at 37°C for 48 h under 
microaerobic conditions. Overnight (12h, 37°C) 
bacterial cultures were harvested by 
centrifugation at 4000 rpm for 10 min and 
washed with sterile BPW. The obtained pellets 
were resuspended in BPW at a final 
concentration of approximately 10

9
 CFU mL

-1 

[10]. 
 

2.2.2 Preparation of maize extract (MFE) broth 
 
Maize flour extract broth was prepared as 
follows: 500 g of maize grain was washed, 
steeped in 5 L of water for 12 h, and germinated 
at 25°C for three days. After the removal of the 
sprouts, the grains were milled into powder. The 
maize flour obtained was suspended in distilled 
water (300 g in 1 L) and boiled for 15 min. The 
obtained liquid phase was centrifuged at 4000 
rpm for 10 min at 4°C. The obtained solution was 
sterilized by autoclaving at 121°C for 15 min and 
used as culture broth in subsequent experiments. 
 
2.2.3 Diacetyl production 
 
Diacetyl production was determined by HCl 
titration of fermented MFE [11]. A volume of 7.5 
mL of hydroxylamine solution (1 M) was added to 
25 mL of 24 h fermented MFE and to 25 mL of 
unfermented MFE broth (control). Both flasks 
were titrated with 0.1N HCl to a greenish-yellow 
end point using bromophenol blue as the 
indicator. The concentration of diacetyl produced 
was calculated as follows:  
 

   
           

 
 

 
Where Ak (mg) is the quantity of diacetyl, R the 
volume (mL) of 0.1N HCl consumed in residual 
titration, S the volume (mL) of 0.1 N HCl 
consumed in the titration of sample, E the 
equivalence factor of HCl to diacetyl is 21.52 mg 
and W is the volume of sample (25 mL). 
 
2.2.4 Hydrogen peroxide production 
 
The hydrogen peroxide production in fermented 
MFE was also quantified bye titration. To 25 mL 
of this mixture, 25 ml of diluted H2SO4 (10%) was 
added. %). The preparation was then titrated with 
0.1N potassium permanganate (KMnO4). The 

https://blast.ncbi.nlm.nih.gov/%20Blast.cgi?PAGE_TYPE=BlastSearch
https://blast.ncbi.nlm.nih.gov/%20Blast.cgi?PAGE_TYPE=BlastSearch
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endpoint was the point at which the pale pink 
color persisted for 15s before decolorization. 
Each ml of 0.1N KmnO4 is equivalent to 1.701 
mg of H2O2 [11]. The volume of H2O2 produced 
was then calculated as follows:  

 
                           

 
                       

          
 

 
V(KMnO4) : volume of KMnO4 (ml)  
N(KMnO4) : KMnO4 normality 
E : KMnO4 equivalence factor 
V(H2SO4) : volume of H2SO4 
V : volume of sample 

 
2.2.5 Proteolytic activity 

 
The proteolytic activity of isolate was determined 
using skim milk agar [12]. Standard plate count 
agar supplemented with 10% sterile skim milk 
was inoculated by touch with a fresh bacteria 
culture previously grown on MRS agar. The 
inoculated plates were incubated at 37°C for 
24h. Proteolytic activity was estimated by the 
halo diameter. 

 
2.2.6 Temperature, pH and salt stress 

 
Strains ability to grow in various stress conditions 
was evaluated using MRS broth inoculated with 
1% of overnight culture (i) at an incubation 
temperature of 4, 30 or 45°C, (ii) with 2, 4, or 6.5 
% NaCl (w/v) and (iii) at pH adjusted to 4 and 9.6 
with HCl and NaOH respectively. The strains' 
thermoresistance was evaluated by their                  
survival after for 30 min incubation at 62°C            
[13].  

 
2.3 Statistical Analysis 
 
Statistical analysis was carried out with 
XLSTAT™ software (version 2016.1). One-way 
analysis of variance (ANOVA) and Tukey's test 
were used to perform multiple comparisons 
between analyzed variables, with a significance 
level of p < 0.05.  

 
Relationships among the technological 
characteristics of the isolates were determined 
by Principal Component Analysis (PCA) using R 
software (version 3.6.1). The discriminating 
variables were growth and acidification kinetics, 
diacetyl production, hydrogen peroxide 
production, and proteolytic activity. 

 

3. RESULTS  
 

3.1 LAB Species Identified 
 

A total of 25 News isolates were selected and 
characterized by 16S (V1-V3 region) primers. As 
shown in Table 1, the sequencing of 16S rDNA 
and phylogenetic analysis revealed four species 
which are Pediococcus acidilactici (56%), 
Lactobacillus fermentum (24%), Pediococcus 
pentosaceus (12%) and Lactobacillus plantarum 
(8%). 
 

3.2 Technological Properties 
 

3.2.1 Growth kinetics 
 

The results of the growth kinetics in MFE of the 
25 LAB strains from Fermented maize dough are 
shown in Fig. 1A. Based on the measured optical 
density (OD) during fermentation, all strains 
displayed good abilities of growth in maize-based 
broth. Some strains such Lactobacillus 
fermentum S46 and Pediococcus acidilactici 
S141, contrarily to the others showed rapid 
growth in the earlier steps of fermentation, with 
an OD about 0,9 after only 6h. But at the end of 
fermentation, most of them displayed a good final 
OD value.  
 

3.2.2 Acidification kinetics 
 

The acidifying capacity of the 25 tested LAB 
strains was evaluated by determining their pH 
evolution during fermentation in MFE (Fig. 1B). 
All isolates were able to lower pH during 
fermentation. Ten (10) LAB strains (Pediococcus 
acidilactici S55, S16, S77, S79, Lactobacillus 
fermentum S46, S47, S44; Lactobacillus 
plantarum S121, S32, and Pediococcus 
pentosaceus S141) showed abilities to rapidly 
acidify the MFE broth, with ΔpH values greater 
than 1 after only 6h. The other isolates had a 
slow onset of acidification, but at the end of 
fermentation displayed high ΔpH values. 
 

3.2.3 Diacetyl production 
 

Diacetyl production in MFE broth was carried out 
by HCl titration. Most of the tested LAB strains 
produced more or less diacetyl. Seven out of 25 
isolates (Lactobacillus fermentum S46, S47, S81, 
Pediococcus acidilactici S60, S56, Lactobacillus 
plantarum S121 and Pediococcus pentosaceus 
S141) show best production with more than 80 
mg (Fig. 2A). For the other isolates, the 
production was average although some were 
very weak. 
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Table 1. Molecular identification of new LAB isolated from fermented maize dough 
 
Strain ID Closely related LAB Type strain 16S rRNA similarity (%) Acession number 

S1 Pediococcus acidilactici 98,98 OK427311 
S5 Pediococcus acidilactici 98,78 OK427312 
S8 Pediococcus pentosaceus 99,39 OK427313 
S15 Pediococcus acidilactici 99,18 OK427314 
S16 Pediococcus acidilactici 98,98 OK427315 
S32 Lactobacillus plantarum 100 OK415420 
S33 Lactobacillus fermentum 99,8 OK427317 
S41 Pediococcus acidilactici 98,98 OK427318 
S44 Lactobacillus fermentum 99,8 OK427319 
S45 Lactobacillus fermentum 99,8 OK427320 
S46 Lactobacillus fermentum 99,39 OK427321 
S47 Lactobacillus fermentum 99,39 OK427322 
S55 Pediococcus acidilactici 100 OK415422 
S56 Pediococcus acidilactici 100 OK415423 
S60 Pediococcus acidilactici 99,39 OK427325 
S61 Pediococcus acidilactici 99,39 OK427326 
S77 Pediococcus acidilactici 99,39 OK427327 
S78 Pediococcus acidilactici 99,18 OK427328 
S79 Pediococcus acidilactici 99,39 OK427329 
S80 Pediococcus pentosaceus 99,39 OK427330 
S81 Lactobacillus fermentum 99,8 OK427331 
S121 Lactobacillus plantarum 100 OK415421 
S130 Pediococcus acidilactici 98,98 OK427333 
S141 Pediococcus pentosaceus 99,39 OK427334 
S146 Pediococcus acidilactici 98,98 OK427335 

 

 
 

Fig. 1. Growth Kinetics (A) and acidification abilities (B) of LAB strains during fermentation in 
MFE broth 
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3.2.4 Hydrogen peroxide production 
 
Potassium permanganate titration was                 
used to determine hydrogen peroxide              
production by LAB strains. The concentrations of 
hydrogen peroxide produced are shown in Fig. 
2B. Ten strains obtained a production               
greater than 2 mM with the highest quantity      
(2,99 mM) produced by Pediococcus acidilactici 
S15. 
 
3.2.5 Proteolytic activity 
 
Protease activity of LAB strains was assessed 
based on the ability to produce clear zone on 
skim milk agar (Fig. 3). Most strains achieved 
positive responses (Fig. 4). Five strains revealed 
a high level of hydrolysis of milk proteins with 
lysis diameters greater than 8 mm. Those are 
Lactobacillus plantarum S121, S32, Lactobacillus 
fermentum S44 and Pediococcus acidilactici 
S55, S56. All other strains had an average 
activity between 3 to 7 mm. 
 

3.2.6 Salt, temperature and pH stress 
 
The results of the tested LAB strains growth 
under different conditions are presented in Table 
2. It was observed that all the strains grew at 30 
and 45°C. However, at 4°C none of the tested 
strains was able to grow excepted Lactobacillus 
fermentum S45 and Pediococcus pentosaceus 
S80 which showed poor growth. At the 
concentration of 6.5% NaCl, Lactobacillus 
fermentum S45, Pediococcus acidilactici S56 
and Pediococcus pentosaceus S80 displayed 
good growth, contrarily to the other strains. More 
or less growth was observed with most strains at 
NaCl concentrations of 2 and 4%. Moreover, all 
strains displayed growth at pH 4, however, this 
growth is low for some isolates. Except 
Pediococcus acidilactici S15 and Lactobacillus 
fermentum S45, reasonable growth was 
observed with all strains at pH 9.6. After 30 min 
of incubation at 62°C, all strains were able to 
grow, however, Pediococcus acidilactici S1 and 
S130 showed poor growth 

 
 

Fig. 2. Diacetyl (A) and hydrogen peroxide (B) production of LAB strains during fermentation 
in MFE broth 
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Fig. 3. Proteolytic activity of LAB strains on agar medium 
 

 
 

Fig. 4. Proteolytic activity of LAB strains 
 

 
 

Fig. 5. Principal Component Analysis (PCA) of the technological characteristics of LAB 
isolates 
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Table 2. Growth characteristics of the strains at different pH, NaCl concentration, and 
temperature 

 

 
« +++ »: good growth; « ++ »: growth; « + »: poor growth; « - »: no growth 

 
3.2.7 PCA analysis 
 
The score plot (Fig. 5) shows the relationship 
among the technological parameters used in this 
study. Apart from Growth and Acidification 
kinetics, no strict relationship was found between 
the other parameters. Six strains form a distinct 
group in the positive direction for all variables. 
Those are Pediococcus acidilactici S15, S55, 
S56 ; Lactobacillus plantarum S32, S121 and 
Lactobacillus fermentum S44. They represent the 
bacteria with the highest activities for all 
variables combined. 
 

4. DISCUSSION 
 
LAB constitutes one of the most important 
bacterial groups used for the processing of 

fermented dairy, meat, vegetable, and cereal 
products [14]. In addition to their technological 
importance, many species of LAB act as 
probiotics [15]. When probiotics are added to 
foods, they must be able to survive in the product 
and become active when they enter the 
gastrointestinal tract of consumers. Therefore, in 
addition to assessing their probiotic potential, 
these cultures must also be tested for their 
functional and physiological properties [16]. In 
this study, 25 LAB strains isolated from 
fermented maize dough and identified by 
sequencing were subjected to different                
tests in order to select the most efficient                   
ones for various biotechnological uses. 
Sequencing of the V1-V3 region of the 16S rRNA 
gene revealed the presence of four different 
species that are Pediococcus acidilactici, 
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Lactobacillus fermentum, Pediococcus 
pentosaceus and Lactobacillus plantarum. As 
already mentioned by other authors, these 
species of lactic acid bacteria are those 
commonly found in fermented maize dough 
[4,17]. These bacteria play an important role in 
the fermentation of grain-based foods. [18] 
related that, Lactobacillus plantarum and 
Lactobacillus fermentum are important species in 
fermented maize dough. The importance of 
Lactobacillus fermentum in maize fermentation 
has been confirmed by previous studies in 
Ghanan, Benin and Mexican products [19-22]. 
The high amylolitic activities found in different 
strains suggest that Lactobacillus fermentum 
could be a key organism for maize fermentation, 
making the large amounts of starch available to 
the overall community. In addition, the 
fermentation products (lactate, formate, and 
ethanol) may also serve as carbon sources for 
organisms, such as yeasts [17]. Interestingly, [4] 
reported a high prevalence of bacteriocin-
producing Lactobacillus fermentum strains, and 
their detection in different stages of Doklu 
production indicates a high potential of these 
strains to grow and dominate the microbial 
population in the fermented maize dough. 
 

Evaluation of acidification potential, proteolytic 
activity, diacetyl production and other tests have 
contributed to the technological and physiological 
characterization of the isolate LAB. Strains 
cultured for 48 hours in MFE were evaluated for 
their ability to grow correctly and to acidify the 
fermentation medium. The results obtained 
showed that all strains grow well in the broth. 
Some strains stood out for their rapid growth 
during the earlier stages of fermentation. After 24 
h of fermentation, most strains reached an OD 
greater than 1 and this growth was independent 
of species. Knowledges on these growth 
parameters is necessary for more efficient 
industrial applications, considering the known 
nutritional requirement of this type of bacteria 
reported by some authors [23,24]. Acidifying 
activity is the most sought-after metabolic 
property of LAB used in the food industry. It is 
considered as an essential criterion for the 
selection of strains of technological interest. In 
this work, 75% of the strains showed a good 
acidification capacity with pH variation greater 
than 1.5 after 24 hours of fermentation. This 
good acidifying capacity of LAB has already been 
demonstrated by numerous studies [25-27]. The 
acidification capacity of these bacteria is due to 
the production of different types of organic acids 
that can contribute to make the environment 

unfavorable to the growth of certain 
microorganisms that could be undesirable from a 
hygienic point of view. Rapid acidification is also 
a priority in the development of lactic starter 
cultures. After only 6 hours of fermentation, 10 
strains showed pH variation greater than 1, 
among which are represented the four identified 
species. Akabanda F et al. [28] had previously 
worked on the rapid acidification of LAB strains 
isolated from Nunu in Ghana, and these authors 
had also demonstrated the rapid acidification 
properties of Lactobacillus plantarum and 
Lactobacillus fermentum strains. The rapid 
acidification capacity of Lactobacillus plantarum 
has also been demonstrated by other authors 
[29,30].  
 

The bacterial strains studied were also tested for 
the production of some metabolites of interest, 
namely diacetyl and hydrogen peroxide. Diacetyl 
is an essential aromatic compound. It is of 
industrial interest because it contributes to the 
flavor of many fermented foods. This aromatic 
compound is produced by lactic bacteria by 
citrate fermentation. Several bacteria of the 
genera Lactococcus, Leuconostoc, Lactobacillus 
and Pediococcus, can synthesize it [31]. In our 
study, the best production rate was obtained by 
seven strains including three Lactobacillus 
fermentum, two Pediococcus acidilactici and two 
Lactobacillus plantarum. In addition to 
contributing to the flavor of food products, 
diacetyl is characterized by broad antimicrobial 
activity [32]. It is able to inhibit Gram-negative 
bacteria and yeasts [33]. Hydrogen peroxide has 
also an antimicrobial effect. Its production was 
detected with all studied strains with 
concentrations higher than 2 mM for 10 of them. 
These results are in agreement with those 
obtained by [34] who tested 63 LAB strains and 
they were all good hydrogen peroxide producers. 
The hydrogen peroxide action can manifest itself 
both on undesirable germs and on those 
essential to the fermentation smooth running. 
Inhibition is achieved by oxidation of membrane 
lipids of target strains or by destruction of cellular 
protein structures [35]. 
 
Proteolytic activity of LAB strains was expressed 
on agar medium by lysis zones. According to 
[36], a strain is said to be correctly proteolytic if it 
presents a lysis zone diameter between 5 and 15 
mm. In this study, 22 of the 25 strains tested 
(76%) obtained a proteolysis diameter greater 
than 5mm. LAB proteolytic systems play an 
important role in the ripening processes that      
give foods their rheological properties and 
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organoleptic characteristics [37]. The use of 
these bacteria as food additives may be an ideal 
factor to modulate the proteolytic activity of a 
food product [38]. It should be noted, however, 
that excessive proteolysis can lead to the 
uncontrolled production of bitter peptides and 
other undesirable compounds [39]. 
 

LAB survival and growth under unfavorable 
conditions of temperature, salt concentration and 
pH were determined. No remarkable growth was 
observed when cultivating the strains at 4°C. At 
45°C, very good growths were recorded for all 
strains showing their ability to grow at 
temperatures above normal LAB growth 
temperatures. According to [40], most lactic 
strains grow in a temperature range between 
15°C and 42°C. Strains that can remain viable at 
higher temperatures are called "thermoresistant". 
The 6.5% NaCl level allowed a good growth of 
only 3 strains out of the 25 studied strains. These 
are Lactobacillus fermentum S45, Pediococcus 
acidilactici S56 and Pediococcus pentosaceus 
S80. The ability of these strains to grow properly 
at 6.5% NaCl level could be distinctive since the 
literature generally presents an intolerance of 
lactic strains to this concentration [41]. Salt-
resistant strains can be of technological interest 
especially in fermentations of salted products 
(salted cheeses, olives, cucumbers, meats, etc.) 
[42]. Regarding pH, the optimal values required 
for the growth and survival of bacteria are 
generally between 4 and 8. Under abnormal pH 
conditions, normal cellular components are not 
synthesized, which affects cell division and 
prevents growth [43]. Most of the strains studied 
were able to grow at pH 4, but at different 
intensities. Not surprisingly, pH 9.6 was the most 
critical. However, good growth was obtained for 
13 of the strains. Despite treatment at 62°C for 
30 min, 20 LAB strains showed good growth after 
incubation. It should be noted that during the 
drying of probiotics, the microorganisms are 
subjected to treatments involving extreme 
temperatures that can be very high (up to 200°C) 
during spray drying or very low (down to -196°C) 
during freeze drying and storage [44]. In general, 
resistance to these stresses is higher when the 
cells are previously exposed and adapted to a 
previous treatment with a homologous stress. 
For example, better heat tolerance was obtained 
when Lactobacillus rhamnosus GG was pre-
exposed to 60°C for 20 min [45]. 
 

5. CONCLUSION 
 

Based on partial 16S rRNA gene sequencing, 25 
LAB isolated from fermented maize dough        

used for doklu production, were identified              
as Pediococcus acidilactici, Lactobacillus 
fermentum, Lactobacillus plantarum and 
Pediococcus pentosaceus. The obtained results 
show that certain isolates have promising 
technological properties for possible industrial 
applications. These strains have generally shown 
their capacity for good growth, acidification and 
the production of certain interesting metabolites 
such as diacetyl and hydrogen peroxide in a 
medium prepared from maize flour. They also 
demonstrated their ability to survive and growth 
under unfavorable conditions. 
 

ACKNOWLEDGEMENTS 
 
This research work was supported by funds from 
the International Foundation for Science (IFS) 
under the project number E/4955-2. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. De Vuyst L, Neysens P. The sourdough 
microflora: biodiversity and metabolic 
interactions. Trends in Food Science and 
Technology. 2005;16:43-56. 

2. Nadeem M, Anjum FM, Amir RM, Khan 
MR, Hussain S, Javed MS. Anoverview of 
antinutritional factors in cereal grains with 
special reference to wheat – A review. 
Pakistan Journal of Food Sciences. 
2010;20:1-4. 

3. Assohoun NMC, Djéni NT, N’Guessan KF, 
Koussemon M. Preliminary study on 
antimicrobial properties of lactic acid 
bacteria involved in the fermentation of 
corn dough during Doklu processing in 
Côted’Ivoire. Global Science Books. 
2012;6:65-70. 

4. Assohoun-Djeni NMC, Djeni NT, 
Messaoudi S, Lhomme E, Koussemon-
Camara M, Ouassa T, Chobert JM, Onno 
B, Dousset X. Biodiversity, dynamics and 
antimicrobial activity of lactic acid bacteria 
involved in the fermentation of maize flour 
for doklu production in Côte d’Ivoire. Food 
Control, 2016;62:397-404. 

5. Berbegal C, Peña N, Russo P, Grieco F, 
Pardo I, Ferrer S, Spano G, Capozzi V. 
Technological properties of Lactobacillus 
plantarum strains isolated from grape must 
fermentation. Food Microbiology. 2016; 
27:187–194. 



 
 
 
 

Assohoun et al.; J. Adv. Biol. Biotechnol., vol. 26, no. 3, pp. 33-44, 2023; Article no.JABB.99556 
 

 

 
43 

 

6. Das AJ, Das MJ, Miyaji T, Deka SC. 
Growth and metabolic characterization of 
four lactic acid bacteria species isolated 
from rice beer prepared in Assam, India. 
Access Microbiology. 2019;1:1-14. 

7. Tannock GW. Medical Importance of the 
Normal Microflora. Boston. Springer. 
1999;515. 

8. Sharma K, Attri S, Goel G. Selection and 
Evaluation of Probiotic and Functional 
Characteristics of Autochthonous Lactic 
Acid Bacteria Isolated from Fermented 
Wheat Flour Dough Babroo. Probiotics and 
Antimicrobial Proteins. 2018;11:774-784. 

9. Biswas L, Gruss A, Ehrlich SD, Maguin E. 
High elliciency gene inactivation and 
replacement system for gram positive 
bacteria. Journal of Bacteriology. 1993; 
175:3628-3635. 

10. Alfonzo A, Giusi V, Onofrio C, Rosalia DG, 
Raimondo G, Nicola F, Giancarlo M, Luca 
S. Diversity and Technological Potential of 
Lactic Acid Bacteria of Wheat Flours. Food 
Microbiology. 2013;36(2):343-54. 

11. Edema M O, Sanni AI. Functional 
properties of selected starter cultures for 
sour maize bread. Food Microbiology. 
2008;25:616-625. 

12. Thapa N, Pal j, Tamang JP. Phenotypic 
indentification and technological properties 
of lactic acid bacteria isolated from 
traditionally fish products of the eastern 
himalayas. International Journal of Food 
Microbiol. 2006;107:8-33. 

13. Hassaine O. Caractéristiques d'intérêt 
technologiques de souches de bactéries 
lactiques isolées de lait camélien du Sud 
Algérien. Thèse de doctorat, Université 
d'Oran Es-sénia, Oran. 2013;180. 

14. Hurtado A, Reguant C, Bordons A, Rozès 
N. Lactic acid bacteria from fermented 
table olives. Food Microbiology. 2012;31:    
1-8. 

15. Souza JV, Dias FS. Protective, 
technological, and functional properties of 
select autochthonous lactic acid             
bacteria from goat dairy products.           
Current Opinion In Food Science. 2017;13: 
1-9. 

16. Bujnakova D, Strakova E. Safety, probiotic 
and technological properties of Lactobacilli 
isolated from unpasteurised ovine and 
caprine cheeses. Annual Microbiology, 
2017;67:813-826. 

17. Ben-Omar N, Ampe F. Microbial 
community dynamics during production of 
the Mexican fermented maize dough 

Pozol. Applied and Environmental 
Microbiology. 2000;66:3664-3673. 

18. Chaves-Lopez C, Serio A, Delgado-Ospina 
J, Rossi C, Grande-Tovar CD, Paparella A. 
Exploring the Bacterial Microbiota of 
Colombian Fermented Maize Dough        
“Masa Agria” (Maiz Añejo). Frontiers 
Microbiology. 2016;7:1168. 

19. Obinna-Echem PC, Kuri V, Beal J. 
(Evaluation of the microbial community, 
acidity and proximate composition of 
akamu, a fermented maize food.  Journal 
of the Science of Food and Agriculture. 
2014;94:331-340. 

20. Oguntoyinbo FA, Tourlomousis P, Gasson 
MJ, Narbada A. Analysis of bacterial 
communities of traditional fermented West 
African cereal foods using culture 
independent methods. International 
Journal of Food Microbiology. 2011;145: 
205-210. 

21. Ampe F, Ben-Omar N, Moizan C, Wacher 
C, Guyot JP. Polyphasic study of the 
spatial distribution of microorganisms in 
Mexican pozol, a fermented maize dough, 
demonstrates the need for cultivation- 
independent methods to investigate 
traditional fermentations. Applied and 
Environmental Microbiology. 1999;65: 
5464-5473. 

22. Hayford AE, Petersen A, Vogensen FK, 
Jakobsen M. Use of conserved randomly 
amplified polymorphic DNA (RAPD) 
fragments and RAPD pattern for 
characterization of Lactobacillus 
fermentum in Ghanaian fermented maize 
dough. Applied and Environmental 
Microbiology. 1999;65:3213-3221. 

23. Loubière P, Novak L, Cocaign-Bousquet 
M, Lindley N. Besoins nutritionnels des 
bactéries lactiques : interactions entre flux 
de carbone et d’azote. INRA Editions. 
1996;76:5-12. 

24. Jensen PR, Hammer K. Minimal 
requirements for exponential growth of 
Lactococcus tectis. Applied and 
Environmental and Microbiology. 
1993;59:4363-4366. 

25. Maghnia D. Etude de potentiel 
technologique des bactéries lactiques 
isolées des aliments fermentés 
traditionnels algériens. Mémoire de 
magister en Microbiologie Alimentaire. 
Université d'Oran-Es-Senia. 2011;126. 

26. Idoui T, Boudjerda J, Leghouchi E, Karam 
NE. Lactic acid bacteria from “Sheep’s 
Dhan”, a traditional butter from sheep’s 



 
 
 
 

Assohoun et al.; J. Adv. Biol. Biotechnol., vol. 26, no. 3, pp. 33-44, 2023; Article no.JABB.99556 
 

 

 
44 

 

milk: Isolation, identification and major 
technological traits. Grasas Y Aceites. 
2009;60(2):177-183. 

27. Alonso-Calleja C, Carballo J, Capita R, 
Bernardo A, Garcia-Lopez ML.              
Changes in the microflora of Valdeteja raw 
goats milk cheese throughout 
manufacturing and ripening. Lebensmittel-             
Wissenschaft Und- Technologie. 2002;35: 
222-232. 

28. Akabanda F, Owusu-Kwarteng J, Tano-
Debrah K, Parkouda C, Jespersen L. The 
Use of Lactic Acid Bacteria Starter Culture 
in the Production of Nunu, a 
Spontaneously Fermented Milk Product in 
Ghana. International Journal of Food 
Science. 2014;1-11. 

29. Idoui T, Karam NE. Lactic acid bacteria 
fromJijel’s traditional butter: isolation, 
identification and major technological traits. 
Grasas y Aceites. 2008;59(4):361-367. 

30. Haddadin JSY. Kinetic studies and 
sensorial analysis of Lactic Acid Bacteria 
isolated from white cheese made from 
sheep raw mil. Pakistan Journal of 
Nutrition. 2005;4:78-84. 

31. Leveau JY, Boiux M, De Roissart HB. La 
flore lactique : technique d’analyse et de 
contrôle dans les industries 
agroalimentaires. 2e Ed., Tec & Doc, 
Lavoisier. 1991;3:240. 

32. Lanciotti R, Patrignani F, Bagnolini F, 
Guerzoni ME, Gardini F. Evaluation of 
diacetyl antimicrobial activity against 
Escherichia coli, Listeria monocytogenes 
and Staphylococcus aureus. Food 
Microbiology. 2003;20:537-543. 

33. Ammor S, Tauveron G, Dufour E, 
Chevallier I. Antibacterial activity of lactic 
acid bacteria against spoilage and 
pathogenic bacteria isolated from the same 
meat small-scale facility: 1-Screening and 
characterization of the antibacterial 
compounds. Food Control. 2006;17:               
454-461. 

34. Enitan A, Adeyemo J, Ogunbanwo ST. 
Influence of growth conditions and 
nutritional requirements on the production 
of hydrogen peroxide by lactic acid 

bacteria. African Journal of Microbiology 
Research. 2011;5:2059-2066. 

35. Zalan Z, Barath A, Halasz A. Influence of 
growth medium on hydrogen peroxide and 
bacteriocin production of Lactobacillus 
strains. Food Technology and 
Biotechnology. 2005;43:219-225. 

36. Vuillemard JC. Microbiologie des aliments. 
Evolution de l’activité protéolytique des 
bactéries lactiques. Paris. Tec & Doc, 
Lavoisier. 1986;65. 

37. Law BA, Kolstad J. Proteolytic systems in 
lactic acid bacteria. Antonie van 
Leeuwenhoek. 1983;49:225-245. 

38. Sanders ME, Merenstein D, Merrifield CA, 
Hutkins R. Probiotics for human use. Food 
and Nutrition Bulletin. 2018;43:212-225. 

39. Buffa M, Morais J, Jimenez-Belenguer A, 
Hernandez-Gimenez E, Guamis B. 
Technological characterization of lactic 
acid bacteria isolated from raw ewes’ milk 
for cheese making. Milchwissenschaft. 
2005;61:404-407. 

40. Tailliez P. Les lactobacilles: propriétés, 
habitats, rôle physiologique et            
intérêt en santé humaine. Actualités 
microbiologiques. 2004;6(1):35-41. 

41. Guiraud JP. Microbiologie alimentaire. 
Dunod. 1998;615. 

42. Karam-Zadi H, Karam N. Bactéries 
lactiques du lait de chamelle d’Algérie : 
mise en évidence de souches de 
Lactococcus résistantes au sel. 
Tropicultura. 2006;24(3):153-156. 

43. Das AJ, Das MJ, Miyaji T, Deka SC. 
Growth and metabolic characterization of 
four lactic acid bacteria species isolated 
from rice beer prepared in Assam, India. 
Access Microbiology. 2019;1:1-14. 

44. Mills S, Stanton C, Fitzgerald GF, Ross 
RP. Enhancing the stress responses of 
probiotics for a lifestyle from gut to product 
and back again. Microbial Cell Factories. 
2011;10:1-19. 

45. Corcoran BM, Stanton C, Fitzgerald G, 
Ross RP. Life under stress: the probiotic 
stress response and how it may be 
manipulated. Current Pharmaceutical 
Design. 2008;14:1382-1399. 

_________________________________________________________________________________ 
© 2023 Assohoun et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/99556 

http://creativecommons.org/licenses/by/4.0

