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Abstract 

Considering the effect of fermentation on the diversity of attieke and its quality 
improvement in Cote d’Ivoire, and given the lack of reports concerning 
microbial populations and structure in the fermentation process in some 
specific areas of production, particularly in Ahizi people area, this study aims to 
identify the lactic acid bacteria (LAB) species isolated from local factories, and to 
assess their potential use as a starter culture from acidifying and growth 
abilities in a dough extract system and their enzymatic profiles. Fourty five 
samples from three local factories were analysed for biochemical and microbial 
properties. A total of 78 LAB were isolated from the factories. Isolates were 
characterized by combining rep-pcr genotyping and 16S rRNA sequencing and 
additional biochemical tests. The enzymatic profiles of isolates were assessed by 
using API ZYM kits. Molecular analyses clustered the strains into 8 LAB species, 
which belonged to four genera: Enterococcus, Lactobacillus, Leuconostoc, and 
Weissella. Weissella cibaria, Lactobacillus plantarum, and Enterococus italicus 
were the most prevalent species. Cassava fermentation was initiated by 
Lactobacillus plantarum while Enterococcus italicus were predominant from 8 h 
until the end. A majority of the LAB isolates displayed activities of α-glucosidase, 
β-glucosidase, leucine arylamidase, valine arylamidase and acid phosphatase. 
Two of them showed high acidifying power. The dominant strains would be 
important in developing a starter culture. The results can form the basis for the 
improvement of product quality and consistency. 
Key words: Ahizi people, cassava dough, lactic acid bacteria, 16 rRNA gene 
sequencing, technological properties. 

INTRODUCTION 
Cereal, root and tuber based foods have been key components of human diets for 
thousands of years. They remain a main source of nutrition, particularly in developing 
and over populated countries [8]. Indeed, cassava (Manihot esculenta Crantz) is an 
abundant and important root crop in the tropics [13]; it contains about 62–65% 
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moisture, starch and toxic cyanogenic glucoside (linamarin) and it is highly perishable 
with a storage life of less than 48 h. Processing brings about detoxification and 
fermentation and enhances acidification and product development during cassava 
processing [4, 35]. In Cote d’Ivoire, cassava is fermented to produce attieke, the major 
fermented plant food of the country. Attieke is a steamed granular cassava (Manihot 
esculenta Crantz) meal ready-to-eat, couscous-like product, with slightly sour taste and 
whitish colour [16]. It was originally prepared and consumed exclusively in a restricted 
ethno cultural setting living in the laguna area in the south of country, and regrouping 
Adjoukrou, Ebrie, Alladjan , Avikam and Ahizi people. The processing of cassava into 
attieke needs several hard steps. Generally, roots are peeled, cut into pieces and then 
washed three times with fresh water. Before milling, 5% - 10% (w/w) of inoculum, 10% 
(v/w) water and about 0.1% (v/w) of palm oil are added and the pieces are ground into 
a fine paste and left to ferment for about 12 to 15 h at ambient temperature (30˚C - 
37˚C). After fermentation, the dough is continuously pressed and then sieved and 
granulated. The grains obtained are sun-dried for few min to half an hour. After drying, 
fibres and dirt are removed by sprinkling and grains are steamed for about 20 - 25 min 
[21]. The attieke obtained is packaged into plastic bags, sealed airtight and sold on local 
markets or transported in cars at ambient temperature (30˚C - 37˚C) in other localities. 
So that, the largest amounts of attieke are prepared by three ethnic groups (Adjoukrou, 
Alladjan and Ebrie) at the origin of attieke production and which supply the big city of 
Abidjan [5]. But, the production of high quality attieke is often associated with specific 
locations and specific ethnic groups in Côte d'Ivoire, thus generating several types of 
attieke found on various markets with specific characteristics and differently 
appreciated by consumers. Three of these ethnic groups (Adjoukrou, Ebrie and Alladjan) 
are recognized as the best producers, and their products are consumed in large scale in 
urban areas, particularly in Abidjan, thus, increasing the interest of these attieke types 
for consumers and also for researchers. In this way, several studies have been devoted 
to these types of attieke. The preference by consumers of Adjoukrou's one was 
evidenced [6], while quality of these three types of attieke and biochemical and 
microbial characteristics of their fermentations were established by [5, 16, 15]. Despite 
their contribution in supplying greatest cities of the country into attieke and their 
importance in the diet of large groups of Ivorians, attieke from Ahizi and Avikam 
production zones have to date simply been neglected in research works. Yet, on their 
processing, some practices which undoubtely have influence on final product quality are 
applied, particularly for Ahizi people, the addition of salty water in the inoculated dough 
before undergoing to 15 hours of fermentation. In a framework to define and develop 
starter culture for controlled fermentation and production of regional specific attieke, 
with greater consistency in quality and safety, it is required that fermentation of such 
attieke and predominant microorganisms, notably LAB species involved are 
characterized and their technological roles and contribution to product quality and 
safety studied. The main objective of this study was to identify the LAB isolated during 
traditional fermentation of cassava dough for attieke from Ahizi people and evaluate 
their technological capabilities by examining their acidifying abilities in a dough extract 
system, growth rates, enzyme activities, production of antibacterial compounds and 
generation of chemical compounds. 
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[II] MATERIALS AND METHODS 
2.1. Materials and sampling 
Samples of ready to use traditional cassava inocula and fermenting cassava dough were 
obtained from three small-scale women’s enterprise in Ahizi people villages, South of 
Cote d’Ivoire. Inocula were prepared in each processing zone with boiled cassava roots 
packed in an ancient fermenting bag and left to ferment during 3 days by natural 
microorganisms present in the bag. The cassava dough was incubated at 35°C for 
fermentation. Fermentation was monitored over for 12 h and 500 g of fermenting dough 
samples were aseptically taken for different analyses at the beginning, and after 0, 4, 8 
and 15 hours of fermentation. On each processing zone, 15 samples (3 samples of 
cassava inocula and 12 samples of cassava dough) were collected, thus making a total of 
45 samples. All samples were collected in plastic Stomacher bags (Laboratoire Humeau, 
Rennes, France) and immediately transported in an icebox to the laboratory for 
analysis. 
 
2.2. Biochemical analyses 
Forty grams of inoculum samples or cassava fermenting dough were ground in 300 ml 
of distilled water in a porcelain mortar and then centrifuged at 4000 tours/min for 30 
min. The pH was determined on 50 ml of the supernatant using a pH-meter (P107 
Consort). Total titratable acidity (TTA) was determined by titrating 30 ml of 
supernatant used for pH determination against 0.1 M NaOH using phenolphthalein as 
indicator. TTA was calculated as percentage of lactic acid. Dry matter content (%) was 
determined by drying 5 g of sample at 105°C for 24 h in an drying oven and weighted 
until a constant weight [22]. 
 
2.3. Microbial analysis 
2.3.1. Enumeration and isolation of lactic acid bacteria 
Microbial analyses were carried out to determine LAB loads in inocula and cassava 
fermenting dough samples. Preparation of stock solutions, inoculation of agar plates, 
cultivation and quantification LAB were carried out according to AFNOR, NF V08-052. 
For all determinations, 10 g of samples were homogenized in a stomacher with 90 ml of 
sterile peptoned buffered water (AES Laboratoire, COMBOURG France). Tenfold serial 
dilutions of stomacher fluid were prepared and spread plated for determination of 
microorganism counts. Enumeration of LAB was carried out using plates of de Man, 
Rogosa and Sharpe (MRS) agar (Merck, Darmastadt, Germany) which were incubated 
under anaerobic conditions (Anaerocult A, Merck) at 30 °C for 72 h.. Isolation of LAB 
was performed from traditional inocula and fermenting dough samples by picking 
colonies from plates of highest dilutions showing growth. Each isolate was then 
characterized for Gram and catalase reactions. Seventy eight (78) gram positive and 
catalase negative isolates were obtained and purified twice on De Man, Rogosa and 
Sharpe (MRS) agar (Merck, Darmastadt, Germany). 
 
2.4. Molecular characterization of LAB 
2.4.1. DNA extraction 
Total DNA was extracted from traditional cassava inocula and fermenting cassava 
dough Gram-positive and catalase-negative isolates, by the rapid cold shock method of 
[19] 
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2.4.2. Rep-PCR genomic fingerprinting of LAB isolates 
Rep-PCR was used first to classify and then to type the LAB. Primer GTG-5 (5’-
GTGGTGGTGGTGGTG-3’) (Invitrogen, Cergy Pontoise, France) (Versalovic et al., 1991), 
was used for Rep-PCR amplification. PCR amplification was performed in a final volume 
of 25 mL containing 1X PCR buffer (Bioline, Spain), 2.5 mM MgCl2, 200 mM each dNTP, 2 
U Taq polymerase (Bioline, Spain) and 2 mL of extracted DNA. PCR reactions were 
carried out in a thermal cycler (Techne® Prime Thermal Cycler Range, USA) 
programmed as described by [7]. The reactions were resolved on horizontal 1.5% 
agarose (Pronadise, Madrid, Spain) gels by applying a current of 120 V for 5 h. A DNA 
molecular mass marker (Reddy Run Superladder low 1 Kb, Thermo Scientific) was used 
as standard. The resulting fingerprints were analyzed by the BioNumerics software, 
version 7.1 (Applied Maths, 1998 to 2013, Kortrijk, Belgium). Calculation of similarity 
between fingerprints was based on the Pearson correlation coefficient. A dendrogram 
was deduced from the similarity matrix by the Unweighted Pair Group Method with 
Arithmetic Averages (UGPMA) algorithm. Fingerprints with a similarity coefficient of 
85% and visually identical were deemed to be fingerprints of the same strain. 
 
2.4.3. 16S rDNA sequencing 
Amplification of the 16S rDNA genes was performed by PCR as described by [26] using 
the specific primers 16F27 and 16R1522. PCR products were then sent to GATC-biotech 
(Germany) for sequence determination. The resulting sequences were assembled into a 
unique contig with BioEdit sequence alignment software and then submitted to the 
NCBI database (NCBI, Bethesda, USA, http://www.ncbi.nlm.nih.gov/) for representation 
of sequence and similarity searches in the GenBank database. 
 
2.5. Technological capacity characterization of LAB 
2.5.1. Acidification activity and microbial growth 
To evaluate the kinetics of acidification by LAB in vitro, method of [2] was followed with 
slight modification. Sterile dough extract (SDE) liquid broth was prepared as follows: 
300 g of fresh cassava dough was suspended in distilled H2O (1 L) and centrifuged at 
8500 × g for 30 min, and supernatant was sterilized by autoclaving at 121°C for 15 min 
and then used as liquid broth in subsequent experiments. Overnight LAB cultures, 
grown in MRS broth, were harvested by centrifugation at 8500 × g for 5 min, washed 
with Ringer’s solution, and, to standardize bacterial inocula, resuspended in the same 
solution to an optical density at 600 nm of 1.00, corresponding to approximately 109 
CFU/mL, as measured with a 6400 Spectrophotometer (Jenway Ltd., Felsted, Dunmow, 
UK). The acidifying capacity of LAB was subsequently assayed during their incubation in 
20 mL of SDE at 30°C, with 1% (v/v) of the solution consisting of the cell suspension. pH 
measurements were taken at 2 h intervals for the first 8 h of incubation, and then at 24, 
and 48 h after inoculation. Microbial growth were also measured at the same times by 
pour plating 0,1 ml of SDE on the surface of MRS agar after 48 h of incubation in 
anaerobic conditions. 
 
2.5.2. Organic acids and volatile organic compounds production 
Samples were centrifuged at 4000 rpm for 20 min and supernatants were filtered 
through a 0.20 mm Millipore membrane filter (Sartorius AG, Goëttingen, Germany) and 
then stored at 20 °C until analysis. Organic acid were determined by High-Performance 
Liquid Chromatography (HPLC) as previously described by [29]. Analyses were carried 
out with an ion-exclusion ORH-801 column (300 - 6.5 mm) (Interchrom, France) 

http://www.ncbi.nlm.nih.gov/
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proceeded by a Universal Guard Cartritge- Holder column. The High-Performance 
Liquid Chromatograph system (LC-6A, Shimadzu Corporation, Japan) was equipped of a 
Shimadzu LC-6A pump. Column effluents were monitored by a UV detector (SPD-6A, 
Shimadzu Corporation, Japan) set at 210 nm. The mobile phase (0.004 N H2SO4) used at 
a low rate of 0.8 ml/min was filtered through a 0.45 mm Millipore membrane filter 
(Sartorius AG, Goëttingen, Germany). A 20 ml injection volume was used for HPLC 
samples and the analyses were done in duplicate. The organic acids standards were 
dissolved in distilled water at concentrations ranging to 0.05 - 0.4 g/l, filtered and 
injected as the samples. Organic acids were identified and quantified by comparison of 
their retention times and peak areas with those of standards.Volatile compounds were 
determined by gas chromatographic analyses, carried out using a Shimadzu CG-14A gas 
chromatograph. Filtered samples (2 ml) were directly injected into the system. The 
temperature was set at 8 °C/min. Injector and detector temperature were 200 °C and 
250 °C, respectively. Helium at 2 kg/cm2 was used as a carrier gas and the external 
standard method was used for the quantitative determination of compounds. 
 
2.5.3. Enzyme activities 
A total of seven (7) isolates of the dominant genera and species were further 
characterized, in terms of their enzymatic profile, using the API-ZYM kit strips 
(BioMerieux, Marcy-l’Etoile, France). The API ZYM system is a semi-quantitative 
micromethod research of enzymatic activities applicable to various environments, 
tissues, cells, body fluids, organisms ... [24]. The device is in the form of a twenty 
microtanks gallery or wells of 9 mm in diameter and 3 mm in height, the bottom 
consists of a specially prepared medium containing the appropriate substrate in buffer 
solution (Tris-maleate 0.05 M to pH 5.4, 0.05 M Tris-HCl pH 7.5 to 8.5). The support 
fibers ensure a homogeneous distribution of the insoluble or sparingly soluble 
molecules in aqueous medium. The enzymatic activity is detected by color development. 
Miniaturization and simplicity of the device used to perform many tests in a short time 
and it is possible to study a large number of strains. No aseptic precautions are 
necessary because the incubation time is limited and the load microbial cells inoculated 
per well must be important. The gallery used allows research nineteen enzyme systems. 
 
2.6. Statistical analysis 
One-way analyses of variance based on Newman-Keuls multiple tests with significant 
level a ¼ 0.05 were performed in order to compare biochemical and microbial 
characteristics samples and also to determine significant differences between inoculum 
types. The software used for the statistical evaluation was XLSTAT (Addinosoft Inc.).  
 
[III] RESULTS 
3.1. Biochemical and microbial characteristics of inocula and fermenting doughs 
All traditional cassava inocula analyzed in this study were produced following the same 
process by blanching peeled cassava roots before they underwent fermentation. Table 1 
shows some biochemical properties and LAB counts of inocula of three traditional 
attieke factories in Ahizi people areas and their changes throughout fermentation. All 
traditional inocula were acidic, with significant differences in pH values ranging from 
6.07±0.04 to 4.84±0.04. Dry matter rates varied between 36.37±0.54 and 39.10±0.60 %, 
while highest load of LAB in inocula was 5.3±1.1×106 cfu/g. During fermentation, 
important changes were observed, mainly a decrease in pH and dry matter values and 
increase in TTA and LAB population. If acidification changes during fermentation were 
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significantly important, it is not the case for LAB population which slightly increased 
indifferently to the production site (Table 1).  
 
3.2. Clustering, identification and dynamics of LAB 
From inocula and fermenting dough sample analyses, 138 colonies were collected, 
subjected to microscopic inspection and catalase testing. After these tests, only 78 
colonies (cocci and rods) were still considered putative LAB cultures (Gram-positive 
and catalase-negative). (GTG)5-PCR fingerprinting was used to screen the 78 
presumptive LAB isolates. Numerical analysis of the digitized (GTG)5-PCR fingerprints 
resulted in the delineation of 8 clusters at 85% Pearson similarity (Figure 1). Visual 
inspection of (GTG)5-PCR fingerprints indicated that the variations in the band patterns 
within one rep-PCR cluster were mainly due to differences in band intensities. 
Subsequently, one or more representative strains from each (GTG)5-PCR cluster were 
selected and subjected to 16S rRNA gene sequencing using the NCBI GenBank database. 
A BLAST search revealed that the sequences had an identity of at least 99% with those 
available within the NCBI database. As seen in Table 2, identification of LAB isolates 
allowed to assign to each cluster a species, notably, Weissella sp (cluster I) representing 
28.21% of isolates, Lactobacillus sp (10.26%) for cluster II), Lactobacillus plantarum 
(15.38) for cluster III, Weissella paramesenteroides (5.13%) for cluster IV, Leuconostoc 
fallax (10.25%) for cluster V, Lactobacillus fermentum (5.13%) for cluster VI, 
Enterococcus italicus (15.38%) for cluster VII and Leuconostoc mesenteroides (10.26%) 
for cluster VIII. Moreover, the fermentation of cassava dough during attieke processing 
was characterized by a microbial succession (Figure 2). The traditional inocula were 
dominated by three main species, namely Weissella sp., Lactobacillus fermentum and 
Weissella paramesenteroides with recpective numbers of 8 and 6 isolates. Inocula also 
contained 2 isolates of Leuconostoc. Fallax and Enterococcus italicus. At the initial stage 
of fermentation (inoculated dough), 5 species were also present, but with the apparition 
of Lactobacillus sp. and Lactobacillus plantarum in replacement E. Italicus and Lb. 
Fermentum. After 4 hours, fermentation was dominated by Lb. plantarum which 
disappeared. However, in the last steps E. italicus appeared and become predominant  
until the end of fermentation. 
 
3.3. Evaluation of the technological attributes of LAB 
3.3.1. Acidification activity and microbial growth 
The results of the acidification and micobial growth kinetics of sterile cassava dough 
extract broth by the 8 representative LAB strains are shown in Figures 3 and 4. 
Principal Component Analysis (PCA) achieved with separate data of pH variation and 
microbial growth allowed to cluster isolates respectively  into two and three distincts 
groups according to the axis 1 and 2 (data not showed). Two LAB strains (Lb. plantarum 
Y46 and Weissella sp. Y28) were able to significantly decrease the cassava pH by more 
than 1 unit after only 4 hours for Y28 and by more than 1.5 unit after 6 hours for Y46. 
below 5.0 after 6 h. At 24 h, almost all of the strains acidified the medium by decreasing 
the pH by 2 unit, excepted Y28 which activity was higher (Figure 3). However, this 
strain had the lowest microbial kinetic, contrarily to Lb. plantarum Y46, which growth 
was the highest with a load of 109 UFC/ml after 8h of fermentation (Figure 4). 
 
3.3.2. Chemical analysis of fermented flour extracts 
Additional chemical evaluations were only performed for strains with described, 
relevant technological traits. Thus, organic acid production and volatile organic 
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compounds generation were measured from the 2 strains (Lb. plantarum and Weissella 
sp.) that rapidly acidified cassava dough extract broth. The concentrations of organic 
acids identified during experiments are reported in Table 3. These organic acids were 
increasingly produced during fermentation. Weissella sp Y28 produced the the highest 
amount of lactic acid (41.6 g/l) after 24 h of culture, while production of ascorbic and 
acetic acids was most important with Lb. plantarum Y46. 

The only volatile compound identified within the headspace of culture media was 
ethanol produced at a very low level by both selected LAB (Table 4). 
 
3.3.3. Enzymatic activities 
The enzymatic activities of LAB isolates grown on MRS media are shown in Tables 3. 
LAB isolates showed no activities for the enzymes alkaline phosphatase, Esterase lipase 
(C8), lipase (C14), cystine arylamidase, trypsin, α-chymotrypsin, β-glucuronidase,  α-
mannosidase and α-fucosidase. But, enzymes displayed by most of LAB isolates, notably, 
esterase (C4), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-
BI-phosphohydrolase, the α-glucosidase, β-glucosidase and N-acetyl-β- glucosaminidase 
ranged between 3 ( 20 nmol) and 5 (40 nmol of substratre digested). β-galactosidase 
was produced only by strains Ln. mesenteroides Y54 and Lactobacillus sp. Y32. 
 
[IV]. DISCUSSION 
LAB are the most important microbial populations during cassava fermentation for 
attieke production. Thus, several papers have described the isolation and physiological, 
and genotypic characterisation of LAB from cassava dough matrices that are used 
throughout the world to produce attieke and other fermented cassava based-foods [5, 
15]. However, within the published literature, there is a lake of information on 
population and technological properties of LAB associated to the production of attieke 
in particular restricted areas or people known as small producers. In the present study, 
we identified LAB isolated during traditional fermentation of cassava dough for attieke 
from Ahizi people and evaluate their technological capabilities by examining their 
acidifying abilities in a dough extract system, growth rates, enzyme activities, 
production of antibacterial compounds and generation of chemical compounds. 
During cassava dough  fermentation in the area of study, many changes occured on 
biochemical charateristics (pH, total titratable acidity, dry matter) and LAB showed to 
be the dominant microbial population, these results being similar to those previously 
reported for cassava and cassava dough fermentations [14] Analysis of the properties of 
these inocula revealed significant differences in their acidity, dry matter and microbial 
loads. This acidification takes place only at the surface of the root, is a consequence of 
the transformation by lactic acid bacteria of sugars contained in cassava into organic 
acids. These microorganisms grow quickly enough because of the conditions (presence 
of nutrients, growth temperature between 28 and 35 °C) which are favorable to their 
growth. No significant difference was observed in lactic acid bacteria evolution in the 
fermenting doughs. Our results are consistent with reports on other cassava 
fermentation [3, 14, 5]The dough inoculation with traditional starters not only results in 
a decrease in time for the fermentation of attieke compared with other fermented 
cassava products such as gari or chiwangue, prepared without inocula, but also in rapid 
softening of cassava dough by microbial enzymes activities. 
This study was also achieved to highlight the biodiversity and dynamics of LAB 
communities involved in the fermentation of cassava dough during attieke production 
in Ahizi pepole. Thus, seventy eight (78) lactic acid bacteria were isolated from 
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traditional cassava inocula and fermenting doughs and were identified by combing rep-
pcr genotyping and 16S rRNA sequencing. Indeed, PCR amplification of repetitive 
bacterial DNA elements (Rep-PCR) has proven useful for differentiating a wide range of 
LAB isolated from many food products, particularly from cheeses at species, subspecies 
and potentially strain level [7, 9, 31, 36]. In addition, different studies have also shown 
that genotyping16S rRNA sequencing analysis is a more reliable method for identify and 
characterize the genera of lactic acid bacteria to species, subspecies and strain levels 
[10]. Isolates from this study were clustered into eight groups identified after 16S rRNA 
sequencing as Weisella sp., Lactobacillus sp., Lactobacillus plantarum, Weissella 
paramesenteroides, Leuconostoc fallax, Lactobacillus fermentum, Enterococcus italicus 
and Leuconostoc mesenteroides. Lactobacillus, Leuconostoc, Weissella and Enterococcus 
species had already been isolated from spontaneously fermenting cassava mash [3, 17, 
23]. Ln. mesenteroides was also found to be the dominant species of lactic acid bacteria 
during the fermentation of cassava into agbelima [3]. Ahizi traditional inocula were 
however constituted by 5 species which are E. italicus, Lb. fermentum; Ln. fallax, 
Weissella sp. and W. paramesenteroides. Species composition of inocula from Ahizi area 
highlights its particularity with regard to the most studied traditional inocula from 
Adjoukrou, Alladjan and Ebrie people [15]. Indeed, Ahizi inocula were codominate by Lb. 
fermentum and Weissella genera. That is not the case for Adjoukrou and Alladjan inocula, 
where both groups of LAB were not present alone or together. Only, Ebrie inocula 
contained both species, but, with a low rate of Weissella genera which dominate Ahizi 
inocula. 
During fermentation, Lactobacillus species (Lb. plantarum and Lb. sp.) were present in 
high number, particularly in the early stage of fermentation, but after 8 h, they 
disappeared, leaving the monopole to E. Italicus which stayed until the end of 
fermentation. This information is important for the determination of dominant LAB 
species and the fermentation time for attieke production. The diverse strains of LAB 
identified in this work have been reported to have different desirable functionality 
during fermentation of vegetal starch [28, 32]. From the data obtained, Lactobacillus 
species appear to be the species which initiated the fermentation. Due to their 
proliferation, the pH was reduced considerably. This information is important for the 
understanding of the fermentation and creates a basis for selection of the most 
appropriate microbial strains that can be used as starter cultures. Lactobacillus spp 
have also been reported to contribute to the souring and breakdown of cyanogens 
glycosides during akyeke production [30], which would further indicate the importance 
of their role in attieke production. However, the physiological characteristics and 
specific roles of these LAB strains and the uncultured LAB isolate played during the 
fermentation needs to be fully determined. The important presence of Enterococcus at 
the final stages of fermentation suggests that their adaptation to a particular 
environment may allow them to persist during fermentation without the need of 
antagonistic strategies as reported by [12]. 
Eight representative LAB strains were investigated for the presence of characteristics 
that are technologically relevant for cassava dough fermentation. Among them, two 
strains belonging Lb. plantarum and Weissella sp. showed good acidifying abilities in 
vitro: they rapidly decreased the pH of cassava dough extract broth. Rapid acidification 
during cassava dough fermentation is a technological characteristic of LAB that is of 
paramount importance [12]. Further chemical analyses were carried out only on strains 
that displayed good acidifying abilities. The strain Lb. plantarum Y46 had a fermentation 
quotient (FQ; lactic/acetic acid molar ratio) very near to 4 (4.55), which is considered to 
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positively affect the aroma and structure of final products [33], contrarily to Weissella 
sp. Y28 which fermentation quotient was 7.6 only after 2 hours. 
In addition, representatives LAB isolates displayed important enzymatic activities 
notably esterase (C4), leucine arylamidase, valine arylamidase, acid phosphatase, 
naphthol-AS-BI-phosphohydrolase, α-glucosidase, β-glucosidase and N-acetyl-β-
glucosaminidase. α-glucosidase and β-glucosidase produced by Ln. mesenteroides Y54, 
Lactobacillus sp. Y32, Lb. Fermentum Y1, Ln. Fallax Y34 and E. italicus Y60 are important 
enzymes for cassava fermentation. These strains may be involved in starch degradation 
by α-glucosidase production and cassava detoxication by a reduction in the cyanogenic 
potential of cassava during fermentation. [30] isolated some LAB strains with 2-
naphthylaD-glucopyranoside and β-glucosidase activity during akyeke fermentation. It 
was found that five of the eight investigated LAB strains had acid phosphatase activities 
(at least level 3). It is known that phosphatases catalyze the hydrolysis of C-O-P linkage 
of a wide variety of phosphate esters [27]. They are classified as acid or alkaline 
phosphatases depending on their pH optima. According to [1], the combined action of 
acid phosphatases and proteolytic enzymes was required for extensive production of 
small peptides and free aminoacids in some foods. Thus, since acid phosphatase enzyme 
had a direct effect on proteolysis, it could contribute to aroma formation in foods [1]. 
Moreover, Weissella sp. Y28, Ln. mesenteroides Y54, Lactobacillus sp. Y32 and Lb. 
fermentum Y1 were found to have high leucin and valin arylamidase activities (level 5). 
The proteolytic enzymes of arylamidases (aminopeptidases) catalyze the hydrolysis of 
N-terminal aminoacids from peptide, amide or arylamides [18]. [20] reported that these 
enzymes were important tools in liberation of aminoacids and development of the 
desirable flavours in cheese. Thus, high leucin arylamydase activity as well as valine and 
cystine arylamidase activities of the strains determined in the present study could be of 
great technological importance and could be further investigated as starter culture 
candidates for production of high quality attieke. 
This study has demonstrated that several different LAB species can be applied in the 
fermentation of cassava dough for attieke production in Ahizi area. [25] have 
investigated the koko, an African-fermented millet product, and concluded that a large 
strain diversity of different species was involved in spontaneous fermentations, i.e. after 
the fermentation, no succession of single strains of the LAB leading to a more uniform 
micropopulation was seen. Therefore, it is needed to investigate the selection of the 
most suitable strains for optimal fermentation. The potential use of strains from our 
isolates as starter cultures will depend on further studies on selected isolates, and 
assessment of their effects on the texture of cassava dough. Although further work is 
needed to identify what micro-organisms are responsible for the beneficial properties 
of attieke from Ahizi area, these results could form the basis for the improvement of 
attieke quality and consistency. 
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Table 1: Biochemical parameters and LAB counts on traditional cassava inocula and 
fermenting doughs taken in three most important attieke production units on Ahizi 
people. 
 
 
Parameters 

 Ahizi production sites 
Fermentation 
steps 

 
Site I 

 
Site II 

 
Site III 

 
Average 

pH Inocula 4.84±0.05 a 6.07±0.04 c 5.63±0.23 b 5.52±0.55 
T0 6.08±0.16 a 5.67±0.23 a 5.86±0.09 a 5.87±0.23 
T4 4.94±0.06 a 5.05±0.21 a 4.79±0.03 a 4.93±0.16 
T8 4.36±0.06 a 4.46±0.02 a 4.41±0.03 a 4.41±0.05 
Tf 4.16±0.14 a 4.33±0.03 a 4.21±0.08 a 4.23±0.11 

Titrable 
acidity 

Inocula 0,07±0,01 b 0.03±0.01 a 0.08±0.00b 0.06±0.02 
T0 0.06±0.00 a 0.06±0.00 a 0.06±0.00 a 0.06±0.00 
T4 0.12±0.00b 0.11±0.00 a 0.10±0.00 a 0.11±0.01 
T8 0.20±0.01b 0.16±0.00 a 0.16±0.00 a 0.17±0.02 
Tf 0.24±0.01c 0.19±0.00 a 0.21±0.00b 0.21±0.02 

Dry matter Inocula 39.10±0.60b 39.10±0.60b 36.37±0.54a 38.71±1.93 
T0 40.92±0.16 

ab 
42.61±0.66b 39.04±1.80 a 40.86±1.82 

T4 37.19±0.40 a 41.38±0.59b 40.03±1.21b 39.53±1.98 
T8 33.01±0.65 a 40.34±0.70b 40.43±1.13b 37.92±3.76 
Tf 36.83±0.36 a 43.61±0.82c 40.91±0.82b 40.45±3.02 

Microbial 
growth 

Inocula 1.6±0.4×106 

a 
5.3±1.1×106b 2.7±0.8×106 a 3.2±1.8×106 

T0 1.7±0.6×105 

a 
2.4±3.0×106 

a 
2.8±0.2×106 a 1.8±1.9×106 

T4 2.5±1.1×106 

a 
2.6±0.6×106 

a 
3.6±0.4×106 a 2.9±0.8×106 

T8 2.1±0.2×106 

a 
2.8±0.3×106 

a 
2.7±2.9×106 a 2.5±1.5×106 

Tf 3.3±1.5×106 

a 
2.1±0.6×106 

a 
3.9±2.0×106 a 3.1±1.5×106 

Values are means of three determinations. On a line, means values followed by the same 
superscript are not statistically different (Newman-Keuls test range at P< 0.05). 
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Table 2: Biodiversity of LAB isolated from Ahizi cassava fermentation and identified 
based on BLAST comparison in GenBank. of the sequencing of the 16S rRNA gene. 

Group % of 
identifie
d LAB 

compared 
nucleotide
s 

Percent of 
homology 

corresponding 
species  

accession 
number 

I 28.21 1022 99 Weissella sp. KM276805 

II* 10.26 - - Lactobacillus sp - 

III* 15.38 - - Lactobacillus 
plantarum 

- 

IV 5.13 1138 99 W. paramesenteroïdes KM276803 

V 10.25 879 99 Leuconostoc fallax KM276809 

VI 5.13 1081 99 Lactobacillus 
fermentum 

KM276804 

VII 15.38 1054 99 Enterococcus italicus KM276808 

VIII 10.26 1079 99 Ln. mesenteroides KM276807 

* identification achieved following phenotypic characteristics only 

 
Table 3: Organic acids and volatile compounds produced in sterile cassava dough 
extract broth by the two Ahizi most acidifier LAB isolates 
 
 
Organic 
acids and 
ethanol 

 

 
Fermentation times 

Strains 0 h 2 h 4 h 6 h 8 h 24 h 48 h 
Ascorbic 
(g/l) Y28 

0.41 0.97 5.36 5.27 5.14 5.25 8.07 

 
Y46 0.42 7.36 7.35 12.1 11.9 14.8 7.77 

Lactic (g/l) Y28 0.90 20.41 22.6 25.9 30.5 41.6 37.5 

 
Y46 0.90 3.15 5.03 14.7 16.9 28.8 34.9 

Acetic (g/l) Y28 0.35 2.69 1.36 1.38 1.42 1.82 1.54 

 
Y46 0.35 4.13 4.70 3.76 3.71 4.45 4.15 

Ethanol (%) Y28 - 0.001 0.0005 0.0005 0.0004 0.001 0.0009 

 
Y46 - 0.0003 0.0007 0.0012 0.002 0.0009 0.0012 
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Table 4 : Hydrolytic enzyme activities of representative lactic acid bacteria isolates 
grown on MRS agar as determined by the API ZYM system. 
 Isolates 
Enzymes Y28 Y54 Y46 Y32 Y1 Y34 Y60 
Control 0 0 0 0 0 0 0 
alkaline phosphatase 0 0 0 0 0 0 0 
esterase 2 0 3 2 1 1 3 
esterase lipase (C8) 0 0 0 1 0 0 1 

lipase (C14) 0 0 0 0 0 0 1 
leucine arylamidase 5 5 1 5 5 1 0 
valine arylamidase 4 4 0 5 5 0 0 
cystine arylamidase 0 0 0 1 2 0 0 
trypsin 0 0 0 0 0 0 0 
α-chymotrypsin 0 0 0 0 0 0 0 
acid phosphatase 3 3 3 3 2 1 4 
naphthol-AS-BI-
phosphohydrolase 3 3 2 4 4 2 3 
α-galactosidase 0 2 0 0 0 0 0 
β-galactosidase 0 4 0 4 0 2 1 
β-glucuronidase 0 1 0 0 0 0 0 
α-glucosidase 0 4 0 4 0 3 1 
β-glucosidase 1 5 0 5 3 5 5 
N-acétyl-β-glucosaminidase 1 0 3 5 0 0 5 
α-mannosidase 0 0 0 0 0 0 0 
α-fucosidase 0 0 0 0 0 0 0 
The scale of the Api-Z® test was used for enzyme quantification. with 1 corresponding 
to 5 nmol substrate metabolized. 2 to 10 nmol. 3 to 20 nmol and 5 to 40 nmol; w: weeks. 
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Figure 1 : Dendrogram obtained by cluster analysis of (GTG)5-based rep-PCR 

fingerprints of lactic acid bacteria isolated during traditional fermentation of cassava 
dough during attieke processing in Ahizi people (Southern Cote d’Ivoire). The 

dendrogram is based on Pearson’s coefficient of similarity with the unweighted pair 
group method with arithmetic average clustering algorithm (UPGMA). 
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Figure 2 : Number of each LAB species identified within a genus at different sampling 
times during the fermentation of cassava dough for attieke productionin Ahizi people 

(lagoon area, Côte d’Ivoire). 
 

 
Figure 3: Kinetics of acidification of cassava dough extract broth by representative lactic 

acid bacteria isolates from Ahizi people (lagoon area, Côte d’Ivoire). 
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Figure 4: Kinetics of growth on cassava dough extract broth for representative lactic 

acid bacteria isolates from Ahizi people (lagoon area. Côte d’Ivoire). 
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