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Most of the probiotic products undergo industrial processing involving high temperatures. Thermotolerance of 

probiotic microorganisms used in such processing is important to make it effective during consumption or 

administration. Very few studies have been devoted to the thermotolerance of probiotics. This work aimed at 

assessing the thermotolerance and probiotic potential of lactic acid bacteria isolated from “Gari” produced in the 

South West Region of Cameroon. Lactic acid bacteria were isolated from “Gari” samples using pour plate 

method on De Man Rogosa and Sharpe (MRS) agar. The catalase negative colonies were selected and subjected 

to thermotolerance test by heating the cells suspended in MRS broth at temperatures ranged from 50-60 °C for 1h 

and measurement of their growth at 30 °C by spectrophotometry. Only two isolates (SB1 and SB2) were able to 

tolerate heating treatment at 50-56°C and were selected. They were respectively identified using API 50 CHL 

BioMerieux kit as strain of Lactobacillus plantarum and Lactobacillus acidophilus. These selected strains 

showed high inhibitory activity against important food borne pathogenic bacteria such as Salmonella enterica 

serovar Enteritidis, Salmonella enterica serovar Typhimurium, Esherichia coli, Satphylococcus aureus and a 

food spoilage microorganisms; Listeria monocytogenes with an average inhibition diameter greater than 15 mm. 

The selected probiotic lactic acid bacteria also tolerate pH3.0 and 0.3 % (v/v) oxgall-bile. Owing to their 

properties they may be used in industrial processing of probiotic products.  
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1. INTRODUCTION 
 

Probiotics are defined as live microbial feed supplement 

that beneficially affects the host by improving its intestinal 

balance [1, 2]. Most probiotics are lactic bacteria, such as 

Lactobacillus casei, Lactobacillus plantarum, Lactobacillus 

acidophilus and Streptococcus lactis [3, 4]. Several research 

studies have shown that the addition of probiotic sources in the 

diet provides beneficial effects such as; the inhibition of the 

proliferation of pathogenic microbes in the digestive tract, the 

reduction of the blood cholesterol, the improvement of the 

immune system and  the reduction of the risks of cancer of the 

colon [5-8].  Fermented foods are sources of various microbial 

strains of food and industrial interest. Previous studies on the 

fermentation of cassava during the traditional processing 

reported that lactic acid  bacteria are the dominant microflora 

involved in the change of raw cassava into “Gari”[9].                

Cassava largely produced in different  regions of  Cameroon and  
       .   
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particularly in the South West Region of Cameroon is one of the 

most important source food for the populations. The traditional 

processing of cassava involves a step of natural fermentation. The 

fermentation is very important in the making of some cassava-

based foods consumed in Cameroon such as, “Gari”, “Water fufu”, 

and “Miondo”. Several authors have reported on the technological 

properties of the microorganisms isolated from cassava 

fermentation, such as the removal of cyanhydric acid initially 

present in some cultivar of cassava, the hydrolysis of cassava 

starch into reducing sugars, the production of lactic acid, the 

change in flavor etc. From our knowledge no studies have been 

done on the probiotic potential of these technological strains. Many 

yeasts and lactic acid bacteria with the potential to hydrolyze raw 

starch have been isolated from cassava fermentation; however there 

is no information on the probiotic potential of cassava- based 

fermented food. Moreover very few studies have been devoted to 

the probiotic potential of thermotolerant/thermophile 

microorganisms.  The development of an accurate technology for 

the production of probiotics should take into account the viability 

and stability of the strains used. The viability of probiotic microbial 

strains in food products is being investigated extensively. 
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The industrial production of probiotics should be based 

on the properties of the microbial strains involved and their ability 

to with stand stress during industrial processing and storage. 

Thermophilic/thermotolerant probiotics are of great interest in this 

area as they can have all the desired characteristics [10].  

This study aimed at investigating on the probiotic 

properties of thermotolerant/thermophile lactic acid bacteria 

isolated from “Gari”. 

 

2 MATERIALS AND METHODS 
 

2.1 Samples collection 

“Gari” samples were collected in different factories 

dealing with traditional processing of cassava in the South west 

Region of Cameroon. Forty samples containing about 10 g each 

were collected and placed in a polyethylene aseptic bag and 

transported to the laboratory for the isolation of lactic acid 

bacteria.  

 

2.2 Isolation and phenotypic identification of lactic acid 

bacteria 

LAB was isolated from “Gari” by pour plating method 

using DeMan Rogosa and Sharpe (MRS) agar. For this purpose, 1g 

of each sample was added to 9 ml of peptone water (1 % w/v). A 

ten-fold serial dilution was performed. One ml of the diluted 

sample was aseptically inoculated in sterile petri dish, and then 15 

ml of MRS agar was poured in the plate. After solidification, the 

plates were incubated at 42 °C for 48 h under anaerobic conditions 

for the growth of thermophilic lactic acid bacteria. After the 

incubation, catalase test was carried out. Catalase negative 

colonies which appeared on the plates with distinct morphological 

characteristics were picked and sub-cultured 2-3 times for their 

purification. Additional characterizations were performed using 

Gram staining test and cell morphology examinations. Catalase 

negative and Gram positive isolates were selected and at kept at-

80°C in 1.5% (v/v) glycerol agar until identification. The 

determination of carbohydrate fermentation profile of LAB was 

performed using API 50 CHL kit (BioMerieux, France). The 

APILAB PLUS database software was used to interpret the results 

 

2.3 Thermotolerance test  

For the thermotolerance test, a colony of each catalase 

negative isolate was suspended in 10 ml sterile MRS broth in test 

tubes and heat at temperatures comprised between 50 and 60 °C 

for 1 h, then cools at room temperature and incubated at 37°C for 

48 h for normal growth. The growth was measured by reading the 

absorbance at 600 nm. The absorbance was read using an 

absorbance microplate reader (BioTek). Colonies suspended in 

MRS broth without heating were taking as control. The 

thermotolerance was calculated using the following formula: 

 

                    
 

  

     

  is the absorbance of at 600 nm of the pre-heated cell 

suspension after 48 h of incubation at 37°C and    is the 

absorbance of the control at the same wavelength. 

 

2.4 Antimicrobial activity of LAB 

The antimicrobial activity of LAB was determined by 

modifying the disc diffusion method of Hamdan and Mikolajcik 

(1974) [11]. Sterile Wattman paper discs of 5mm in diameter were 

prepared and immersed in the MRS culture broth (Liofilchem 

Diagnostici) in the presence of the lactic acid bacteria isolates and 

incubated in a shaker at 37 °C, 150 rpm for 24 h. The discs thus 

prepared were then placed on the surface of Muelller Hinton agar 

(Liofilchem Diagnostici), pre-inoculated with an indicator strain. 

The petri dishes were first incubated at 4 °C for 3 h to allow 

diffusion of the antimicrobial agent, and incubated at 42°C for 16 

h. The discs dipped in MRS broth were used as negative control. 

Antibiotic discs of Ofloxacin and Azithromycine (positive control) 

were placed on solidified Muller-Hinton agar seeded with 14 h 

cultures of indicator microorganisms and incubated under the same 

conditions. The indicator organisms used were, Salmonella 

enterica, Esherichiacoli and Staphylococcus aureus. Their zones 

of inhibition were evaluated by measuring the diameter of the 

discs plus the surrounding clear area in millimeters (mm). 

 

2.5 Tolerance to acidic conditions 

Lactic acid bacteria isolated from “Gari” were inoculated 

in MRS broth and incubated at 37 °C for 18h. The fermenting 

broth was centrifuged for 10 min at 5000 rpm and 4°C. Pellets 

were properly washed in phosphate-saline buffer (PBS) at pH 6.2. 

HCl 1 N was used adjust to pH at 1.0, 1.5, 2.0, 2.5, 3.0 and 6.2 

(control pH) with the aid of a pH-meter (Mettler Teledo). The cell 

pellets (107-108 CFU/ml) were re-suspended in 10 ml of PBS 

(pH1.0, 2.0,3.0 and 6.2) and incubated at 37°C for 1, 2, 3 and 4 h. 

LAB were counted by plating 100 µL aliquot of the inoculated 

PBS solutions at the different tested times on MRS agar incubated 

at 37 C for 24h. The experiments were performed in duplicates. 

 

2.6 Bile tolerance 

Lactic acid bacteria isolated from “Gari” were cultured in 

MRS broth at 37 °C, for 16-18 h. The fermenting broth was 

centrifuged for 10 min at 5000 rpm and 4°C. Pellets were properly 

washed in phosphatesaline buffer (PBS at pH 6.2) and re-

suspended in PBS (pH 6.2). MRS broth was prepared containing 

two different concentrations of oxgall-bile (0.15 % and 0.30% 

w/v).  

The control was MRS broth prepared without oxgall-bile. 

The MRS broth were inoculated with 100 µlaliquot of the LAB 

suspensions (10
7
-10

8
 CFU/ml) and incubated for 1, 2, 3 and 4 h. 

Then, viable bacteria counts were determined after 24 h incubation 

at 37°C. The experiments were performed in duplicates. In both 

cases, the survival percentage of LAB was calculated by the 

following formula: 
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3. RESULTS AND DISCUSSION 
 

A total of 12 catalase negative and gram positive 

thermotolerant isolates (persistence of  growth at 40-60°C) were 

isolated from “Gari” samples processed in the south west Region 

of Cameroon. Two isolates, SB1, SB4, were selected as potential 

probiotic lactic acid bacteria based on their high antagonistic 

activity against several food borne pathogenic bacteria isolated 

locally. These selected isolates were respectively identified 

phenotypically using API 50 CHL BioMerieux kit as strains of 

Lactobacillus plantarum, and Lactobacillus acidophilus.  

The thermotolerance of the microbial strains is shown in 

Figure 1. SB1 and SB4 were able to tolerate heating temperatures 

comprised between 40-56°C with a percentage higher or equal to 

about 80%. These temperatures ranges correspond to the 

temperatures for the processing of some industrial dairy products. 

 

 
Fig. 1: Thermotolerance of selected lactic bacteria isolated from “Gari. Values 

are an average of three replicates ± standard deviation. 

 

The antimicrobial activities against pathogenic bacteria, 

particularly food borne pathogenic bacteria and food spoilage 

microorganisms are shown in Figure 2. Lactobacillus plantarum 

SB1 was active against Escherichia coli BL21, E. coli. Salmonella 

enterica serovar Enteritidis, Salmonella enterica serovar 

Typhimurium, Listeria monocytogenes, Staphylococcus aureus 

and Bacillus Sp. The ability of inhibiting the growth of pathogenic 

strains is one of the most important probiotic properties common 

in lactic acid bacteria [12-15]. Scapin et al. [16] have reported 

similar results in regard to the action of the probiotic strain 

Lactobacillus acidophilus LA10 against Salmonella Enteritidis 

SE86 in mice. Bian et al. [17] also reported the antagonistic 

activity of Lactobacillus helveticus isolated from traditional cheese 

in Sinkiang China against several food borne pathogens. Our 

selected lactic acid bacteria are particular compared to many 

reported probiotic bacteria in that they also showed high activity 

against Listeria monocytogenes, generally known for its spoilage 

capability in regards to food products store at ambient or fridge 

temperature. This suggests that L. plantarum SB1 and L. 

acidophilus SB4 can be used not only against intestinal or 

foodborne pathogenic microorganisms but also against food 

spoilage bacteria such as Listeria monocytogenes. The inhibitory 

activity of probiotic bacteria against pathogenic is associated to the 

production of organic acid or mostly the production of 

antimicrobial proteins called bacteriocins [18-24]. For the isolates 

selected in this study, further studies need to be done in order to 

characterize and identify the nature of their antimicrobials 

molecules released during growth.  

 
 

 
Fig. 2: Diameter of the inhibition zones (mm) around disc containing the cell 

free supernatant of Lactobacillus plantarum (SB1) and Lactobacillus 

acidophilus (SB4). Line at 5 mm represents the dimension of the disc. Values 
are an average of three replicates ± standard deviation. Different lowercase 

letters for the same pathogenic strain indicate a significant difference between 

the values (analysis of variance test, p <0.01). 

 

The isolates L plantarum SB1 and L. acidophilus SB4 

selected in this study exhibited good thermotolerance behavior 

when incubated at temperatures ranged between 40-56
o
C. These 

strains showed acceptable growth in this range of high 

temperatures. The thermotolerance is a very interesting 

technological property, since most of the probiotic products are 

processed at high temperature above 40 
o
C. The viability of 

probiotic bacteria is needed to make the probiotic product being 

effective after consumption or administration. Most of the 

probiotic products are from dairy industry. The processing of such 

products involved high temperatures which could lead to the death 

of probiotic cells making the probiotic product ineffective. Freeze 

drying is currently the most widespread industrial drying method 

to produce starter or probiotic cultures. However, spray drying 

represents a more cost-effective, energy-efficient and productive 

drying alternative compared to freeze drying. Nevertheless, the 

high temperatures during spray drying typically lead to lower 

viability of bacteria than freeze drying [25]. 
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Leelavatcharamas et al. [26] have reported on the 

isolation and characterization of thermotolerant lactic acid bacteria 

from some Thai fermented food.  From our knowledge, very few 

studies have been devoted to the use of thermotolerant probiotic 

bacteria. Our study is the first study dealing with the 

thermotolerance of probiotic lactic acid bacteria isolated from a 

traditional African fermented food.  

The survival of our isolates in acidic conditions showed 

that both strains (SB1 and SB2) were able to present a survival rate 

higher than 75% after incubation for 4 hours at pH 2.5 and pH 

3.0.(Figure 3). The survival was improved at pH3.0 compared to 

lower pH (1.5 to 2.0). They also tolerate bile (Figure 4). 

Considering that the pH of the gut is around 3.0, and the fact that 

food stays for about 2 to 3 hours in the gut, and considering also 

the resistance of the selected strains (SB1 and SB2) tooxgall-bile, 

they can be used as probiotic.  Similar results were obtained by  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Klayraung and Okonogi [27], these authors reported the resistance 

to bile of the probiotic strains L.fermentum FTL2311 and L. 

fermentum FTL10BR.  

 

4. CONCLUSION 

 

This study reveals that “Gari” a traditional processed 

African food is a potential source of thermotolerant lactic acid 

bacteria with probiotic properties, especially the inhibition of some 

food borne pathogenic bacteria. The thermotolerance is actually 

one of the most important requirements for use of probiotic in 

industrial processing of foods. Owing the fact that they undergo 

processing at relative high temperatures, the thermotolerance of 

the microbial strains involved is needed to make the probiotic 

products being effective during consumption or administration. 

The selected thermotolerant lactic acid bacteria L. plantarum 

 
Fig. 3: Survival rate of Lactobacillus plantarumSB1 (a) and Lactobacillus acidophilus (b) in acidic conditions.  

Values are an average of three replicates ± standard deviation. 
 

 
 

Fig. 4:  Survival rate of Lactobacillus plantarum (SB1) (a) and Lactobacillus acidophilus (SB4) (b) in 0.15 % (w/v) and 0.30% (w/v) oxgall-bile. 
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(SB1) and L acidophilus (SB4) may be used for industrial 

processing of probiotic food products. 
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