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Abstract 
The present study focused on the isolation, identification and antimicrobial profile of the domi-
nant lactic acid bacteria from three traditional fermented milk products namely: Omashikwa, Ma-
bisi and Mashini Ghamushikwa from the north-central and north-eastern parts of Namibia. The 
microbiological and antimicrobial activities of these products fluctuate from one region to another 
depending on the local indigenous microflora. Omashikwa and Mashini Ghamushikwa fermenta-
tion processes involves the addition of Boscia albitrunca root (Omunkuzi) and butter churning. 
The root contributes to the flavor of the product, increasing the milk fermentation rate and 
churning. Mabisi is produced by letting the milk to ferment naturally until the water is separated 
from the whey. The water is then decanted, and the whey is shaken until it is smooth without re-
moval of fat. A total of 180 isolates of Lactic acid bacteria (LAB) were obtained and identified 
based on their phenotypical characterization. Cell free supernatants (CFS) of the 180 LAB isolates 
were evaluated for antimicrobial activities against selected food borne pathogens; Escherichia coli 
ATCC 25,922, Staphylococcus aureus ATCC 25,923, Bacillus cereus ATTC 10,876, Candida famata 
and Geotrichum klebahnii using the well diffusion assay. Twenty LAB isolates having the highest 
inhibitory effects were selected for biochemical identification using API 50 kit and these were 
identified as being; Lactobacillus plantarum (53%), Lactobacillus rhamnosus (29%), Pediococcus 
pentosaceus (6%), Lactobacillus paracasei ssp. paracasei (6%) and Lactococcus lactic ssp. lactis 
(6%). Pediococcus pentosaceus showed the highest inhibitory effect on all the indicator strains. 
This study provides an insight into LAB diversity of unstudied Namibian fermented milk products 
and reports a potential production of antimicrobial compounds which is significant in the stan-
dardization of protective starter cultures which can be used to control fermentation process and 
shelf life extension of dairy products in Namibia. 
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1. Introduction 
Fermented Milk forms a major component of the traditional diet in many regions in Africa. Most of the milk 
produced is consumed in the house mostly by children and excess is infrequently sold in open markets to gener-
ate an income to the household. Due to limitation of cold storage facilities in many rural areas in African coun-
tries, milk is stored at ambient temperatures which usually allow them to become fermented rapidly by the natu-
ral flora. The fermentation process occurs spontaneously by back-sloping; i.e. inoculation of the raw material 
with a small quantity of the previously performed successful fermentation. Therefore, back-slopping results in 
dominance of the best adapted strains [1]. Modern techniques of milk fermentation, on the other hand, use start-
er cultures with known characteristics [2]. The advantage of modern techniques over the traditional methods is 
the production of consistent products that are less likely to spoil and are relatively safe.  

Lactic acid bacteria (LAB) are widely distributed in nature, they are characterized as group of gram-positive, 
non-spore forming, cocci or rods, which produce lactic acid as the major end product during the fermentation of 
carbohydrates. The group consists of several genera, which include Enterococcus, Lactobacillus, Lactococcus, 
Leuconostoc, Pediococcus, and Streptococcus [3]. LABS are widely known to carry out safe metabolic activities 
in food and are mostly used for food preservation and flavor development [4]. Bio-preservation using lactic acid 
bacteria (LAB) and/or their antimicrobial metabolites are considered to be an alternative strategy for improving 
food safety [5]. As a result, there is an increased interest in the preservation through LAB because of their safe 
association with fermented foods. These antimicrobial properties of LAB are derived from competition for nu-
trients and the production of one or more antimicrobial active metabolites such as organic acids (mainly lactic 
and acetic acid), hydrogen peroxide and also other compounds, such as bacteriocins and antifungal peptides [5]. 
Specific attention has been given to bacteriocengenic LAB because it is believed that they provide an extra pro-
tection during the abuse of temperature conditions; decrease the risk for transmission of foodborne pathogens 
through the food chain; reduce chemical preservatives; reduce heat treatment without compromising food safety: 
better preservation of nutrients and vitamins, as well as sensorial properties of food [6]. In addition to that, they 
permit the marketing of “novel” food (less acidic, with a lower salt content and with a higher water content) to 
satisfy the demands of both the consumers and industry [5]. 

Earlier studies on Namibian fermented milk have concentrated on the sensory evaluation [7], technological 
properties [8] and microbiological [9] of Omashikwa. To our knowledge, little information exists on the tradi-
tional fermentative microflora that Omashikwa, Mabisi and Mashini Ghamushikwa use to produce these types of 
milk and their antimicrobial profile. The objective of this study was to isolate and identify the dominant LAB 
associated with Omashikwa, Mabisi, and Mashini Ghamushikwa, and to provide information on the potential 
production of antimicrobial compounds by these LAB for possible strain selection and development of starter 
culture for enhanced quality and safety of the three traditional fermented milk products. 

2. Materials and Methods 
2.1. Sample Collection 
Thirteen (13) fermented milk samples of Omashikwa were collected from northern Namibia from the Oshana, 
Ohangwena, Omusati, and Oshikoto regions. The villages and households were randomly selected. Four (4) 
samples of Mabisi were collected from Zambezi region and three (3) Mashini Ghamushikwa from Kavango re-
gion. The samples were collected aseptically in sterile 250 ml plastic bottles and kept in an ice-box and trans-
ported to the Food Biotechnology Laboratory at the Department of Chemistry and Biochemistry of the Univer-
sity of Namibia.  

2.2. Microbiological Analysis  
Samples (1 ml) of fermented milk were inoculated into 9 ml of buffered peptone water (BPW). One ml of these 
aliquots was directly inoculated in triplicates on the following media: a) de Man Rogosa Sharp (MRS) agar in-
cubated for 24 to 48 hours at 37˚C for the isolation of Pediococcus and Streptococcus. b) M17 agar incubated 
aerobically at 30˚C for 48 hours for enumeration of Lactococcus. c) Rogosa agar incubated for anaerobically at 
35˚C for 48 hours for the enumeration of Lactobacillus. Six colonies from MRS (37˚C) M17 (30˚C) and Rogosa 
agar (35˚C) representative of all the samples were randomly picked based on their colony morphology from dif-
ferent sections of plates containing 10 - 300 colony forming units (CFU) [10]. Isolates (180) were grown in 
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MRS broth. The LAB isolates were purified by 4 consecutive sub-culturing in MRS agar and MRS broth (Oxoid) 
before identification. The isolates were gram stained and morphologically identified using a light microscope for 
the purity, cell shapes and arrangements. The isolates were transferred to MRS broth, incubated for 24 and were 
preserved in 25% of glycerol at −80˚C until further analysis [11]. 

2.3. Antimicrobial Assay of LAB 
2.3.1. Microorganisms and Culture Conditions  
Escherichia coli ATCC 25,922, Staphylococcus aureus ATCC 25,923, Bacillus cereus ATTC 10,876, Candida 
famata (IKST F. Lab. isolate) and Geotrichum klebahnii (IKST F. Lab. isolate) were used as test microorgan-
isms or indicator strains. The indicator strains used for determination of inhibitory activity spectra of studied 
isolates were purchased from the American Type Culture Collection (ATCC) Stock cultures. Bacteria were kept 
in a refrigerator (4˚C) on nutrient agar slants. Geotrichum klebahnii was isolated from Namibian fermented food 
and beverages samples collected from/Karas region in the south of Namibia [12]. 

2.3.2. Agar Well Diffusion Method 
Cell-free supernatants (CFS) for antibacterial assay was prepared by growing the LAB isolates in MRS broth at 
37˚C and centrifuged at 13,000 × g for 10 min at 4˚C then pH was adjusted to 7 by 1M NaOH to exclude the an-
timicrobial effect of organic acid [13]. The antimicrobial activity of the cell-free culture supernatants of isolated 
LAB against the indicator organisms was determined by the agar well diffusion method [13]. Aliquots of super-
natants (100 μL) were placed in wells (6 mm diameter) cut in cooled soft nutrient agar plates using a cock bore, 
previously seeded with 100 μL of the appropriate indicator strains. The plates were first stored in the refrigerator 
for to allow LAB supernatant to set then incubated under optimal conditions for growth of the target microor-
ganisms after which they were examined for clear zones around the wells. The diameters of the growth inhibi-
tion zones were measured and recorded in millimeter (mm).  

2.4. Biochemical Identification of LAB 
The carbohydrate fermentation profiles of the selected 20 LAB isolates were investigated using API 50 CH 
strips and API CHL medium according to manufacturer’s instruction (API system, BioMèrieux, France). Over-
night cultures of the isolates grown in 10 ml MRS broth at 30˚C were washed twice with sterile peptone water 
and the pellets were re-suspended in API 50 CHL medium, using sterile pasture pipettes. With subsequent mix-
ing, homogenized suspensions of the cells in the medium where transferred into each of the 50 wells on the API 
50 CH strips. Strips were covered as recommended and incubated at 30˚C. Changes in color were monitored af-
ter 24 hrs of incubation. Results were represented by positive sign (+) while a negative sign (−) was designated 
for no change. The APIWeb™ V1.2.1. Software (BioMèrieux, France) was used according manufactures in-
struction in interpretation of the results. 

2.5. Statistical Analysis 
All the analysis was done in triplicates. Values of different tests were expressed as the mean ± standard devia-
tion (x ± SD). Statistical Package for Social Science (SPSS Inc., Chicago, IL) packet program for Windows 
(SPSS V. 12.0) was used for the statistical analysis. The different samples treatments were compared by per-
forming one-way analysis of variance (ANOVA) on the replicates at 95% level of significance.  

3. Results and Discussion  
3.1. Identification of Lactic Acid Bacteria  
A total of 180 Gram-positive and catalase negative bacterial isolates were isolated from 20 samples of fermented 
milk products from north east Namibia. They were grouped and preliminary identified to the genus level based 
on their cell shape and arrangement (Table 1). 

Out of the 180 LAB isolates from the three types of fermented milk, most of the genera belonged Lactobacil-
lus 88%, Lactococcus 6%, and Pediococcus 6%. These results showed the heterogeneity in the three types of 
fermented milk Omashikwa, Mabisi and Mashini ghakushika from different regions or agro-climatic zones ei-
ther in its chemical or microbial composition and quality attributes.  
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Table 1. Morphological and biochemical characterization of bacteria isolates from Mabisi, Omashikwa and Mashini ghaku-
shika that were collected from north-east in Namibia. 

Genus Characteristics Total number of  
isolates 

 Cell shape Cellular arrangement Catalase Gram  

Lactobacillus Rods Short rods, straight edges − + 88 

Lactobacillus Rods Long rods, rounded edges − + 45 

Streptococcus Cocci Chains, pairs − + 27 

Pediococcus Cocci tetrads and pairs,  
rounded edges − + 20 

3.2. Antimicrobial Activities of Lactic Acid Bacteria 
All the 180 isolates of LAB isolated from the three types of fermented milk were subjected to inhibitory activity 
test using well diffusion method (Figure 1). All LAB-CFS showed inhibition effect against Candida famata 
with an average of at least 6.08 mm. In contrast, Bacillus cereus was the most resistant strain as only few CFS 
showed inhibition effects with an average of 1.07 mm. The formation of small zones of inhibition using the 
well-diffusion-assay technique may be explained by the insufficient concentration of antimicrobial substances in 
the supernatant of the cultures [14] [15]. 

3.3. Identification of the Inhibitory Substance(s) Producing LAB  
Twenty strains among 180 lactic acid bacteria isolated from the three types of milk “Omashikwa, Mashini gha-
kushika, and Mabisi” were selected according to their maximum antimicrobial activity against indicator strains. 
They were then identified from the production of acids from carbohydrates and related compounds using an API 
50 CHL system (Biomérieux, France). Table 2 shows LAB species identified in five different species. The pre-
dominant species were Lactobacillus plantarum (9 strains), Lactobacillus rhamnosus (5 strains), Pediococcus 
pentosaceus 2 (1 strain), Lactococcus lactic ssp. lactis 1 (1 strains) and Lactobacillus paracasei ssp. paracasei 1 
(1 strain).  

Mabisi showed diversity of genera with four types of LAB species L. plantarum, L. paracasei ssp. paracasei, 
L. rhamnosus and Pediococcus pentosaceus. Omashikwa has only three species L. plantarum, L. rhamnosus and 
L. lactis ssp. lactis; these were in agreement with the reported study [9], when he found that the main dominant 
lactic acid bacteria belonged to Lactobacillus plantarum (25%) and 15% Lactococcus lactis ssp. lactis. The only 
difference was the Lactobacillus rhamnosus which was found in this study which was not the case with the re-
ported study [9]. This may be attributed to high environmental temperatures during processing and probably the 
use of Boscia albitrunca (Omunkuzi) root. The dominance of Lactobacillus plantarum strains in Omashikwa and 
Mashini ghakushika could be associated with the root which is added during fermentation. Reference [16] stated 
that the presence of L. plantarum is known to be commonly associated with plant based food fermentations. 
Reference [17] reported that different strains of L. plantarum have been isolated from various niches, such as 
fermented milk, cheese, fermented cucumber, fermented olives, pasta, pineapple, grapefruit juice, sorghum beer 
and barley, molasses, boza, kefir and amasi. Lactobacillus plantarum can be considered as the most important 
and versatile species among LAB. It can adapt to various niches due to its ability to ferment a wide range of 
carbohydrates. Additionally, it can be used as starter culture in food fermentations and as an ingredient for pro-
biotic foods, contributing to the organoleptic characteristics of foods at the same time prolonging the shelf-life 
and safety of these products [16]. Reference [18] emphasized that the preliminary identification of the inhibitory 
activity of LAB isolated from foods is essential for further studies about their antimicrobial activity. After anta-
gonist activity is detected, complementary tests can be implemented to confirm the proteinaceous nature of the 
produced substances, to identify the spectrum of other sensitive microorganisms, to verify the factors that inter-
fere with the antimicrobial activity and to verify the pathogenicity of the isolated cultures [14] [15] [19]. 

4. Conclusion 
Microorganisms involved in Omashikwa, Mabasi and Mashini Ghakushika fermentation were found to consist 
of LAB from the three genera Lactobacillus, Lactococcus and Pediococcus. The dominant genus was Lactoba- 



L. N. Heita, A. Cheikhyoussef 
 

 
12 

 
Figure 1. Average of Inhibition zones toward the indicator strains. 

 
Table 2. Distribution of LAB species in omashikwa, mabisi and mashini ghakushika. 

LAB species 
Type of fermented milk 

Omashikwa Mabisi Mashini ghakushika 

Lactobacillus rhamnosus 5 1 2 

Lactococcus lactis ssp. lactis 1 1 − − 

Lactobacillus plantarum 1 6 1 1 

Lactobacillus paracasei ssp. paracasei 1 − 1 − 

Pediococcus pentosaceus 2 − 1 − 

 
cillus while the most dominant species were Lactobacillus plantarum, Lactobacillus rhamnosus, Pediococcus 
pentosaceus, Lactococcus lactic ssp. lactis and Lactobacillus paracasei ssp. Paracasei. Most inhibitory sub-
stances produced by lactic acid bacteria are safe and effective natural inhibitors of pathogenic and food spoilage 
bacteria in various foods. These microorganisms should be tested for their technological properties, microbial 
interactions and possible probiotic characterization. This will enable product development and innovation for 
prolonging the shelf-life and safety for dairy products in Namibia. 
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