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ABSTRACT 
 
The study was aimed at investigating the ecology and occurrence of lactic acid bacteria during the 
fermentation of three cassava mash, maize and sorghum grains. The study also explored the antimicrobial 
properties of selected lactic acid against selected indicator bacteria. The submerged fermentation method 
was employed in the production of the final food products. Bacillus subtilis, Lactobacillus casei, Lactobacillus 
plantarum, Lactobacillus bulgaricus, Shigella flexneri and Escherichia coli were the indicator organisms used 
for this investigation. In screening for antagonistic activity, the agar-well diffusion method was employed in 
the screening of the lactic acid bacteria cells for antagonistic activity. In addition, the fresh and fermented 
food substrates were separately analyzed for ash, crude fibre, pH and protein. During the fermentation of 
the food substrates, the total bacterial counts were observed to range from 1.1 × 107 to 1.9 × 108 CFU/ml 
while the lactic acid bacterial counts ranged from 4.0 × 105 to 7.2 × 107 CFU/ml. In all cases, the pH of the 
food substrates during fermentation was observed to decrease with time. This trend was irrespective of the 
food substrates. Leuconostoc lactis was observed to the most frequently occurring lactic acid bacteria during 
fermentation of the food substrates. With the exception of Lactobacillus fermentum, Leuconostoc 
mesenterioides and Pediocouccus acidilactci, all the lactic acid bacteria isolated from the food substrates 
showed inhibitory activities against 90% of the indicator organisms used. The bacteriocin production by the 
lactic acid bacteria could have resulted from stimulation by the presence of competing microorganisms 
either within their diffusion-linked activity domains or by direct physical contact of cell surfaces. 
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INTRODUCTION 
 
It is estimated that 25% of the European diet and 60% of 
the diet in many developing countries consist of 
fermented foods (Stiles, 1996; Ogunbanwo et al., 2004). 
Fermented foods are prepared from plants and animals 
by processes in which microorganisms play an important 
role by modifying the substrates physically, nutritionally 
and organoleptically (Steinkraus, 1997). During the 
process, the microorganisms could also produce a wide 
range of metabolic end-products that function as 
preservatives, texturizers, stabilisers, flavouring and 
colouring agents and these make fermented foods more 
acceptable (Harlander, 1992; Basillico et al., 2008). 

Although the physico-chemical properties of the food may 
be altered during fermentation, their nutritive values are 
usually retained or enhanced (Oyewole, 1992). Since 
fermentation could increase protein content of food over 
the unfermented ones, fermented food is therefore 
desirable in developing countries like Nigeria where 
protein deficiency is a problem. 

Fermented foods are largely consumed in Africa, where 
they constitute a bulk of the food. They include ‘ogi’ and 
‘gari’ in Nigeria, ‘uji’ in Kenya, ‘mahewu’ in South Africa, 
‘kenkey’ in Ghana and ‘saalga’ in Burkina Faso (Olukoya 
et al., 1993; Olsen et al., 1995; Valenzuela et al., 2006). 
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In Nigeria, many food substrates have been fermented to 
produce different fermented foods which are consumed 
either as beverages, main course meals or food 
condiments. According to Odunfa (1988) sources of 
Nigerian fermented foods may be classified as tubers, 
cassava (e.g. ‘gari’, ‘fufu’, ‘akpu’ and ‘lafun’); cereals (e.g. 
‘eko’, ‘kati’, and ‘ogi’); legumes (e.g. ‘iru’, dawadawa 
‘ogiri’ and ‘ugba’); animal protein (e.g. ‘wara and ‘nono’) 
and alcoholic beverages (e.g. ‘oguro’, ‘burukutu’, 
‘agadagidi’ and ‘pito’). The methods used for the 
preparation of these foods have been described earlier 
(Odunfa, 1988; Olukoya et al., 1993; Aderiye and 
Adebayo, 1999). Aderiye and Laleye (2003) in their study 
on the relevance of fermented foods in the South-
Western Nigeria reported that at least 69.2% of adults 
consumed ‘gari’, ‘ogi’, ‘iru’, ‘elubo’ and ‘fufu’. They 
concluded that the ease of food preparation, price of food 
and the length of storage of these products contribute to 
the frequency of consumption of these foods. 

The majority of Nigerian fermented food products are 
through lactic acid fermentation (Oyewole, 1992). This is 
desirable as it improves consumer’s safety of the 
fermented foods (Nout, 1990). Lactic acid fermentation is 
generally inexpensive and has been employed in the 
production and preservation of wholesome fermented 
foods (Steinkraus, 1997). Naturally occurring lactic acid 
bacteria are the organisms mainly responsible for such 
fermentations. Lactic acid bacteria have been associated 
with the fermentation of foods and feeds for many 
centuries (Magnusson and Schnurer, 2001). They have 
the advantage of health and nutritional benefits and 
contribute to the flavour, aroma and increased shelf life of 
fermented products (Aderiye and Adebayo, 1999).  

Lactic acid bacteria are commonly found in fermented 
foods and feeds and consequently are regularly 
consumed. Their role is to promote sugar fermentation 
and other modifications of the raw materials which results 
in changes in their rheological and organoleptic 
properties and in the increase of the period of 
consumption. They equally play a fundamental role in 
microbial ecology, synthesising a variety of antimicrobial 
compounds such as organic acids, hydrogen peroxide, 
diacetyl and bacteriocins (Lindgren and Dobroqosz, 
1990). The antimicrobial compounds produced by the 
bacteria play an essential role in ensuring safety and 
extending the shelf life of food. Lactic acid bacteria 
produce many antimicrobial metabolites like hydrogen 
peroxide, diacetyl, organic acids and bacteriocins during 
fermentation. Their ability to produce antimicrobial 
substances against other competing microflora ensures 
their predominance and food safety. The use of 
antimicrobials produced by bacteria traditionally used in 
the manufacture of food has been studied intensively as 
a means of improving microbial barriers in formulated or 
minimally processed foods (Hugas, 1998). The aim of this 
study was to investigate the ecology and occurrence of 
lactic  acid  bacteria  during  the  fermentation  of cassava  
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mash, maize and sorghum grains. The study also 
explored the antimicrobial properties of the lactic acid 
against selected indicator bacteria isolates. 
 
 
MATERIALS AND METHODS 
 
Sample preparation  
 
The study made use of three food substrates; cassava (Manihot 
esculentus), maize (Zea mays), sorghum (Sorghum bicolor). The 
clean and healthy maize and sorghum were purchased from a retail 
market in Ado-Ekiti, Nigeria, while the cassava was obtained from 
the Research Farm of the Department of Agriculture, Ekiti State 
University, Ado-Ekiti, Nigeria. 

For fermentation, the submerged fermentation method was 
employed in the production of the final food products, ‘ogi’ for the 
maize and sorghum grains and ‘fufu’ for the cassava. For 
fermentation, the grains were washed and separately steeped in 
water and allowed to ferment for four days by the natural flora of the 
grains and some chance inoculants. They were then wet-milled into 
slurry in a grinding mill and sieved through a fine wire-mesh (0.2 
mm). The chaff was discarded and the resulting starch paste at the 
bottom of the container was the ‘ogi’. The paste obtained from the 
sorghum grains was designated as the sorghum ‘ogi’ while that 
from the maize grains was designated the maize ‘ogi’. In the case 
of ‘fufu’, the fresh cassava tubers were peeled, cut into pieces and 
also soaked in water at ambient temperature for four days until they 
soften. The cassava tubers were mashed manually and passed 
through a plastic sieve (1 mm). The fibres were discarded and the 
thick paste that settled under the water was the ‘fufu’.  
 
 
Lactic acid bacteria isolation and enumeration 
 
For isolation and enumeration de Man, Rogosa and Sharpe Agar 
and nutrient agar were used for the lactic acid bacteria and total 
bacteria counts, respectively. The media were prepared according 
to the manufacturers’ instruction and sterilized by autoclaving at 
121°C (1.05 kg/cm2) for 15 min. To culture, 1 g of the respective 
food substrates were comminuted in 9 ml of sterile 0.1 (w/v)% 
peptone water, shaken vigorously for a minute, and serially diluted. 
One milliliter of each sample was plated in duplicates using the 
pour-plate method on de Man, Rogosa and Sharpe agar and 
nutrient agar plates. The nutrient agar plates were incubated 
aerobically at 30°C for 24 to 48 h while the de Mann, Rogosa and 
Sharpe agar plates anaerobically (Gaspak Jar; BBL, USA) at 37°C 
for 48 h. Colonial growth on the plates were enumerated and 
recorded after 24 h while the representative lactic acid bacteria 
cells were further purified by streaking on de Man, Rogosa and 
Sharpe agar. The strains were identified by morphological and 
biochemical characteristics using the Bergey’s Manual (Holt et al., 
1994), and later stored on de Mann, Rogosa and Sharpe agar 
slopes at 4°C until when needed (Odutiola et al., 2000). 

For the indicator organisms, Bacillus subtilis, Lactobacillus casei, 
L. plantarum and L. bulgaricus were isolated from various food 
sources. The Shigella flexneri was obtained from the International 
Centre for Tropical Diseases, Republic of Bangladesh (ICRDB) 
while the Escherichia coli was obtained from the American Type 
Culture Collection Center (ATCC) New York. The isolates were 
stored as agar slants. 
 
 
Extraction of cell-free culture supernatants (CFCS) 
 
In the preparation of CFCS, each lactic acid bacteria isolate was 
cultured   anaerobically   (Gaspak  Jar,  BBL,  USA)   in   de   Mann,  
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Figure 1. Total bacterial and lactic acid bacteria counts in the cassava mash sample during the 
period of fermentation. 

 
 
 
Rogosa and sharpe broth for 72 h at 30°C in a shaking incubator. 
The culture extracts were obtained by centrifugation (3000 g for 15 
min) and the supernatants were decanted, adjusted to pH 7.0 with 
NaOH (1 mol L-1), (Mathieu et al., 1993). Inhibitory activity from 
hydrogen peroxide was eliminated by the addition of catalase (5 
mg/ml, C-100 bovine liver, Sigma) (Daba et al., 1991) and filter-
sterilized using a 0.2 m pore size filter (FP 030/3 Schleicher and 
Schuell, GmbH, Dassel, Germany). 
 
 
Antimicrobial activity of CFCS 
 
The agar-well diffusion method was employed in the screening of 
the lactic acid bacteria cells for antagonistic activity. Indicator lawns 
were prepared with 40 ml of the appropriate agar and seeded with 
100 l overnight culture of each indicator organism. Wells were cut 
into the agar with a sterile 5 mm diameter cork borer and sealed 
with 2 drops of sterile agar. Then 50 µl of CFCS of the potential 
producing strain prepared as above was placed in each well. The 
plates, prepared in triplicates, were kept at 4°C for 2 h (Bonade et 
al., 2001) to prevent pre-diffusion, then incubated at 30°C for 24 to 
48 h after which they were examined for probable clearing of zones. 
The antimicrobial activity was determined by measuring the 
diameter of the inhibition zones around the well.  
 
 
Chemical analysis 
 
The fresh and fermented food substrates were separately analyzed 
for, crude fibre, pH and titratable acidity using the AOAC (2005) 
method.  

In this study, all data are averaged of triplicate analysis. All the 
reagents used for chemical and microbiological analysis were all of 
analytical grades. 

RESULTS 
 
As shown in Figures 1 to 3, the total bacterial counts 
during the period of fermentation of the food substrates 
were observed to increase steadily from the first hour of 
incubation up to 72 h incubation, after which there was a 
decrease in counts. In the case of the lactic acid bacterial 
counts, the steady increase in counts was observed 
throughout the period of fermentation. These 
observations were irrespective of the food substrate used 
for fermentation. 

During the fermentation of the cassava mash, the total 
bacterial counts were observed to range from 1.1 × 107 to 
1.3 × 108 CFU/ml while the lactic acid bacterial counts 
ranged from 4.0 × 105 to 4.1 × 107 CFU/ml. With respect 
to the percentage of lactic acid bacteria present during 
the fermentation period, when compared to the total 
bacterial counts, the percentage of incidence was 
observed to range from 3.63 to 43.1%, with the lowest 
and highest concentrations observed at 0 h (an hour after 
the start of fermentation) and 96 h, respectively (Figure 
1). 

In the maize grain sample, during the period of 
fermentation, the total bacteria counts ranged from 6.0 × 
107 to 1.6 × 108 CFU/ml, with the lowest and highest 
counts observed at 0 and 72 h, respectively. The lactic 
acid bacteria was observed to experience a steady 
increase with increase in the fermentation period, ranging 
from 4.2 × 106 CFU/ml at 0 h to 6.3 × 107 CFU/ml at 96 h.  
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Figure 2. Total bacterial and lactic acid bacteria counts in the maize grain sample during the period of 
fermentation. 

 
 
 

 
 
Figure 3. Total bacterial and lactic acid bacteria counts in the sorghum grain sample during the period of 
fermentation. 
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Table 1. pH and total titratable acidity of the substrates during the period 
of fermentation. 
 
Food substrates 0 h 24 h 48 h 72h 96 h 
Cassava mash      
pH 6.1 5.4 4.3 4.0 3.8 
TTA (%) 1.10 1.50 2.00 3.20 3.80 
      
Maize grain      
pH 6.8 6.5 5.3 4.5 4.1 
TTA (%) 0.46 0.74 1.80 1.96 2.13 
      
Sorghum grain      
pH 6.6 5.1 4.1 3.6 3.4 
TTA (%) 0.62 1.31 2.80 3.92 4.20 

 
 
 
Contrary to what was observed in the cassava mash 
sample, where the percentage of lactic acid bacteria 
showed an initial increase and then decreased with 
fermentation time, before peaking at 96 h, the percentage 
lactic acid bacteria in the maize grain sample was 
observed to show a steady increase with increase in 
fermentation period, ranging from 7 to 48.5%, for 0 and 
96 h, respectively (Figure 2).  

For the sorghum grain sample, during the period of 
fermentation, the total bacterial counts were observed to 
range from 8.0 × 107 to 1.9 × 108 CFU/ml. Similarly, the 
lactic acid bacteria counts ranged from 3.0 × 106 to 7.2 × 
107 CFU/ml. With respect to the percentage of lactic acid 
bacteria present during the fermentation period, there 
was steady increase in the percentage of lactic acid 
bacteria with time. The percentage was observed to 
range from 3.8% at 0 h to 62.6% at 96 h. 

In all cases, the pH of the food substrates during 
fermentation was observed to decrease with time. This 
trend was irrespective of the food substrates. At the end 
of the 96 h fermentation period, pH of all the food 
substrates was observed to decrease from near neutral 
ranges to acid ranges. At the end of the 96 h 
fermentation period, the pH of the food substrates 
decreased from 6.1, 6.8 and 6.6 to 3.8, 4.1 and 3.4, for 
the cassava mash, maize grain and sorghum grain, 
respectively (Table 1). Contrary to what was observed for 
pH, the titratable acidity (TTA) levels of the food 
substrates during fermentation showed increases with 
time.  

In the case of the occurrence of the lactic acid bacteria 
during fermentation, Leuconostoc lactis was the most 
frequently occurring lactic acid bacteria during the 
fermentation period of the cassava mash. The organism 
was observed to the present during the different sampling 
hours. In the maize grain sample, the most occurring 
lactic acid bacteria during the fermentation period were 
Lactobacillus fermentum. In the case of the sorghum 
grain, no lactic acid bacteria were isolated at the start of 

the fermentation although Lactobacillus casei was the 
most frequently isolated organism at the latter stage of 
fermentation. During the fermentation period, a total of 
three, four and six lactic bacteria were isolated from the 
cassava mash, maize grain and sorghum grain food 
substrates, respectively (Table 2). 

As shown in Table 3, with the exception of L. 
fermentum, Leuconostoc mesenterioides and 
Pediocouccus acidilactci, all the lactic acid bacteria 
isolated from the food substrates showed inhibitory 
activities against 90% of the indicator organisms used. 
The spectrum of activity varied among the different lactic 
acid bacteria isolated from the food substrates during 
fermentation. Among the indicator organisms 
investigated, L. casei was observed as the best indicator 
organism, exhibiting the widest inhibitory zone (15.2 mm) 
when charged with L. bulgaricus. The least sensitive to 
most of the lactic acid bacteria was observed to be 
Shigella flexneri (Table 3).  
 
 
DISCUSSION  
 
In this study, the increase in the lactic acid bacteria 
counts with fermentation as observed could be due to an 
increase in the acidity and the anaerobic condition of the 
fermenting medium. It may also have been as a result of 
the inhibitory effect of antimicrobial products from the 
lactic acid bacteria on the growth of these organisms. 
Lactic cells have been reported to release toxic 
substances such as hydrogen-peroxide, diacetyl, organic 
acid and bacteriocins into the fermenting medium during 
food fermentation (Mataragas et al., 2002). Anaerobiosis 
may have increased because of the low oxygen tension 
and the production of carbon dioxide oxide by hetero-
fermentative organisms which occurred during the 
submerged fermentation. And this could only favour the 
growth of facultative anaerobes and/or aciduric 
organisms  (Brock and Madigan, 2003).  Inhibition  of  the  
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Table 2. Occurrence of the lactic acid bacteria strains in the fermenting substrates during the period of 
fermentation. 
 
Isolates in fermenting substrates 0 h 24 h 48 h 72 h 96 h 
Cassava mash ‘fufu’ 
Leuconostoc lactis  + + + + + 
Lactobacillus plantarum  - - + + + 
Lactobacillus fermentum  - - + + + 
Leuconostoc carnosum - - - + + 
      
Maize grain ‘white ogi’ 
Lactobacillus fermentum + + + + + 
Leuconostoc mesenterioides - - + + + 
Lactobacillus bulgaricus - - + + + 
      
Sorghum grain ‘red ogi’ 
Lactobacillus casei - + + + + 
Pediocouccus acidilactci - + + + + 
Lactobacillus plantarum - - + + + 
Lactobacillus lactis  - - + + + 
Lactobacillus brevis - - + + + 
Lactobacillus delbrueckii - - - + + 

 
 
 
growth of other microorganisms is a common 
phenomenon during lactic acid fermentation. This is 
indicated to be a desirable effect since the growth of 
these anaerobic bacteria could produce unpleasant 
flavours in fermented foods (Aderiye and Adebayo, 
1999). 

Also observed in this study is a decrease in the number 
of non-lactic acid bacteria with time. This trend is in 
agreement with the reports of Maftah et al. (1993) and 
Ogunbanwo et al. (2004). In their studies, there were 
reductions in the survival of the enteropathogens with 
time, during the fermentation of sausages and cassava 
mash. In another similar study, a reduction in the 
bacterial load of steeped maize from106 to 102 cfu/g, after 
24 h of fermentation has been indicated. This was 
attributed to the interaction among the microbial flora of 
indigenous fermented foods that usually caused an 
apparent reduction in the total bacterial counts of non-
lactics (Olsen et al., 1995). 

The study revealed higher total bacteria and lactic acid 
bacteria counts in the maize and sorghum grains than the 
cassava mash. This may be attributable to availability of 
some easily metabolizable nutritional components of 
grains, which may be essential for the growth of 
microbes. For example, the values recorded for the ash 
and the reducing sugar contents of the fermented grains 
were higher than that of the cassava mash, which could 
indicate the presence of higher inorganic nutrients and 
metabolizable sugar in the grains. It is also possible that 
the crude fibre content of the cassava mash was may 
have been too high to encourage rapid degradation even 
by other groups of microbes besides the lasctic acid 

bacteria. Oyewole and Odunfa (1992) reported an 
increase in the fibre content of ‘fufu’, which is a food 
product from cassava mash, as fermentation progressed. 
The inhibitory effect of hydrogen cyanide in the 
fermenting cassava mashis also indicated to delay the 
rapid proliferation of microorganisms. Similarly, the 
smaller size of the fermenting grains may have 
encouraged an easy denaturing and opening up of the 
fermented structures than in the bigger cassava pieces. 
During the study on the optimization of submerged yam 
fermentation to process control, Aderiye and Adebayo 
(1999) reported that the size to which the tubers were cut 
affected the rate of fermentation. 

The present study revealed decreases in pH of the 
fermenting food substrates with time. Lactic acid bacteria 
cells are reported to occur widely as indigenous 
contaminants during the natural fermentation of African 
foods (Odunfa, 1988). Their growth is known to be 
favoured by low pH of the fermenting medium (Frazier 
and Westhoff, 2007). In addition, there was an increase 
in the total titratable acid with fermentation time. These 
trends in pH and titratable acidity may have been as a 
result of the organic acids released into the medium 
caused a lowering of the pH. Production of organic acids 
during food fermentation has been attributed to the 
activities of the lactic acid bacteria on the carbohydrates 
of food substrates (Oyewole and Odunfa, 1992). This 
observation is in agreement with Aderiye and Adebayo 
(1999) who observed that fermentation resulted in an 
increased acidity of the fermenting medium. The increase 
in the number of LAB cells as the pH dropped is not 
surprising  as  LAB  had  been reported to predominate at  
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Table 3. The inhibitory effect of CFS of LAB isolates on the indicator organisms. 
 

Lactic acid bacteria 

Indicator organisms 
Bacillus 
subtilis 
(Food) 

Shigella 
flexi 

(ICDRB) 

Escherichia 
coli (ATCC) 

Lactobacillus 
casei (Food) 

Lactobacillus 
plantarum 

(Food) 

Lactobacillus 
brevis (Food) 

Lactobacillus 
bulgaricus 

(Food) 

Lactobacillus 
fermentum 

(Food) 
Leuconostoc lactic  + (9.6) + (3.9) + (10.0) + (11.2) + (2.3) + (5.9) + (6.0) - 
Lactobacillus plantarum  + (14) + (3.3) + (7.3) + (10) - +(5.8) + (5.7) + (6.0) 
Lactobacillus fermentum  - - - - - - - - 
Leuconostoc carnosum + (6.5) + (5.0) + (9.0) + (12.0) + (11.1) - + (6.0) + (11.0) 
Leuconostoc mesenterioides - - - - - - - - 
Lactobacillus bulgaricus + (8.0) + (3.5) + (10.0) + (15.2) + (11.5) + (8.6) - + (6.0) 
Lactobacillus casei + (12) + (4.9) + (9.0) + (12.1) - + (6.7) + (5.8) + (7.0) 
Pediocouccus acidilactci - - - - - - - - 
Lactobacillus lactis  + (8.9) + (5.0) + (7.2) + (12.0) + (5.9) - + (5.6) + (9.2) 
Lactobacillus brevis + (7.2) + (4.0) + (10.0) + (11.0) + (12.5) - + (9.0) + (11.0) 
Lactobacillus delbrueckii + (9.6) + (3.5) + (9.0) + (12.5) + (11.5) + (8.6) + (5.7) + (7.2) 
 

Numbers in brackets are zones of inhibition in mm. Words in bracket indicate the source of the indicator organism 
‘+’ and ‘-‘ represent sensitive and resistant, respectively.  
ATCC and ICDRB indicate American Type Culture Collection and International Centre for Tropical Disease; Rep. of Bangladesh. 

 
 
 
low pH of fermenting medium (Somroo et al., 
2001). 

The predominance of Leuconostoc species in 
the fermenting cassava as observed in this study 
is in agreement with the findings of earlier 
investigators (Odunfa, 1988, Oyewole, 1992). 
Some studies have indicated the dominance of L. 
fermentum during the fermentation of naturally 
fermented cereal-based African foods (Oyewole, 
1992; Sanni et al., 1999). The majority of the lactic 
acid bacteria were obtained from the fermenting 
food substrates after 48 h of fermentation. The 
presence of these organisms in the medium 
throughout fermentation is an indication that they 
participated in the process. 
In the present study, the majority of the lactic acid 
bacteria isolates showed inhibitory activities 
against most of the indicator organisms used. 
Earlier reports (Seuk-Hyun and Cheol, 2000) have 

shown that some bacteriocins produced by lactic 
acid bacteria have a broad spectrum of activity. 
The percentage of bacteriocinogenic lactic acid 
bacteria in this study was higher than those 
observed by previous authors in similar studies 
(Mathieu et al., 1993; Olukoya et al., 1993; Sanni 
et al., 1999; Ogunbanwo et al., 2004). Another 
observation in this study is the inhibition of Gram 
negative bacteria by the bacteriocins produced by 
the lactic acid bacteria. This observation is in 
contrast with the report of Mathieu et al. (1993) 
who observed that mesenterocin 52 from 
Leuconostoc mesenteroides was non-inhibitory to 
all the test organisms that were Gram negative. In 
this study, the bacteriocins from all the isolates 
produced inhibitory zones against Escherichia coli 
and S. flexneri. 

The bacteriocin production by the lactic acid 
bacteria could have resulted from stimulation by 

the presence of competing microorganisms either 
within their diffusion-linked activity domains or by 
direct physical contact of cell surfaces (Earnshaw, 
1992). All bacteriocinogenic lactic acid bacteria 
from the sorghum grains exhibited strong 
inhibitory activities against the indicator 
organisms. This probably accounted for the high 
reduction in the occurrence of total bacteria cells 
after 72 h fermentation and subsequently. 
Ogunbanwo et al. (2004) had reported that the 
amount and type of bacteriocin produced during 
fermentation process influenced microbial activity 
in fermented food, although they possessed no 
antifungal activity. 
 
 
Conclusion 
 
This  study  which  was  aimed at investigating the



 
 
 
 
occurrence and antimicrobial properties of lactic acid 
bacteria during the fermentation of cassava mash, maize 
and sorghum grains was able to reveal the following: 
 
1. Total bacteria counts during fermentation of the food 
substrates increased steadily with time up to 72 h of 
incubation, after which there was a decline in population 
2. Lactic acid bacteria counts during fermentation of the 
food substrates were observed to increase steadily 
throughout the incubation. 
3. During fermentation, the pH of the food substrates was 
observed to consistently decrease with time. 
4. Generally, with the exception of L. fermentum, L. 
mesenterioides and P. acidilactci, all the isolated lactic 
acid bacteria isolated from the food substrates showed 
inhibitory activities against 90% of the indicator 
organisms used for the investigation 
 
Although the study cannot be considered to be 
exhaustive, it has however revealed the occurrence and 
antibacterial properties of the lactic acid bacteria isolated 
from the food substrates under the experimental 
conditions. 
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