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The objective of this work was to evaluate the effect of bacteriocins from lactic acid bacteria (LAB) in 
Zea mays-based Ogi on some foodborne bacteria contaminating cabbage in Abakaliki, Nigeria. Ten (10) 
samples (5 samples of Z. mays-based Ogi and 5 samples of suspected contaminated cabbage heads) 
were aseptically collected and analyzed using standard microbiological methods. Five different 
Lactobacillus isolates (A, B, C, D, and E) were isolated from the Z. mays-based Ogi while 5 different 
species of bacterial pathogens; Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, 
Salmonella spp., and Shigella spp were isolated from cabbage heads. Results showed that 
Lactobacillus isolates exhibited high inhibitory effect against foodborne bacteria (S. aureus, E. coli, and 
Shigella spp) isolated from cabbage with inhibition zone diameter (IZD) ranging from 14 to 20 mm. A 
very high antimicrobial activity against foodborne bacteria isolated from cabbage was also observed for 
the crude bacteriocin at pH of 2. The stability of the antimicrobial affinity of the bacteriocin decreased 
as pH rises from 6 to 7. This study has shown that bacteriocin has antimicrobial activity against 
foodborne bacteria contaminating cabbage and could be used as bio-preservatives instead of 
hazardous chemical preservatives with adverse effects on the human body. 
 
Key words: Lactic acid bacteria, bacteriocin, Zea mays, cabbage, fermented food, Ogi. 

 
 
INTRODUCTION 
 
Traditional fermented foods prepared from cereals such 
as maize (Zea mays) are consumed especially by the 
middle and low income earners in many West African 
countries. “Ogi”, an acid fermented cereal gruel, made 

from maize serves as weaning foods for infants, food for 
the convalescent and the elderly, as well as breakfast 
meal by different age groups in Nigeria (Chilaka et al., 
2016). Ogi has been known  to  exhibit  health  promoting  



 
 
 
 
properties such as in the control of gastroenteritis in 
animals and man. In vitro and in vivo data have been 
obtained on the probiotic effects (hypolipidemic, 
hepatoprotective, and antibacterial) of some lactic acid 
bacteria (LAB) isolated from Ogi (Oyetayo and Osho, 
2004; Aderiye et al., 2007). LAB are known for their 
potential of producing antimicrobial compound and other 
value-added products. They have the ability to inhibit 
growth of pathogenic microorganisms, degrade 
mycotoxins, and with probiotic capabilities (Mokoena, 
2017). Bacteriocins are small ribosomally synthesized 
antimicrobial peptides against which the producer 
species is immune and act against other bacteria in a 
bactericidal or bacteriostatic manner (Hill et al., 2017). 
Most of the bacteriocins are bactericidal with some 
exceptions that are bacteriostatic (Jeeravatnam et al., 
2005). Bacteriocin-producing LAB strains protect 
themselves from their own toxins by the expression of a 
specific immunity protein, encoded in the bacteriocin 
operon (Mokoena, 2017).  The application of bacteriocin 
in food is effective against food spoilage/pathogenic 
bacteria, and it is assumed to be degraded by protease in 
the gastrointestinal tract which makes it safe for human 
consumption (Cleveland et al., 2001; Pal et al., 2015). 
The increasing interest in bacteriocins as alternatives to 
antibiotics and chemical food preservatives guided this 
study interest to evaluate the effect of bacteriocins from 
LAB in Z. mays-based Ogi on some bacterial pathogens 
contaminating cabbage in Abakaliki, Nigeria with a view 
to understanding its application to avoid food spoilage. 
 
 
MATERIALS AND METHODS 
 
Collection of Zea mays-based Ogi samples 
 
Five (5) samples of Z. mays-based Ogi were randomly purchased 
at Abakpa Market, Abakaliki metropolis, Ebonyi State between June 
and October, 2019. Samples were aseptically collected and 
transported within two hours to the Department of Applied 
Microbiology Laboratory, Ebonyi State University, for bacteriological 
analysis. 
 
 

Isolation and identification of LAB from Zea mays-based Ogi 
samples 
 
Pour plate technique was used for the isolation of LAB. One gram 
of each „Ogi‟ samples were dissolved in 10 ml of water and swirled 
to mix properly. A tenfold serial dilution was performed and an 
aliquot for the 10-7 and 10-8 dilution factors were inoculated on 
Mann Rogosa and Sharp (MRS) agar with 50 µg/ml of nystatin to 
suppress the growth of fungi. The inoculated plates were incubated 
at 37°C for 72 h in anaerobic jar, and suspected LAB colonies were 
then sub-cultured on MRS agar to obtain pure culture (Harley and 
Prescott, 2002; Sharma, 2009). All isolates were identified by 
standard techniques such as Gram staining, and  biochemical  tests   
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such as citrate utilization, oxidase, indole, methyl red, Voges 
Proskauer (VP), and sugar (lactose, glucose, sucrose, fructose, 
maltose and mannitol) fermentation (Holt et al., 1994; Harley and 
Prescott, 2002; Sharma, 2009). 
 
 
Isolation of foodborne bacteria from contaminated cabbage 
samples 
 
Cabbage samples collected from Abakpa Main Market, Abakaliki, 
Ebonyi State were processed by removing their outer leaves and 20 
g of each of the samples were weighed, washed with distilled water 
and blended in an electric blender. The samples were put in a clean 
beaker containing 20 ml of sterile water and sieved. The resulting 
filtrate was serially diluted, and 1 ml of 10-7 and 10-8 dilutions were 
plated on Cysteine Lactose Electrolyte Deficient (CLED) agar, 
Mannitol salt agar (MSA), Salmonella-Shigella (SS) agar. The 
plates were incubated at 37°C for 24 h. The discrete colonies of 
each of the bacterial isolates were identified by standard 
biochemical tests (Holt et al., 1994; Harley and Prescott, 2002; 
Sharma, 2009) and sub-cultured on nutrient agar to obtain pure 
cultures. 
 
 
Determination of antagonistic activity of LAB 
 
The antagonistic activity of LAB isolates was tested by the agar well 
diffusion technique with the cell-free supernatant of each isolate. A 
standardized suspension of each isolated bacterium (Escherichia 
coli, Staphylococcus aureus, Pseudomonas aeruginosa, Shigella 
spp., Salmonella sp.) from the cabbage samples was prepared and 
inoculated on the surfaces of prepared MHA plates using sterile 
cotton swab. The plates were dried and a sterile cork borer with a 
diameter of 4 mm was used to cut uniform wells in the agar plates. 
Each of the wells was filled with 0.1 ml aliquot of the test LAB. The 
plates were incubated at 37°C for 72 h. Isolates exhibiting highest 
zone of growth inhibition were selected and screened for 
bacteriocin production. 
 
 
Screening and selection of LAB with antagonistic activity 
 
The isolates were screened and selected using agar well diffusion 
technique using the cell free supernatant. A sterilized molten 
Mueller-Hinton (MHA) was prepared and dispensed into the petri 
dishes and allowed to solidify. A lawn of indicator organisms such 
as E. coli, S. aureus, P. aeruginosa, Shigella spp. and Salmonella 
sp. were made by spreading their suspension over the surfaces of 
prepared MHA plates with aid of sterile cotton swab. The plates 
were allowed to dry and a sterile cork borer with a diameter of 4 mm 
was used to cut uniform well in the agar plates. Each of the wells in 
the MHA plate was filled with 0.1 ml aliquot of the test LAB isolates. 
The plates were then incubated at 37°C for 72 h. Isolates exhibiting 
maximum zone of growth inhibition were selected and used for 
bacteriocin production. 

 
 
Purification of crude bacteriocin production 

 
Bacteriocin was extracted from LAB that had highest growth 
inhibition by growth in 1 L of MRS broth for 72 h at 30°C under 
anaerobic   conditions   (Ogunbanwo   et   al.,   2003).  Extract  was
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obtained by centrifuging the culture at 12,000 rpm for 15 min to 
separate the cells. The pH of the cell-free culture supernatant was 
adjusted to 6.5 with 1 M NaOH. Catalase (1 mg/ml) was added to 
remove hydrogen peroxide from the supernatant (Daba et al., 
1991). The supernatant was filtered through a 0.45-µm pore size 
membrane and the protein was precipitated using 80% (w/v) 
saturated ammonium sulphate. The mixture was stirred for 1 h and 
stored at 4°C. After precipitation, the mixture was centrifuged at 
16,000 rpm at 4°C for 30 min, and pellet was stored at 42°C. The 
pellet was separated from impurities by dissolving 1 ml in distilled 
water in an Eppendorf tube and centrifuging at 10,000 rpm for 10 
min at 4°C. The supernatant was discarded and the pellet 
containing bacteriocin was washed with deionized water. The 
mixture was dispensed into another Eppendorf tube and centrifuged 
at 10,000 rpm for 15 min at 4°C to spin down the proteins, and the 
supernatant discarded. The pellet was dissolved in 500 µl of 0.1 M 
sodium phosphate buffer (pH 7.0) and the total volume was made 
up to 2 ml. The sample was loaded into a pre-treated dialysis tubing 
cellulose membrane (18-20 mm length) and dialyzed in a 3-L 0.1 M 
sodium phosphate buffer (pH 7.0) for 2 h; the buffer was changed 
and the sample further dialyzed overnight at 4°C. After 24 h 
dialysis, the sample was added to an Eppendorf tube, centrifuged 
at 10,000 rpm at 4°C for 30 min and stored at -20°C. 

 
 
Purification of proteins from crude bacteriocin samples 

 
The crude bacteriocin samples were dispensed into Eppendorf 
tubes and centrifuged at 12,000 rpm for 15 min at 4°C to pellet 
down the cells. The supernatant was poured into a 50-ml capacity 
beaker in an ice pack at a temperature of 4°C and 15 g of 
ammonium sulphate (NH4)2SO4 in dry form was measured and 
dissolved in the supernatant. The mixture was stirred for 1 h and 
stored at 4°C for 24 h. The stirring was carefully done to prevent 
foaming that may lead to protein denaturation (Hensyl et al., 1994). 

 
 
Determination of bacteriocin activity 

 
Agar well diffusion assay was used to determine the bacteriocin 
activity of the LAB isolates (Khalid, 2011).  Ten ml of partially 
purified bacteriocin was serially diluted up to 10-2 using saline 
diluent. An overnight culture of bacteria isolated from cabbage 
grown in tryptic soy broth (TSB) at 37°C was diluted in saline to a 
0.5 McFarland standards. The suspension was inoculated on the 
surface of MHA plates using a sterile cotton swab. The plates were 
dried and wells were done as described above. Each of the wells 
was filled with 0.1 ml aliquot. The plates were kept at 4°C for 2 h to 
ensure diffusion of the supernatant fluid into the agar, and then 
incubated at 37°C for 24 h. The antimicrobial activity was 
determined by measuring the diameter of zones of inhibition around 
the wells. 

 
 
Determination of effect of pH on antibacterial activity of crude 
bacteriocin 

 
Sodium hydroxide (NaOH) and hydrogen chloride (HCl) was added 
to separate tubes to obtain pH values of 2, 3, 4, 5, 6, 7, and 8 
confirmed with Jenway pH meter. The solutions were kept at room 
temperature for 2 h. Aliquots of 50 µl from each test tube were 
placed in wells of MHA plates inoculated with overnight broth 
cultures of the isolated bacteria (S. aureus, E. coli, P. aeruginosa, 
Salmonella sp., and Shigella spp.) from cabbage. The plates were 
incubated at 30°C for 24 h and the zones of inhibition around the 
wells were measured. 

 
 
 
 
RESULTS 
 
Isolation and identification of LAB from Zea mays-
based Ogi samples and foodborne bacteria from 
cabbage samples 
 
Results showed that five different lactic acid bacteria 
species; Lactobacillus isolates A, Lactobacillus isolates 
B, Lactobacillus isolates C, Lactobacillus isolates D, and 
Lactobacillus isolates E were obtained from Z. mays-
based Ogi samples collected from Abakpa Main Market, 
Abakaliki, Ebonyi State (Table 1). Five micororganisms 
(S. aureus, E. coli, P. aeruginosa, Salmonella sp., and 
Shigella spp.) were isolated from cabbage samples 
randomly collected from Abakpa Main Market, Abakaliki 
(Table 2). 

 
 
Antagonistic activity of lactic acid bacteria isolated 
from Zea mays-based Ogi against food-borne 
bacterial isolates from cabbage 

 
The inhibition zone diameters (IZDs) of Lactobacillus 
isolates (A, B, C, D, and E) against the foodborne 
bacteria (S. aureus, E. coli, P. aeruginosa, Salmonella 
sp., and Shigella spp.) are shown in Figure 1. Lactobacillus 
isolates A, B, C, D, and E had inhibition zone diameters 
(IZDs) which ranged from 10 - 15 mm, 10 - 16 mm, 0 - 12 
mm, 0 - 10 mm and 10 - 20 mm, respectively against the 
isolated foodborne bacteria (S. aureus, E. coli, P. 
aeruginosa, Salmonella sp., and Shigella spp.) (Figure 1). 

 
 
Determination of the antimicrobial activity of the 
diluted crude bacteriocin from Lactobacillus isolates 
A, B, C, D, and E obtained from Zea mays-based Ogi 
against foodborne bacteria from cabbage 

 
Results showed that 0.1 aliquot of the crude bacteriocin 
from Lactobacillus isolate A exhibited IZDs of 12, 10, 14, 
10, and 12 mm against S. aureus, E. coli, P. aeruginosa, 
Shigella spp., and Salmonella sp. respectively while at 
0.01 aliquot, IZDs of 7, 4, 9, 6, and 7 mm were recorded 
against S. aureus, E. coli, P. aeruginosa, Shigella spp., 
and Salmonella sp. respectively (Figure 2). 

At 0.1 aliquot of the crude bacteriocin from 
Lactobacillus isolate B, inhibition zone diameters (IZDs) 
of 11, 9, 12, 14, and 15 mm were recorded against S. 
aureus, E. coli, P. aeruginosa, Shigella spp., and 
Salmonella sp. respectively, while at 0.01 aliquot, an 
inhibition zone diameter of 8, 5, 4, 8, and 6 mm were 
recorded against S. aureus, E. coli, P. aeruginosa, 
Shigella spp, and Salmonella sp. respectively (Figure 2). 

At 0.1 aliquot of the crude bacteriocin from Lactobacillus 
isolate C, IZDs of 10, 12, 10, 10, and 9 mm were recorded 
against S. aureus, E. coli,  P.  aeruginosa,  Shigella  spp.,
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Table 1. Morphological, physiological, and biochemical characteristics of bacteria isolated from Zea mays-based Ogi samples. 
 

Morphological characteristics 
Physiological and biochemical characteristics 

Suspected 
Organisms Gram  

reaction 
Motility 

test 
Catalase 

test 
Mannose Arabinose 

Sugar fermentation test 
Fructose Maltose 

Shape Colour Lactose Ribose Glucose Mannitol Sucrose 

Rod White + - - + - + + - + + - + 
Lactobacillus 
isolate A 

Rod 
Cream with a 
secreted edge 

+ - - - - + + + - + + + 
Lactobacillus 
isolate B  

Rod Dirty white + - - - + + + + + + - - 
Lactobacillus 
isolate C 

Cocci bacilli Light Yellow + - - + - + + + - + + + 
Lactobacillus 
isolate D  

Rod 
Dirty white on 
medium 

+ - - + - - + + - + + + 
Lactobacillus  
isolate E 

 

+ = Positive, - = Negative. 
 
 
 

Table 2. Morphological, physiological, and biochemical characteristics of bacteria isolated from cabbage sample. 
 

Morphological characteristics Gram 
reaction 

Motility 
test 

Physiological and Biochemical characteristics 
Suspected 
Organism Citrate   

Test 
Oxidase 

Test 
Coagulase 

Test 
Indole 
Test 

Sugar Fermentation Test Catalase 
Test 

Urease  
Test 

Voges 
Proskauer 

Methyl 
Red Shape Colour Lactose Glucose Sucrose 

Cocci  
Yellow on  mannitol 
salt agar  

+ - - - + - + + - + + + + 
Staphylococcus 
aureus 

Rods 
Opaque yellow on 
CLED   

- + - - - + + + + + - - + E. coli 

Rods  Greenish on CLED - + - + - - + + + + - - + P. aeruginosa 

Rod Pink  on SS agar - - - - - - - + - + - - + Shigella spp. 

Rods Black on SS agar - + - - + - - + - + - - + Salmonella sp. 
 

+ = Positive, - = Negative. 
 
 
 

and Salmonella sp. respectively, while at 0.01 
aliquot, an IZD of 5, 8, 7, 5, and 10 mm were 
recorded against S. aureus, E. coli, P. aeruginosa, 
Shigella spp., and Salmonella sp. respectively 
(Figure 2). 

Bacteriocin crude extract were not recovered 
from Lactobacillus isolate D and E. 

Effect of pH on stability of bacteriocin 
 
The results of the e f f e c t s  of pH on the 
stability of bacteriocin produced by LAB isolated 
from Z. mays-based Ogi against foodborne 
bacteria isolated from cabbage samples revealed 
that the inhibition  zone  for  all  bacterial  isolates 

decreased as the pH increased, ranging from 
IZD of 21 to 0 mm (Table 3). 
 
 
DISCUSSION 
 
Lactic acid bacteria (LAB) are important organisms
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Figure 1. Antagonistic activity of lactic acid bacteria isolated from Zea mays-based Ogi against foodborne 
bacteria from cabbage. 

 
 
 
recognized for their fermentative ability as well as their 
health and nutritional benefits. They produce various 
compounds such as bacteriocins bacteriostatic or 
bacteriocidal proteins during lactic acid fermentation. A 
large number of bacteriocins from lactic acid bacteria have 
been characterized until today, and many different studies 
have indicated the potential usefulness of bacteriocin as 
food preservative. 

This present study was designed to evaluate the effect 
of bacteriocins from lactic acid bacteria (LAB) in Z. mays-
based Ogi on some bacterial pathogens contaminating 
cabbage in Abakaliki, Nigeria. This study has shown that 
bacteriocin has antimicrobial activity against Gram-
positive (S. aureus) and Gram-negative (E. coli, P. 
aeruginosa, Salmonella sp., and Shigella spp.) foodborne 
bacteria contaminating cabbage. 

In this study, a total of five Lactobacillus species were 
isolated from Z. mays-based Ogi-based.  These results 
are similar to the work of Ohenhen et al. (2015) who 
isolated five different species of Lactobacillus isolates 
from fermented Ogi samples. Gram-positive (S. aureus) 
and Gram-negative (E. coli, P. aeruginosa, Salmonella 
sp., and Shigella spp.) bacterial pathogens were also 
isolated from the  contaminated  cabbage  collected  from 

Abakpa Main Market. This is also in agreement with the 
report of Sujeet and Vipin (2017), who observed the 
presence of the same foodborne bacteria in cabbage and 
other salad vegetables. The bacteria found are mostly 
enteric, which suggest a possible feacal-oral 
transmission. They have also been implicated as 
common foodborne pathogens causing gastrointestinal 
illnesses such as diarrhoea (Clevland et al., 2001). It is a 
well-known fact that food is a valuable source of nutrients 
for microbes to grow; and as these organisms grow on 
the food, they may cause spoilage such as bad taste, 
unpleasant smell, and poor appearance (Pal, 2013). The 
isolated LAB from Z. mays-based Ogi showed 
antimicrobial activity against foodborne bacteria isolated 
from cabbage. The antagonistic activity of LAB isolated 
from Z. mays based Ogi against foodborne bacteria 
revealed that even though Lactobacillus isolates A, B, 
and E had antimicrobial effect on all the indicator 
microorganisms, the effect on S. aureus was best; 
evident in the larger zones of inhibition. This could be a 
result of bacteriocin exhibiting bactericidal activity against 
closely related producers‟ strains. This is in agreement 
with the work of Tannock (2004) who stated that the 
inhibitory action of LAB is mainly due to the accumulation 
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Figure 2. Antimicrobial activity of the diluted crude bacteriocin from Lactobacillus (LAB) isolates A, B, 
C, D, & E from Zea mays-based Ogi against foodborne bacteria from cabbage samples. 

 
 
 

Table 3. Effect of pH on the stability of the antimicrobial activity of bacteriocin against tested foodborne 
bacterial isolates. 
 

pH 
Isolate 

S. aureus E. coli P. aeruginosa Salmonella sp. Shigella spp. 

2 21 17 14 19 18 

3 14 13 11 12 11 

4 13.5 10 9 10 11 

5 11 11 10 9 10 

6 9 7 4 5 4 

7 5 3 5 2 3 

8 3 1 4 NI 1 
 

NI - No Inhibition. 
 
 
 

of main primary metabolites. He also stated that LAB are 
capable of producing antimicrobial compounds such as 
formic acid, benzoic acid, hydrogen peroxide, and 
bacteriocins. The reason for the high inhibition zone 
diameter in S. aureus could be as a result of the cell wall 
structure and the physiological characteristics of the 
organisms (Tannock, 2004). It was reported that Gram-
negative bacteria tend to resist antimicrobial compounds 
as a result of their complex cell wall composition (Pal et 
al., 2015). This is in contrast with the work of Ohenhen et 
al. (2015) who observed highest and lowest zone of 
inhibitions for E. coli and S. aureus respectively by 
Lactobacillus plantarum. Other Lactobacillus isolates; C, 
and D were less effective against the foodborne bacteria 
isolated from cabbage. The antimicrobial activity of the 
diluted    bacteriocin    from    Lactobacillus     isolate     A, 
Lactobacillus isolate B, and Lactobacillus isolate C obtained 

from Z. mays showed that all the isolates have 
antimicrobial effect on the indicator microorganisms at 
0.1 ml dilution while at 0.01 ml dilution, it recorded lower 
inhibition zone. This implies that optimal inhibition zone 
occurs at 0.1 ml. This result is in agreement with the 
findings of Kwon et al. (2002) who reported that 
bacteriocins had broad spectrum of activities against fish 
pathogens. It has also been reported that certain LAB 
bacteriocins, especially the class 2 bacteriocin, pediocin, 
can inhibit Gram-negative bacteria such as Shigella spp., 
Salmonella sp., and Pseudomonas species.   

Hwanhlen et al. (2011) also reported that lactic acid 
was able to cause sub-lethal injury to E. coli. Similar 
properties have also been assigned to acetic acid 
(Hwanhlen et al., 2011).  Because bacteriocin does not 
act equally against target species, many researchers 
have   examined   the  activity  of  bacteriocin  on  specific 
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bacteria species and strains (Castro et al., 2011). Indirect 
evidence suggests that such injury involve disruption of 
the lipopolysaccharide (LPSP) layer (Castro et al., 2011). 
Our study also showed that the crude bacteriocin extract 
partially purified from LAB displayed a very high 
antimicrobial activity at the pH 2, compared to the 
antimicrobial activity displayed at pH 6 and 7. No 
antimicrobial activity was observed in the diluted crude 
bacteriocin extract at pH 8. Lactobacillus isolates have 
tolerance to low pH. This observation is similar to that 
reported by Ogunbanwo et al. (2003) who indicated that 
purified bacteriocin extract recovered from L. plantarum 
was more active at pH 2 and 6, than at pH 10 and 12. 
The increased sensitivity of S. aureus to the pH amended 
crude bacteriocin extract could be as a result of the cell 
wall and physiology of the bacterium. However, Gram-
positive bacteria only have a thick-like cell wall, made of 
peptidoglycan which constructs about 90% of the cell wall 
(Omar et al., 2006). This observation is in agreement with 
a report by Rammelsberg and Radler (1990) who 
observed that antimicrobial activity of purified bacteriocin 
extracted from L. parecasei subsp. tolerans was more 
active against S. aureus and Listeria monocytogenes 
than E. coli. The diluted crude bacteriocin extract at pH 8 
exhibited less antimicrobial activity against the indicator 
organisms. It is possible that a high pH value had a 
negative effect on the antibacterial activity of the extract. 
Hence, further studies are needed in the extraction, 
characterization, and purification of bacteriocin from LAB 
with a view to utilizing them as alternatives to harmful 
chemical preservatives and as potential sources of 
probiotics and antimicrobial agents. 
 
 

Conclusion 
 
This study has shown that bacteriocin from lactic acid 
bacteria (LAB) has antimicrobial activities against one 
Gram-positive (S. aureus) and four Gram-negative (E. 
coli, P. aeruginosa, Salmonella sp., and Shigella spp.) 
foodborne bacteria isolated from cabbage. The 
bacteriocins produced by the LAB isolates in this study 
were noted to have maximum activity at pH 2. This study 
show the possibility that bacteriocins could be used as bio-
preservatives in acidic food products like fruits juices 
instead of chemical preservatives which may have adverse 
effects on human body after consumption. 
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