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For production and preservation of traditional fermented foods, the genera, lactic acid bacteria (LAB)
have been used. This study was carried out to determine the characteristics and the antimicrobial
activities of lactic acid bacteria isolated from selected Nigerian traditional fermented foods. Changes in
pH and titratable acidity (TA) of the samples were investigated for a period of four days (96 h). Eleven
tentative LAB from fermented maize and cassava (Ogi and Fufu, respectively) were isolated and
characterized. The spoilage organisms from fish were aseptically identified and the antimicrobial
activity was determined by agar well diffusion method against three isolated food spoilage organisms
(Pseudomonas aeruginosa, Enterobacter aerogene and Bacillus cereus). The isolates were selected and
further identified as Lactobacillus amylolyticus strain L6, Lactobacillus plantarum strain ci-4w and
Lactobacillus sakei strain MLS1 by the aide of genotypic characteristics (16S rRNA gene sequences).
These strains were screened for their EPS producing activity, resistance to low pH and bile salts as well
as bacteriocin activity. These strains can be used as starter culture or protective cultures to improve
the hygiene, quality and increased safety of the food products by inhibiting the food borne pathogens
and spoilage microorganisms.
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INTRODUCTION

Over recent decades, lactic acid bacteria (LAB) have
received much attention due to the health-promoting
properties of certain strains, called probiotics. They are
normal inhabitants of the healthy gut microbiota as they
improve the balance of the microbial community in the
intestine, confer protection against potential pathogenic

bacteria, prevent or cure intestinal diseases and present
in numerous fermented food products (Ngene et al.,
2019; Rijkers et al., 2011; Brown and Valiere, 2004; Adak
et al., 2002). LAB are used in a wide range of fermented
food, they play a critical role in food processing and
spontaneous fermentation (Elayaraja et al., 2014); also,
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they have been shown to be a major potential for use in
biopreservation due to the fact that they are generally
recognized as safe (GRAS) status (Salem, 2012; Vignolo
et al., 2008; Radha and Padmavathi, 2015). They exert a
strong antagonistic activity against many food
contaminating microorganisms and these effects are
mediated by production of antimicrobial metabolites such
as organic acids (for example lactate, acetate, and
butyrate), hydrogen peroxide, bacteriocins, and
competition with harmful bacteria for nutrients or
adhesion receptors (Maurya and Thakur, 2012; Wilson et
al.,, 2011). LAB are among the most important microbes
which are used in food fermentations, as well as in
enhancing taste and texture in fermented food products
(Van Geel-Schuttena et al., 1998; Hati et al., 2013).

One of the concerns in food industry is the
contamination by food spoilage microorganisms and
pathogens, which are frequent cause of food spoilage
and food borne diseases. An important aspect of food
contamination by microorganisms is the presence of
potentially pathogenic species, which pose a great risk
for the human and animal health (Broberg et al., 2007).
Bacteria and various fungi are the cause of spoilage and
can create serious consequences for the consumers and
some troublesome spoilage microorganisms include
aerobic psychrotrophic Gram-negative bacteria, yeasts,
molds, heterofermentative lactobacilli, and spore-forming
bacteria. They can cause extensive damage of the food
such as unpleasant smell, taste or appearance as well as
formation of harmful substances for the consumer’s
health (Dinev et al., 2017; Garcia et al., 2010; Garcha,
2018).

In order to achieve improved food safety against such
spoilage microorganisms, food industry makes use of
chemical preservatives or physical treatments (e.g. high
temperatures). Many drawbacks which include the
proven toxicity of the chemical preservatives has been
recorded for these preservation techniques (e.g. nitrites),
the alteration of the organoleptic and nutritional
properties of foods, and especially recent consumer
demands for safe but minimally processed products
without additives (Ananou et al., 2007; Sharma et al.,
2006).

However, the increasing resistance of food spoilage
microorganisms to current preservatives, the consumer’s
high demand for safe, minimally processed foods, the
alteration of the organoleptic and nutritional properties of
foods and the hazards associated with the use of high
doses of chemical preservatives have led to the need for
finding safer alternatives in food preservation and
disease prevention (Garcia et al., 2010; Nath et al., 2013).

Therefore, the need for alternatives to extend the shelf
life of foods without changing their sensory properties
and use in the treatment or prevention of gastrointestinal
disease have launched research on probiotics and
biopreservation technologies, which are based on the use
of non-pathogenic microorganisms (lactic acid bacteria)
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or their metabolites to retard food spoilage or to improve
food safety and confer health benefit (De Martinis et al.,
2001; Ross et al., 2002). This research is designed to
evaluate probiotics properties and to enhance the shelf-
life of fermented food through assessing the
biopreservation potency of lactic acid bacteria with the
aim of developing starter/protective culture with
predictable characteristics, for use in industrial
application. The aim of this research is to analyze
antimicrobial activities of exopolysaccharide lactic acid
bacteria isolated from Ogi and Fufu on food spoilage
organisms.

MATERIALS AND METHODS
Source and collection of samples

Maize grains (from two maize varieties: white and yellow) and
freshly harvested cassava root tubers were purchased from a local
market in Uyo, Akwa Ibom State, Nigeria. They were immediately
processed and transported aseptically to the Post Graduate
Microbiology laboratory, University of Uyo, for further analysis.

Sample preparation

The fermentation of maize grains and cassava tubers to produce
Ogi and fufu, respectively, were carried out by simulating the
traditional methods of processing (Figures 1 and 2). The
fermentation of maize grains and cassava tubers to produce ogi
and fufu, respectively, were carried out by simulating the traditional
methods of processing.

Physicochemical analysis
Determination of pH

Samples of fermenting cassava mash (10 g) were homogenized in
distilled water (100 ml) then the pH of the fermenting substrates
was measured (Achi and Akomas, 2006), whereas pH of the
fermentation liquor of cereal samples was determined directly
(Anumudu et al., 2018; Nwachukwu and ljeoma, 2010b) using a pH
meter and the changes in pH of fermenting samples were
monitored daily for 4 days (96 h).

Determination of titratable acidity (TA)

In order to determine the titratable acidity (TA) 10 ml of the samples
were transferred to a 50 ml measuring flask and filled up to 50 ml
with distilled water. After mixing, 10 ml of the diluted sample were
titrated against 0.1 M sodium hydroxide (NaOH) using
phenolphthalein as indicator until a pink colour appeared. Each ml
of 0.1 M NaOH is equivalent to 90.08 mg of lactic acid (Nwachukwu
and ljeoma, 2010b).

TA of lactic acid (mg/ml) = (ml NaOH x M NaOH x M.E) / Volume of
sample used

Where ml NaOH is the volume of NaOH used, M NaOH is the
Molarity of NaOH used, M.E = Equivalent factor = 90.08 mg (Wakil
and Ajayi, 2013; Nwachukwu and ljeoma, 2010b).
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Figure 1. Flow chart for traditional method
of Ogi processing.
Source: Hleba et al. (2021).

Microbiological analysis
Isolation and characterization of lactic acid bacteria

For preliminary identification, lactic acid bacteria (LAB) were
isolated and enumerated using the De Mann, Rogosa and Sharpe
(MRS) agar. A 1 ml of sample was diluted serially in ten folds
dilution blanks properly mixed with sterile glass rod and 0.1 ml of
diluted sample was introduced into sterile plate and molten sterile
agar medium was poured (Harrigan and McCance, 1996; Ibeabuchi
et al., 2014). The inoculated plates were incubated at 37°C for 48 h
and suspected LAB colonies were picked randomly, sub-cultured
on MRS agar to obtain pure culture and thereafter, pure cultures
were grown on agar slants and kept at 4°C for further analysis.

LAB strains were characterized on the basis of their
morphological, biochemical and physiological properties. Each
isolate was examined under light microscope using oil immersion
objectives after Gram-staining and Spore staining for the purpose of
identification. All strains were subjected to Catalase test, Oxidase
test, Motility test, Sugar fermentation (Bukola and Abiodun, 2008;
Ibeabuchi et al., 2014), adjusted pH range of 4, 6, and 8,
respectively using diluted buffer solutions, growth at different
temperatures of 15, 25, 35, and 45°C and growth in the presence of
different concentrations of NaCl (2, 4, 6 and 8%). After 24 to 48 h of
incubation their growth were determined by observing their turbidity
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Figure 2. Flow chart for traditional method of fufu processing.
Source: Ayoade et al. (2018).

(Karthikeyan and Santosh, 2009). Probable identities were
confirmed using Bergey's Manual of Systematic Bacteriology (Holt
et al., 1994).

Isolation and identification of test organisms

The test organisms were isolated from Fish. A 10 g of the sample
was aseptically cut and thoroughly blended with 10 ml sterile water
using sterile blender. A 1 ml aliquot volume of the blended sample
was measured out and homogenized in 9 ml of buffered peptone
water and diluted serially in ten folds dilution blanks (Eze et al.,
2011). 0.1 ml of the diluted sample was plated onto sterile Nutrient
agar (Oxoid, England), Cetrimide agar and Eosin Methylene Blue
(EMB) agar and incubated at 37°C under aerobic condition for 24 h
The isolated bacterial colonies were identified on the basis of their
morphological, cultural and biochemical characters and probable
identities were confirmed using Bergey's Manual of Systematic
Bacteriology (Holt et al., 1994).

Antimicrobial assay of lactic acid bacteria

In the screening of the LAB cells for antagonistic activity, the agar-
well diffusion method was employed. Indicator lawns were prepared
with 40 mL of Mueller Hinton Agar (MHA) seeded with 100 yL of an
overnight culture of each food spoilage organism (Pseudomonas
aeruginosa, Enterobacter aerogene and Bacillus cereus). With a
sterile 5 mm diameter cork borer, wells were cut into the agar. Each
LAB isolate were placed into each well. The plates were incubated
at 30°C for 24 to 48 h after which they were examined for probable
clearing of zones (Bali et al., 2011; Tambekar and Bhutada, 2010).



Evaluation of in vitro probiotic potentials of the selected lab
isolates

Screening of the LAB
production

isolates for exopolysaccharide

Screening of exopolysaccharide from the LAB isolates was done
using EPS selection medium (ESM 90 g of skimmed milk, 3.5 g of
yeast extract, 3.5 g of peptone, 10 g of glucose/L) as described by
van den Berg et al. (1993) and Patel et al. (2012). The isolates
were inoculated differently into sterile ESM medium and incubated
at 30°C for 24 h. The colonies developed thereafter were examined
for mucoid and glistening by visual examination. The ropiness of
the culture was also determined by touching the colonies with
sterile wireloop and measuring the strings for extension of 5 mm or
more.

Acid tolerance test

The acid resistance was performed by the viable plate count
method (Hassanzadazar et al.,, 2012; Sahadeva et al., 2011).
Bacterial cells were inoculated to adjusted pH of 2.0 and 3.0 and
samples were taken every 3 h, thereafter, the viable colony counts
were enumerated on MRS agar after incubation at 37°C for 6 h
simulating the acidic environment in the human stomach.

Bile salt tolerance test

The bile tolerance test was carried out by method of Walker and
Gilliland (1990). Briefly, cells of the selected strains were grown in
MRS broth at 37°C overnight, and then subcultured in MRS broth
containing different concentrations (0.1, 0.3, and 0.5%) of bile salts.
The growth rate of each strain was determined by the viable plate
count method after 24 h (Sahadeva et al., 2011).

Evaluation of biopreservation potential of lactic acid bacteria
Extraction of bacteriocins

Selected LAB isolates were grown in MRS broth at 37°C for 24 h.
Cell free culture supernatant (CFCS) of each isolate was obtained
by centrifugation at 3,000 rpm for 20 min. The supernatant was
adjusted to pH 6.5 with 1M NaOH to neutralize any effect of acidity
and inhibitory activity from hydrogen peroxide was eliminated by the
addition of a 5 mg/ml catalase and subsequently filters sterilized
through a 0.2 ym membrane filter (Onwuakor et al., 2014).

Detection of inhibitory activity of bacteriocin from selected
isolates

The agar-well diffusion method was employed and 0.1 ml of test
organisms (P. aeruginosa, E. aerogene and B. cereus) were plated
using spread plate method on Mueller Hinton agar (MHA) plates.
Wells were cut into the agar with a sterile 6 mm diameter cork
borer. A 100 uL partially purified bacteriocins of each potential
producer strain was placed into each well. The plates were then
incubated at 30°C for 24 to 48 h after which they were examined for
probable clearing zones (Bali et al., 2011).

Effect of pH on bacteriocin

Bacteriocin of the LAB isolates were adjusted to pH range of 4, 5, 6,
7, 8, and 9, respectively using diluted acid and base solutions
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and were allowed to stand at room temperature for 2 h. The
residual bacteriocin activity of the cell free culture supernatant
(CFCS) was then determined against the test organisms by well
diffusion method and then measuring the diameter inhibition zone
(Karthikeyan and Santosh, 2009).

Effect of temperature on crude bacteriocins

The isolated semi purified bacteriocins were subjected to different
heat temperatures for 10 min at 40, 60, 80 and 100°C. Temperature
stability was determined by measuring the residual antimicrobial
activity of semi purified bacteriocins after treatments against the
selected test organisms using the agar well diffusion assay
(Karthikeyan and Santosh, 2009).

Effect of storage time on crude bacteriocin

The pH of cell free culture supernatant (CFCS) of the LAB isolates
was adjusted and the effect of the organic acids and hydrogen
peroxide (H20,) was eliminated as stated earlier. 20 ml of the crude
bacteriocin of LAB isolates was then stored at 37°C and 5ml of the
crude bacteriocin was tested in well diffusion assay against the
indicator organisms every 24 h for 4 days (96 h) using well diffusion
method (Bali et al., 2011).

Molecular identification of lactic acid bacteria
DNA extraction

DNA extraction was conducted using the facilities of the Center for
Molecular Biology and Biotechnology (CMBB), Michael Okpara
University of Agriculture, Umudike (MOUAU), Nigeria. Genomic
DNA from the isolated LAB was extracted with Zymo-Spin™ Kkits
according to the manufacturer's instructions and the extracted DNA
was separated on a 1% agarose gel electrophoresis.

PCR analysis

The 16S rRNA coding gene was amplified through polymerase
chain reaction (PCR) wusing universal primers, 27F (5-
AGAGTTTGATCMTGGCTCAG-3’) and 907R (5-
CCGTCAATTCMTTTRAGTTT-3’). PCR amplifications were carried
out in a thermal cycler (T Gradient model, Biometera, Germany)
using the following steps: one cycle of denaturation for 5 min at
94°C followed by thirty-five cycles of 94°C for 30 s. Annealing was
performed at 50°C for 30 s, extension at 68°C for 1 min and final
extension was done at 68°C for 10 min. The PCR products were
kept at 4°C and the integrity of the PCR amplicons were separated
on a 1% agarose gel electrophoresis (CSL-AG500, Cleaver
Scientific Ltd) and visualized by staining with EZ-vision® Bluelight
DNA Dye.

Sequencing

PCR products were purified using ExoSAP Protocol and
sequencing was done with the Applied Biosystems™ BigDye™
Terminator v3.1 Cycle Sequencing Kit (Catalogue No. 4337455)
using ABI 3500XL Genetic Analyser by Ingaba Biotec, South Africa.

BLAST analysis

The resulting 16S rRNA gene sequences were analyzed in NCBI
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website (http://www.ncbi.nlm.nih.gov) using the Basic Local
Alignment Search Tool (BLAST) Software in the GenBank
nonredundant/nucleotide collection (nr/nt) to compare sequences
and identification was performed on the basis of 16S rRNA
sequence percentage similarity with the type strains.

Phylogenetic analysis

The sequences were aligned using ClustalW and the evolutionary
history was inferred using the Neighbor-Joining method whereas
the evolutionary distances were computed using the Maximum
Composite Likelihood method. All ambiguous positions were
removed for each sequence pair (pairwise deletion option) and the
evolutionary analyses were conducted in MEGA X (Saitou and Nei,
1987; Kumar et al., 2018).

Statistical analysis

The experiments were carried out in replicate and results are given
as the mean * standard deviation. Data generated were subjected
to One-Way analysis of variance (ANOVA), and Duncan Multiple
range test was used for separation of mean, while P<0.05 was
considered significant using Statistical Package for Social Sciences
(SPSS) version 20.

RESULTS

Table 1 shows identification of indicator isolates (food
spoilage organisms) from spoiled meat. The food
spoilage organisms were identified based on
morphological, cultural and biochemical characteristics as
P. aeruginosa, E. aerogenes, and B. cereus.

The changes in the pH and titratable acidity during the
spontaneous fermentation of ogi and fufu are presented
in Figures 3 and 4. However, there was an increase in
titratable acidity with a reduction in pH of the traditionally
fermented food samples (ogi and fufu). There was a
general decrease in pH from 6.32 to 5.02 (White Ogi),
6.20 to 4.58 (Yellow Ogi) and 6.43 to 4.29 (Fufu) after 96
h whereas titratable acidity increased from 0.35 to 0.70
(White Ogi), 0.30 to 0.60 (Yellow Ogi) and 0.15 to 0.60
after 96 h.

Isolation and identification of 11 LAB isolates were
preliminarily isolated from traditionally fermented food
samples (Ogi and Fufu) collected from a local market in
Uyo, Akwa Ibom State and six LAB strains that showed a
strong antibacterial activity against the indicator
organisms were selected and preserved for further
analysis. Based on the morphological, physiological and
biochemical characteristics, these isolates were Gram-
positive, rods (bacilli)-cocci, non-sporulating, non-motile,
acid-tolerant, catalase and oxidase negative which grew
in both aerobic and anaerobic environments (Tables 2
and 3).

The antimicrobial activity of all the tentative
Lactobacillus strains had between 7.00 + 0.00 and 22.00
+ 0.71mm inhibitory zones towards the food spoilage

organisms (Table 4). Six isolates designated as OG1,
W,2, W12, Y1, F;2 and F6 showed a strong antibacterial
activity against P. aeruginosa, E. aerogene and B. cereus
ranging from 11.25+1.06 to 22.00+0.71 mm. The highest
diameters of 22.00+0.71 and 20.20+0.42 mm were
recorded for isolates coded F;2, and OG1, while no
activity was recorded for OGS6.

These isolates were identified on the basis of genotypic
characteristics (16S rRNA gene sequences similarity with
the type strains) during BLAST searches as Lactobacillus
amylolyticus strain L6, Lactobacillus plantarum strain ci-
4w and Lactobacillus sakei strain MLS1 (Table 5).

Table 6 shows the exopolysaccharide (EPS) production
of different LAB isolates and the results revealed that L.
amylolyticus strain L6 showed the highest ropy strand
formation.

In Table 7, the result showed that these Lactobacillus
strains tolerated pH 2 and 3 of the medium for 3 and 6 h
of incubation. Generally, there is a reduction in probiotic
count, as they were exposed to pH 2 after 6 h with lower
count 15.00+2.83 to 25.00+1.41 CFU/ml compared
similarly at pH 3.0 after 6 h which recorded higher count
67.00+1.41 to 90.00+4.24 CFU/ml. The survival rate of
these Lactobacillus strains supplemented with bile shows
gradual decline in viable count as the bile concentrations
increased (Figure 5).

The antimicrobial activity of crude bacteriocin from
different LAB-producing strains as depicted in Table 8
showed that bacteriocins produced by L. amylolyticus
strain L6, L. plantarum strain ci-4w and L. sakei strain
MLS1 have broad spectrum activity against Gram
positive (Bacillus cereus) and Gram negative bacteria (P.
aeruginosa and E. aerogene). It produced high inhibition
zone diameters ranging from 13.25+0.92 to 19.75+0.35
mm against the food spoilage organisms.

The effect of varied pH on inhibitory effects of
bacteriocin indicates that bacteriocin activity was affected
as different inhibition zones were observed among the
various Lactobacillus strains against the indicator
organisms (Figures 6 to 8). The highest antimicrobial
productions were recorded mostly between pH 6.0 and
7.0, and inactivated at pH values above 8.0. The rate of
antimicrobial production was indicated by increase in
zones of inhibition (in diameter) from pH 5.0 to pH 7.0
followed by gradual decrease between pH 8.0 and 9.0.

Table 9 shows the effect of temperature on the
bacteriocin activity against P. aeruginosa, E. aerogenes
and B. cereus. Among the bacteriocins produced by the
isolated Lactobacilli, however, bacteriocin produced by L.
sakei strain MLS1 showed thermostability over a wide
range of temperature from 40 to 80°C for 10 min.
Generally, as the temperature increases, the decreases
of antibacterial activity of the crude bacteriocins occur.
Result showed that the highest significant (P < 0.05) zone
of inhibition was recorded against B. cereus (19.25+0.35%
mm) at 40°C for 10 min.

The effect of varied storage time (h) on bacteriocin
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Table 1. Morphological and biochemical characterization and identification of test organisms
Isolation Gram  Cell . . Spore Voges - Methyl Probable
code Colour stain  shape Catalase  Indole  Citrate  Oxidase formation Proskauer Motility ~ Urease Red Glucose Lactose  Maltose organisms
A Greenish on Cetrimide agar - Rod + - + + + - P. aeruginosa
B Pink to Purple on EMB agar - Rod + - + + + - + + + E. aerogenes
C Blue-black with green metallic sheen on EMB agar - Rod + + - + + + + - E. coli
D Cream to off-white on Nutrient agar + Rod + - + + + + + + B. cereus
E Greyish white on Nutrient agar - Rod + - + + + Salmonella spp.
F Cream to light yellow on Nutrient agar + Rod + - + + + + + + + + Bacillus spp.
Table 2. Morphological and biochemical characterization and identification of lactic acid bacteria isolates.
Isolation Gram Cell . Spore - Acid/Gas production Acid/Gas production Acid/Gas production .
code stain Cell shape arrangement Catalase  Oxidase formation Motility from glucose from lactose from maltose Organism
0G1 + Rods Clusters +HW+ ++ ++ Lactobacillus amylolyticus strain L6
Y1 + Long rods Chains +- Wi/- +/- Lactobacillus plantarum strain ci-4w
Fi2 + Rods Pairs +H+ WH/- ++ Lactobacillus sakei strain MLS1
+ Positive; - Negative; W+ Weakly positive.
activity was noted as different zones of inhibition isolates (n=11), six LAB isolates exhibited good Enterobacter cloacae, Escherichia coli ATCC

were observed among the various Lactobacillus
strains against the indicator organisms (Table 10).
The highest inhibitory effects were recorded at 24
and 48 h storage period. The rate of antimicrobial
production was indicated by increase in diameter
of zones of inhibition from 24 to 48 h followed by
gradual decrease between the storage time of 72
and 96 h.

DISCUSSION

Based on preliminary data obtained in this study,
a total of 11 LAB strains isolated from different
fermented food samples (white Ogi, yellow Ogi
and fufu) were screened for antimicrobial activity
against three indicator organisms (P. aeruginosa,
E. aerogenes and B. cereus). Out of these LAB

antimicrobial activity with the highest significant (p
< 0.05); they were selected on the basis of their
antimicrobial activities against indicator strains
and were designated as W,2, W;2, Y1, OG1, F;2
and F6 based on the source of their isolation with
OG1 and F;2 having the highest inhibitory
diameter of 18.25+0.35 and 22.00+0.71 mm
against Bacillus cereus, 20.20+0.42 and
18.75+0.35 mm against P. aeruginosa, and
12.50+0.71 and 15.25+1.77 mm against E.
aerogene, respectively (Table 4). Values obtained
for this test coincide for some strains with the
work of Amara et al. (2019), where E. aerogenes
and Citrobacter freundii strains were inhibited by
all LAB with inhibition zones ranging between 13
and 21 mm in diameter and antagonism of
Lactobacilli was also observed on B. cereus,
Staphylococcus  aureus ATCC 433005,

25922, P. aeruginosa ATCC 27853 and Klebsiella
pneumonia. Due to several antagonistic
characteristics of LAB which include: bacteriocins
or hydrogen peroxide production, lowering of pH
by production of organic acids in the medium, and
nutrients competition, inhibits the spoilage
organisms/pathogens (Bezkorvainy, 2001; Isolauri
et al., 2004; Charlier et al., 2009; Merzoug et al.,
2016, 2018). The maximum antibacterial potential
shown by these lactobacillus strains against the
food spoilage bacteria indicated that these strains
could be used as probiotics and biopreservatives
for extending the storage life and quality of food.

The LAB isolates were characterized and
identified on the basis of morphological,
physiological,  biochemical —and  genotypic

characteristics (16S rRNA gene sequences
similarity with the type strains) (Tables 2, 3 and 5).
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The identification carried out for representative
Lactobacillus species from the traditional fermented food
products (ogi and fufu) demonstrated the dominance of L.
amylolyticus strain L6, L. plantarum strain ci-4w and L.
sakei strain MLS1. Lactobacillus species have been
reported to be predominant in fermented foods (Ogunshe
et al., 2007). Nwokoro and Chukwu (2012) reported that

the microbial composition of Akamu sample within the
first 48 h of fermentation included Lactobacillus
delbrueckii, L. plantarum, Lactobacillus fermentum and
Lactobacillus amylovorus.

Changes in pH and titratable acidity during the ogi and
fufu fermentation showed a marginal increase in titratable
acidity with reduction in pH values (Figures 3 and 4).



Table 3. Physiological characterization of isolates.
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Growth rate

Organism NaCl (%) Temperature (°C) NaCl (%)

pH4 pH6 pHS8 15°C 25°C 35°C 45°C (2%) (4%) (6%) (8%)
Lactobacillus amylolyticus strain L6 ~ +++  +++  +++ - + +++ + +++ 4+ + +
Lactobacillus plantarum strain ci-4w + +++  +++ + +++  ++t - +++ A+t +
Lactobacillus sakei strain MLS1 +++  +++ - +++ +++ - +++ 4+ + +

+++ Luxurious growth; + growth; - no growth.

Table 4. Inhibitory activity of the LAB isolates against different test organisms.

Inhibition profile (mm)

Isolate - -
code Source Indicator organisms

Pseudomonas aeruginosa Enterobacter aerogene Bacillus cereus
0G1 20.20 + 0.42° 12.50 + 0.71° 18.25 + 0.35°
0G6 White Oai 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
W2 9 14.75 + 1.06° 18.50 + 0.00° 12.45 +0.78°
W12 18.75 + 0.35° 16.45 + 2.05%° 11.50 +2.12°
Y1l Vellow Oai 13.55 + 1.34° 16.50 + 0.71° 19.50 + 0.00%
Y52 9 12.25 +0.35% 0.00 + 0.00° 8.00 +0.71°
Fol 12.00 + 1.41° 9.00 £+ 0.71° 15.75 + 1.06°
F12 18.75 + 0.35%° 15.25 + 1.77° 22.00 +0.712
F4 Fufu 14.75 + 1.06% 9.25 + 1.06° 12.50 + 0.712
F5 11.90 + 0.85° 0.00 + 0.00° 8.50 + 0.71°
F6 20.00 + 0.00° 11.25 + 1.06° 16.95 + 0.07°

Values are presented as means + standard deviation and mean values in the same row having different superscript letters (a,b,c) are

significantly different (p<0.05)

However, fermentation caused a general decrease in pH
from 6.32 to 5.02 (White Ogi), 6.20 to 4.58 (Yellow Ogi)
and 6.43 to 4.29 (Fufu) after 96 h whereas titratable
acidity increased from 0.35 to 0.70 (White Ogi), 0.30 to
0.60 (Yellow Ogi) and 0.15 to 0.60 during 96 h
fermentation. The reduction of the pH values towards
acidity was possibly due to fermentation by the LAB
(Abegaz, 2007). According to Inyang and Idoko (2006),
an increase in acidity as the fermentation progressed was
because of the accelerated growth rate of LAB. The
amount of acid produced during fermentation increased
exponentially with decrease in pH is in agreement with
the findings of Nwachukwu and ljeoma (2010b) which
indicated an increase in titratable acidity with a reduction
in pH during fermentation of maize for Ogi. Also,
Nwokoro and Chukwu (2012) observed pH decreased
from 6.6 at the start of the Akamu fermentation to 3.9
after 72 h while titratable acidity increased from 0.48 at O
h to 0.79 after 72 h. During the steeping of maize grains
for Ogi production, the activities of lactic acid bacteria
which is responsible for the production of lactic acid may

result to decrease in pH (Odunfa and Adeyele, 2000).
Whereas an increase in titratable acidity with declined pH
during 96 h of fufu fermentation was in accordance with
Achi and Akomas (2006) who demonstrated that the
initial pH of retted cassava samples was 6.8, followed by
subsequent decrease to 3.8 at the end of 96 h
fermentation. Also, Oyedeji et al. (2013) observed that
the pH of the fermenting cassava roots decreased from
5.6 to 3.7 during 72 h fermenting period while the total
titratable acidity (in % lactic acid) increased from 0.07 +
0.01 to 0.21 + 0.01 and decreased to 0.09 by the end of
72 h fermentation period whereas the pH of fermenting
maize grains dropped from 5.9 to 3.8 by the end of the 72
h fermentation period while the total titratable acidity
increased from 0.13 £ 0.01 to 0.28 + 0.01 after 24 h and
then decreased to 0.14 by the end of fermentation period
which is significant to this present study which confirms
that there is a reduction in the pH with increase in the
titratable acidity (production of organic acids) during ogi
and fufu fermentation.

The screening for exopolysaccharide (EPS) producing
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Table 5. Molecular identification of LAB isolates.

Isolate
code

Nucleotide sequence

(%) Similarity

16S rRNA analysis

Accession number
result

0oG1

Y1

GGGRGGCTACACATGCAAGTCGAGCGGTAACAGGAGAA
AGCTTGCTTTCTTGCTGACGAGCGGCGGACGGGTGAGT
AATGTATGGGGATCTGCCCGATAGAGGGGGATAACTAC
TGGAAACGGTGGCTAATACCGCATAATGTCTACGGACCA
AAGCAGGGGCTCTTCGGACCTTGCACTATCGGATGAAC
CCATATGGGATTAGCTAGTAGGTGGGGTAAAGGCTCAC
CTAGGCGACGATCTCTAGCTGGTCTGAGAGGATGATCA
GCCACACTGGGACTGAGACACGGCCCAGACTCCTACGG
GAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGC
CTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTAG
GGTTGTAAAGTACTTTCAGCGGGGAGGAAGGTGATAAG
GTTAATACCCTTRTCAATTGACGTTACCCGCAGAAGAAG
CACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGG
AGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGC
GCACGCAGGCGGTCAATTAAGTCAGATGTGAAAGCCCC
GAGCTTAACTTGGGAATTGCATCTGAAACTGGTTGGCTA
GAGTCTTGTAGAGGGGGGTAGAATTCCATGTGTAGCGG
TGAAATGCGTAGAGATGTGGAGGAATACCGGTGGCGAA
GGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAA
AGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTC
CACGCTGTAAACGATGTCGATTTAGAGGTTGTGGTCTTG
AACCGTGGCTTCTGGAGCTAACGCGTTAAATCGACCCG
CCTGGGGAGTACGGCGCAAGGTTAAAACTCAAATGAATT
TGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTAA
TTTCGATGCACGCGGAGRACCTTACCTACTCTTGACATC
CAGCGAATCCTTAAGARAWGGAGGAGTGGCTTCCGGAC
GCTGARGACAGTGCTGCATGCTGCCGTCAGCTCCTGTT
TGGAATGACGCTAAAGTCCCGCAACAGASTGGCA

CGGSGGGCTAATACATGCAGTCGAGCGAACAGAKAAGG
AGCTTGCTCCTTTGACGTTAGCGGCGGACGGGTGAGTA
ACACGTGGGCAACCTRCCTTWTAGWTTGGGATAACTCC
GGGAAACCGGGGCTAATACCGAATAATCTGTTTCACCTC
ATGGTGAAATATTGAAAGACGGTTTCGGCTGTCGCTATW
GGATGGGCCCGCGGCGCATTAGCTAGTTGGTGAGGTAA
CGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGA
GGGTGATCGGCCACACTGGGACTGAGACACGGCCCAG
ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAAT
GGGCGAAAGCCTGATGGAGCAACGCCGCGTGAGTGAA
GAAGGATTTCGGTTCGTAAAACTCTGTTGTAAGGGAAGA
ACAAGTACAGTAGTAACTGGCTGTACCTTGACGGTACCT
TATTAGAAAGCCACGGCTAACTACSTGCCARCAGCCGC
GGTAATACSTARGTGGCAAGCGTTGTCCGGAATTATTGG
GCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGT
GAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAAC
TGGGAGACTTGAGTGCAGAAGARGATAGTGGAATTCCA
AGTGTAGCGGTGAAATGCGTAGAGATTTGGAGGAACAC
CAGTGGCGAAGGCGACTATCTGGTCTGTAACTGACACT
GAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATAC
CCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTT
AGGGGTTTCCGCCCCTTTAGTGCTGCAGCTAACGCATTA
AGCACTCCGCCTGGGGAGTACGTCGCAAGACTGAAACT
CAAGGAATTGACGGGGCCGCACAGCGGTGGAGCATTGT
GGTTAATTCGAAGCACGCGAGACCTTACCAGTCTTGACA
TTCCGTTGACACTTGTAARGATWTTGGTTTCCCTTTCGR
GCACGTGACMGGKGTGCATGGTTGYCTCACTCGTGTCK
GGRATGTTGGGTTAGTCCGACGAGGCCAACTTGAATYTT
AGTTGCATTCATTTATTTGGAC

80

90

Lactobacillus
amylolyticus strain  CP020457.1
L6

Lactobacillus

Plantarum strain ci- MF480392.1
4w
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GGSSGTCTATACATGCAAGTCGAGCGAACAGAGAAGGA
GCTTGCTCCTTTGACGTTAGCGGCGGACGGGTGAGTAA
CACGTGGGCAACCTACCTTATAGTTTGGGATAACTCCGG
GAAACCGGGGCTAATACCGAATAATCTATTTCACTTCATG
GTGAAATACTGAAAGACGGTTTCGGCTGTCGCTATAAGA
TGGGCCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGG
CTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGT
GATCGGCCACACTGGGACTGAGACACGGCCCAGACTCC
TACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGGCG
AAAGCCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGT
TTTCGGATCGTAAAACTCTGTTGTAAGGGAAGAACAAGT
ACAGTAGTAACTGGCTGTACCTTGACGGTACCTTATTAG
AAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAAT
ACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAA
AGCGCGCGCAGGCGGTCCTTTAAGTCTGATGTGAAAGC
CCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGG
ACTTGAGTGCAGAAGAGGAAAGTGGAATTCCAAGTGTAG
CGGTGAAATGCGTAGAGATTTGGAGGAACACCAGTGGC
GAAGGCGACTTTCTGGTCTGTAACTGACGCTGAGGCGC
GAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTA
GTCCACGCCGTAACGATGAGTGCTAAGTGTTAGGGGGT
TTCCGCCCCTTAGTGCTGCAGCTACGCATTAAGCMCTCC
GCCTGGGGAGTACGGTCGCAAGACTGGAAACTCAAGGG
AATTTGACGGGGGTCCCGCAMAAGCGGTGAGCATGTGT
TAATTCGAATSCAACGCGAAGAACTTACAGCCTTGGACA
TCCGTTGACMCTGKAAARATATGGGTWTCCATTCCGGAC
AACGKACAGTGGCCATGGTTGCGTCAGTCGGTCCTGAAT
GTGGGTAAGTCCGCGAGACCARC

Lactobacillus sakei
strain MLS1

99

MG654786.1

Table 6. Exopolysaccharide (EPS) production by different LAB isolates

EPS productivity

Organism Glistening Slimy (Mucoid) Ropiness (mm)
Lactobacillus amylolyticus strain L6 + + 6.50+1.41°
Lactobacillus plantarum strain ci-4w + + 4.75+1.06%
Lactobacillus sakei strain MLS1 + + 1.85+0.07°

Values are presented as means + standard deviation and mean values in the same column having different superscript letters

(a,b,c) are significantly different (p<0.05)

Lactobacilli revealed that all studied lactic acid bacteria
strains (n=3), showed slimy and ropy colonies, however,
Lactobacillus amylolyticus strain L6 isolated from white
Ogi showed highly ropy strand formation of 6.50+1.41
mm followed by L. plantarum strain ci-4w isolated from
yellow Ogi with 4.75£1.06 mm (Table 6) and this is in
conformity with the results of Mostefaoui et al. (2014)
which revealed the presence of twelve (12) mucoid and
ropy strains of Lactobacillus of twenty six (26) tested
strains in culture collection. This finding is also similar to
the investigation of Adebayo-Tayo and Onilude (2008)
which showed that more than 64.29% of the studied L.
plantarum  strains  were active producers  of
exopolysaccharide, also, the EPS produced by L.
plantarum (LPWO11) strain isolated from “white Ogi” and

L. casei ssp tolerans (LCNG) isolated from “fufu” had the
highest while the strain isolated from “brown Ogi”
(LPBOI4) had the lowest EPS activity. Moreover,
Mostefaoui et al., (2014) has reported that microbial EPS
are not consumed as an energy source by the producing
microorganism, but are released to protect the producer
organism during starvation conditions and also at
extreme pH and temperature conditions (Mostefaoui et
al., 2014). Therefore, exopolysaccharide production is
considered an important probiotic attribute of lactic acid
bacteria in the present search for human probiotic LAB.
Similarly, other important criteria to be a good source of
probiotics are the tolerance to bile and high acid levels,
which is present in the small intestine of the stomach
(Dunne et al., 2001; Jena et al., 2013; Garcia et al.,
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Table 7. Survival of probiotic LAB at acidic pH levels.

Growth rate (Log Cfu/ml)

Acid tolerance

Bacteriocin-producing LAB strains

3h 6 h
pH 2.0 pH 3.0 pH 2.0 pH 3.0
Lactobacillus amylolyticus strain L6 16.00 +1.41° 61.50+4.95" 20.00+1.41° 90.00+4.24%
Lactobacillus plantarum strain ci-4w 27.50+3.54° 52.50+6.36" 15.00+2.83¢ 67.00+1.41°
Lactobacillus sakei strain MLS1 35.00+1.41° 66.50+3.54" 25.00+1.41° 83.00+5.66%

Values are presented as means * standard deviation and mean values in the same row having different superscript letters (a,b,c) are

significantly different (p<0.05).

L F6

Fi2 OGl W2 W2 Yl

= —— T W S S S—

Figure 5. Agarose gel electrophoresis of the 16S rRNA gene of the
Lactobacillus amylolyticus strain L6 (OG1), Lactobacillus Plantarum strain
ci-4w (Y11) and Lactobacillus sakei strain MLS1 (F12). Lane L represents the

100 bp molecular ladder.

2016). The three LAB strains, L. amylolyticus strain L6, L.
plantarum strain ci-4w and L. sakei strain MLS1 showed
acid tolerance at pH 2 and pH 3 (Table 7), and high bile
salt tolerance at 0.3 and 0.5% (Figure 7) which is
considered a prerequisite for colonization and metabolic
activity of these LAB strains in the small intestine of the
host. As cited by Sultana et al. (2000) and Chan and
Zhang (2005), low pH environments are thought to inhibit
the metabolism activity and growth of LAB, thus reducing
the probiotics’ viability as aciduric members of LAB, as
these cells were proven to be vulnerable at pH 2.0 and

below, where L. acidophilus could not survive in acidic pH
environment. In this present study, L. amylolyticus strain
L6, L. plantarum strain ci-4w and L. sakei strain MLS1
growth decreased with increasing duration of 6 h at pH 2
and remained constantly stable at higher pH 3 for 6 h
which is in accordance with the study conducted by
Mandal et al. (2006). This is also in agreement with the
findings of Fernandez et al. (2003) who reported that
good probiotic sources should withstand at least pH

range of 3.0 but it contrasts the findings of Sahadeva et
al. (2011) who reported that there was a reduction in
probiotic count, as they were exposed to pH 1.5 and 3.0
and the count was fairly constant at pH 7.2 (control). The
present finding indicates that there is no correlation
between pH 2 and 3 during the growth period (h) of LAB
strains because as viable count at pH 2 was decreasing,
viable count at pH 3 was increasing.

The isolated probiotic strains proved to exhibit an
excellent quality of bile tolerance. Data obtained from the
acid tolerance study indicated that LAB strains that
survive at high acidic pH 2 were also able to grow in the
presence of the subsequent bile salt test. The findings in
this study are in accordance to Leyer and Johnson (1993)
who postulated that acid and bile have separate and
combined effects on the growth of bacteria as bile stress
takes place after pH stress in the stomach. The
enhanced survival capabilities appeared to be due to the
adaptation ability or acclimatization of the bacteria to the
low pH environment, therefore minimizing the relative
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Inhibition Profile (mm)

Bacteriocin-producing LAB strains

Indicator Organisms

Pseudomonas aeruginosa Enterobacter aerogene

Bacillus cereus

Lactobacillus amylolyticus strain L6 13.25+0.92° 14.75+1.06" 18.50+0.00%
Lactobacillus plantarum strain ci-4w 14.00+0.71° 15.75+1.06% 18.25+1.06°
Lactobacillus sakei strain MLS1 19.75+0.35° 16.45+0.07° 18.95+0.07"

Values are presented as means + standard deviation and mean values in the same row having different superscript letters (a,b,c) are

significantly different (p<0.05).

0.16

0.03

92%

0.03

—_—

0.050

Lactobacillus amylolyvticus strain L6 CP020457.1

Lactobacillus plantarum strain ci-4w MF480392.1

Lactobacillus sakei strain MLSI MG654786.1

Figure 6. Evolutionary relationship of the isolated LAB strains.

toxicity to glycoconjugates in the intestine (Begley et al.,

2005; Martoni et al., 2007). Therefore, the results of the
present study on acid and bile tolerance exhibit that
these. Lactobacilli will reach the small intestine and colon
and thus contribute in balancing the intestinal microflora.
However, studies concerning bacteriocins produced by
LAB have received an increasing interest because of the
potential use of bacteriocins as food preservatives and
bacteriocins are supposed to act only on closely related
species, which limits their application as a good
preservative (Cleveland et al., 2001). In contrast, this
study revealed that bacteriocins produced by L.
amylolyticus strain L6, L. plantarum strain ci-4w and L
sakei strain MLS1 have broad spectrum activity against
Gram positive (B. cereus) and Gram negative bacteria (P
aeruginosa and E aerogenes). It showed a good
antagonistic activity against these potent food spoilage
organisms, which shows its efficacy and potential
application as a natural food preservative. Adesokan et
al. (2009) recorded a similar result against P. aeruginosa,
S.aureus, and E. coli. Todorov et al. (2012) also

obtained similar results in the case of bacteriocin
produced by L. sakei ST22Ch which inhibited the growth
of Pseudomonas and Staphylococcus species. However,
several investigation revealed that L. plantarum strains
produce a broad range of bacteriocins such as ST28MS,
ST26MS, bacST202Ch, bacST216Ch, ST71KS, AMA-K,
plantaricin B, D, G, K, etc., (Enan et al., 1996; Todorov
and Dicks, 2005; Hata et al., 2010; Gong et al., 2010;
Martinez et al., 2013). According to the report by Dinev et
al. (2017), L. plantarum exerts inhibitory activity against a
variety of potentially harmful Gram-positive bacteria
including Listeria monocytogenes, S. aureus and some
members of the genera Bacillus, Clostridium, and
Enterococcus as well as being active against many
Gram-negative  pathogens and food  spoilage
microorganisms including Escherichia coli (including
enteropathogenic,  enterotoxigaenic, enteroinvasive,
multidrug-resistant enteroaggregative E. coli and E. coli
0157:H7), P. aeruginosa, Yersinia enterocolitica,
Campylobacter jejuni, Helicobacter pylori, Klebsiella,
Salmonella, and Shigella species which is in conformity
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Figure 7. Growth of lactic acid bacteria at different bile salt.
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Figure 8. Effect of pH on crude bacteriocin activity of Lactobacillus amylolyticus strain L6.

with the present study. Report by Ogunshe et al. (2007) possibilities exist for their use as probiotic LAB (Obi,
reported that Lactobacillus strains produced a bacteriocin 2018). Therefore, possession of bacteriocin in Lactobacilli
compounds which can inhibit several bacteria. Lactic acid reveals their probiotic and biopreservation potentials.

bacteria have potentials to inhibit the growth of Bacteriocin production as well as its activity seemed to
pathogenic and food spoilage bacteria and the be influenced by some factors such as the pH of culture
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Bacteriocin-producing

Temperature (°C)

Test organisms

LAB strains 40 60 80 100
P. aeruginosa 12.25+0.35% 11.50+0.71° 0.00+0.00° ND
L. amylolyticus strain L6 E. aerogene 12.00+0.71% 0.00+0.00% 0.00+0.00? ND
B. cereus 17.75+0.35"° 13.50+1.41" 9.75+1.06" ND
P. aeruginosa 13.500.71° 9.75+0.35° 0.00+0.00% ND
L. plantarum strain ci-4w  E. aerogene 14.75+0.35% 11.00+0.712 7.00+0.00° ND
B. cereus 16.50+0.71° 12.75+0.35" 7.75+0.35° ND
P. aeruginosa 17.25+0.35° 14.50+0.00% 9.25+1.77° ND
L. sakei strain MLS1 E. aerogene 14.25+0.35% 11.75+1.06% 7.25+0.35° ND
B. cereus 19.25+0.35° 15.25+1.06" 10.25+0.35% ND

Values are presented as means * standard deviation and mean values in the same row having different superscript letters (a,b,c) are

significantly different (p<0.05). ND: Not detected.

Table 10. Effect of Storage time on bacteriocin activity.

Bacteriocin-producing  Test Storage time (h)

LAB strains organisms 0 24 48 72 926 120
P.aeruginosa  14.35:0.92°  12.75:0.35% 9.75:1.06%°  7.50:0.00°  0.00+0.00  0.00+0.00

L. amylolyticus strain L6 E. aerogenes 14.75+1.06*°  13.00+1.41* 15.15+0.92° 0.00+.000% 0.00+0.00 0.00+0.00
B. cereus 17.0000+0.71* 16.75+0.35° 12.00+1.41* 9.65+1.20°  7.00+0.00  0.00+0.00
P.aeruginosa  16.50+0.71°  15.40+0.85° 10.20+0.42® 11.25+1.06°  7.00+0.00  0.00+0.00

L. plantarum strain ci-4w  E. aerogenes  18.25+0.35°  16.75+0.35° 14.75+1.06° 10.50+0.71°  0.00+0.00  0.00+0.00
B. cereus 13.50£0.00°  11.95+0.07% 11.50+1.41%*  7.50+0.71%  0.00£0.00  0.00+0.00
P.aeruginosa  18.75+0.35"  17.25+0.35° 15.50+0.71°  9.00+1.41*  10.00+0.00° 7.00+0.00"

L. sakei strain MLS1 E.aerogenes  14.50+0.00° 12.85+1.20° 14.75+1.06° 12.90+0.14°  7.50+0.71*  0.00+0.00%
B. cereus 20.10+0.85°  18.50+0.71° 10.25+1.06° 10.75+1.06*° 10.75+0.35" 7.25+0.35"

Values are presented as means * standard deviation and mean values in the same row having different superscript letters (a,b,c) are significantly

different (p<0.05).

medium, temperature and incubation conditions or
storage time. Wang et al. (2010) reported that cell
aggregation and medium composition can affect
bacteriocin production by LAB. This recent pH
optimization studies indicate that bacteriocins produced
by L. amylolyticus strain L6, L. plantarum strain ci-4w and
Lactobacillus sakei strain MLS1 proved to have high
stability at pH 5, 6 and 7; the bacteriocin activity was
found to be highest at pH 7 with highest significant (p <
0.05) zone of inhibition of 19.40+071 mm, whereas
considerable decrease was observed at both acidic (pH
4) as well as alkaline (pH 8 to 9) (Figures 8 to 10) which
cohere with the report of Tambekar and Bhutada (2010)
that bacteriocin were stable in acidic to neutral range,
that is, from pH 3.0 to 7.0 but it became inactive in
alkaline range at pH 9.0. Holzapfel et al. (2010) also
reported that L. plantarum excreted other compounds
such as bacteriocins that inhibited the growth of

pathogens. However, this present study also indicates
the strong biopreservation potential of these bacteriocins
which may be used to extend the shelf life of food and
also implies that bacteriocin obtained from L. amylolyticus
strain L6, L. plantarum strain ci-4w and L. sakei strain
MLS1 will be effective against both Gram positive and
Gram negative bacteria such as P. aeruginosa, E.
aerogenes and Bacillus cereus with maximum activity at
neutral pH. This is similar to the report by Adebayo and
Famurewa (2002) who opined that bacteriocin of
Lactobacillus were active over a wide range of pH 2 to 6
and it is the optimum pH range for good inhibitory activity
of bacteriocin from Lactobacillus strains against a wide
range of various pathogenic organisms, while inactivation
occurred mostly at pH 12.

Exposure of the crude bacteriocin to heating
temperature had significant effects (P<0.05) on the
antibacterial activity of the crude bacteriocin in this
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Figure 9. Effect of pH on crude bacteriocin activity of Lactobacillus Plantarum strain ci-4w.

present investigation. The result showed that the
bacteriocin activity of L. amylolyticus strain L6 and L.
plantarum strain ci-4w was most stable at 60°C for 10
min against all the indicator organisms although its
resistance was observed up to 80°C for 10 min with
partial loss of activity. This is in accordance with the work
of Heredia-Castro et al. (2015) which showed that the
antimicrobial activity of crude bacteriocin against S.
aureus, E. coli, Salmonella Typhimurium, and Listeria
innocua was stable at 65°C for 30 min but antimicrobial
activity decreased to some extent at 100°C for 30 min
and was most unstable at 121°C for 15 min. However,
this present study exhibits that bacteriocin produced by L.
sakei strain MLS1 showed thermo-stability over a wide
range of temperature from 40 to 80°C for 10 min. This
bacteriocin maintained full stability after heat treatment at
40, 60 and 80°C for 10 min but its efficacy decreased
with the continuous increase in temperature, supporting
the work of Padmavathi and Radha (2015). This result is
in agreement with Veskovic-Moracanin et al. (2010) who
stated that results of the examination of high
temperatures on the activity of bacteriocin isolated from
L. sakei | 154 implied its emphasized thermo resistance.
Similar results by Ageni et al. (2017) and Ponce et al.
(2008) reported that a number of bacteriocins produced

by Lactobacillus strains were resistant at 100°C for 15
min.

The storage stability of crude bacteriocin by L.
amylolyticus strain L6, L. plantarum strain ci-4w and L.
sakei strain MLS1 was affected as different zones of
inhibition were observed against the indicator organisms
at varied storage time (h) (Table 10). Maximum activity
was noted at 24 and 48 h storage period ranging from
9.75+1.06 to 18.50+0.71 mm against the food spoilage
microorganisms. There were significant differences
between the various storage times (at P<0.05). There
were observable reduction bacteriocin activities as
incubation time prolonged. This result was in total
agreement with Onwuakor et al. (2014) who observed
reduction of crude supernatant activities as incubation
time dropped, they reported that optimum crude
supernatant production was observed after 72 h judged
by the zones of inhibition against the indicator. Whereas
Tulini et al. (2011) observed a reduction of the bacteriocin
production at 96 h when compared with the control
incubation (24 h). This present result is in complete
agreement with Obi (2015) and Elayaraja et al. (2014),
who reported that the highest bacteriocin activity of
Lactobacillus tucceti CECT 5920 was recorded within the
first 1to 3 days against S. aureus NCTC 8325 and E. coli
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Figure 10. Effect of pH on crude bacteriocin activity of Lactobacillus sakei strain MLS1.

0157:H7.

Conclusion

In this study, the selected fermented food products (Ogi
and Fufu) contain several strains of Lactobacilli, which
are capable of producing antimicrobial compounds such
as bacteriocins and have potential for exopolysaccharide
(EPS) production. Among the isolated LAB from Ogi and
Fufu, L. amylolyticus strain L6, L. plantarum strain ci-4w
and L. sakei strain MLS1 exhibit good in vitro probiotic
and biopreservative capacities. These strains were found
to have wide pH tolerance, varying bile salt tolerance and
antibacterial activities. The antibacterial activity shown by
these strains could be useful to control undesirable
contaminations in food industries. However, elimination of
acid and hydrogen peroxide effect in cell free supernatant
did not have any effect on the inhibitory activity of the
bacteriocin rather the partially purified bacteriocin
produced from L. amylolyticus strain L6, L. plantarum
strain ci-4w and L. sakei strain MLS1 were found to be
active against Gram positive (B. cereus) and Gram-
negative bacteria (P. aeruginosa and E aerogene)

suggesting its broad spectrum of activity and when
harnessed under different culture conditions showed
resistance to acidic pH more than basic pH, heat stable
and retain its activity for a longer period which in turn will
increase the shelf life of food which is considered an
important criteria to be used in the modern food industry
as biopreservative.

Therefore, L. amylolyticus strain L6, L. plantarum strain
ci-4w and L. sakei strain MLS1 may be recommended as
potential bacteriocin producers in the pharmaceutical
industries to replace conventional antibiotics in combating
pathogens that are vastly acquiring antimicrobial
resistance and in the food processing industries to
enhance extension of shelf life of food products; also, to
replace the use of chemical preservatives as many
chemicals used for the inactivation of food spoilage
organisms and pathogens in order to preserve food
products for longer period is being declined due to
undesirable effects such as alteration of organoleptic and
nutritional properties of food and their adverse toxic
effects on human body system. Moreover, these strains
can be used as starter culture or protective cultures to
improve the hygiene, quality and increased safety of the
food products by inhibiting the food borne pathogens and
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spoilage microorganisms.

These results provided a basis for performing future
studies on more purification steps of the bacteriocins for
application as food preservative; also, assessment of in
vivo probiotic characteristics of these potential
Lactobacillus strains is encouraged.
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