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Abstract

This study was designed to investigate the antagonistic pattern of Bacillus species against
MDR bacterial food-borne pathogens and aflatoxigenic fungi and evaluate their
technological properties. Morphological and biochemical characterizations were done using
standard methods. Production of cell-free metabolites, agar well diffusion, optimization of
Bacillus growth rates, and enzymatic assays were also carried out using standard
techniques, while aflatoxin quantification and qualification were done using high-
performance thin-layer chromatography (HP-TLC). Results revealed that B. subtilis
OKOI7.12ia had the highest inhibitory activity against S. enteritidis ATCC 13875 (27mm),
while B. paralicheniformis had the least inhibitory activity against A. niger (7mm). B.
subtilis OKOI7.12ia also had the highest growth rate at 30°C, followed by B. subtilis
IPOI3.12ia and B. paralicheniformis OKAO4.12ia. However, there was no significant
difference in the growth rates of B. subtilis IPOI3.12ia at 30°C and 40°C (p < 0.05).
Furthermore, B. subtilis OKOI7.12ia and B. subtilis IPOI3.12ia had the highest growth rate
at pH 8, while a lower growth rate was observed at pHé6 (p < 0.05) in all five Bacillus sp. In
addition, B. subtilis OKOI7.12ia and B. subtilis IPOI5.10ia had the highest growth rates using
glucose and galactose as carbon sources, respectively. Growth in nitrogen sources showed
that B. subtilis OKOI7.12ia had the highest growth rate, while B. subtilis IPOI5.10ia and B.
subtilis OGOA10.7ii growths were not significantly different at p < 0.05. More so, B. subtilis
IPOI3.12i had the least growth in peptone. In addition, B. subtilis OKOI7.12ia also produced
the highest amounts of protease, amylase, and lipase enzymes, while B. subtilis IPOI3.12ia
produced the least. Therefore, from the results obtained in this study, it can be concluded
that B. subtilis OKOI7.12ia can be employed as a potential starter culture for producing
microbiologically safe foods.
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INTRODUCTION halodurans) (War and Joshi, 2014; Jooste et al.,

The literature has documented Bacillus species
as a spore-forming Gram-positive, rod-shaped,
aerobic organism with diverse inherent
antimicrobial peptides such as antibiotics and
bacteriocins (Riffat et al., 2020). Due to their
endospore formation, Bacillus can be found in
several places, such as aquatic environments,
foods, soil, rocks, and gastrointestinal tracts of
humans and animals. Literature has also
reported that they can be found in extreme
environments such as those found in high pH (B.
alcalophilus), high temperature (B.
thermophilus), and high salt concentration (B.

UMYU Journal of Microbiology Research

89

2019). The antimicrobial peptides produced are
either ribosomally or non-ribosomally
synthesized. Examples include fengycin, iturin,
and surfactin. These AMPs have been widely
reported to be used for various beneficial
purposes in the food, pharmaceutical, medical,
biotechnological, and agriculture-based
industries (Beladjal et al., 2018; Caulier et al.,
2019).

According to the reports of Christie and Setlow
(2020), Bacillus can produce numerous enzymes
and metabolites that can be harnessed into
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useful products in various industries (Eijlander
et al. 2011). Food spoilage and pathogenic
bacteria have been documented to be threats to
food quality and safety. Pathogens such as
Enterococcus faecalis, Streptococcus pyogenes,
Staphylococcus  aureus,  Escherichia  coli
Clostridium botulinum, and Listeria
monocytogenes have been reported to cause
inflammatory, respiratory, systemic and
intestinal infections when ingested with food
(Todorov et al., 2015; Suganthi et al., 2015). As
the use of chemical preservatives has been
reported to be highly detrimental to animal and
human health, the focus has been shifted to the
use of safe microbial metabolites/peptides with
functional properties that can be used for the
production and preservation of foods (Ramesh et
al., 2014; Yost et al., 2014; Zhao et al., 2016).

Literatures have documented some members of
the Bacillus species to be recognized as GRAS
(generally regarded as safe) such as: B. subtilis,
B. licheniformis and B. polymyxa due to their
safe use in the food and pharmaceutical
industries based to their safety assessment
records, short fermentation time, high growth
rates, high secretion of antimicrobial peptides
into the fermenting medium and usage as
supplements in human foods and animal feeds
(Benitez et al., 2010; Abriouel et al., 2011;
Cutting, 2011; Chopra et al., 2015 and
Eishaghabee, 2017). In addition, other non-food
grade species have also been well documented
to be wused in agriculture, such as B.
thuringiensis and B. siamensis, which are known
to produce secondary inhibitory metabolites
used for the production of insecticides and
destruction of fungal plant pathogens such as
Rhizoctonia solani and Botrytis cinerea
respectively (Slonczewski and Foster, 2011;
Jeong et al., 2012). According to the reports of
Ryan and Ray (2014), many Bacillus species
produce industrially important enzymes such as
barnase, amylase, protease, and BamH1
restriction enzymes. Thioldisulphide
oxidoreductase in B. subtilis is key for the
secretion of disulfide-bond-containing proteins
(Schallney et al., 2014).

Antimicrobial metabolites such as bacteriocins
and bacteriocin-like substances are peptides
secreted by microorganisms, including the
Bacillus species, to act as self-defense (Abriouel
et al., 2011; Hashemizadeh et al., 2011). Due
to the high demand for minimally processed
foods with very little or no chemical
preservatives, the search for natural
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antimicrobials is increasing (Cotter et al., 2013).
GRAS Bacillus metabolites are generally safe and
stable with therapeutic potentials as
antimicrobials (Kaskoniene et al., 2017; Noda et
al., 2018). In recent times, attention has also
been drawn to the ability of Bacillus metabolites
to inhibit the growth of multi-drug antibiotic-
resistant organisms such as Methicillin-resistant
Staphylococcus aureus (MRSA), Penicillin-
resistant Staphylococcus pneumoniae (PRSP),
Mycobacterium  tuberculosis, = Pseudomonas
aeruginosa, Escherichia coli 0157: H7.
(Sivaranjani et al., 2019; Du et al., 2020; Simon
et al.,, 2020 and Huang et al., 2021).
Furthermore, the inhibitory capacity of Bacillus
metabolites against cancerous cells has also
been documented (Kaur et al., 2015; Javed et
al., 2020). Therefore, this study was designed
to investigate the antagonistic effects of food-
grade Bacillus species against typed multi-drug
resistant food-borne bacterial pathogens and
aflatoxin-producing fungi as well as evaluate
their technological potentials of enzyme
production to use them as potential starter
cultures during fermentation processes for the
production of microbiologically safe foods.

MATERIALS AND METHODS
Collection and resuscitation of Bacillus
cultures

Bacillus cultures previously isolated from
traditionally fermented condiments, namely
Parkia biglobosa, Ricinus communis,
Pentaclethra  macrophylla, and  Prosopis
africana, were obtained from the culture
collection center of the Department of
Microbiology, University of Ibadan, and
resuscitated to confirm their potency. The
isolates were resuscitated by streaking on
nutrient agar (Liofilchem, Italy) and incubated
for 24 hours at 37°C. Each isolate was
reinoculated into trypticase soya broth (TSB) and
incubated for 24 hours at 37°C. The pure
cultures were obtained by repeated streaking on
trypticase soya agar (TSA) and stocked on TSA
slants at 4°C. Moreso, typed MDR food-borne
pathogens were obtained from the culture
collection centres of the Nigeria Institute of
Medical Research (NIMR), Yaba, Lagos State and
Redemers University, Ede, Osun State, Nigeria.
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Phenotypic, biochemical, and
fermentation tests

sugar

Pure Bacillus cultures (18-24 hr. old) were
subjected to morphological, biochemical, and
sugar fermentation tests such as Gram staining,
motility, endospore staining, catalase, oxidase,
citrate utilization, lysine, gas and hydrogen
sulfide production, indole, starch hydrolysis,
haemolysis, and carbohydrate utilization as
recommended in the Bergey’s manual of
determinative bacteriology 9t edition (Olaitan
et al., 2022).

Production of cell-free metabolites from
Bacillus cultures

Bacteria isolates were inoculated into 250 ml
Erlenmeyer flasks (SSG, UK) containing 200 ml of
tryptic soya broth with 1% yeast extract and
incubated at room temperature for 48 hr. with
intermittent shaking. The broth cultures were
filtered to separate the cells. The filtrate was
filtered through a 0.22 pm size membrane
(Millipore, India), and the crude extracts were
stored at 4°C (Fadahunsi et al., 2021).

Isolation and characterization of aflatoxin-
producing fungi from groundnut samples

One gram of sample was homogenized in 10 ml
of sterile distilled water and serially diluted.
One (1) ml of 10° and 107 dilution factors were
inoculated into sterile potato dextrose agar

(PDA) plates and incubated at 30 + 2°C for 5-7
days. The fungi were characterized using the
fungi compendium (Alexopoulus). Distinct
colonies were identified based on the colony
appearance, texture, color, reverse side color,
and growth rate (Jonathan et al., 2016).

Aflatoxin quantification
performance thin layer
(HPTLC) technique

using high-
chromatography

The presence of aflatoxins in the groundnut
samples was quantified at the International
Institute for Tropical Agriculture (lITA), Ibadan,
using HPTLC (Rheotype Gilson Abimed Model
231). one hundred (100) g of groundnut sample
was defatted with N-hexene Soxhlet extractor,
and the defatted residue extracted with ethyl
acetate (three times, 60 mL/each). The
extracts were combined and dried over
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anhydrous sodium sulfate and filtered. The
filtrate was transferred into a glass vial and
evaporated under nitrogen steam. The crude
extracts were then suspended into 1mL
chloroform and placed in a 14 x 0.8 cm column
containing 2.5 Kiesel gel 60 and 70/230 silica
gel. Aflatoxin quantification for AF B1 and B2;
G1 and G2 were done using the Lichrosorb RP-18
column. The result was compared with a
standard aflatoxin B1, B2, G1, and G2 curve
(Jonathan et al., 2016).

Agar well diffusion assay of Bacillus crude
metabolites on multi-drug resistant (MDR)
food-borne pathogens and aflatoxigenic fungi

The following typed multi-drug bacterial
cultures collected from the Nigerian Institute of
Medical Research (NIMR) were wused as
pathogenic indicator organisms: Escherichia coli
DCM 10974, Escherichia coli ATCC 43816,
Salmonella enteritidis ATCC 13875, Methicillin-
resistant Staphylococcus aureus GP054 and
Pseudomonas stutzeri GN029 while two untyped
aflatoxin producing fungal cultures isolated from
groundnut samples namely: Aspergillus flavus
GB and Aspergillus niger AGM were also used.
Gentamycin (30ug) was used as a control. All
indicator organisms were reconfirmed by
subjecting them to biochemical and sugar
fermentation tests using Bergey’s Manual of
Determinative Bacteriology 9'" edition (Olaitan
etal., 2022). The fungal isolates were grown on
sterile potato dextrose agar (PDA) incubated at
35 °C for 3-5 days. Their growths were
characterized using the fungi compendium. The
aflatoxins in the groundnut samples were
quantified using the high-performance thin layer
(HPTLC) technique (Jonathan et al., 2016).

Sterile molten Mueller Hinton agar (20 ml) was
dispensed into Petri plates and seeded with 0.2
ml broth culture of 0.5 McFarland turbidity

standards (1.5><108 cfu/ml). The plates were
swirled gently to allow even distribution, and a
sterile cork borer was used to make wells of
8mm diameter on the Petri plates. One hundred
(100) pl of Bacillus crude metabolites was
aseptically dispensed into the wells and left on
the laboratory bench for 2 hours to allow
diffusion. The plates were incubated at 37°C for
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24 hr. Zones of inhibition (mm) were measured
and recorded (Jadhav et al., 2010; Fadahunsi et
al., 2021). Isolates with the highest inhibition
zones were selected for the optimization process
and enzyme assay.

Optimization processes: effect of
temperature, pH, carbon, and nitrogen
sources on the growth of Bacillus species

Effect of temperature on the growth of
Bacillus sp.

A loopful of twenty-four (24) hr. colonies of each
Bacillus isolate was inoculated into 10ml of
nutrient broth and incubated at 30°C for 24 hr

to observe growth by turbidity. This was
measured using a  Shimadzu UVv-VIS
spectrophotometer (model no: 1780). The

isolates that grew at 30°C were further
subjected to growth at 40°C and 50°C (Panda
and Sahu, 2013).

Effect of pH on the growth of Bacillus sp.

An aliquot of 0.5 ml of each crude Bacillus cell-
free supernatant was inoculated into 5 ml
nutrient broth at pH 6 and 8, respectively. 0.1
ml of each isolate was collected at To=0Oh and
after incubation for 4hrs (T4), at 37°C. (Unban
et al., 2020). The test tubes were adjusted to

0.5 McFarland turbidity standards (1 .5><1O8
cfu/ml ) and read using a UV-spectrophotometer
(Cary 300 Bio; 00-100784) at 600nm.

Effect of carbon and nitrogen sources on the
growth of Bacillus sp.

To determine the effect of carbon sources on the
growth of Bacillus sp. metabolites, 1g of
glucose, fructose, and galactose was added into
10 ml tryptic soy broth (TSB), while 1.0g of
peptone and tryptone were added into 10ml TSB
for the nitrogen sources. Each test tube was
inoculated with a loopful of supernatant and
incubated at 37°C for 18-24 hr (Abo-Amer,
2011). The test tubes were adjusted to 0.5

McFarland turbidity standards (1.5><108 cfu/ml)
and read using a UV-spectrophotometer (Cary
300 Bio; 00-100784) at 600nm.
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Enzyme assay of Bacillus species

Production of protease: The spot method was
used to determine protease production by the
selected Bacillus species. Nutrient agar was
supplemented with 10% (v/v) skimmed milk and
autoclaved at 121°C for 15 minutes. The Bacillus
cultures were spotted on the sterile medium and
incubated at 37°C for 24 hrs. The appearance of
transparent halos around the spots indicates the
presence of protease enzyme (Chantawannakul
et al., 2002)

Production of amylase

Nutrient agar was supplemented with 2% (w/v)
potato starch and autoclaved at 121°C for 15
minutes. The Bacillus cultures were spotted on
the sterile medium and incubated at 37°C for 24
hrs. After incubation, the Petri plates were
sprayed with Lugol’s iodine and kept on the
laboratory bench for 15 minutes. Clear halos
around the spotted area indicate the presence
of amylase (Savadogo et al., 2011).

Production of Lipase

Nutrient agar was supplemented with 3% (v/v)
Cocos nucifera (coconut) oil and autoclaved at
121°C for 15 minutes. The Bacillus cultures were
spotted on the sterile medium and incubated at
37°C for 24 hrs. Clear halos around the spotted
area indicate the presence of lipase (Dahiya et
al., 2011).

Statistical analysis

Values are presented as means + standard error
of duplicate values.

RESULTS

The phenotypic characterization of Bacillus
species is summarized in Table 1. The shape,
size, consistency, color, opacity, elevation,
surface, and edge of the resuscitated isolates
ranged from irregular, circular, filamentous;
0.2-.0.5 mm; friable, viscoid, butyrous; white,
cream; opaque, translucent; flat, raised,
convex; rough, dull, smooth; lobate, entire,
rhizoid and fimbriate respectively.

In Table 2 below, the biochemical and sugar
fermentation tests are documented. All the
Bacillus isolates were Gram-positive rods,
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catalase-positive and oxidase-negative. The  Bacillus were able to ferment glucose, lactose,
hemolysis test on blood agar showed alpha and fructose, maltose, and D-mannose with gas
beta hemolysis only. About 98% of all the  production.

Table 1: Phenotypic characterization of Bacillus species

3 >

S E 3 . 5

i ) E 2 b= = ]
= % g g £ 2 5 § £ &
) ] 72} 2 o O o i 72 w
1 0014.7iib irregular 0.4 friable white  opaque flat rough lobate
2 OKO17.12ia  Circular 0.2 viscoid  white opaque flat dull fimbriate
3 IPOI3.12ia Circular 0.3 friable cream  opaque flat smooth entire
4 0013.10i irregular 0.3 butyrous cream opaque flat smooth Lobate
5 00I1.7i irregular 0.3 friable  white opaque convex rough fimbriate
6 OGOA10.7iia irregular 0.4 friable  cream  translucent raised dull fimbriate
7 IPOI3.12ia filamentous 0.4 viscoid  white opaque convex rough Rhizoid
8 0013.10i filamentous 0.4 viscoid  white opaque convex rough Rhizoid
9 OKAO4.12ia  Circular 0.4 butyrous white opaque convex rough Entire
10 OGOA7.12ia irregular 0.4 friable  cream  translucent raised smooth Entire
11 IPOI5.10ia irregular 0.5 friable  white opaque raised  dull Entire
12 0015.10i irregular 0.4 friable  white translucent convex smooth Entire
13 0GOAé6.7iia  Circular 0.3 friable  white opaque raised  dull circular
14 0OGOA8.7iia  Circular 0.5 friable  white opaque raised smooth circular
15 00I12.10iic  irregular 0.2 butyrous cream  translucent raised smooth irregular
16 OKOI7.12ia  Circular 0.2 friable  white opaque flat smooth fimbriate
17 0013.107 irregular 0.2 butyrous white opaque raised raised irregular
18 O0I.7i Circular 0.2 friable  cream  translucent convex raised circular
19 0OGOA7.12ia Circular 0.2 butyrous cream  translucent raised smooth circular
20 0GOAA4.7i irregular 0.4 friable  white opaque raised smooth irregular
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Table 2: Biochemical and sugar fermentation tests of Bacillus species

on
c
S 2 o 3
3 g 2 L9 9
P £ 2 £ 28 g% g g & g =
I = s £ o o S 2 9] 2 T
< ° R, T g < e 3 > I =
%) 2] O @] T I} (@) (G] — (I = ()
1 0014.7iib GPR + a + F+ G+ F+G+ F+G+ F+G+ F+G+
2 OKO17.12ia GPR + a + F+ G+ F+G+ F+G+ F-G- F+ G+
3 IPOI3.12ia GPR + B + - F+G+ F+G+ F+G+ F+G+ F+G+
4 0013.10i GPR + B + - F+ G+ F+G+ F+G+ F+G+ F+G+
5 0OO0I1.7i GPR + a + - F+G+ F+ G- F+G+ F+G+ F+G+
6 OGOA10.7iia GPR + a + - F+ G+ F+G+ F+G+ F+G+ F+G+
7 IPOI3.12ia GPR + B + - F+ G+ F+G- F+G+ F+G+ F+G+
8 0013.10i GPR + B + - F+ G+ F+G+ F+G+ F+G+ F+G+
9 OKAO4.12ia GPR + a + - F+ G+ F+G+ F+G+ F+G+ F+G+
10 OGOA7.12ia GPR + B + - F+G+ F+G- F+G+ F+G+ F+G+
11 IPOI5.10ia GPR + B + - F+ G+ F+G+ F+G+ F+G+ F+G+
12 0015.10i GPR + B + - F+G+ F+G+ F+G+ F+G+ F+G+
13 OGOA6.7iia GPR + a + - F+ G+ F+G- F+G+ F+G+ F+G+
14 OGOAS8.7iia GPR + a + - F+G+ F+ G- F+G+ F+G+ F+G+
15 00I2.10iic GPR + B + - F+G- F+G- F+G- F+G- F+G-
16 OKOI7.12ia GPR + a + - F+ G+ F+G+ F+G+ F+G+ F+G+
17 0013.107 GPR + a + - F+G+ F+G+ F+G+ F+G+ F+G+
18 OO0I1.7i GPR + a + - F+ G+ F+G+ F+G+ F+G+ F+G+
19 OGOA7.12ia GPR + B + - F+G+ F+G+ F+G+ F+G+ F+G+
20 0OGOA4.7i GPR + B + - F+ G+ F+G+ F+G+ F+G+ F+G+

Key: GPR= Gram positive rod; B= Beta hemolysis; a= Alpha hemolysis; F+; G+= positive fermentation
and gas production; F-; G-"= negative fermentation and gas production

The inhibitory activities of the Bacillus cell-free  the results are documented in Figure 2. Five
supernatants against indicator organisms were  typed bacterial cultures, namely: E. coli DCM
done using the agar well diffusion method, and 10974, E. coli ATCC 43816, S enteritidis ATCC
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13875, Methicillin-resistant  Staphylococcus
aureus  NTCC/GP054 and P.  stutzeri
NTCC/GN029 and two confirmed aflatoxin
producing fungal cultures were also used,
namely: Aspergillus flavus GB and Aspergillus
niger AGM.

Plates 1 and 2 show the growth of A. flavus on
PDA. A. flavus is usually identified with its
characteristic green color on PDA.

Figure 1 shows the presence of aflatoxin B1 and
B2 in the sampled groundnuts.

Figure 2 presents the inhibitory activity of five
Bacillus sp. against food-borne indicator
organisms.  B. subtilis OKOI7.12ia had the
highest inhibitory activity against S. enteritidis
ATCC 13875, while B. paralicheniformis had the
least inhibitory activity against A. niger. B.
subtilis  OKO17.12ia  showed  significant
antibacterial and antifungal inhibitory activities
than the control antibiotics (gentamycin).

B. subtilis OKOI7.12ia had the highest
metabolite growth rate at 30°C, followed by B.
subtilis IPOI3.12ia and B. paralicheniformis
OKAO4.12ia. However, there is no significant
difference in the growth rate of B. subtilis
IPOI3.12ia at 30°C and 40°C (p < 0.05), as
presented in Figure 3.

Figure 3 represents the metabolite growth rate
of the five Bacillus sp. used in this study. B.
subtilis OKOI7.12ia and B. subtilis IPOI3.12ia had
the highest metabolites growth rate at pH 8,
while a lower growth rate was observed at pH 6
at p < 0.05.

From Figure 4, Bacillus metabolite growth rates
were observed using different carbon and
nitrogen sources. B. subtilis OKOI7.12ia and B.
subtilis IPOI5.10ia had the highest growth rate
using glucose and galactose as carbon sources,
respectively. For growth in nitrogen sources, B.
subtilis OKOI7.12ia had the highest growth rate,
while B. subtilis 1POI5.10ia and B. subtilis
0OGOA10.7ii are not significantly different at p <
0.05. however, B. subtilis IPOI3.12ia had the
least growth in peptone.
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Table 4 documents the Bacillus species'
production of three (3) enzymes. The clear
zones around the spot area on the appropriate
growth medium indicate the enzyme's presence.
Protease, amylase, and lipase were assayed for
in the Bacillus sp. B. subtilis OKOI7.12ia
produced the highest amount of protease (25),
amylase (27) and lipase (16). However, B.
subtilis IPOI3.12ia produced only amylase.

gtﬂ '

Plate 1: A. flavus GB

Plate 2: A. flavus GB (Reverse side)
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Figure 1: Chromatogram showing aflatoxins in groundnut sample

Table 3: Aflatoxin quantification

Sample type

Aflatoxin concentrations (ppb)

Groundnut (milled) B1 B2 G1 G2
23 3 0 0
From the analyzed groundnut samples, the concentrations of aflatoxin B1 and B2 are 23 and 3 ppb,
respectively
30 -
£ 25 - I
S 20 I I I
5 I I b |
= B = I I £ wB. subtiis 1POI5.10ia
10 I u B. subtilis IPOI3.12ia
]
S 51 B. subtilis OKOI7.12ia
N
0 - H B. paralicheniformis OKAO4.12ia
A S ® u B. subtilis OGOA10.7ii
N> % P & kS & s
Q& /\(’(J &Qb va 1?}\ f\\'b &qg Gentamycin
S é\v .&,y S N ¥ -
< <<,.(' Q{\'\ S
x@
o
%.
Pathogenic indicator organisms

Figure 2: Inhibitory activities of Bacillus sp. against food-borne indicator organisms

Values are presented as meanszt standard error of duplicate values.
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Figure 3: Bacillus sp. growth at 30°C and 40°C
Values are presented as means+ standard error of duplicate values.
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Figure 4: Growth of Bacillus sp. at pH 6 and 8
Values are presented as meanszt standard error of duplicate values.
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Table 4: Protease, amylase, and lipase production by Bacillus species by measuring clear zones

around the growth in mm

Bacillus isolates protease amylase Lipase
B. subtilis IPOI5.10ia 25.00 23.00 16.00
B. subtilis IPOI3.12ia 19.00

B. subtilis OKOI7.12ia 25.00 27.00 16.00
B. paralicheniformis OKAO4.12ia 23.00 22.00 18.00
B. subtilis OGOA10.7ii 25.00 20.00 15.00

DISCUSSION

Food-grade Bacillus species metabolites have
been considered safer, cheaper, and
biodegradable alternatives to  synthetic

antimicrobials that can be used as starter
cultures during the production of food (Adebo et
al., 2017; Fan et al., 2017; Kumariya et al., 2019
and Dabire et al., 2021). Diverse Bacillus
species such as B. subtilis, B. paralicheniformis,
B. circulans, B. pumilus, B. polymyxa, B.
amyloliquefacines, B. sphaericus, B. firmus, B.
clausii, B. velezensis, etc. can be isolated from
various food samples such as the Nigerian iru,
ogiri, ugba, okpehe, and owoh; Burkina-Faso
soumbala, maari and bikalga; Benin republic
ikpiru, yanyanku, afintin, sonru, netetou, and
tayohounta; Cameroon mbuja and Ghana
kantong (Parkouda et al., 2015; Sieiro et al.,
2016; Ademola et al., 2018; Adewumi et al.,
2019, Agbobatinkpo et al., 2019 and Owusu-
Kwarteng et al., 2020). However, B. subtilis has
been documented to be the most predominant
Bacillus species amongst others, which conforms
to the reports from this study (Joseph et al.,
2013; Aruwa and Olatope, 2015; Dabire et al.,
2022). Out of the five (5) Bacillus identified in
this study, four (4) belong to the B. subtilis
group, in line with the records of previous
researchers mentioned above. The antibacterial
and antifungal properties of Bacillus species
documented in this study shows that B. subtilis
OKOI7.12ia had the highest antimicrobial
activity against indicator food-borne pathogenic
bacteria and fungi namely: E. coli DCM10974, E.
coli ATCC 43816, S. enteritidis ATCC 13875,
MRSA NIMR/GP054, P.stutzeri NIMR/GN029, A.
flavus GB and A. niger AGM. This result aligns
with the reports of Youcef-Ali et al. (2014), who
stated that B. subtilis had antifungal activity
against Candida albicans. Oyedele et al. (2014)
also reported the antifungal inhibitory activities
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of B. subtilis against A. niger, A. flavus,
Fusarium oxysporium, and Rhizopus stolonifer
ranged from 8.5-22.5; 12.0-24.5; 9.0-18.0 and
10.0-14.0) respectively.  According to the
reports of Kadaikunnan et al. (2015), the
antibacterial antagonistic activity of B.
amyloliquefaciens against B. subtilis (ATCC
7972), Enterococcus cloacae (ATCC 29212),
Staphylococcus aureus (ATCC 25923) and S.
epidermidis (MTCC 3615) was 20.16+0.28,
19.00+0.5,  22.33+0.57 and  29.83+0.76
respectively while the antifungal inhibitory
activities was also documented for: A. clavatus,
A. fumigates, A.niger, A. oryzae, Curvularia
lunata, Fusarium oxysporum, Gibberella
moniliformis, Humicola grisea, Penicillium
chrysogenum and P. roqueforti. Delgadillo et al.
(2018) also documented the antifungal activity
of B. subtilis against Rhizoctonia solani. Moving
forward, Lu et al. (2018) have previously
reported the antibacterial inhibitory zones by B.
subtilis against S. aureus, E. coli, Enterococci
spp., and Salmonella gallinarum to be in the
range of 7.0-10.00, 7.0-12.00, 7.0-11.00. and
6.50-7.50, respectively.

The result of the optimization process for the
optimum production of antimicrobial
metabolites at different temperatures and pH,
involving the use of different carbon and
nitrogen sources, shows that the highest
production was observed at 30°C and pH 8, using
different carbon and nitrogen sources on the
growth of Bacillus. Abo-Amer. (2011)
documented optimum metabolite growth at
30°C, pH 6.5, 5% lactose, and yeast extract (as
carbon and nitrogen sources, respectively),
which is a bit different from the results obtained
in this study. Delgadillo et al. (2018) also
reported that optimum Bacillus metabolite
growth occurs mostly at the stationary phase,
which involves temperature and pH ranges
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between 15-37°C and 5-8, respectively.
Optimum antimicrobial production was also
recorded for B. subtilis isolated from P.
biglobosa (iru) at 50°C and pH 9 (Oyeleke et al.,
2011).

According to the reports of Danilova and
Sharipova (2020), Bacillus subtilis can produce a
diverse of enzymes such as amylases, xylanases,
lichenase, B-galactosidase, cellulase, proteases,
etc., which is in line with the result of enzymatic
assays obtained from this study.

From the enzymatic assays carried out on an
enzymatic test medium, B. subtilis OKOI7.12ia
was observed to show the highest amount of
protease (25 mm), amylase (27mm), and lipase
(16mm). According to the report of Youcef-Ali
et al. (2014) reported the production of protease
and cellulase but not chitinase by B. subtilis and
B. mojavensis isolated from soils in the arid
regions of Algeria showing in mm: 34, 30, and 20,
30 for the production of protease and cellulase
by B. subtilis and B. mojavensis respectfully. In
addition, Kadaikunnan et al. (2015) documented
the production of ornithine decarboxylate by B.
amyloliqufaciens and B. subtilis. In addition,
cell-wall degrading and digestive enzymes
produced by Bacillus isolated from various
sources produced different kinds of enzymes,
which include amylase, cellulase, protease,
lipase, and B-galactosidase (Ananthanarayanan
and Dubhashi, 2015). Oyeleke et al. (2011) also
documented the synthesis of amylase and
protease by B. subtilis isolated from P. biglobosa
(iru). Furthermore, Dabire et al. (2022)
reported enzymatic activity of 43.00-60.67mm,
22.59-49.55mm, 20.02-24.57 mm, and 0.00-
10.67mm for protease, amylase, lipase and
tannase by Bacillus species isolated from
soumnbala in Burkina-Faso.

CONCLUSION

From the results obtained in this study, Bacillus
species, especially the B. subtilis group are
predominately responsible for the alkaline
fermentation of food condiments with promising
technological functions such as enzymes and
antimicrobial peptides production. The Bacillus
sp. analyzed in this study showed significant
inhibitory activities against food-borne indicator
organisms of public health significance.
Conclusively, B. subtilis OKOI7.12ia was
observed to be the most promising Bacillus sp
that can be used as a potential starter culture
for the production of microbiologically safe food
products.
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