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Abstract:

Ogiri-egusi, a traditional alkaline-fermented condiment derived from Citrullus
vulgaris seeds, is produced through spontaneous fermentation, resulting in diverse
microbial communities that influence its quality and safety. This study investigated
the microbial diversity, fermentation dynamics, and antimicrobial potential of Bacillus
spp. isolated from Ogiri-egusi. Samples were collected from four major markets in
Makurdi metropolis, and bacterial isolates were identified based on cultural,
morphological, and biochemical characteristics. The microbial analysis revealed that
Bacillus spp. were the predominant fermentative bacteria (62.5%), alongside
Leuconostoc spp., Micrococcus spp., Proteus spp., and Lactobacillus spp.,
indicating a diverse microbial community. The pH of the fermenting substrate
increased from 6.3 to 7.9 over four days, consistent with proteolytic ammonia
production, a hallmark of alkaline fermentation. Antimicrobial screening of Bacillus
spp. crude extracts against bacterial pathogens using the agar well diffusion method
revealed significant inhibitory effects on Staphylococcus spp. (8.00 £ 0.58 mm) and
moderate inhibition against Pseudomonas spp. (4.67 £ 2.40 mm) and Salmonella
spp. (3.33 + 1.76 mm). However, Proteus spp., Klebsiella spp., and Escherichia coli
exhibited resistance to the crude extracts. Nutrient composition influenced
antimicrobial activity, with sucrose-based extracts exhibiting higher inhibition against
Staphylococcus spp. and Pseudomonas spp., while nitrogen-based extracts showed
enhanced activity against Salmonella spp. The absence of inhibition against Proteus
and Bacillus spp. suggests intrinsic resistance mechanisms. These findings highlight
the role of Bacillus spp. in Ogiri-egusi fermentation and their potential as natural
biocontrol agents. Optimizing fermentation conditions could enhance antibiotic yield
and efficacy, while further purification and molecular characterization of bioactive
compounds are necessary. Harnessing beneficial microbes from traditional
fermented foods may offer sustainable solutions for antibiotic production, food
preservation, and biopharmaceutical applications.
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distributed under the terms and conditions of the Creative Commons Attribution-Non-commercial-
NoDerivatives 4.0 International (CC BY-NC-ND 4.0) licence. To view a copy of this licence, visit
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INTRODUCTION

Fermented foods are an integral part of
traditional diets worldwide, particularly in Africa,
where they contribute significantly to food
security, nutrition, and health. Many of these
foods undergo natural fermentation facilitated by
diverse microbial communities, which enhance
their flavor, texture, safety, and shelf life. One
such traditional fermented food is Ogiri Egusi, a
pungent, protein-rich condiment produced from
melon seeds (Citrullus colocynthis or Citrullus
lanatus). It is widely consumed in Nigeria and
other West African countries as a seasoning for
soups and stews (Azi et al.,, 2017). The
fermentation of Ogiri Egusi is primarily driven by
microorganisms such as Bacillus spp.,
Lactobacillus  spp., Saccharomyces  spp.,
(Adesemoye et al., 2025), and filamentous fungi,
which contribute to the breakdown of complex
seed components, releasing bioactive
compounds in the process.

The microbial diversity in fermented foods has
garnered interest due to their potential as
reservoirs of antibiotic-producing
microorganisms  (Yunus et al, 2017a).
Antibiotics are essential bioactive compounds
used in medicine and industry to combat
pathogenic bacteria and fungi (Yunus et al.,
2016a). However, the rising incidence of
antibiotic resistance has intensified the search
for new antimicrobial compounds from natural
sources (Ashraf and Igbal, 2022; Igbal and
Ashraf, 2018, 2019; Saleem et al, 2018;
Shahzad et al., 2017). Traditional fermented
foods, which harbor complex microbial
ecosystems, offer a promising yet underexplored
avenue for discovering novel antibiotics
(Cuamatzin-Garcia et al., 2022; Valentino et al.,
2024; Yunus et al., 2017a). Many species of
Bacillus and Lactobacillus, commonly found in
Ogiri Egusi, produce antimicrobial peptides such
as bacteriocins, which inhibit the growth of
foodborne and clinical pathogens (Bamgbose et
al., 2021; Darbandi et al., 2022). Similarly,
certain filamentous fungi, including Penicillium
and Aspergillus species, are known for
producing secondary metabolites with potent
antimicrobial properties (Zhgun, 2023).
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Among the microorganisms involved in Ogiri
Egusi fermentation, Bacillus spp. play a
dominant role due to their ability to produce
extracellular enzymes such as proteases,
lipases, esterases, and amylases, which
facilitate fermentation (Ogueke et al., 2013;
Yunus et al., 2017b). Beyond their fermentative
functions, Bacillus spp. are also recognized for
their ability to synthesize bioactive compounds,
including bacteriocins, lipopeptides (surfactin,
iturin, and fengycin), and peptide antibiotics
(subtilin, bacitracin, and polymyxins) (Perez et
al., 2017; Markelova and Chumak, 2025). These
antimicrobial compounds contribute to the
preservation and safety of fermented foods by
suppressing the growth of undesirable microbes
during fermentation. Studies have shown that
Bacillus strains isolated from traditional African
fermented foods exhibit antimicrobial properties
against foodborne pathogens such as
Escherichia coli, Salmonella spp.,
Staphylococcus aureus, and Listeria
monocytogenes (Perez et al., 2017; Raphel and
Halami, 2024), suggesting that Ogiri Egusi may
possess inherent antimicrobial properties that
enhance its safety and shelf stability.

Despite its cultural and economic importance,
Ogiri Egusi remains under-researched compared
to other fermented condiments such as Iru
(fermented locust beans) and Dawadawa
(fermented African locust beans). A deeper
understanding of its microbiology, biochemical
changes, and fermentation factors is essential
for optimizing production, improving shelf
stability, and ensuring product safety (Ogueke et
al., 2013; Perez et al., 2017). Furthermore, the
antibiotic-producing potential of Bacillus spp.
isolated from Ogiri Egusi presents an exciting
opportunity for biotechnological applications,
particularly in the search for alternative
antimicrobial agents to address rising antibiotic
resistance.

This study aimed to collect Ogiri Egusi samples
from different markets in Makurdi, isolate and
identify the microbial diversity, and evaluate the
antibiotic-producing potential of Bacillus spp.
The research also investigated the effect of
carbon and nitrogen sources on antibiotic
production and assessed the antibacterial
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activity of the antibiotic extract against selected
pathogenic bacteria. By examining these
aspects, the study seeks to enhance
understanding of the microbial ecology of Ogiri
Egusi, improve traditional fermentation practices,
and explore the potential of Bacillus spp. for
antibiotic production and food biopreservation.

MATERIALS AND METHODS

Sample Collection

Samples of fermented Ogiri-egusi (Citrullus
vulgaris) were collected from four different
locations in the Makurdi metropolis: Modern
Market (MM), Wurukum Market (WM), Wadata
Market (WDM), and North Bank Market (NBM).
The samples were collected in 500 mL sterile
wide-mouth bottles with screw caps and
transported on ice packs for microbiological
isolation in the Microbiology Laboratory at
Joseph Sarwuan Tarkaa University, Makurdi.
Additionally, fresh samples of C. vulgaris seeds
were sourced from Modern Market for
fermentation studies conducted in the laboratory.
Ten grams of soil samples were randomly
collected at two different sites along the bank of
River Benue in Makurdi, Benue state. The
samples were collected at 15 cm depth from the
top using sterile soil auger and immediately
transported to the laboratory for microbiological
analysis.

Isolation and Identification of Bacteria

The study utilized Tryptone Soy Agar (TSA),
Nutrient Agar (NA), Salmonella Shigella Agar, de
Man, Rogosa, and Sharpe Agar (MRSA),
Mannitol Salt Agar (MSA), and MacConkey Agar
for bacterial enumeration and isolation. The
media were sterilized by autoclaving at 121°C
for 15 minutes and cooled to 45°C before
inoculation. To ensure comprehensive microbial
isolation, samples were separately meshed in a
sterile porcelain mortar, and 1 g of each was
subjected to ten-fold serial dilution using
peptone water. Appropriate dilutions were plated
by the pour plate method and incubated at 37°C
for 24 hours. Discrete colonies were subcultured
onto fresh agar to obtain pure cultures, which
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were maintained on slants at 4°C for further
studies.

Microbial identification was based on cultural,
morphological, and biochemical characteristics
(Ebah et al., 2024a; Hussain et al., 2016; Igbal
et al., 2015; Saleem et al., 2020; Yunus et al.,
2016b). Gram staining was performed on 24-
hour-old pure cultures to determine cell
morphology and Gram reaction. Gram staining
differentiated bacteria as Gram-positive or
Gram-negative based on their ability to retain
crystal violet or take up safranin as a counter
stain (Paray et al, 2023). Biochemical
characterization included Indole production,
Methyl Red, Voges-Proskauer, Citrate utilization,
Motility/Hydrogen sulfide production, Catalase,
Oxidase, and Urease tests.

For the Indole test, isolates were inoculated into
tryptone broth and incubated at 37°C for 24
hours. Kovac’s reagent was added, and the
formation of a bright red color indicated a
positive result (MacFaddin, 2000). The Methyl
Red test assessed the ability of bacterial isolates
to produce stable acid end-products from
glucose fermentation. After 48 hours of
incubation in MR-VP broth, the addition of
Methyl Red reagent resulted in a red color for a
positive reaction and yellow for a negative one
(MacFaddin, 2000). The Voges-Proskauer test
determined the production of acetoin from
glucose fermentation. After 24 hours of
incubation in MR-VP broth, alpha-naphthol and
potassium  hydroxide were added. The
development of a pinkish-red color indicated a
positive result, while a yellow color signified a
negative reaction.

Citrate utilization was evaluated by inoculating
isolates onto Simmon’s Citrate Agar slants and
incubating at 37°C for 48 hours. A color change
from light green to blue confirmed a positive
result, while no color change indicated a
negative reaction (MacFaddin, 2000). The
oxidase test was performed using an oxidase
reagent on filter paper. A positive reaction was
indicated by a deep purple color within 10-30
seconds, while the absence of color change
denoted a negative result. The urease test
assessed the ability of isolates to hydrolyze urea
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into ammonia. Isolates were inoculated onto
Christensen’s Urea Agar slants and incubated at
37°C for 24-48 hours. A pink color change
confirmed a positive urease test, while a yellow
or no color change indicated a negative result
(Vitolo, 2022).

Antibiotics Production in Flask Cultures

Antibiotic production by Bacillus spp. was carried
out in 500 mL Erlenmeyer flasks containing 100
mL of a defined production medium. The flasks
were inoculated with Bacillus spp. at an initial
inoculum size of 1 x 10® CFU/mL and incubated
at 37°C on a rotary shaker at 180 rpm for 48
hours.

To optimize antibiotic production, the effects of a
carbon and nitrogen source were evaluated. For
carbon source optimization, 3.5 g of sucrose
was incorporated into 100 mL of the defined
medium, which contained 21.8 g KH,PO,, 5.7 g
NaHPO,, 0.5 g MgSO,, 0.05 g ZnSO,, 0.5 g
FeS0O,-7H,0, and 10 g monosodium glutamate,
adjusted to pH 7.0.

For nitrogen source optimization, 0.2 g of KNO;
was added to a medium containing 21.8 ¢
KH,PO,, 5.7 g NaHPO,, 0.5 g MgSO,, 0.05 g
ZnS0,, 0.5 g FeSO,-7H,0, 10 g monosodium
glutamate, and 3.5 g of the selected nitrogen
source. Cultures were incubated under the same
conditions as described above. The study
followed the methodology of EI-Banna and
Qaddoumi, (2016).

Extraction of Crude Antibiotic

To extract the antibiotic compounds, 100 mL of
ethanol was added to each of the flasks
containing the cultured Bacillus spp. grown with
carbon and nitrogen sources. The flasks were
left at room temperature for 24 hours to allow the
extraction process. After incubation, the mixtures
were filtered to remove cell debris and insoluble
particles. The filtrates were then left to
evaporate, allowing the ethanol to completely
dissipate, leaving behind the crude antibiotic
extract for further analysis (llica et al., 2007).
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Antimicrobial Sensitivity Assay

Seven test tubes containing sterile peptone
water were allowed to cool before being
inoculated with 24-hour-old cultures of the test
organisms. The test organisms were isolated
from soil samples on the bank of the River
Benue. These included Salmonella spp.,
Staphylococcus spp., Pseudomonas spp.,
Klebsiella spp., Bacillus spp., and Escherichia
spp. The inoculated tubes were then incubated
at 37°C for 24 hours to facilitate microbial
growth. Nutrient agar was prepared and poured
into seven sterile Petri dishes. Using a sterile
swab, 100 pL of each test organism suspension
was swabbed evenly onto the respective plates
and allowed to dry. A cork borer, 6 mm in
diameter, was used to create uniform wells in
the agar medium. Additionally, 20 pL of antibiotic
extracts from sucrose and KNOz; were
introduced into separate wells. The plates were
incubated at 37°C for 24 hours, after which the
zones of inhibition around each well were
measured to assess antimicrobial activity. The
experiment was carried out in duplicates, and
the activity was reported as the diameter of the
zone of inhibition and standard deviation
(ZOl £SD) (Aernan et al., 2023; Aernan et al.,
2024; Mulaw et al., 2019).

Laboratory Fermentation of Citrullus vulgaris
for Ogiri Egusi

Mature Citrullus vulgaris seeds were washed
thoroughly with potable water and boiled for 1
hour and 30 minutes to soften. The boiling water
was drained, and the cotyledons were rinsed
with sterile distilled water. Two hundred grams
(200 g) of the boiled seeds were weighed and
placed in sterile plantain leave (Musa sapientun
var. paradisiac Linn.). Bacillus spp., previously
isolated from Ogiri egusi samples, was used as
a starter culture for fermentation by inoculating
1.0 mL of cell suspension (2 x 10 cfu/mL). The
inoculated seeds were allowed to ferment at
37°C for four (4) days to produce Ogiri-egusi
(Ogueke et al., 2013).

The pH and temperature of the fermenting mash
were monitored at 24-hour intervals throughout
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the fermentation period using a calibrated pH
meter and a sterile thermometer, respectively.

Determination of pH

The pH of the fermenting Ogiri-egusi was
determined by suspending 1 g of the sample in 9
mL of sterile distilled water. The suspension was
shaken thoroughly, and the pH was measured
using a standardized pH meter at 24-hour
intervals for four days.

Determination of Temperature

The temperature of the fermenting mash was
measured by inserting a sterile thermometer into
the sample. The readings were recorded after
two minutes at 24-hour intervals for four days.

Statistics Analysis
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Data was analyzed using statistics package for
social science version software (20). The
statistical significance of means was measured
by using the ANOVA. p<0.05 was considered
statistically significant (Ebah et al., 2024b).

RESULTS

Figure 1 illustrates the frequencies and
percentages of bacterial isolates found in Ogiri-
egusi samples. Bacillus spp. was the most
predominant isolate, accounting for 62.5%,
followed by Leuconostoc spp. at 18.8%.
Micrococcus  spp., Proteus  spp., and
Lactobacillus spp. each represented 6.3% of the
isolates.

I e B |

Bacillus spp. Leuconostoc Micrococcus Proteusspp. Lactobacillus

spp.

spp.

Fig. 1. Occurrence (%age) of bacterial isolate in Ogiri-egusi.

Table 1 shows the diversity and distribution of
bacterial isolates in Ogiri-egusi samples
according to their sample locations. Bacillus spp.
was isolated from all four sample locations, while
Leuconostoc spp. was found in three locations.
Micrococcus spp. and Proteus spp. were
isolated from the WDM location, and
Lactobacillus spp. was isolated from the WKM
location. The microbial diversity among the
sampled locations was significantly different at
p<0.05.

Tables 2 and 3 provide details about the cultural
characteristics, morphological traits, and

biochemical characteristics of the bacterial
isolates from Ogiri-egusi samples across
different markets. Tables 4 and 5 detail the
cultural characteristics, morphological traits, and
biochemical characteristics of bacteria isolated
from the bank of River Benue in Makurdi.

Figure 2 shows the steady increase in pH 6.3 -
7.9 during laboratory fermentation of Ogiri Egusi
for 4 days. Figure 3 presents the effects of
sucrose and KNO; on the antimicrobial activity
of the crude antibiotic against isolates from the
bank of River Benue.
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Table 1. Diversity and distribution of bacterial isolates in Ogiri Egusi samples from different markets.

Sr# Code Isolate

1 MM1 Bacillus spp.
MM2 Leuconostoc spp.

3 MM3 Bacillus spp.

4 MM4 Leuconostoc spp.

5 NBM1 Bacillus spp.

6 NBM2 Bacillus spp.

7 NBM3 Bacillus spp.

8 NBM4 Bacillus spp.

9 WDM1 Bacillus spp.

10 WDM2 Bacillus spp.

11 WDM3 Micrococcus spp.

12 WDM4 Proteus spp.

13 WKM1 Bacillus spp.

14 WKM2 Leuconostoc spp.

15 WKM3 Lactobacillus spp.

16 WKM4 Bacillus spp.

Key: MM=Modern Market, NBM=North Bank Market, WDM=Wadata Market, WKM=Wurukum Market.

Table 2. Cultural characteristics of bacterial isolates obtained from Ogiri-egusi samples at the different markets.

Sr Colony Size Shape Elevation Color Margin Surface

# Code Isolate appearance

1 MM1 Bacillus spp. Large Irregular  Raised Creamy Undulate Smooth, Moist
2 MM2 Leuconostoc spp.  Small Circular Convex White Entire Smooth, Mucoid
3 MM3 Bacillus spp. Large Irregular  Raised White Lobate Rough, Moist

4 MM4 Leuconostoc spp.  Small Circular Convex White Entire Mucoid, Shiny
5 NBM1 Bacillus spp. Large Irregular  Raised Creamy Undulate Wrinkled, Moist
6 NBM2 Bacillus spp. Large Irregular Flat Creamy Lobate Smooth, Dry

7 NBM3 Bacillus spp. Large Irregular Raised White Undulate Moist, Rough

8 NBM4 Bacillus spp. Large Irregular Flat White Lobate Wrinkled, Moist
9 WDM1  Bacillus spp. Large Irregular Raised Creamy Lobate Smooth, Moist
10 WDM2 Bacillus spp. Large Irregular Raised White Undulate Moist, Rough
11 WDM3  Micrococcus spp.  Small Circular Convex Yellow Entire Smooth, Shiny
12 WDM4  Proteus spp. Medium Irregular Flat Pale brown Swarming Moist, Shiny

13 WKM1  Bacillus spp. Large Irregular Raised White Undulate Rough, Moist
14 WKM2  Leuconostoc spp. Small Circular Convex White Entire Smooth, Mucoid
15 WKM3 Lactobacillus spp. Small Circular Convex Cream Entire Smooth, Mucoid
16 WKM4  Bacillus spp. Large Irregular  Raised White Lobate Rough, Moist

Table 3. Morphological and biochemical characteristics of bacterial isolates obtained from Ogiri-egusi samples at the
different markets.

Code Isolate Cell shape Gram Urease Citrate  Oxidase Methyl Voges Catalase H,S Motility  Indole
reaction red Proskauer

MM1  Bacillus ssp. Rod + + - + + + + + -
MM2  Leuconostoc spp. Cocci + + + + + + + + -
MM3  Bacillus ssp. Rod + + - + + + -
MM4  Leuconostoc spp. Cocci + - + + + + + + -
NBM1 Bacillus spp. Rod + + + + + + R
NBM2  Bacillus spp. Rod + + + + + + + -
NBM3  Bacillus spp. Rod + + + + + + + -
NBM4  Bacillus spp. Rod + - + + + + R
WDM1 Bacillus spp. Rod + + + + + + R
WDM2 Bacillus spp. Rod + + - - + + + + R
WDM3 Micrococcus spp. Cocci - - + + + - + - + +
WDM4  Proteus spp. Rod - - - + + + R
WKM1 Bacillus spp. Rod + - + - - + + + +

WKM2  Leuconostoc spp. Cocci + + - + + - + + +

WKM3  Lactobacillus spp. Rod - - + + - + + + +

WKM4  Bacillus spp. Rod + - + - - + + + +

Key: Positive = +, Negative = -
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Table 4. Morphological and biochemical characteristics of bacterial isolates from soil samples at the bank of River
Benue.

Code Isolate Cell shape  Gram Urease Citrate Oxidase Methyl Voges Catalase  Hp,S Motility Indole
reaction red Proskauer
RB1  Bacillus spp. Rod + + - + + + + -
RB2  Staphylococcus spp. Cocci + + - + + + - + -
RB3  Pseudomonas spp. Rod + + - + - + -
RB4  Lactobacillus spp. Rod + + - + + + - + -
RB5  Bacillus spp. Rod + + - + + + + -
RB6  Bacillus spp. Rod + + - + + + + -
RB7  Lactobacillus spp. Rod - + + + + - + -
RB8  Bacillus spp. Rod + - + - - + + + + -
RB9  Escherichia coli Rod - - - - + + - + +
RB10 Salmonella spp. Rod - - + - + + + + -
RB11 Klebsiella spp. Rod - + + + + - - +
Table 5. Cultural characteristics of bacterial isolates obtained from soil samples at the bank of river Benue.
Sr Colony Size Shape Elevation Color Margin Surface
# Code Isolate appearance
1 RB1 Bacillus spp. Large Irregular  Raised Creamy Undulate  Smooth, Moist
2 RB2 Staphylococcus spp. Medium Circular Convex Pink Entire Smooth, Mucoid
3 RB3 Pseudomonas spp. Large Irregular Raised White Undulate  Rough, Moist
4 RB4 Lactobacillus spp. Small Circular Convex Creamy Entire Smooth, Moist
5 RB5 Bacillus spp. Large Irregular Raised Creamy Undulate  Wrinkled, Moist
6 RB6 Bacillus spp. Large Irregular Flat Creamy Lobate Smooth, Dry
7 RB7 Lactobacillus spp. Small Circular Convex Creamy Entire Smooth, Mucoid
8 RB8 Bacillus spp. Large Irregular Raised Creamy Undulate  Smooth, Moist
9 RB9 Escherichia coli Medium Circular Low Pink/Red Entire Smooth, Moist
10 RB10 Salmonella spp. Medium Circular Raised Pale Entire Smooth, Moist
11 RB11 Klebsiella spp. Large Circular Convex Creamy/ Entire Smooth, Shiny
White
9 -
8 4
7
5 r
T 57
& 44
3 4 -O—pH
2
1 -
0

1 2 3 4

Fermentation Period (Days)

Fig. 2. pH variation during laboratory fermentation of Ogiri-egusi by Bacillus spp.

antimicrobial

Staphylococcus spp. exhibited a higher zone of
inhibition in response to the sucrose-based
antibiotic extract (8.00 = 0.58 mm) compared to
the KNOjs-based extract (2.33 + 2.33 mm).
Similarly, Pseudomonas spp. demonstrated a
comparable trend, with inhibition zones of 4.67 +
2.40 mm for sucrose and 1.67 + 1.67 mm for
KNO;. However, statistical analysis indicated no
significant difference (p > 0.05) in the

activity of antibiotics produced
using sucrose and KNOs.

Conversely, the crude KNOgs-based antibiotic
extract showed a slightly greater inhibition zone
(3.33 = 1.76 mm) on Salmonella spp. than the
sucrose-based extract (2.33 * 2.33 mm).
Klebsiella spp. exhibited a marginal increase in
inhibition zones with carbon-based extracts
(5.33 £ 2.91 mm) compared to nitrogen-based
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extracts (4.67 £ 2.60 mm). Escherichia coli
showed similar inhibition zones, with no
significant difference observed between the two
types of extracts (p > 0.05). For Bacillus spp., no

Zones of Inhibition (mm)

Nitrogen

2025; 1(1): 7-18

inhibition zones were detected for either nitrogen
(0.00 = 0.00 mm) or carbon (0.00 £ 0.00 mm)
sources.

O Salmonella spp.

O Staphylococcus spp.
B Pseudomonasspp.
B Klebsiella spp.

DO Esherichia coli

O Proteus spp

M Bacillus spp.

Carbon

Fig. 3. Antimicrobial sensitivity tests of isolates on nitrogen and carbon sources showing the inhibition zones. The bar

represents the standard error of duplicate determination.

DISCUSSION

The microbial diversity in  Ogiri-egusi
fermentation plays a critical role in shaping the
biochemical and organoleptic properties of the
final product. In this study, Bacillus spp. was the
predominant isolate, accounting for 62.5% of the
bacterial population. This finding is consistent
with previous research, which has identified
Bacillus spp. as the dominant microorganisms in
alkaline-fermented foods due to their ability to
thrive in  high-pH environments. Similar
observations have been made in the production
of soumbala, a traditional alkaline-fermented
condiment from Parkia biglobosa seeds in
Burkina Faso, where B. subtilis, B.
amyloliquefaciens, B. licheniformis, B. pumilus,
B. megaterium, B. sphaericus, B. cereus, B.
badius, and B. fusiformis were identified (Dabire
et al., 2022).

The dominance of Bacillus spp. in alkaline
fermentation is linked to their proteolytic activity,
which contributes to enzymatic hydrolysis during
fermentation, leading to the breakdown of

proteins into amino acids (Ire et al., 2020). This
metabolic process results in the release of
ammonia and ammonium hydroxide, which
elevate the pH and influence the characteristic
aroma and texture of Ogiri-egusi (Owusu-
Kwarteng et al., 2022).

Despite the prevalence of Bacillus spp., the
presence of Leuconostoc spp., Micrococcus
spp., Proteus spp., and Lactobacillus spp.
suggests that Ogiri-egusi harbors a diverse
microbial community that may contribute to both
fermentation and spoilage (Obeta, 2008). The
distribution of these bacteria across different
sampling locations suggests that environmental
and handling factors influence microbial
composition. Significant differences in microbial
counts across locations (p = 0.008) highlight the
role of sanitation, fermentation conditions, and
geographical variations in shaping microbial
diversity. The absence of Pseudomonas
aeruginosa, Escherichia  coli, Klebsiella
pneumoniae, and Staphylococcus aureus
previously reported as contaminants in
unhygienic fermentations suggests improved
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handling conditions in this study (Dike-Ndudim et
al., 2021).

Traditionally, Ogiri-egusi fermentation takes
three to five days (Ogueke et al., 2013). In this
study, Citrullus vulgaris seeds were fermented
for four days using Bacillus spp. as a starter
culture. The pH increased from 6.3 to 7.9 as
fermentation  progressed, consistent  with
previous studies where pH shifts to alkalinity due
to ammonia production from protein degradation
(Ire et al., 2020). Similar trends were observed in
Ogiri-egusi fermentation wrapped in different
materials, where the pH ranged from 6.82 to
7.12 (Ire et al., 2020). The pH increase during
fermentation is characteristic of alkaline-
fermented foods, with peak proteolysis occurring
at 96 hours in the study, leading to the highest
production of amino acids (Ogueke et al., 2013).

The antimicrobial activity of Bacillus spp. was
assessed through the inhibitory effects of crude
extracts on selected bacterial pathogens. The
results revealed no significant difference (p >
0.05) in antimicrobial activity between sucrose-
based and KNOjs;-based media. However,
inhibition zones varied across bacterial isolates.
Staphylococcus spp. exhibited the highest
inhibition zone (8.00 £ 0.58 mm) in sucrose-
based extracts. Pseudomonas spp. showed
moderate inhibition (4.67 + 2.40 mm).
Salmonella spp. exhibited slightly higher
inhibition in nitrogen-based extracts (3.33 £ 1.76
mm) than in sucrose-based extracts (2.33 £ 2.33
mm). No significant inhibition was observed
against Klebsiella spp. and Escherichia coli.

The lack of inhibition against Proteus spp. and
Bacillus spp. (0.00 mm inhibition zones)
suggests the presence of intrinsic resistance
mechanisms, possibly due to efflux pumps,
biofilm formation, or the production of
antagonistic metabolites (Cho and Chung, 2020;
Wasfi et al., 2020). The resistance of Bacillus
spp. to its own antimicrobial compounds could
be attributed to endospore formation and the
secretion of protective secondary metabolites.

Variations in inhibition zones between carbon-
and nitrogen-based extracts suggest that
nutrient composition affects antibiotic production.
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Staphylococcus spp. was significantly more
inhibited by carbon-source extracts (8.00 mm)
than nitrogen-source extracts (2.33 mm),
suggesting enhanced antibiotic production under
carbon-rich conditions. Salmonella spp. was
more susceptible to nitrogen-source extracts
(3.33 mm) than carbon-based extracts (2.33
mm), indicating potential nitrogen-enhanced
antimicrobial synthesis. E. coli exhibited no
significant difference (p = 0.944) in susceptibility,
suggesting consistent resistance across nutrient
conditions.

Studies have shown that glucose and
ammonium ions can suppress antibiotic
production due to -catabolite and nitrogen
repression (El-Banna and Qaddoumi, 2016).
Secondary metabolite synthesis is often
repressed under rapid growth conditions but is
derepressed under nutrient-limiting conditions,
allowing enhanced antibiotic production.

The variability in antimicrobial activity highlights
the need for advanced purification and
characterization of bioactive compounds to
determine the precise chemical structures
responsible for antibacterial activity.
Optimization  of fermentation  conditions,
including pH, temperature, and aeration, could
enhance antibiotic yield and efficacy. Molecular
studies to identify antimicrobial gene clusters
and resistance mechanisms are essential for
understanding how Bacillus spp. produce these
compounds and why certain bacterial strains
exhibit resistance. Exploring alternative carbon
and nitrogen sources may improve antibiotic
production, as nutrient availability influences
secondary metabolite synthesis. Additionally,
investigating probiotic applications of Bacillus
spp. in food preservation could provide natural
solutions to enhance the safety and shelf life of
fermented products.

CONCLUSION

This study demonstrated that Bacillus spp.
isolated from Ogiri-egusi produce antimicrobial
compounds with varying efficacy against
selected bacterial pathogens. Statistical analysis
revealed no significant difference in antimicrobial
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activity between sucrose- and KNO;-based
nutrient sources. However, the complete
resistance of Proteus spp. and Bacillus spp. to
the crude extracts suggests the presence of
intrinsic resistance mechanisms that require
further investigation.

Future research should focus on optimizing
fermentation conditions to enhance antibiotic
production,  purifying and  characterizing
bioactive compounds for potential
biopharmaceutical applications, and exploring
the microbial ecology of Ogiri-egusi to
understand the interactions between Bacillus
spp. and other fermentative species. These
findings highlight the potential of traditional
fermented foods as sources of antimicrobial
agents, contributing to food safety and
sustainable antibiotic development.
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