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Abstract

Lactic Acid Bacteria (LAB) present during ogi fermentation exhibit notable functional traits, including
antimicrobial and antioxidant capabilities. This study aims to assess the antimicrobial and antioxidant
potentials of LAB strains isolated from Ogi samples. The LAB was isolated from fermented Ogi sourced
from local markets using deMan, Rogosa, and Sharpe (MRS) agar. The isolates underwent biochemical
and molecular characterization. Antimicrobial and antioxidant potentials, including 1,1-Diphenyl-2-
picryl-hydrazyl (DPPH) radical scavenging assay, reducing power scavenging assay, and total
antioxidant activity, were investigated. Eighteen LAB strains were isolated, with Lactobacillus
delbrueckii (33%), Lactobacillus plantarum (39%), Lactobacillus casei (11%), Streptococcus
thermophiles (11%), and Lactobacillus fermentii (6%) being the most frequent. Notably, LABOG10,
LABOG7, and LABOG14 exhibited significant inhibition against Staphylococcus aureus, E. coli, and
Candida sp., respectively. The culture filtrates of these strains demonstrated potent scavenging activity.
Through molecular characterization, it was determined that the three distinct isolates, namely
Lactiplantibacillus plantarum (LABOG7 and LABOG14) and Streptococcus sanguinis (LABOG10),
were all identified as Lactiplantibacillus plantarum. Specifically, LABOG7 and LABOG14 were
designated as strains ROF1 and ROF2, respectively. The accession number OM491514.1 corresponds
to the 16S rRNA sequence of Lactiplantibacillus plantarum strain ROF1, while OM491515.1
corresponds to the sequence of Lactiplantibacillus plantarum strain ROF2. LABOG10 was identified
as Streptococcus sanguinis, designated as strain ROF3. Streptococcus sanquinis ROF3,
Lactiplantibacillus plantarum strain ROF1, and Lactiplantibacillus plantarum strain ROF2
demonstrate significant inhibitory activity against selected pathogens. Moreover, their potent
antioxidant properties suggest potential in preventing diseases associated with oxidative stress.
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Introduction

Cereal grains have become the most important plant group in the human diet, especially in rural area

(Gambogou et al., 2023; Eshetie, 2017). Maize (Zea mays) is a world food crop that can be used as

livestock feed, human food, bio-fuel, and as a raw material in the industry. The fermented cereal or

maize gruel (‘Ogi’) in the western part of Nigeria is known to be a staple food among the Yorubas. It
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is the most well-liked traditional fermented dish in Western Nigeria and is used as newborn weaning
food in the region of West Africa (Malongane & Berejena, 2024; Gambogou et al., 2023; Afolayan et
al., 2017).

Raw materials majorly used in the preparation of “ogi” include maize, sorghum, and millet, however,
the colour of the fermented maize determines the colour of the ‘Ogi’. The production process of ‘ogi’
involves cleaning and steeping the maize in warm water for 2-3 days to soften the kernels and the
fermented maize is wetly milled, sieved with a sterile muslin cloth, and allowed to settle. The settling
process of the ‘ogi’ leads to the second fermentation stage and the longer the ‘ogi’ is left in water, the
sourer it becomes. It can be preserved for more than six months as long as the slurry on the surface of
the ‘ogi’ is changed every three days (Ma et al., 2024, Ajala and Taiwo, 2018).

In some communities, fermented Zea mays are consumed raw owing to the health benefit of LAB
present in ‘Ogi’ (Aderiye et al., 2007). Several Lactic Acid Bacteria (LAB) have been isolated from
‘ogi’ and the nutritional benefits, microbial diversity, and the role of fermentative LAB against
pathogens, have been comprehensively explored (Afolayan and Ayeni, 2017; Afolayan et al., 2017).
Fermentation of food by LAB reduces the risk of pathogens in food. LAB also contributes to the texture
and taste of the fermented product thereby improving the lifespan of food by inhibiting spoilage bacteria
(Olaniyi et al., 2019; Malongane & Berejena, 2024). Free radicals and active oxygen are known to have
significant roles in the pathophysiology of a host of human disorders (Ma et al., 2024). Proteins are
harmed, DNA is mutated, membrane phospholipids are oxidized, and other bodily components are
affected by the creation of reactive oxygen metabolites during respiration.

Chronic disorders like cancer, diabetes, heart disease, arthritis, and neurological diseases are brought
on by cellular damage caused by high levels of the reactive oxygen metabolit (Malongane & Berejena,
2024). The consumption of food containing antioxidant alongside the human body synthesizing
antioxidant enzymes help to neutralize the effect of the free radicals in the body. As we take strides into
the 21st century, there remains a continued emphasis on exploring fermentation's ability in enhancing
foodsafety sustainability and wellness advantages (Ganzle, 2015).

As the importance of sustainable agriculture and food production grows, interest in fermentation for
functional foods has been revived. However, due to the increase in oxidative stress and failure in certain
defense mechanisms, the body needs to source antioxidant defense for the maintenance of human health
and prevention of diseases. The aim of this study is therefore to isolate and molecularly characterize
LAB with high antimicrobial and antioxidant activity against oxidative stress in fermented Zea mays.

Materials and Methods

Sample Collection

Ten wraps of fermented maize (Ogi) were randomly collected from different markets in Oyo town, Oyo
state , which is located between latitudes 7° 51' 9.25" and 3°55'52.50", Nigeria. The samples were
parceled in air-tight containers and retain in the refrigerator at 4 °C for further analyses.

Enumeration and Isolation of Lactic Acid Bacteria in Ogi samples

Samples of the fermented maize were serially diluted and inoculated unto De Man-Rogosa-Sharpe
(MRS) agar (Ji et al., 2015) and aseptically prepared according to the manufacturer’s instruction. The
inoculated medium was separately incubated in an anaerobic jar at 37°C for 24 hours. Colony Forming
Units (CFU/mL) of each fermented maize were measured for each colony that emerged on the agar
plates using a colony counter (Model 6, Stuart Scientific Co. Ltd, Great Britain). Based on biochemical
testing, colony and cell shape, and other factors, the pure isolates were described (Afolayan et al., 2017;
Fawole and Oso, 2001). The Bergey's Manual of Identification was used to identify the pure LAB.

Biochemical properties of the LAB isolates

The assay was conducted by inoculating the LAB isolates into test tubes containing 5 mL of sterile
MRS Broth (Merck). Durham tubes were inverted and placed inside, and incubated for 48 hours at
37 °C. The appearance of bubbles in the Durham tubes which signifies a positive result were noticed.
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Screening of LAB for bacteriocin production

De Man Rogosa and Sharpe (MRS) (1000 mL; pH 5.8) broth was incubated at 30°C for 48 hours to
propagate Lactic acid bacteria. A cell-free solution of bacteriocin was obtained by centrifugation at
10,000 rpm for 20 minutes for bacteriocin extraction and adjusted to pH 7.0 using 1M NaOH. to prevent
the antibacterial effects of organic acid. The supernatant was clarified via a cellulose acetate filter with
a particle size of 0.2 m to produce crude bacteriocin for each sample (Ageni et al., 2017). The cell-free
broth culture was tested against pathogens and antioxidant potential.

Sources of Test Organisms

The selected test organisms (Escherichia coli, Staphylococcus aureus, and Candida sp) were acquired
from the Department of Microbiology and Biotechnology Laboratory, Ajayi Crowther University and
were further activated to confirm their identification through conventional methods.

Standardization of the test organisms

The test pathogens were standardized using the 0.5 McFarland Standard (Onajobi et al., 2020). Initially,
stock cultures were purified through sub-culturing on solidified nutrient agar for the bacteria isolates
and saboraud dextrose agar for the yeast isolate. The bacterial isolates were incubated for 24 hours at
37°C while the fungal isolates were incubated at 37°C for 3 days. Consequently, the isolates were
inoculated into sterile nutrient broth and incubated for 4 hours at 37°C. The turbidity of the bacterial
suspension was then matched with that of the prepared standard by placing both tubes near a white sheet
of paper featuring black stripes, facilitating the easy detection of any differences in turbidity (Onajobi
et al., 2020).

Antimicrobial Potential of the LAB isolates

The antimicrobial capability of the LAB isolates was ascertained using the agar well diffusion method..
The pathogens were suspended in saline after growing for 24 hours in Brain Heart Infusion Broth
(BHIB) at 37°C. By applying the cell suspension to the surface of nutrient agar plates using a sterile
cotton swab, an indicator strain lawn was created. A sterile cork borer with a diameter of 5 mm was
used to create homogeneous wells in the agar after the plates had dried. Culture-free filtrate (60 ul)
made from LAB isolates was poured into each well on the plates and were examined for the zone of
inhibition (ZOI) following 48 hours of incubation at 37°C (Saarela et al., 2011).

Antioxidant Potential of the LAB isolates
Different tests (1-1 Diphemy 1-2picryl-hydrazyl (DPPH) radical scavenging assay, Determination of
reducing power, and Total antioxidant activity) were done to identify the antioxidant potential of Ogi.

1 1-1 Diphemy 1-2Picryl-Hydrazyl (DPPH) Radical Scavenging Assay

Free radical scavenging assay of the isolates was done following Shehata et al. (2019) method. 1-1
Diphemy 1-2picryl-hydrazyl (DPPH) (Cat No.: D913-2, Sigma-Aldrich, Germany) was utilized in ethyl
alcohol at a concentration of 60 mM. After being homogenized by shaking, sample aliquots (0.1 mL)
were placed into numerous test tubes comprising 3.9 mL of DPPH radical solution. The experiment was
conducted in complete darkness. After 10 minutes, the solution's absorbance was measured at 517 nm
with a spectrophotometer. The tests were carried out in triplicates, using ascorbic acid as control while
the DPPH radical inhibition was calculated as

Absorbance of standard—Absorbance of control

Inhibition (%) = x 100

ABsorbance of control

Determination of Reducing power

The reducing power of the LAB was done using Shehata et al. (2019). A pH 6.6 phosphate buffer was
prepared and mixed with 1% potassium ferricyanide. For 20 minutes, the mixture was maintained at
50°C. After centrifuging the mixture for ten minutes at 300 rpm, 10% trichloroacetic acid was added.
0.1% ferric chloride and distilled water were added to the mixture. After injecting the solution into each
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isolate and letting it incubate for ten minutes, the absorbance at 700 nm was measured. Ascorbic acid
served as the standard.

Absorbance of standard—Absorbance of control

Reducing Power activity (%) =1 — (

Total Antioxidant Activity

Total antioxidant activity of the LAB was done using kanamarlapuda and muddada, (2017). Four molar
Ammonia molybdate, 0.6M Sulfuric acid, 28M of Sodium sulphate and 25 ml of distilled water were
mixed to form total antioxidant capacity. One millilitre of the total antioxidant capacity was added to
each isolate and the absorbance was taken at 695 nm after 15 minutes. Ascorbic acid was used as the
control.

Total antioxidant potential (%) =

) x 100

ABsorbance of control

Absorbance of standard—Absorbance of control

ABsorbance of control x 100

Identification of LAB using 16S rRNA

The LAB isolates with the highest antioxidant and antimicrobial potential were molecularly detected.
The extraction of the microbial DNA was carried out using the Promega USA KIT. A single colony
(1000 pL) from MRS broth containing the LAB isolate was transferred into an Eppendorf tube and
centrifuged at 14,000 rpm for 2 minutes. EDTA (480 uL of 50mM) and 120 pL of Lysozyme were
added to the pallets obtained. The mixture was incubated in 37 °C water bath for 1 hour and re-
centrifuged for 2 minutes at 14,000 rpm. The pallets obtained were taken, then 600 pL of nuclei lysis
solution was added, homogenized and the mixture was incubated at 80 °C for 5 minutes. Three
microliter of RNase Solution was added, homogenized, and incubated in 37 °C water for 1 hour. After
this process, solution of 200 pL protein precipitation was included in the samples, vortexed, incubated
in ice for 5 minutes, and then centrifuged for 3 minutes at 14,000 rpm. The supernatant was transferred
to a new Eppendorf tube, 600 L of isopropanol was added, homogenized, and centrifuged for 2 minutes
at 14,000 rpm to obtain the pellet. The pellet was then withdrawn, aerated for 15 minutes, and 50 L of
rehydration solution was added at 65° C for 30 min (Amelia et al., 2021).

Preparation of PCR and 16S rRNA gene amplification

The F primers (16S-27F, Tm 47°C, 5> AGA GTT TGA TCC TGG CTC AG -3) and R primer (16S-
1525R, Tm 54.3°C, 5> AAGGAGGTGWTCCARCCGCA -3) were prepared by taking 90 uL dH20
and 10uL of R and F primers at 10 pM concentrate. The 100uM concentrate of the two primers were
then liquefied in TE buffer. The 16S rRNA gene amplification are prepared based on the primers for
16S rRNA (Master Mix PCR 12.5 pL, Primer F 1.0 pL, Primer R 1.0 pL, dH20 9.5 L, 24.0 uL, DNA
1.0 pL).

Preparation of 1.5% agarose and running of gel electrophoresis

This was done using Amelia et al. (2020). TAE buffer (40 ml) was used to liquefy agar (obtained from
1.5% x 40 mL = 0.6 gram), which was then heated for 30 seconds. The electrophoresis comb was
organized in the agar, which had a height of approximately 0.5 mm. After setting, the comb was
removed, and the agar had already been placed in the electrophoresis apparatus. TAE solution was then
added to the agar until it was completely submerged, and then a 5 L sample and 5 L DNA ladder were
injected into the agar well. The result was examined with a UV transilluminator and sequenced after
the agarose run was attuned to 80 to 150 V for 60 minutes.

Analysis of Sequencing Data

The sequencing data was evaluated using DNASTAR software was. Using BLAST (Basic Local
Alignment Search Tool), the acquired sequences were compared to those already stored in the
GeneBank (http://www.ncbi.nlm.nih.gov). MEGA v7.0 tools with the Kimura -2 mode algorithm and
maximum likelihood were used to construct the phylogenetic analysis.
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Statistical Analysis

The SPSS16 software package are used for multiple comparison tests and one-way analysis of variance
(ANOVA) and all the data obtained are reported as meanststandard errors of the means (SEM). The
Probability (p) values < 0.05 was referred to as significant.

Results

Isolation and Identification of Lactic Acid Bacteria

All the Eighteen LAB strains isolated from ‘Ogi’ after 24 h of incubation exhibited white to cream
colonies, smooth edges, slightly raised elevation, and glossy texture on the MRS agar plate. The LAB
isolates were Gram-positive, catalase-negative, non-spore former rods, and cocci as indicated in Table
1. The frequency of occurrence (%) of the LAB include 33% were Lactobacillus delbrueckii, 39% were
Lactobacillus plantarum, 11% were Lactobacillus casei, 11% were Streptococcus thermophilus and the
remaining 6% was Lactobacillus fermentii as shown in Fig. 1.

Antimicrobial Test

The result revealed the antimicrobial activities against the three pathogenic microorganisms on several
levels (Figure 2 and table 2). It was observed that 67%, 83%, and 33% of the LAB strains show
antimicrobial activity against Escherichia coli, Staphylococcus aureus, and Candida sp. respectively.
However, LABOG5, LABOG7, OG10 and OG14 exerted strong inhibitory activity (10.00mm,
13.00mm, 15.00mm, 17.00mm) against Candida sp. whereas, LABOG4, LABOGS8, LABOGSY,
LABOG11, LABOG13, and LABOG18 were active against one out of the three test pathogens.
Generally, LABOG10, LABOG7, LABOG14 exerted strong inhibition against the three test pathogens.

Table 1: Morphological and Biochemical Characterization of Lactic Acid Bacteria

Sugar Fermentation PROBABLE ORGANISM

S ¢ b7 E @ g g
g Gig 2 = 3 EE 8888 & S
2 ' w8 £ 5§ X 5 83 8 5 S &9

O OO0 © =306 3 o0&
LABOG1 + SR - - - - - - -+ o+ o+ - Lactobacillus delbrueckii OG1
LABOG2 + LR - - - - - s -+ + o+ - Lactobacillus plantarum OG2
LABOG3 + LR - - - - - -+ o+ o+ - Lactobacillus fermentum OG3
LABOG4 + LR - - - - - s -+ o+ o+ - Lactobacillus delbrueckii 0G4
LABOG5 + LR - - - - - - -+ o+ o+ - Lactobacillus delbrueckii OG5
LABOG6 + SR - - - - - s -+ + o+ - Lactobacillus delbrueckii OG6
LABOG7 + SR - - - - - - -+ + + - Lactobacillus plantarum OG7
LABOGS + SR - - - - - s -+ + o+ - Lactobacillus plantarum OG8
LABOG9 + C - - - - - - -+ + 0+ - Streptococcus sp. OG9
LABOG10 + C - - - - -+ -+ + + - Streptococcus sp. 0G10
LABOG11 + SR - - - - - - -+ o+ 4+ - Lactobacillus plantarum OG11
LABOG12 + SR - - - - - s -+ o+ o+ - Lactobacilus plantarum OG12
LABOG13 + SR - - - - - - -+ o+ o+ - Lactobacillus delbrueckii 0G13
LABOG14 + SR - - - - - s -+ o+ o+ - Lactobacillus plantarum OG14
LABOG15 + SR - - - - - - -+ o+ o+ - Lactobacillus casei OG15
LABOG16 + LR - - - - - s -+ o+ o+ - Lactobacillus delbrueckii OG16
LABOG17 + LR - - - - - - -+ + o+ - Lactobacillus delbrueckii OG17
LABOG18 + LR - + + + - Lactobacillus plantarum OG18

KEY; SR: Short rods, LR: Long rods, C: Cocci; +: Positive, -: Negative
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Figure 1: Frequency of Occurrence of the LAB isolated from fermented maize gruel

Table 2: Antimicrobial potential of the LAB isolated from the fermented maize in (mm)

Isolate codes

Test Organisms
Mean zone of inhibition (in millimeter)

E.coli Staphylococcus aureus Candida albicans
LABOG1 6.00£1.60 9.00+2.19 0.00+0.00
LABOG2 10.00£1.60 7.00£2.19 0.00+0.00
LABOG3 8.00+1.60 6.00+2.19 0.00+0.00
LABOG4 0.00+0.00 0.00+0.00 0.00+0.00
LABOG5 8.00+1.60 8.00£2.19 10.00£2.15
LABOGS6 8.00+1.60 6.00+2.19 0.00+0.00
LABOG?7 17.00£1.60 23.00+2.19 13.00£2.15
LABOGS 6.00+1.60 0.00+0.00 0.00+0.00
LABOG9 0.00+0.00 7.00+2.19 0.00+0.00
LABOG10 12.00£1.60 21.00+2.19 15.00£2.15
LABOG11 0.00+0.00 7.00£2.19 0.00+0.00
LABOG12 10.00+1.60 10.00+2.19 0.00+0.00
LABOG13 8.00+0.00 0.00+0.00 0.00+0.00
LABOG14 20.00+1.60 26.00+2.19 17.00£2.15
LABOGI15 0.00+0.00 9.00+2.19 5.00+2.15
LABOG16 9.00£1.60 7.00+2.19 0.00+0.00
LABOG17 8.00£1.60 10.00+2.19 0.00+0.00
LABOGI18 0.00+0.00 9.00+2.19 0.00+0.00

Values were mean of three determinations + S.E.M
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Figure 2: Antimicrobial potential of the LAB isolated from the fermented maize cereals

Antioxidant Potential

The three radical scavengers used to check for the antioxidant capacity of the LAB include the DPPH,
total antioxidant, and hydrogen peroxide as shown in Table 3. Significant differences (p>0.05) in the
antioxidant potential of the LAB strains was observed. Compared to other radicals, almost all the
isolates exhibited an astonishing scavenging activity for DPPH. A dose-dependent increase in DPPH
scavenging activity occurs. The DPPH value ranged from 10.49 to 87.67% at 50 ug/mL to 1000 ug/mL.
LABOG14 had the highest DPPH activity (87.67%), LABOG10 (86.59%), and LABOG?7 (86.4%). The
least activity was recorded in LABOG17 (21.59%) and LABOG11 (31.42%). The Total antioxidant
potential of the LAB strains ranged from 29.6 to 85.81%. Using a linear equation derived for each of
the LAB isolates from a graph of percentage scavenging activity and probiotic bacteriocin
concentration, the concentration scavenging 50% (IC50) of the total antioxidant capacity was
determined (Table 4). LABOG7, LABOG10 and LABOG14 had the lowest ICsy 0f 2.45, 2.37 and 1.93
mg/mL respectively. LABOG17, LABOG11 and LABOG15 had the highest ICso value (12.09, 6.96
and 6.51 mg/mL).

The highest total antioxidant activity was recorded in LABOG14 (85.81%), LABOG 10) (81.73%) and
LABOG?7 (83.42%). The least was noticed in LABOG17 (24.75%) and LABOG4 (29.6%). The ferric-
reducing power potential of the LAB strains were also determined as shown in Table 5 with activity
ranging from 20.31 to 85.81% (LABOG14 (86.73%), LABOG10 (78.15%) and LABOOG7 (80.52%))
The least activity was identified in LABOG17 (20.31%) and LABOG4 (30.17%). Generally,
LABOG14, LABOG10 and LABOG?7 had the highest scavenging activity likened to other LAB used
in this study.

Molecular Identification by 16S rRNA

Figure 4 displays the PCR sequencing outcomes for characterized LABs. As a result of the amplified
DNA being 1.5 kb in size, the study's unique primer was successful in identifying the LAB isolates.
The 16S rRNA gene is universally distributed. The molecular analysis of Lactic Acid Bacteria (LAB)
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carried out in this study, as shown in Table 6, provides crucial insights into the species identity, strain,
accession numbers, and percentage similarity of the isolated strains based on 16S rRNA sequencing.
Firstly, three distinct LAB isolates were identified: Lactiplantibacillus plantarum (LABOG7 and
LABOG14) and Streptococcus sanguinis (LABOG10). These identifications were made through the
sequencing of the 16S rRNA gene, which is a widely accepted method for bacterial taxonomy and
classification. LABOG7 and LABOG14 were both identified as Lactiplantibacillus plantarum, with a
strain designation of ROF1 and ROF2, respectively. The accession number OM491514.1 corresponds
to the 16S rRNA sequence of Lactiplantibacillus plantarum strain ROF1, while OM491515.1
corresponds to the sequence of Lactiplantibacillus plantarum strain ROF2. Both isolates exhibited a
striking 100% similarity to their particular reference strains, indicating a precise match in their genetic
composition. On the other hand, LABOG10 was identified as Streptococcus sanguinis, with the strain
designation ROF3. The accession humber OM7221181.1 corresponds to the 16S rRNA sequence of
Streptococcus sanguinis strain ROF3. Comparable to the Lactiplantibacillus plantarum isolates,
LABOG10 also displayed 100% similarity to its reference strain, suggesting a high degree of genetic
homology.

Phylogenetic Tree of the LAB Isolates

A phylogenetic tree was constructed in order to establish the genealogical associations amongst LAB
species. The phylogenetic tree reveals that the relationships among organisms are known to be highly
consistent. The isolates exhibited 87.88% and 94.58% similarity to the Lactiplantibacillus plantarum
strains ROF1, ROF 2, while 98.9% similarity to Streptococcus sanguinis ROF 3 at query coverage in
this investigation. A phylogenetic tree was made to reveal the kinship relationship of Lactiplantibacillus
plantarum strain ROF1, ROF 2 and Streptococcus sanguinis strain ROF 3.

Table 3: Scavenging activities of LAB strains isolated from the fermented maize gruel using DPPH

assay
LAB DPPH (ug/mL) Linear Equation ICso Value
Isolates 5o 100 200 500 1000  Control

0G1 2581 3724 4405 5116 57.01 78.35 y = 9.4034x + 16.025 3.613055
0G2 31.25 448  49.03 5217 674 74.18 y = 8.1597x + 24.579 3.115433
0G3 2693 3874 4322 499 5339 68.42 y = 7.3737x + 20.959 3.938457
0G4 11.26 2353 2931 3146 39.01 6124 y =8.5283x + 2.786 5.536156
0G5 29.05 376 4247 5438 60.23 57.82 y = 6.39x + 24.56 3.981221
0G6 16.4 2415 3172 37.82 4541 59.54 y = 8.1594x + 7.282 5.235434
oG7 3559 4163 5592 6526 86.4 90.17 y =11.901x + 20.84 2.450214
0G8 13.16 2175 29.04 3571 43.18 60.49 y = 8.7889x + 3.1273 5.334828
0G9 11.31 23.44 2862 30.17 326 65.03 y = 8.5037x + 2.0987 5.632995
0G10 34.67 4272 5791 69.82 86.59 89.92 y =11.993x + 21.628 2.365713
OGl11 1445 1994 2578 29.01 3142 504 y =6.212x + 6.758 6.961043

0G12 2571 3249 3931 582 69.38 73.47 y =10.525x + 12.924 3.52266

0G13 30.17 39.82 4819 5721 6142 67.61 y = 7.4577x + 24.635 3.401183
0G14 39.94 473 66.11 7132 87.67 92.46 y =11.112x + 28.575 1.928096
0OG15 11.34 1937 2211 2746 30.18 55.67 y =7.4123x + 1.7453 6.510085
0OG16 1049 19.74 29.04 36.81 49.22 54.69 y =9.0631x + 1.6107 5.339155
OG17 10.69 1524 1932 20.76 2159 31.19 y = 3.514x + 7.4993 12.09468
0G18 20.17 3452 46.19 59.33 6842 68.93 y =10.247x + 13.729 3.53967

Values are mean + standard deviation of triplicate.
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Table 4: Total Antioxidant Capacity (%) of the LAB isolated from the ogi samples

Isolates Total Antioxidant Capacity (%)

0.5 1 2.5 5 10 Control
0G1 19.56+0.36  26.17+0.05 39.52+0.26 46.38+0.53 51.29+0.02 64.26+0.58
0G2 20.14+0.92 29.63+0.49 41.27+0.15 48.37£0.11 57.52+0.45 69.01+0.88
0G3 18.21+0.31  30.09+0.10 42.52+0.18 53.74+0.30 61.3+0.81 69.24+0.00
0G4 9.05+0.23 14.53+0.19 18.22+0.36 23.46+0.44 29.6+0.89  30.05+0.68
OG5 13.31+0.06  22.71+0.29 29.05+0.73 37.18+0.28 41.93+0.92 45.9+0.17
0G6 12.84+0.28 19.93+0.70 33.61+0.44 39.0+0.60  42.15+0.47 53.25+0.52
OG7 34.63+0.74  47.02+0.55 57.27+0.84 71.25+0.21 83.42+0.34 87.1940.15
OG8 15.07+0.27 23.41+0.28 42.96+0.37 46.11+0.01 52.3+0.58 59.32+0.09
0G9 13.26£0.19  23.05+0.17 31.1740.91 38.4+0.93  42.32+0.45 51.28+0.38
0G10 29.04+0.37  47.32£0.30 56.15+0.28 67.84+0.18 81.73+0.62 85.7+0.06
0OG11 16.74+0.01  22.49+0.63 37.14+0.42 48.62+0.29 52.1+0.67  70.13+0.00
0G12 17.39+0.12  29.6+0.93 21.42+0.66 48.71+0.26 59.19+0.92 60.73+0.89
0OG13 22.07+0.48 29.41+0.29 38.16+0.09 41.19+0.33 42.16+0.05 60.31+0.04
0G14 43.62+0.48 59.1+0.96 73.19+0.32 7.31+0.82 85.81+0.35 89.06+0.59
0OG15 7.01+0.82 11.12+0.55 17.82+0.73 19.49+0.01 15.03+0.02 33.2+0.20
0G16 21.65+0.04 33.49+0.13 41.12+0.17 58.1+0.30  54.61+0.05 60.14+0.19
OoG17 9.05+0.39 14.5940.26 33.26+0.17 19.07+£0.64 24.75+0.00 30.49+0.39
0G18 26.3+0.20  31.21+0.47 38.41v0.23 45.16+0.22 53.22+0.67 55.02+0.78

Values are mean + standard deviation of triplicate.

Table 5: Ferric Reducing Power scavenging activity of the LAB isolated from the fermented maize

gruel
LAB Reducing Power activity (mg/mL)
Isolates 0.5 1 2.5 5 10 Control
0G1 20.51+0.02 26.17+£0.09 39.52+0.01 43.38+0.19 56.50+0.60 64.26+0.07
0G2 19.1440.23 29.63+0.17 43.37+0.82 52.83+0.29 60.01+0.51 69.01+0.92
0G3 19.2140.11 32.09+0.19 46.53+0.29 43.74+0.31 50.44+0.14 69.24+0.49
0G4 9.05+0.36  14.53+0.09 18.22+0.26 23.46+0.05 30.17+0.29  30.0+0.36
0G5 11.31+0.11 26.71+0.20 26.05+0.36 37.88+0.62 40.38+0.42  45.9+0.10
0G6 10.84+0.42 17.93+0.29 35.61+0.47 49.04+0.85 39.5+0.49 53.25+0.39
oG7 34.63+0.19 47.02+0.13 57.27+28 71.25+0.26 80.5+0.14 87.19+0.34
0G8 13.0740.27 24.41+0.44 43.16+0.02 36.11+0.24 40.2+0.59 59.32+0.56
0G9 17.26£0.20 29.05+0.25 36.17+0.44 40.40+0.17 54.11+0.10 51.28+0.19
OG10 35.04+0.56 47.12+0.38 56.25+0.51 63.34+0.47 78.15+0.08 85.70+0.58
OG11 16.74+0.17 19.49+0.16 27.14+0.25 48.22+0.24 40.2+0.77 70.130.
OG12 27.39+0.23 39.60+0.14 41.82+0.10 48.71+0.30 60.27+0.38 60.73+0.01
OG13 12.0740.59 27.41+0.27 28.36+40 41.01+0.25 40.4+0.65 60.31+0.00
OG1l4  47.6240.12  59.10+27 7119441  79.31+0.29 86.73+0.39 89.06+0.07
OG15 17.01+0.34 11.12+0.35 17.31+0.32 29.29+0.53 34.91+0.57 33.20+0.36
OG16  11.65+0.59  13.49+06 24.924+0.17 28.13+0.81 30.56+0.04 60.14+0.19
0G17 8.05+0.36  10.29+22  13.26+0.65 19.07+0.22 20.31+0.33 30.49+0.65
OG18 16.39+0.52 21.72+0.71 32.11+0.51 44.16+0.63 47.23+0.92 55.02+0.29

Values are mean + standard deviation of triplicate
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Table 6: 16S rRNA sequence of LAB isolated from Ogi

Isolate Code  Species identity Strain Aceession Percentage
number Similarity (%0)
LABOG7 Lactiplantibacillus  ROF1 OM491514.1 100
plantarum
LABOG10 Streptococcus ROF3 OM7221181.1 100
sanguinis
LABOG14 Lactiplantibacillus ~ ROF2 OM491515.1 100

plantarum strain

10.0KB

1.5KB 16SrRNA gene.

0.5KB

Figure 4. Agarose gel (1%) electrophoresis of PCR product after amplification of 16SrRNS.

Lane M, 1 kb Marker (PROMEGA, USA), lane 1, and 2 are Lactiplantibacillus plantarum strain ROF1
and ROF 2 while lane 3 is Streptococcus sanguinis strain ROF3 at 1500 bp isolated from fermented
maize.
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OK206088.1 Lactiplantibacillus plantarum RA22
57%

56% —— KY041685.1 Lactiplantibacillus plantarum Cysd4-1

B OM491515.1 Lactiplantibacillus plantarum ROF2

55% ——— KY041688.1 Lactiplantibacillus plantarum Gt2

ON406571.1 Lactiplantibacillus plantarum UOGOLS

53% 5
] OM491514.1 Lactiplantibacillus plantarum ROF1

MT022517 1 Lactiplantibacillus plantarum PRK7
55% 56?”*{“
MT022576.1 Lactiplantibacillus plantarum PRK11

KJ526926.1 Lactobacillus plantarum HT-W91-B2

61%

57% MT545111.1 Lactiplantibacillus plantarum 4619

KP763917.1 Lactobacillus plantarum IMAU11600 (BM62-3-2-2)

OMB52406.1 Lactiplantibacillus plantarum Ac

OMT722118.1 Streptococcus sanguinis ROF3

ooz

Figure 5. Maximum likehood of the 16S rRNA sequence of LAB isolated from Ogi

Tree displaying the phylogenetic position of isolated strains in relation to type strains and isolates based
on 16S rRNA gene sequences of probable lactic acid bacteria (LAB) strains. The isolates sequenced in
the study are shown in coloured text along with the accession number. The three strains were identified
as Lactiplantibacillus plantarum strain ROF1, ROF 2 and Streptococcus sanguinis strain ROF 3.

Discussion

Lactic Acid Bacteria constitutes is a diverse set of industrially significant bacteria that are used in the
production of fermented foods and beverages utilizing a variety of substrates, including milk,
vegetables, cereals, meat, cocoa beans, ogi, etc. (Bansal et al., 2013). Traditional fermented food such
as ‘ogi’ provides health-promoting functional properties when there is presence of viable LAB cells.
‘Ogi’ is a gruel or porridge that is typically produced from maize, millet, and sorghum and fermented
with lactic acid bacteria. The cell studies revealed short-rods LAB, as well as coccus and rod-shaped
isolates. The isolates were non-spore forming, non-motile, Gram-positive, and catalase-negative
organisms (Akin-Osanaiye and Kamalu, 2019). Studies have shown that Lactobacillus sp. is mostly
associated with ‘Ogi’ fermentation (Akin-Osanaiye and Kamalu, 2019) Lactic Acid Bacteria (LAB)
have been recognized as probiotics due to their ability to positively affect the gut flora (Kumar et al.,
2020). The LAB isolated from ‘Ogi’ samples includes L. delbrueckii, L. casei, L. fermentum,
Streptococcus sp. and L. plantarum. These results are in agreement with the results of Fashogbon et al.,
(2021) in which Lactobacillus species were mostly isolated from ‘ogi’. The result obtained in this study
refuted the findings of Yadav et al., (2016) who reported that Lactobacillus species were observed to
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be predominant in dairy products while cocci were predominant in fermented foods. L. plantarum was
observed to have the highest frequency of occurrence probably because of the incubation temperature
of 30°C which favours the growth of the organism (Adebayo et al., 2017; Pyar et al., 2014). The higher
prevalence of rod-shaped LAB in this study correlates with the findings of Ogunbanwo et al., (2004).
Additionally, it was revealed that during the fermentation of ‘ogi’, the strains of L. plantarum and L.
fermentum were isolated were 24.6 and 26.3%, respectively.

Antibacterial activity is a major health benefits of probiotic LAB and this result in the increase in
demand for LAB by modern consumers. The antimicrobial activity of LABOG7, LABOG14 and
LABOG14 isolated from the fermented maize was found to be significantly (p < 0.05) higher compared
to other LAB strains. Many LAB produce antimicrobial peptides which include bacteriocins.
Lactobacillus plantarum have a narrow activity spectrum but are active against food-borne pathogens
(Nielsen et al., 2010). The high zone of inhibition in LABOG7 and LABOG14 is similar to the findings
of Bouchard et al., (2013) who reported 13mm inhibitory zones for L. palntarum against S. aureus. The
result obtained from this study revealed that most of the LAB strains inhibited E. coli while very few
inhibited Candida sp. This finding does not support the study of Kaboosi et al., (2011) who reported
that probiotic organisms had no activity against E. coli. Generally, the findings from this research
support the study of Hashemi et al., (2017) and Khay et al., (2011) reported that L. plantarum had the
highest zones of inhibition against all the test pathogens.

Highly unstable molecules known as free radicals interact with other molecules in the body to obliterate
enzymes, DNA, and cellular membranes. They also hasten aging and significantly support the growth
of numerous illnesses, including cancer and heart conditions etc. (Kassim et al., 2019). The, LABOG?7,
LABOG14 and LABOG10 had increased antioxidant activity is similar to the report of Hashemi et al.,
(2017) who observed the highest antioxidant activity in juice fermented with L. plantarum Lp-115 and
opined that the activity occurred because of the increase in phenolic content. Lactobacillus plantarum
also exhibited high antioxidant activity due to the presence of several bioactive compounds (Mubhialdin
et al., 2020). Different reactions and methods, including radical scavenging, reducing capacity,
preventing chain initiation, and binding of transition metal ion catalyst, have been used to describe
antioxidant potentials (Ajayeoba et al., 2019; de Sa et al., 2014). The radical is scavenged with the
reduction in the absorbance of the substance when DPPH encounters a proton-donating substance such
as antioxidants (Yang et al., 2014; Battino et al., 1999). According to Son et al. (2018), few ways in
which LAB exhibit antioxidant activity include releasing and promoting the production of glutathione
(GST), the most significant non-enzymatic antioxidant and free radical scavenger. Secondly, they can
uphold cellular defenses by secreting enzymes like superoxide dismutase (SOD) to prevent free radicals.
Additionally, they encourage the production of precise antioxidant biomolecules, and finally, they
demonstrate metal chelating activity.

The molecular findings of the LAB underscore the accuracy and reliability of the molecular techniques
employed in the identification and characterization of LAB isolates. The high percentage similarity
between the isolated strains and their reference sequences confirms the robustness of the identification
process, reinforcing the confidence in the taxonomic assignment of the LAB species. Furthermore, the
precise identification of LAB strains at the species and strain levels is essential for understanding their
functional properties, such as antimicrobial and antioxidant potentials, as explored in the study. By
knowing the specific identity of the LAB isolates, researchers can correlate their genetic composition
with their observed biological activities, thereby elucidating the mechanisms underlying their beneficial
effects in diverse ways such as food fermentation and health promotion.

Since it takes approximately 17 phenotypic tests to identify a LAB isolate at the species level, precise
identification of LABs by phenotypic methods is challenging (Allaith et al., 2022). Therefore, finding
microorganisms with probiotic potential that are important for nutrition and industry is a requirement
before choosing new strains from a variety of bacterial isolates (Al-Dhabi et al., 2020). Since the
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majority of the species used in this study are from the genera Lactobacillus, the isolated strains were
considered to be probiotics (Lannitini and Palmieri, 2010). Nyanzi et al., (2015) isolated probiotics
LAB and molecularly identified the microorganisms using 16S rRNA. He suggested that 16S rDNA is
not frequently used and not very discriminative for sole use between closely related strains. The 16S
rRNA sequencing looks at the similarity of isolates that are currently in GenBank. The 16S rRNA gene
sequencing identified the LAB to be Lantipalntarum sp. and Streptococcus sp., forming a well-labelled
cluster with Lactiplantibacillus plantarum strain ROF1, ROF 2 and Streptococcus sanguinis strain ROF
3 which are widely described as probiotics (Allaith, 2022; Allaith, 2018). The relationships between
microorganisms are known to be highly consistent, as seen by the phylogenetic tree. In this study, the
isolates showed similarity of 87.88% to 98.9% query coverage to Streptococcus sanguinis strain ROF
3, Lactiplantibacillus plantarum strain ROF1, and ROF 2. In addition, the tree includes two clusters
that do not share a common ancestor. Lactiplantibacillus plantarum strain ROF1 and
Lactiplantibacillus plantarum ROF2 are among the groups that make up Cluster 1. However, Cluster 2
only has one group Streptococcus sanquinis ROF3.

Conclusions

The present study demonstrated significant antimicrobial activity of Lactic Acid Bacteria (LAB) against
pathogenic microorganisms, particularly Escherichia coli, Staphylococcus aureus, and Candida sp. The
LABOG7, LABOG10, and LABOG14 exhibited strong inhibitory effects, highlighting their potential
as probiotics with health benefits. Moreover, LABOG7, LABOG10, and LABOG14 demonstrated the
lowest ICsp values, indicating their strong antioxidant capabilities. The characterization of three distinct
strains of Lactic Acid Bacteria (LAB), with Lactobacillus plantarum emerging as the most prevalent
strain due to their high antimicrobial and antioxidant potential. The molecular analysis of these LAB
isolates through 16S rRNA sequencing provided critical insights into their species identity, strain
designation, and genetic similarity to reference sequences. This information lays a solid groundwork
for further investigations into the functional properties and potential applications of these LAB strains
across various sectors. Such research endeavors hold promise for advancing scientific understanding
and fostering practical implementations within the realms of food and health industries. By harnessing
the unique attributes of these LAB strains, significant strides can be made towards enhancing food
safety and promoting human health and well-being.
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