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Abstract

This study investigated the isolation and molecular characterization of lactic acid bacteria (LAB) from four samples of
fermented food condiments in Nigerian; Samples are fermented unsoften locust beans (iru woro), fermented soften
locust beans (Iru pete), fermented African oil bean seeds (Ugba), fermented melon seed (Cirulus colocynthis) (Ogiri).
Samples were obtained from Sabo market in Ogbomosho, Oyo State, and processed according to standard
microbiological techniques on MRS medium under anaerobic conditions. Total LAB counts ranged from 1.2 x 10° to 1.9
x 10° CFU/g, with the highest count in the fermented unsoften locust beans (iru woro). Five distinct LAB isolates were
obtained and molecularly characterized via 16S rRNA gene sequencing. From the BLAST analysis, with a similarity of
99-100% to the reference strains, the isolates were identified as Lactobacillus acidophilus IR1, Lactobacillus delbrueckii
UG1, Lactobacillus johnsonii 0G1, Lactococcus garvieae 0G2, and and Lactococcus lactis IW1. All the isolates have been
deposited in NCBI GenBank under accession numbers PQ758599, PQ758600, PQ555637, PQ555638, and PQ555639,
respectively. The phylogenetic analysis showed that the isolates clustered within the Lactobacillaceae family and had a
close relationship to other known probiotic strains. This shows the very high diversity that exists among the beneficial
LAB in traditional Nigerian fermented foods and their availability for further studies in food biotechnology and probiotic
development.
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1. Introduction

Lactic acid bacteria (LAB) have been a crucial component in the fermentation process for centuries, contributing
significantly to the development of flavor and chemical changes in various fermented foods [1]. The term "Lactic Acid
Bacteria" was first widely accepted in the early 20t century, replacing earlier terms like "milk souring" and "lactic acid
producing” bacteria, which caused confusion among researchers [2, 3]. The work of Orla-Jensen in 1919 and Axelsson
in 1989 played a significant role in the systematic classification of LAB [2]. Lactic acid bacteria (LAB) represent a diverse
group of Gram-positive, catalase-negative, facultatively anaerobic microorganisms that play crucial roles in food
fermentation processes worldwide [4]. These bacteria are characterized by their ability to produce lactic acid as the
primary end product of carbohydrate metabolism, making them essential for the preservation, flavor development, and
nutritional enhancement of numerous fermented foods [5, 6]. The significance of LAB extends beyond their traditional
role in food preservation to encompass probiotic properties, antimicrobial compound production, and potential
applications in biotechnology and pharmaceutical industries [7]. The traditional fermented condiments serve not only
as flavor enhancers but also as repositories of indigenous microbial diversity, harboring unique strains of LAB that have
adapted to specific environmental conditions and substrate compositions over centuries of traditional fermentation
practices [8]. The molecular characterization of LAB has revolutionized our understanding of their taxonomy,
phylogenetic relationships, and functional diversity. Traditional phenotypic identification methods, while useful, often
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lack the precision required for accurate species-level identification and strain differentiation [9,10]. Modern molecular
techniques, including 16S rRNA gene sequencing, multi-locus sequence typing (MLST), and whole-genome sequencing,
have provided powerful tools for the precise identification and characterization of LAB isolates. The 16S rRNA gene
sequencing approach has become the gold standard for bacterial identification due to its universal presence, functional
constancy, and appropriate sequence variation for phylogenetic analysis. Additionally, molecular fingerprinting
techniques such as Random Amplified Polymorphic DNA (RAPD), Amplified Fragment Length Polymorphism (AFLP),
and Restriction Fragment Length Polymorphism (RFLP) provide valuable tools for strain-level differentiation and
population structure analysis [11].

The study of LAB diversity in fermented food condiments is particularly relevant in the context of increasing consumer
demand for natural, functional foods and the growing interest in traditional fermentation practices. Many traditional
fermented condiments are produced through spontaneous fermentation processes that rely on indigenous microbial
populations, making them valuable sources of novel LAB strains with unique properties. The characterization of these
strains not only contributes to scientific knowledge but also supports the preservation of traditional food culture and
potentially leads to the development of improved fermentation processes. Despite the significant progress in LAB
research, many fermented food condiments remain underexplored in terms of their microbial composition and
diversity. The isolation and molecular characterization of LAB from these products represent an important step toward
understanding the complex microbial ecology of fermented foods and unlocking their potential for various
biotechnological applications [12, 13]. Lactic acid bacteria are a major group of commensal bacteria, with certain strains
exhibiting probiotic properties, particularly Lactobacilli, which are commonly found in fermented foods [14]. Many LAB
strains isolated from fermented foods have been demonstrated to be beneficial to humans and have potential as
probiotics [15]. The identification and classification of LAB populations have traditionally relied on phenotypic,
biochemical, and physiological tests. However, these methods have limitations, such as the complexity of procedures,
varying nutritional and growth needs of LAB, and lower discriminatory power [16]. The emergence of molecular tools
has addressed these limitations, enabling the accurate identification of LAB strains using PCR amplification, DNA
sequencing, and other genotypic methods [17]. There is an increased interest in probiotics, in face of their recorded safe
use and recognized effects on human health [2]. Probiotics are live microorganisms when administered in adequate
quantities; improve the health of the host [3].

Lactic acid bacteria (LAB) can be considered among the useful microbes present in fermented food condiments [18].
They are rod- or cocci-shaped, non-sporulating, Gram-positive bacteria with very high pH tolerance, carrying out
essentially the fermentation of carbohydrates to yield lactic acid as the principal end product [5]. Proteins and lipids
are also biodegraded by these bacteria. Lactic acid bacteria also produce alcohols, esters, aldehydes, and some flavoring
compounds such as sulfur compounds during the fermentation of various foods [16]. Lactic acid bacteria comprise over
61 genera, among which Lactococcus, Lactobacillus, Leuconostoc, Streptococcus, and Pediococcus are major inhabitants
of fermented foods [18]. Recently, Leuconostocaceae and Lactobacillaceae were merged into the family Lactobacillaceae,
while the genus Lactobacillus was divided into 25 genera [19, 18]. Beneficial and edible lactic acid bacteria are classified
as probiotics [20], though they do not exclusively represent this category. Nevertheless, LAB constitutes the
predominant group within probiotic microorganisms and provides significant health benefits to humans. This study
aimed to isolate and molecularly characterize lactic acid bacteria from four traditional Nigerian fermented condiments.

2. Materials and Methods

2.1. Sample Collections and preparation

The fermented food condiments were collected from Sabo Market (8° 8' 31.7940" N and 4° 14' 42.6696" E) in
Ogbomosho, Oyo State. The samples included fermented unsoften locust beans (iru woro), fermented soften locust beans
(Iru pete), fermented African oil bean seeds (Ugba), and fermented melon seeds (Citrullus colocynthis) used to produce
Ogiri. All samples were collected in sterile polythene bags and transported to the laboratory in ice packs to preserve
microbial integrity. One gram of each sample was aseptically transferred to 9 mL of sterile peptone water, gently shaken,
and allowed to homogenize for 30 minutes. Ten-fold serial dilutions were prepared from the sample homogenate and
streaked onto duplicate sterile petri dishes containing MRS (De Man, Rogosa and Sharpe) agar. The inoculated plates
were incubated anaerobically at 30 °C for 2-3 days in an anaerobic incubator. After 72 hours of incubation, the plates
were examined for visible colonies, which were subsequently sub-cultured to obtain pure cultures. Fresh MRS medium
was prepared and sterilized at 121 °C for 15 minutes, allowed to cool, and then aseptically poured into sterilized petri
dishes. The bacterial isolates were sub-cultured onto fresh plates using the streaking method to obtain pure, distinct
colonies. The plates were incubated at 37 °C for an additional 72 hours and examined for pure and distinct colony
formation.
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2.2. Molecular Characterization of the Isolates

Fresh cultures of the bacterial isolates were subjected to DNA extraction using the EZ-10 Spin Column Bacterial Genomic
DNA Miniprep Kit (Bio Basic, Markham, Canada). The integrity and concentration of the extracted DNA were determined
through optical density measurements using a NanoDrop spectrophotometer (Thermo Fisher Scientific, Waltham, USA)
[21].

2.3. Amplification and Sequencing of 16S rRNA Gene Using PCR

The 16S rRNA genes were amplified using Polymerase Chain Reaction (PCR) using bacterial universal primers (27F-
AGAGTTTGATCCTGGCTCAG and 1492R- GGTTACCTTGTTACGACTT). The PCR reaction was conducted in a Techne PTC-
100 Thermal Cycler, involving denaturation, 30 cycles of amplification, and extension. The PCR products were separated
by electrophoresis on a 1% agarose TAE gel and visualized by UV transillumination. The amplicons were purified,
sequenced for the 16S gene, and BLAST searched for similar sequences in the NCBI database. A phylogenetic tree was
plotted to understand evolutionary relationships among organisms [17].

3. Results and Discussion

3.1. Isolation and Molecular Identification of the Isolates

The total Lactobacillus counts from fermented unsoften locust beans (iru woro), fermented soften locust beans (iru
pete), fermented African oil bean seeds (ugba), and fermented melon seeds (Citrullus colocynthis) used to produce ogiri
samples used in the study (Figure 1) are shown in Table 1, it was observed that the highest colony count was observed
in fermented unsoften locust beans (iru woro) with 1.9 x 10 CFU/g, while ugba exhibited the lowest colony count of
1.0 x 10° CFU/g. In this study, the highest colony count was observed in fermented unsoften locust beans (iru woro)
with a colony-forming unit of 1.9 x 10° CFU/g, while ugba had the lowest colony count of 1.0 x 10® CFU/g. It was also
reported that the highest colony count of 2.0 x 10* CFU/g was gotten in ogiri; Olanbiwoninu and Odunfa [22] also
reported colony counts of 1.5 x 10° and 2.0 x 10° CFU/g in iru and ogiri-egusi, thus aligning closely with the current
study's range.

Fermented soften Fermented Fermented unsoften
locust beans (Zru African Oil locust beans (Iru Fermented melon

pete) Bean seeds woro) seed (Ogiri)

Figure 1 Some of the fermented food condiments used in the study

Table 1 The microbial load of the samples

Samples | Total Lactic Acid Bacteria Count (CFU/g)
IW | 1.9x 106
IR | 1.6x106
UG | 1.0x10¢
0G | 1.2x 106

Key: IR: Iru pete, UG: Ugba, OG: Ogiri, IW: Iru Woro. CFU/g: colony forming unit per gram.
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After PCR, the amplified gene on 1.5% agarose gel shows distinct single DNA band with molecular weight of 1500bps
which correspond to the expected amplicon size is presented in Figure 2. The isolates were identified using targeted
unique sequences (1500 bps length) that were aligned using Bio Edit sequence alignment editor version 7.2.5.0. The
16S rRNA gene sequences obtained demonstrated 99%-100% similarity to reference sequences in the NCBI database
following BLAST analysis. The isolates were identified as L. acidophilus IR1, L. delbrueckii UG1, Lactobacillus johnsonii
0G1, Lactococcus garvieae 0G2, and Lactococcus lactis IW1, were deposited in the NCBI GenBank database and assigned
accession numbers PQ758599, PQ758600, PQ555637, PQ555638, and PQ555639, respectively (Table 2). Olanbiwoninu
and Odunfa [22] also reported the isolation and molecular characterization of Lactobacillus plantarum, Lactobacillus
acidophilus, Lactococcus lactis, Leuconostoc mesenteroides, and Pediococcus cellicola from fermented condiments. Yudha
et al. [23] also reported the isolation and molecular characterization of L. brevis and L. lactis from Budu. Oladipo et al.
[5] also emphasized the significant role and abundance of Lactobacillus species in fermented foods and condiments.

500 Bp

Lane A - E: IR1, UG1, 0G1, 0G2, IW1; L = Molecular ladder (500 bp)
Figure 2 Amplified 16s rRNA gene of the LAB isolates

The phylogenetic relationship among the bacterial isolates is illustrated in Figure 3. The isolates predominantly cluster
within the Lactobacillaceae family, showing close evolutionary relationships with Lactobacillus acidophilus
(AB690249.1), Lactobacillus delbrueckii (AB690241.1), Lactobacillus johnsonii (LC071811.1), Lactococcus garvieae
(LC145570.1), and Lactococcus lactis (LC311737.1). The isolates derived from the fermented food condiments samples
formed a well-supported monophyletic clade that, while distinct, demonstrates close phylogenetic affinity to
established reference strains retrieved from the NCBI database. The phylogenetic analysis revealed high sequence
similarities between the isolates and reference strains. Isolate IR1 demonstrated 99% homology with Lactobacillus
acidophilus NBRC strain, while UG1 showed 99.6% homology with L. delbrueckii NBRC 13951 strain (Igbal et al, [24],
0G1 exhibited 99% homology with L. johnsonii R094 strain (Mulaw et al, [25]), 0G2 displayed 99% homology with
Lactococcus garvieae YIT 0080 strain and IW1 showed 99% homology with Lactococcus lactis DSM 13335 (Mulaw et al.,
[25]). Previous studies have emphasized the importance of fermented food condiments as valuable sources for the
continuous isolation of lactic acid bacteria, attributed to their ability to produce exceptionally high levels of lactic acid
and maintain viability under highly acidic conditions [26]. These microorganisms have been documented to exist
extensively across diverse habitats, including plants, dairy environments, and a wide range of commercially important
fermented products globally, as reported by David et al. [26]. Huligere et al. [27] noted that Lactobacillus species
represent one of the most predominant LAB groups with high occurrence rates when isolated from dairy and plant
sources through fermentation processes.
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Table 2 Molecular Identity and Accession Numbers of the Isolates

Code | Sources Identity Accession
number
IR1 Fermented soften locust beans (iru pete) Lactobacillus acidophilus PQ758599
UG1 | Fermented African oil bean seeds (ugba) Lactobacillus delbrueckii PQ758600
0G 1 | Fermented melon seeds (Citrulus colocynthis) (ogiri) 1 Lactobacillus johnsonii PQ555637
0G 2 | Fermented melon seeds (Citrulus colocynthis) seeds (ogiri) 2 | Lactococcus garvieae PQ555638
IW1 | fermented unsoften locust beans (iru woro), Lactococcus lactis PQ555639

AB911464.1 Lactobacillus acidophilus
—( ] PQ758599.1
AB690249.1 Lactobacillus acidophilus
[ PQ758600.1
|_|ABQ1 1513.1 Lactobacillus delbrueckii
AB690241.1 Lactobacillus delbrueckii
| LC638740.1 Lactobacillus johnsonii
L{ LC071811.1 Lactobacillus johnsonii
PQ555637.1
| AB598994.1 Lactococcus garvieae
| PQ555638.1
LC145570.1 Lactococcus garvieae
AB118037.1 Lactococcus lactis
—(LCCM 1737.1 Lactococcus lactis
[ ] PQ555639.1

—_

0.02

Figure 3 Phylogenetic tree showing the evolutionary relationship between the LAB genes sequence detected (1000
bootstrap) and the gene sequence detected in the GenBank

4., Conclusion

In this study five different LAB strains from Nigerian traditional fermented food condiments were successfully isolated,
molecularly characterized and deposited in NCBI GenBank and accession numbers were assigned. The phylogenetic
analysis revealed evolutionary connections between the LAB gene sequences and those catalogued in GenBank,
demonstrating how this research integrates traditional understanding with modern molecular techniques. This study
primarily contributes to SDG 2 (zero hunger) and SDG 3 (good health and well-being). The isolates in the study are
crucial for food preservation and safety, enhancing nutritional value, and thus offering probiotic potentials, all of which
support food security and public health.
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