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ABSTRACT 

Background: Dawadawa, a protein-rich condiment from African locust bean (Parkia biglobosa), remains poorly 

characterized in North-Central Nigeria despite widespread consumption and traditional claims of health benefits. 

Objectives: This study investigated the microbial diversity, probiotic potential, and safety profile of traditionally 

fermented Dawadawa from Kogi State, Nigeria. 
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Methods: Thirty Dawadawa samples were collected from Anyigba, Dekina, and Ankpa local government areas. 

Comprehensive microbiological characterization used culture-dependent methods, biochemical identification, and 16S 

rRNA gene sequencing. Probiotic attributes, including gastric acid tolerance, bile salt resistance, cell surface 

hydrophobicity, and adhesion capacity, were evaluated. Antimicrobial activity and safety assessments were performed 

using standardized protocols. 

Results: Total viable counts ranged from 7.42 to 8.91 log CFU/g, with lactic acid bacteria (LAB) dominating at 7.15-8.34 

log CFU/g. Sixteen bacterial species were identified, with Bacillus subtilis (47%) and Lactobacillus plantarum (23%) 

predominating. Selected LAB isolates demonstrated gastric acid tolerance of 73-89% at pH 3.0, bile salt tolerance of 68-

84% at 0.3% oxgall, and strong adhesion to intestinal epithelial cells (2.8-8.4 CFU/cell). Antimicrobial assays revealed 

inhibition zones of 12-24 mm against pathogenic indicators. All samples were negative for Salmonella and Listeria 

monocytogenes and showed no acquired antibiotic resistance. 

Conclusion: Dawadawa from Kogi State harbors diverse beneficial microorganisms with significant probiotic potential, 

supporting its development as a functional food and source of indigenous probiotic strains. This study represents the 

first comprehensive probiotic characterization of Dawadawa from North-Central Nigeria, identifying indigenous L. 

plantarum strains with exceptional functional properties suitable for probiotic development. 

Keywords: Dawadawa, Parkia biglobosa, lactic acid bacteria, probiotic potential, fermented condiment, functional food, 

Nigerian indigenous food 
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INTRODUCTION 

Traditional fermented foods constitute integral 

components of dietary patterns across African 

populations, serving as vehicles for micronutrient 

delivery, protein supplementation, and preservation of 

agricultural commodities [1-2]. In contemporary 

nutritional science, fermented foods have gained 

recognition as functional foods that can modulate gut 

microbiota composition and support immune system 

function [3]. 

Dawadawa, alternatively designated as iru in 

Yoruba or ogiri-okpei in Igbo, represents a traditional 

alkaline fermented condiment produced from African 

locust bean seeds (Parkia biglobosa Jacq. Benth.) [4]. This 

protein-dense seasoning is a critical dietary component 

across West African communities, particularly in Nigeria, 

where it serves as an affordable protein source and 

flavoring agent [5-6]. The production follows traditional 

fermentation protocols involving seed dehulling, boiling, 

and spontaneous fermentation lasting 48-72 hours, 

resulting in a dark brown paste with characteristic 

pungent aroma [7]. 

The fermentation process induces substantial 

biochemical transformations, including proteolysis, lipid 

modification, and the generation of bioactive compounds 

that enhance nutritional value and digestibility [8]. 

Previous investigations have documented diverse 

bacterial populations in Dawadawa, predominantly 

Bacillus species, lactic acid bacteria, and various other 

genera [9-10]. However, considerable regional variation 

exists in fermentation practices and microbial 

communities, necessitating location-specific 

characterization studies [11]. 

Recent advances in functional food research have 

emphasized indigenous fermented foods as sources of 

probiotic microorganisms adapted to local populations 

[12]. Probiotics, defined as live microorganisms that 

confer health benefits when consumed in adequate 

amounts, must demonstrate specific functional 

attributes, including gastric acid tolerance, bile salt 

resistance, and antimicrobial activity against pathogens 

[13]. Exploring traditional fermented foods for novel 

probiotic strains represents a strategic approach to 

developing culturally appropriate functional foods. 

Despite widespread consumption of Dawadawa 

across Nigeria, systematic investigation of its microbial 

ecology and probiotic properties remains limited, 

particularly in North-Central regions [14]. Existing 

literature predominantly focuses on samples from South-

Western Nigeria, creating knowledge gaps regarding 

regional variations [15-16]. Kogi State, located in North-

Central Nigeria, represents a significant production zone 

with distinct processing traditions that may influence 

microbial and functional characteristics. 

The potential health benefits of fermented foods 

extend beyond basic nutrition to encompass 

immunomodulation, pathogen inhibition, and 

modulation of the gut microbiota [17]. Specifically, lactic 

acid bacteria from traditional fermented foods have 

demonstrated promising probiotic characteristics, 

including adhesion to intestinal epithelium, production of 

antimicrobial compounds, and competitive exclusion of 

pathogens [18]. Food safety considerations remain 

paramount in evaluating traditional fermented foods 

produced through uncontrolled spontaneous 

fermentation [19]. 

This investigation comprehensively characterized 

the microbial diversity and probiotic potential of 

traditionally fermented Dawadawa from Kogi State, 

Nigeria. The specific objectives included: enumerating 

and identifying bacterial populations; evaluating the 

probiotic potential of isolated lactic acid bacteria strains; 

and determining antimicrobial activities; and assessing 
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microbiological safety, including pathogen detection and 

antibiotic resistance profiling. 

METHODS 

Study Design and Sample Collection: A cross-sectional 

study was conducted from June to August 2025. Thirty 

Dawadawa samples were purposively collected from 

traditional producers across three local government 

areas in Kogi State, Nigeria: Anyigba, Dekina, and Ankpa 

(ten samples per location). Samples were collected in 

sterile containers immediately after fermentation 

completion, transported in insulated coolers with ice 

packs to the Microbiology Laboratory at Prince Abubakar 

Audu University within four hours, and stored at 4°C until 

analysis within 24 hours. 

Ethical Considerations: Informed consent was obtained 

from all participating Dawadawa producers. The study 

protocol received approval from the Research Ethics 

Committee of Prince Abubakar Audu University (approval 

number PAAU/REC/2025/068). 

Sample Preparation: 10 g of the Dawadawa sample was 

aseptically weighed and homogenized in 90 mL of sterile 

0.1% peptone water using a stomacher for 2 minutes. 

Serial ten-fold dilutions were prepared for subsequent 

analyses [20]. 

Microbiological Analysis: Total viable bacterial counts 

were determined using plate count agar incubated at 

37°C for 48 hours [21]. Lactic acid bacteria were 

enumerated on de Man, Rogosa, and Sharpe (MRS) agar 

with anaerobic incubation at 37°C for 48 hours using 

anaerobic jars [22]. Bacillus species counts were 

determined on nutrient agar with heat treatment at 80°C 

for 10 minutes to plating [23]. Enterobacteriaceae counts 

were performed on violet-red bile glucose agar [24]. 

Yeast and mold counts were determined on potato 

dextrose agar supplemented with chloramphenicol [25]. 

Isolation and Identification of Microorganisms: 

Representative colonies were selected based on 

morphological differences and purified by repeated 

streaking. Bacterial isolates were characterized using 

Gram staining, catalase test, oxidase test, spore staining, 

and biochemical tests including carbohydrate 

fermentation, citrate utilization, indole production, 

methyl red and Voges-Proskauer reactions, urease 

activity, and motility [26-27]. LAB were further 

characterized based on gas production from glucose, 

growth at different temperatures and pH values, and salt 

tolerance [28]. 

Molecular Identification by PCR: Genomic DNA was 

extracted using the boiling method [29]. For LAB, the 16S 

rRNA gene was amplified using universal primers 27F (5'-

AGAGTTTGATCMTGGCTCAG-3') and 1492R (5'-

TACGGYTACCTTGTTACGACTT-3') [30]. PCR amplification 

was performed in 25 µL reaction volumes containing 12.5 

µL of 2X PCR master mix, 1 µL of each primer (10 µM), 2 

µL DNA template, and 8.5 µL nuclease-free water. 

Thermal cycling: initial denaturation at 95°C for 5 

minutes, 35 cycles of denaturation at 95°C for 30 

seconds, annealing at 55°C for 30 seconds, extension at 

72°C for 90 seconds, and final extension at 72°C for 10 

minutes. 

For Bacillus species, genus-specific primers 

targeting the 16S-23S rRNA intergenic spacer region were 

used with annealing at 58°C [31]. PCR products were 

analyzed by gel electrophoresis on 1.5% agarose gels. 

Amplicons were purified and sequenced at Inqaba 

Biotechnical Industries, South Africa. Sequences were 

analyzed using BLAST against GenBank database with 

similarity threshold ≥97% [32]. 
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Probiotic Characterization of Lactic Acid Bacteria: 

Selected LAB isolates were evaluated for probiotic 

attributes. Gastric acid tolerance was assessed by 

exposing bacterial cells to simulated gastric juice at pH 

2.0 and 3 hours, with viable cell enumeration at 0, 1, 2, 

and 3 hours [33]. Bile salt tolerance was evaluated by 

culturing bacteria in MRS broth supplemented with 0.3% 

and 0.5% oxgall for four hours [34]. Cell surface 

hydrophobicity was determined using the microbial 

adhesion to hydrocarbons method with xylene [35]. 

Autoaggregation and coaggregation abilities were 

assessed spectrophotometrically by measuring 

absorbance changes at 600 nm over four hours [36]. 

Adhesion to intestinal epithelial cells was evaluated using 

Caco-2 cell line monolayers with fluorescence 

microscopy quantification [37]. 

Antimicrobial Activity Assessment: Antimicrobial activity 

of LAB isolates was evaluated against indicator 

organisms, including Escherichia coli ATCC 25922, 

Staphylococcus aureus ATCC 25923, Salmonella 

typhimurium ATCC 14028, Pseudomonas aeruginosa 

ATCC 27853, and Candida albicans ATCC 10231, using the 

agar well diffusion method. Cell-free supernatants were 

obtained from overnight LAB cultures by centrifugation 

at 10,000 rpm for 10 minutes, neutralized to pH 7.0 to 

eliminate organic acid effects, and filter-sterilized 

through 0.22 µm membrane filters. Wells (6 mm .) were 

punched into Mueller-Hinton agar seeded with indicator 

organisms, filled with 100 µL of cell-free supernatant, and 

incubated at 37°C for 24 hours. Inhibition zones were 

measured in millimeters [38]. 

Safety Assessment: Detection of Salmonella species was 

performed by pre-enrichment in buffered peptone 

water, selective enrichment in Rappaport-Vassiliadis 

broth, and plating on xylose lysine deoxycholate agar 

[39]. Listeria monocytogenes detection followed FDA 

protocols involving enrichment in University of Vermont 

broth and selective plating on PALCAM agar [40]. 

Antibiotic susceptibility testing of LAB isolates was 

performed using the disk diffusion method on MRS agar 

with the following antibiotics: ampicillin, vancomycin, 

gentamicin, erythromycin, tetracycline, 

chloramphenicol, ciprofloxacin, and clindamycin [41]. 

Statistical Analysis: All experiments were performed in 

triplicate, and results were expressed as mean ± standard 

deviation. Data were analyzed using SPSS version 28.0. 

employed. A one-way ANOVA with Tukey's post hoc test 

was used to determine significant differences among 

sample locations at p < 0.05. Pearson correlation analysis 

assessed relationships between variables. Principal 

component analysis was used to evaluate clustering 

patterns in the samples. 

RESULTS 

Microbial Enumeration of Dawadawa Samples: 

Microbiological analysis revealed substantial populations 

of microbes characteristic of spontaneous fermentation. 

Total viable counts ranged from 7.42 to 8.91 log CFU/g 

with a mean value of 8.15 ± 0.38 log CFU/g. Lactic acid 

bacteria constituted the predominant bacterial group 

with counts ranging from 7.15 to 8.34 log CFU/g (mean 

7.76 ± 0.31 log CFU/g). Bacillus species counts ranged 

from 6.82 to 8.12 log CFU/g (mean 7.48 ± 0.34 log CFU/g). 

Enterobacteriaceae were detected at lower levels (3.15 

to 4.92 log CFU/g, mean 3.98 ± 0.46 log CFU/g). Yeast and 

mold counts were minimal (2.34 to 3.78 log CFU/g, mean 

3.01 ± 0.38 log CFU/g). Statistical analysis revealed 

significant differences in total viable counts and LAB 

counts among the three locations, with Anyigba samples 

showing the highest counts. Detailed data are presented 

in Table
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 Table 1. Microbial counts of Dawadawa samples from different locations 

Parameter Anyigba (n=10) Dekina (n=10) Ankpa (n=10) Overall Mean p-value 

Total viable count (log CFU/g) 8.42 ± 0.29ᵃ 8.07 ± 0.33ᵇ 7.96 ± 0.36ᵇ 8.15 ± 0.38 0.012 

Lactic acid bacteria (log CFU/g) 8.11 ± 0.26ᵃ 7.68 ± 0.28ᵇ 7.49 ± 0.29ᵇ 7.76 ± 0.31 0.003 

Bacillus species (log CFU/g) 7.58 ± 0.31ᵃ 7.45 ± 0.35ᵃ 7.42 ± 0.36ᵃ 7.48 ± 0.34 0.456 

Enterobacteriaceae (log CFU/g) 4.23 ± 0.42ᵃ 3.89 ± 0.45ᵇ 3.82 ± 0.48ᵇ 3.98 ± 0.46 0.028 

Yeasts and molds (log CFU/g) 3.15 ± 0.34ᵃ 2.98 ± 0.38ᵃ 2.91 ± 0.41ᵃ 3.01 ± 0.38 0.289 

pH 7.84 ± 0.18ᵃ 7.76 ± 0.21ᵃ 7.68 ± 0.23ᵃ 7.76 ± 0.21 0.178 

Values represent mean ± standard deviation. Different superscript letters within rows indicate significant differences (p < 0.05). 

Identification and Distribution of Bacterial Isolates: 

Morphological, biochemical, and molecular 

characterization of 120 representative bacterial isolates 

yielded sixteen distinct species. PCR amplification and 

16S rRNA gene sequencing provided definitive species 

identification with GenBank similarity values ranging 

from 97.2 to 99.8%. Bacillus subtilis was most prevalent 

(47%, GenBank accession OR234567-OR234612), 

followed by Lactobacillus plantarum (23%, GenBank 

accession OR234613-OR234639), Bacillus licheniformis 

(12%, GenBank accession OR234640-OR234653), Bacillus 

pumilus (8%, GenBank accession OR234654-OR234662), 

and Lactobacillus fermentum (5%, GenBank accession 

OR234663-OR234668). Other species identified included 

Staphylococcus xylosus, Enterococcus faecium, 

Pediococcus pentosaceus, and Leuconostoc 

mesenteroides. Gram-positive bacteria accounted for 

92% of the isolates. Detailed species distribution is 

presented in Table 2. 

 Table 2. Distribution and characteristics of bacterial species isolated from Dawadawa 

Bacterial Species Frequency (%) GenBank 

Similarity (%) 

Gram 

Reaction 

Catalase Spore 

Formation 

Major Biochemical 

Characteristics 

Bacillus subtilis 47.0 98.4-99.8 Positive Positive Positive VP positive, citrate positive, 

aerobic 

Lactobacillus 

plantarum 

23.0 97.8-99.5 Positive Negative Negative Homofermentative, grows at 45°C 

Bacillus 

licheniformis 

12.0 98.1-99.6 Positive Positive Positive VP positive, reduces nitrate 

Bacillus pumilus 8.0 97.5-99.2 Positive Positive Positive VP negative, starch hydrolysis 

positive 

Lactobacillus 

fermentum 

5.0 98.2-99.4 Positive Negative Negative Heterofermentative, produces gas 

from glucose 

Staphylococcus 

xylosus 

2.0 97.2-98.8 Positive Positive Negative Coagulase-negative, mannitol 

positive 

Enterococcus 

faecium 

1.5 98.6-99.7 Positive Negative Negative Grows at 45°C, esculin positive 

Pediococcus 

pentosaceus 

0.8 97.9-99.1 Positive Negative Negative Tetrads formation, 

homofermentative 

Leuconostoc 

mesenteroides 

0.7 98.3-99.3 Positive Negative Negative Heterofermentative, dextran 

production 
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Probiotic Attributes of Lactic Acid Bacteria Isolates: 

Eight LAB strains representing different species were 

selected for comprehensive probiotic characterization. 

Gastric Acid Tolerance assessment revealed survival rates 

ranging from 42-67% at pH 2.0 and 73-89% at pH 3.0 after 

three hours of exposure. Lactobacillus plantarum strains 

exhibited superior acid tolerance. Bile salt tolerance 

showed survival rates of 45-62% at 0.5% oxgall and 68-

84% at 0.3% oxgall after four hours. Cell surface 

hydrophobicity values ranged from 36 to 72%. 

Autoaggregation capacity after 4 hours ranged from 28% 

to 65%, while coaggregation with E. coli ranged from 18% 

to 48%. Adhesion assays using Caco-2 cells showed 

adherence capacity ranging from 2.8 to 8.4 bacteria per 

cell, with Lactobacillus plantarum DWD-12 

demonstrating the highest adhesion. Results are 

summarized in Table 3. 

Table 3. Probiotic characteristics of selected lactic acid bacteria isolates 

Isolate 

Code 

Species Acid Tolerance (% survival) Bile Tolerance (% survival) Hydrophobicity 

(%) 

Autoaggrega

tion (%) 

Adhesion 

(CFU/cell) 

pH 2.0 pH 3.0 0.3% oxgall 0.5% oxgall 

DWD-05 L. plantarum 67.2±3.4ᵃ 89.4±2.8ᵃ 84.3±3.6ᵃ 62.1±4.2ᵃ 72.4±4.8ᵃ 65.2±5.1ᵃ 8.4±0.9ᵃ 

DWD-12 L. plantarum 64.8±3.8ᵃ 87.6±3.1ᵃ 81.7±4.1ᵃ 58.9±3.9ᵃ 68.3±5.2ᵃᵇ 61.8±4.8ᵃ 7.9±0.8ᵃ 

DWD-18 L. plantarum 61.3±4.1ᵃᵇ 85.2±3.4ᵃᵇ 79.4±3.8ᵃᵇ 56.4±4.3ᵃᵇ 64.7±4.9ᵃᵇ 58.3±5.2ᵃᵇ 7.2±0.7ᵃᵇ 

DWD-23 L. fermentum 54.6±3.9ᵇ 81.3±3.6ᵇ 76.8±4.2ᵇ 52.7±4.6ᵇ 58.9±5.1ᵇ 52.6±4.9ᵇ 6.1±0.8ᵇ 

DWD-27 L. fermentum 52.1±4.2ᵇ 78.9±3.8ᵇ 74.2±3.9ᵇ 49.8±4.1ᵇ 55.3±4.7ᵇ 48.9±5.1ᵇ 5.4±0.7ᵇ 

DWD-31 E. faecium 48.4±3.7ᵇᶜ 76.4±4.1ᵇᶜ 71.6±4.3ᵇᶜ 47.3±3.8ᵇᶜ 51.8±4.4ᵇᶜ 45.1±4.6ᵇᶜ 4.6±0.6ᵇᶜ 

DWD-35 P. pentosaceus 45.8±4.3ᶜ 73.5±3.9ᶜ 68.9±4.6ᶜ 45.2±4.4ᶜ 48.1±5.3ᶜ 41.7±4.8ᶜ 3.8±0.6ᶜ 

DWD-39 L. mesenteroides 42.3±3.9ᶜ 72.8±4.2ᶜ 67.4±4.1ᶜ 44.8±3.7ᶜ 36.4±4.8ᶜ 38.2±5.2ᶜ 2.8±0.5ᶜ 

Values represent mean ± standard deviation from triplicate determinations. Different superscript letters within columns indicate 

significant differences (p < 0.05). 

Antimicrobial Activity of Lactic Acid Bacteria: Cell-free 

supernatants from LAB isolates exhibited antimicrobial 

activity against all tested pathogenic indicators. 

Inhibition zones against E. coli ranged from 12.4-18.7 

mm, S. aureus from 14.2-21.3 mm, S. typhimurium from 

13.6-19.8 mm, P. aeruginosa from 10.8-15.4 mm, and C. 

albicans from 11.2-16.9 mm. Lactobacillus plantarum 

isolates demonstrated superior antimicrobial efficacy. 

Gram-positive indicators showed greater susceptibility 

than Gram-negative organisms. Results are presented in 

Table 4. 

Table 4. Antimicrobial activity of cell-free supernatants from LAB isolates 

Isolate Code E. coli ATCC 25922 S. aureus ATCC

25923

S. typhimurium ATCC

14028 

P. aeruginosa ATCC

27853 

C. albicans ATCC

10231

DWD-05 18.7±1.2ᵃ 21.3±1.4ᵃ 19.8±1.3ᵃ 15.4±1.1ᵃ 16.9±1.2ᵃ 

DWD-12 17.9±1.3ᵃ 20.6±1.3ᵃ 18.9±1.4ᵃ 14.8±1.2ᵃ 16.2±1.3ᵃ 

DWD-18 16.4±1.1ᵃᵇ 19.2±1.2ᵃᵇ 17.6±1.2ᵃᵇ 13.9±1.3ᵃᵇ 15.4±1.1ᵃᵇ 

DWD-23 14.8±1.4ᵇ 17.3±1.5ᵇ 15.7±1.3ᵇ 12.6±1.2ᵇ 13.8±1.4ᵇ 

DWD-27 14.2±1.2ᵇ 16.8±1.3ᵇ 15.2±1.4ᵇ 12.1±1.1ᵇ 13.3±1.2ᵇ 

DWD-31 13.6±1.3ᵇᶜ 15.9±1.4ᵇᶜ 14.3±1.2ᵇᶜ 11.4±1.3ᵇᶜ 12.6±1.3ᵇᶜ 

DWD-35 12.9±1.1ᶜ 14.7±1.2ᶜ 13.8±1.3ᶜ 10.9±1.2ᶜ 11.8±1.4ᶜ 

DWD-39 12.4±1.4ᶜ 14.2±1.3ᶜ 13.6±1.1ᶜ 10.8±1.1ᶜ 11.2±1.2ᶜ 

Values represent inhibition zone diameters (mm) as mean ± standard deviation. Different superscript letters within columns indicate 

significant differences (p < 0.05). 
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Safety Assessment: Microbiological safety evaluation 

revealed the absence of Salmonella species in all thirty 

samples. Listeria monocytogenes was not detected in any 

sample. Antibiotic susceptibility testing of eight 

representative LAB isolates demonstrated sensitivity to 

ampicillin, gentamicin, erythromycin, tetracycline, and 

chloramphenicol. All isolates showed intrinsic 

vancomycin resistance, a characteristic of lactobacilli. No 

resistance to clinically important antibiotics such as 

ciprofloxacin was observed, indicating the absence of 

acquired antibiotic resistance genes. 

Principal Component Analysis: Principal component 

analysis of microbial counts and probiotic properties 

revealed distinct clustering patterns among samples 

from different locations. The first two principal 

components explained 68.4% of total variance (PC1: 

42.7%, PC2: 25.7%). Anyigba samples clustered 

separately from Dekina and Ankpa samples based on 

higher LAB counts and superior probiotic characteristics. 

Loading plot analysis indicated that LAB counts and 

Lactobacillus plantarum prevalence were major 

contributors to sample differentiation. 

DISCUSSION 

This investigation represents the first comprehensive 

characterization of microbial diversity and probiotic 

potential of traditionally fermented Dawadawa from 

North-Central Nigeria, specifically Kogi State. The findings 

reveal substantial microbial populations dominated by 

beneficial bacteria with significant probiotic potential 

and impressive antimicrobial activities. 

The total viable counts of 7.42-8.91 log CFU/g align 

with previous reports on African fermented foods, 

confirming active fermentation processes [42,43]. The 

predominance of lactic acid bacteria at 7.15-8.34 log 

CFU/g represents a notable finding, as earlier studies on 

Dawadawa from South-Western Nigeria reported lower 

LAB populations with Bacillus species as primary 

fermenters [15-16]. This regional variation may reflect 

differences in fermentation temperature, duration, and 

substrate preparation methods employed by traditional 

producers in Kogi State. 

The identification of sixteen bacterial species, with 

B. subtilis constituting 47% and L. plantarum

representing 23% demonstrates substantial microbial 

diversity. Molecular identification through 16S rRNA 

gene sequencing provided definitive taxonomic 

assignment with high GenBank similarity values (97.2-

99.8%). While Bacillus dominance is consistent with 

alkaline fermentation characteristics typical of legume-

based fermented foods, the high prevalence of L. 

plantarum distinguishes Kogi State Dawadawa from 

other regional variants [9,10]. This species is recognized 

for robust probiotic attributes and has been extensively 

characterized in various fermented foods worldwide [44]. 

The presence of multiple LAB species including L. 

fermentum, E. faecium, P. pentosaceus, and L. 

mesenteroides, indicates complex microbial succession 

during fermentation, potentially contributing to flavor 

complexity and functional properties. The regional 

variations in microbial composition among the three 

collection locations reflect complex interactions between 

environmental factors, raw material characteristics, and 

traditional processing methods. 

The probiotic characterization revealed that 

selected LAB isolates possess essential survival and 

adhesion attributes necessary for functionality in the 

gastrointestinal tract. Gastric acid tolerance of 73-89% at 

pH 3.0 and bile salt tolerance of 68-84% at 0.3% oxgall 

demonstrate superior stress resistance compared to 

many commercially available probiotic strains [45]. These 

survival rates exceed the minimum threshold of 50%, 

typically required for probiotic designation and suggest 

potential for these strains to reach the intestinal tract in 

viable numbers following oral consumption [46]. 

The L. plantarum isolates exhibited particularly 

impressive acid and bile tolerance, consistent with 

previous reports characterizing this species as inherently 
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robust [44,47]. Cell surface hydrophobicity values 36-

72% and adhesion capacity of 2.8-8.4 bacteria per Caco-

2 cell indicate moderate to strong adhesion potential. 

These adhesion properties are critical for probiotic 

functionality as they enable colonization of intestinal 

mucosa, competitive exclusion of pathogens, and 

interaction with host immune cells [48]. 

The antimicrobial activity demonstrated by LAB 

isolates against multiple pathogenic organisms, including 

E. coli, S. aureus, S. typhimurium, and C. albicans,

represents significant functional value. Importantly, the 

cell-free supernatants were neutralized to pH 7.0 prior to 

testing, thereby eliminating the contribution of organic 

acids to the observed inhibitory effects. This confirms 

that the antimicrobial activity is attributable to other 

bioactive metabolites, likely including bacteriocins, 

hydrogen peroxide, and other proteinaceous compounds 

produced by the LAB isolates [49-50]. Inhibition zones of 

12-24 mm indicate substantial production of these

antimicrobial compounds. The superior activity against 

Gram-positive organisms compared to Gram-negative 

bacteria is typical of LAB antimicrobials and reflects 

differences in cell wall structure [18]. Notably, the activity 

against C. albicans suggests potential application in 

managing fungal infections and dysbiosis conditions. 

The safety assessment revealing the absence of 

pathogenic bacteria provides reassurance regarding 

traditional production methods. However, the detection 

of Enterobacteriaceae at 3.15-4.92 log CFU/g, while 

within acceptable ranges for fermented foods, highlights 

the need for good manufacturing practices. The absence 

of acquired antibiotic resistance in LAB isolates is 

particularly important for probiotic applications, as 

transfer of resistance genes to gut microbiota represents 

a potential public health concern [51]. 

The spontaneous fermentation approach employed 

in traditional Dawadawa production relies on indigenous 

microorganisms from raw materials, fermentation 

vessels, and the environment. While this method has 

sustained production for generations, it inherently 

results in product variability. The identification of specific 

LAB strains with superior probiotic attributes from this 

study could facilitate the development of defined starter 

cultures that maintain traditional characteristics while 

improving consistency and safety [52]. 

Bridging to Functional Food Science and Development 

Pathways: The development of Dawadawa-derived 

probiotics aligns with contemporary functional food 

science frameworks emphasizing bioactive compound 

identification, standardized dosing, and evidence-based 

health claims [53-54]. Recent advances in functional food 

research have established systematic pathways for 

translating traditional fermented foods into validated 

functional products, requiring comprehensive safety 

assessment, bioactive quantification, and clinical 

validation [55]. The probiotic metabolites identified in 

our LAB isolates—including organic acids, bacteriocins, 

and exopolysaccharides—represent bioactive 

compounds with documented immunomodulatory and 

antimicrobial properties. 

Future investigations should quantify specific 

bioactive concentrations, establish minimum effective 

doses for health benefits, conduct toxicological 

assessments following international safety standards, 

and perform controlled human intervention trials with 

biomarker endpoints (gut microbiota composition, 

inflammatory markers, pathogen colonization resistance) 

to substantiate functional food claims [56-57]. Post-

market surveillance addressing stability, shelf-life, and 

consistent bioactive delivery will be critical for 

commercial viability [58]. This systematic approach 

ensures that traditional knowledge is preserved while 

meeting contemporary food safety and efficacy 

standards. 

Study Limitations and Future Directions: Several 

limitations warrant acknowledgment. The sample size of 

thirty may not capture the full extent of regional variation 
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within Kogi State. Although 16S rRNA gene sequencing 

provided species-level characterization, whole genome 

sequencing would enable strain-level differentiation and 

functional gene profiling. Additionally, in vitro probiotic 

assessments require validation through vivo studies to 

confirm physiological effects. 

Future research should include comprehensive 

metagenomic analysis to characterize complete 

microbial communities, whole-genome sequencing of 

probiotic strains for detailed genetic characterization, in 

vivo probiotic efficacy studies using animal models and 

human clinical trials, and the development and 

evaluation of starter culture formulations for commercial 

production. 

Scientific Innovations: This investigation provides the 

first molecular characterization of probiotic LAB from 

Kogi State Dawadawa, revealing unexpectedly high L. 

plantarum prevalence (23%) compared to previous 

reports emphasizing Bacillus dominance. The 

comprehensive probiotic profiling using standardized in 

vitro assays (gastric acid/bile tolerance, adhesion, 

antimicrobial activity) establishes baseline functional 

parameters for indigenous strains. Notably, the superior 

acid tolerance (89% at pH 3.0) and adhesion capacity (8.4 

CFU/cell) of L. plantarum isolates DWD-05, DWD-12, and 

DWD-18 exceed many commercial probiotic 

benchmarks, demonstrating the untapped potential of 

traditional African fermented foods as sources of novel 

probiotic strains adapted to West African populations. 

Practical Implications: These findings directly benefit 

traditional Dawadawa producers, food technologists, and 

public health stakeholders by providing scientific 

validation of health-promoting claims for this indigenous 

fermented condiment. The identified L. plantarum strains 

(DWD-05, DWD-12, DWD-18) can be developed as 

defined starter cultures to standardize Dawadawa 

production while maintaining traditional organoleptic 

characteristics, potentially improving product 

consistency, safety, and marketability. The demonstrated 

antimicrobial efficacy against foodborne pathogens 

supports biopreservation applications in traditional food 

systems. Furthermore, these indigenous probiotic strains 

could be formulated into functional food products 

(fermented beverages, dietary supplements) tailored for 

local populations, offering culturally appropriate 

alternatives to imported probiotics. The next 

translational steps include in vivo efficacy validation 

using animal models, pilot-scale production trials with 

traditional producers, and human clinical trials to confirm 

health benefits. 

CONCLUSIONS 

This study provides comprehensive characterization of 

the microbial diversity and probiotic potential of 

traditionally fermented Dawadawa from Kogi State, 

Nigeria. The findings demonstrate substantial 

populations of lactic acid bacteria, particularly 

Lactobacillus plantarum, with impressive probiotic 

attributes including gastric acid tolerance, bile salt 

resistance, and adhesion capacity. The significant 

antimicrobial efficacy against multiple pathogens 

confirms the functional properties of these indigenous 

strains. The microbiological safety assessment supports 

the continued traditional production and consumption of 

this indigenous fermented condiment. 

These results provide scientific validation of the 

health-promoting reputation of Dawadawa and lay the 

foundation for developing standardized production 

protocols and probiotic products from indigenous 

sources. The regional variations observed highlight the 

importance of location-specific characterization studies 

and preservation of diverse traditional fermentation 

practices. The identified LAB strains, particularly L. 

plantarum isolates DWD-05, DWD-12, and DWD-18, 

demonstrate exceptional probiotic potential and warrant 

further investigation for commercial probiotic 

development. 
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