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ABSTRACT 
Smoked fish is a widely consumed ready-to-eat (RTE) food in Bayelsa State, Nigeria, yet open-air 

vending conditions, artisanal smoking methods, and limited post-processing controls create persistent 

pathways for microbial contamination. This study investigated the microbial quality of smoked bonga fish 

(Ethmalosa fimbriata) sampled from three markets Swali, Opolo, and Tombia in Yenagoa, Bayelsa State. 

Total heterotrophic bacterial counts (THBC), coliform counts on MacConkey agar, and fungal counts on 

Potato Dextrose Agar were determined using the spread-plate method. Bacterial isolates were 

characterized by Gram staining and a panel of biochemical tests. THBC ranged from 8.90 × 105 to 1.53 × 

106 CFU/g; coliform counts from 5.03 × 105 to 1.14 × 106 CFU/g; and fungal counts from 5.10 × 105 to 

7.70 × 105 CFU/g. Bacterial isolates identified included Bacillus subtilis, Bacillus cereus, Staphylococcus 

aureus, Listeria monocytogenes, Escherichia coli, and Vibrio cholerae. Fungal species comprised 

Aspergillus flavus, Aspergillus niger, Penicillium spp., Rhizopus stolonifer, and Candida albicans. The 

microbial loads recorded exceed international RTE food safety benchmarks, and the detection of multiple 

foodborne pathogens indicates significant public health risk. These findings underscore the inadequacy of 

smoking alone as a microbial control step and highlight the urgent need for improved hygiene practices, 

vendor education, and regulatory monitoring across the smoked fish value chain in Bayelsa State. 

Keywords: smoked fish, microbial quality, foodborne pathogens, Bayelsa State, ready-to-eat food, food 

safety 

 

1. INTRODUCTION 
Fish is the primary source of animal protein for millions of people in coastal and riverine Nigeria, where 

it contributes approximately 40% of total animal protein intake and features in the diet of over 70–80% of 

households (Adeyemi et al., 2024; Saba et al., 2024). In Bayelsa State and the wider Niger Delta, the 

dependence on fish is amplified by abundant aquatic resources, a tradition of artisanal fisheries, and 

limited affordable alternatives. Smoked fish, in particular, occupies a central place in this food system: it 
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is the dominant preserved form sold in local markets, valued for its extended shelf life, portability, and 

ready-to-eat convenience without refrigeration (PIND Foundation, 2020). 

Hot smoking combines heat, dehydration, and the antimicrobial action of phenols and aldehydes in smoke 

to reduce microbial loads and extend shelf life (FAO, 2025). However, the protection it confers is neither 

absolute nor permanent. Traditional open-fire kilns, which predominate in the Niger Delta, deliver uneven 

temperatures, allowing heat-resistant spore-forming bacteria to survive. More critically, the period 

between smoking and consumption involving cooling, transport, display, and handling create multiple 

opportunities for recontamination. Open-air market display under humid tropical conditions, contact with 

unwashed hands and non-sterile surfaces, and absence of packaging collectively undermine whatever 

microbial reduction smoking achieved (Omeje et al., 2024; Amachree et al., 2025). 

Studies from across the South-South and Niger Delta regions document high microbial loads in marketed 

smoked fish. Investigations in Yenagoa found total viable counts reaching 3.5 × 106 CFU/g in some 

samples, alongside coliform prevalence of 26.7% and the presence of foodborne pathogens including 

Bacillus cereus, Staphylococcus aureus, and Escherichia coli (Teke et al., 2022; Omeje et al., 2024). 

Ariyo and Obire (2021) similarly isolated diverse bacterial and fungal flora from smoked catfish in 

Bayelsa and Rivers States, linking contamination to processing and market hygiene deficits. Despite this 

body of evidence, systematic microbiological data on smoked fish specifically from Bayelsa's major 

markets across bacterial, coliform, and fungal dimensions remain limited. 

This study aimed to assess the microbial quality of smoked bonga fish (Ethmalosa fimbriata) sold in three 

major markets in Yenagoa: to enumerate total heterotrophic bacteria, coliform bacteria, and fungi; to 

identify predominant bacterial and fungal isolates; and to evaluate the public health implications of the 

findings for consumers, vendors, and regulatory authorities in Bayelsa State. 

 

2. MATERIALS AND METHODS 

2.1 Study Area and Sample Collection 
Smoked bonga fish (Ethmalosa fimbriata) samples were purchased from vendor stalls at three markets in 

Yenagoa, Bayelsa State: Swali market (Sample A), Opolo market (Sample B), and Tombia market 

(Sample C). Three independent replicate samples were collected from each market location, each 

representing a different vendor stall. Samples were placed in clean sterile polythene bags, labelled, and 

transported immediately to the microbiology laboratory at Niger Delta University for analysis. All 

analyses were conducted within 24 hours of sample collection. 

2.2 Sterilization and Media Preparation 
All glassware, Petri dishes, and media were sterilized by autoclaving at 121°C for 15 minutes. Work 

surfaces were disinfected with 70% ethanol before and after each session. The following media were 

prepared according to manufacturers' instructions: Nutrient Agar (NA, 28 g/L) for THBC; MacConkey 

Agar (55 g/L) for coliform enumeration; Potato Dextrose Agar (PDA, 39 g/L) for fungal counts; and 

Simmons Citrate Agar, Triple Sugar Iron (TSI) Agar, MIU Medium, Tryptophan Peptone Water, and 

Mannitol Salt Agar for biochemical characterization. All media were autoclaved and allowed to cool to 

approximately 45–50°C before pouring. 

2.3 Serial Dilution and Enumeration 
Ten grams of each smoked fish sample was homogenized in 90 mL sterile physiological saline (0.85% 

NaCl) to produce a 10−1 stock dilution. Seven-fold serial dilutions (to 10−7) were prepared. The 10−4 

dilution was used for all plate inoculations. For THBC, 0.1 mL aliquots were spread onto NA plates and 

incubated at 37°C for 24–48 hours. Coliform counts were determined on MacConkey agar at 37°C for 

24–48 hours. Fungal counts were determined on PDA (supplemented with 0.1 mg/mL chloramphenicol to 

suppress bacteria) and incubated at 28°C for 3–5 days. All counts were performed in triplicate and 

expressed as CFU/g. 

2.4 Isolation and Sub-culturing 
Morphologically distinct colonies were selected from primary plates and sub-cultured onto fresh NA 

plates by the streaking method. Incubation at 37°C for 24 hours yielded pure bacterial cultures. Fungal 
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isolates were sub-cultured onto Sabouraud Dextrose Agar (SDA) and incubated at 28°C for 3–5 days. 

Pure cultures were stored at 4°C pending characterization. 

2.5 Gram Staining 
Bacterial isolates were characterized by the standard four-step Gram staining procedure. Heat-fixed 

smears were flooded with crystal violet (1 min), mordanted with Lugol's iodine (1 min), decolorized with 

95% ethanol (10 s), and counterstained with safranin (2 min). Smears were air-dried and examined under 

oil-immersion light microscopy (×1000) for Gram reaction and cell morphology. 

2.6 Biochemical Characterization of Bacterial Isolates 
Isolates were subjected to a panel of biochemical tests for presumptive genus and species identification: 

catalase (3% H2O2 bubble production); coagulase (slide plasma agglutination); oxidase (filter-paper 

reagent method); citrate utilization (Simmons citrate agar, 37°C, 24 h); indole production (tryptophan 

peptone water, Kovac's reagent, 37°C, 48 h); urease (MIU medium, 37°C, 24 h); motility (MIU medium 

stab, 37°C, 24 h); and sugar fermentation with gas and H2S production (TSI agar slant-and-stab, 37°C, 24 

h). Identification was based on Cheesbrough (2004) and Bergey's Manual of Determinative Bacteriology 

(Bergey, 1994). 

2.7 Fungal Identification 
Fungal isolates were identified based on colony morphology on SDA (color, texture, growth rate, reverse 

pigmentation) and microscopic features observed after lactophenol cotton blue wet mount preparation 

(conidiophore structure, spore arrangement, and hyphal morphology). Identification keys and descriptions 

from standard mycological references were used. 

 

3. RESULTS 

3.1 Total Heterotrophic Bacterial Counts 
THBC was detected across all three market samples (Table 1). Sample A (Swali market) recorded the 

highest count at 1.53 × 106 CFU/g, followed by Sample B (Opolo market) at 1.07 × 106 CFU/g, and 

Sample C (Tombia market) at 8.90 × 105 CFU/g. All three counts exceeded the international threshold of 

105 CFU/g commonly cited for ready-to-eat foods (ICMSF). 

Table 1. Total heterotrophic bacterial counts (THBC) in smoked fish samples from three Yenagoa 

markets (spread-plate on nutrient agar, 37°C, 24–48 h). 

Sample Rep 1 Rep 2 Rep 3 Mean CFU/g 

A 140 163 157 153.3 1.53 × 10⁶ 

B 99 120 103 107.3 1.07 × 10⁶ 

C 77 110 80 89.0 8.90 × 10⁵ 

CFU = colony-forming units. Sample A = Swali market; Sample B = Opolo market; Sample C = Tombia market. 

3.2 Coliform Counts on MacConkey Agar 
Coliform bacteria were recovered from all samples (Table 2). Sample A had the highest coliform count at 

1.14 × 106 CFU/g, Sample B at 6.80 × 105 CFU/g, and Sample C the lowest at 5.03 × 105 CFU/g. The 

high coliform loads across all sites indicate fecal contamination and compromised sanitary conditions 

during processing or vending. 

Table 2. Coliform counts in smoked fish samples from three Yenagoa markets (spread-plate on 

MacConkey agar, 37°C, 24–48 h). 

Sample Rep 1 Rep 2 Rep 3 Mean CFU/g 

A 138 91 112 114.0 1.14 × 10⁶ 

B 70 83 50 68.0 6.80 × 10⁵ 

C 51 45 55 50.3 5.03 × 10⁵ 

Coliform counts serve as indicators of fecal contamination and general sanitary quality. 
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3.3 Fungal Counts on Potato Dextrose Agar 
Fungi were isolated from all three samples (Table 3). Unlike the bacterial trend, Sample C (Tombia 

market) recorded the highest fungal load at 7.70 × 105 CFU/g, followed by Sample A (6.10 × 105 CFU/g) 

and Sample B (5.10 × 105 CFU/g). The inversion of the bacterial trend in fungal counts suggests site-

specific differences in ambient humidity, display conditions, or storage duration. 

Table 3. Fungal counts in smoked fish samples from three Yenagoa markets (spread-plate on 

Potato Dextrose Agar, 28°C, 3–5 days). 

Sample Rep 1 Rep 2 Rep 3 Mean CFU/g 

A 6 5 7 6.1 6.10 × 10⁵ 

B 4 6 5 5.1 5.10 × 10⁵ 

C 7 8 8 7.7 7.70 × 10⁵ 

Chloramphenicol (0.1 mg/mL) was added to PDA to suppress bacterial growth. 

 

3.4 Biochemical Characterization and Presumptive Identification of Bacterial Isolates 
Seven distinct bacterial phenotypes were characterized across all samples (Table 4). Gram-positive rods 

included Bacillus subtilis (motile, oxidase-positive, urease-positive, gas-negative), Bacillus cereus 

(motile, oxidase-positive, H2S- and gas-positive), a further Bacillus spp., and Listeria monocytogenes 

(citrate-positive, catalase-negative). Gram-positive cocci identified as Staphylococcus aureus were motile, 

coagulase-positive, and fermented both glucose and lactose with gas and H2S production. Gram-negative 

rods identified as Escherichia coli were indole- and gas-positive. Vibrio cholerae (Gram-negative, citrate- 

and oxidase-positive, indole-positive) was also recovered. 

Table 4. Biochemical characterization and presumptive identification of bacterial isolates from 

smoked fish. 
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3.5 Fungal Isolates 
Five fungal species were identified from the smoked fish samples based on colony morphology and 

microscopic examination (Table 5): Aspergillus flavus, Aspergillus niger, Penicillium spp., Rhizopus 

stolonifer, and Candida albicans. Aspergillus species were the most prevalent across samples, with 

characteristic conidiophore and vesicle structures confirmed microscopically. 

 

Table 5. Morphological and microscopic characteristics of fungal isolates from smoked fish 

samples. 

Fungal Species Colony Morphology Microscopic Characteristics 

Aspergillus flavus Yellow-green colonies with white edges; 

granular texture. 

Rough conidiophores with vesicles 

bearing phialides and chains of round 

conidia. 

Aspergillus niger Black granular colonies; white margin at 

early growth. 

Long conidiophores ending in globose 

vesicles covered with phialides and 

chains of black conidia. 

Penicillium spp. Blue-green powdery colonies. Brush-like conidiophores with phialides 

in chains bearing round conidia. 

Rhizopus stolonifer Fast-growing white colonies turning 

grey-black; cottony texture. 

Non-septate hyphae; sporangiophores 

with sporangia containing 

sporangiospores. 

Candida albicans Creamy, smooth, yeast-like colonies. Oval budding yeast cells; pseudohyphae 

and germ tubes present. 

Identification based on colony morphology on SDA and lactophenol cotton blue wet-mount microscopy. 

 

4. DISCUSSION 
The microbial loads recorded in this study — THBC up to 1.53 × 106 CFU/g, coliforms up to 1.14 × 106 

CFU/g, and fungal counts up to 7.70 × 105 CFU/g — uniformly exceed the international RTE food safety 

threshold of 105 CFU/g and are consistent with levels reported from other informal Nigerian markets. 

Egbebi and Seidu (2011) found comparable bacterial loads in smoked fish from Benin City markets, and 

Omeje et al. (2024) reported total viable counts of up to 3.5 × 106 CFU/g in Yenagoa RTE seafood, 

reinforcing that post-smoking contamination is a widespread and systemic problem rather than a site-

specific anomaly. 

The ranking of bacterial and coliform loads — highest at Swali, intermediate at Opolo, lowest at Tombia 

— likely reflects differences in market infrastructure, customer throughput, and vendor hygiene practices. 

Swali is Yenagoa's largest and busiest market, with high product turnover, dense vendor concentration, 

and frequent handling; conditions that amplify the risk of cross-contamination from surfaces, dust, flies, 

and unwashed hands (Omeje et al., 2024; Amachree et al., 2025). Tombia's lower bacterial counts may 

reflect a smaller, lower-traffic market environment with less cumulative handling. The reversal of this 

trend in fungal counts — highest at Tombia — is noteworthy and may indicate longer storage duration or 

greater ambient humidity at that site, since fungal proliferation depends more on moisture and time than 

on handling intensity. 

The bacterial species identified present a spectrum of public health hazards. Bacillus cereus is a 

particularly significant finding: as an endospore-former, it survives conventional smoking temperatures 

and can subsequently germinate and proliferate under ambient storage conditions, producing heat-stable 

emetic toxins or diarrheal enterotoxins upon growth (Adebayo-Tayo et al., 2010). Its recovery here is 

consistent with multiple studies documenting its prevalence in Nigerian smoked fish (Edema et al., 2008; 

Omeje et al., 2024). 

The recovery of Staphylococcus aureus — coagulase-positive in this study — signals risk of 

staphylococcal intoxication. S. aureus enterotoxins are heat-stable and can persist even after lethal 
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thermal treatment of the organism itself, meaning that contaminated fish that has been improperly handled 

post-smoking poses a food poisoning risk regardless of subsequent reheating (Okonko et al., 2009). Its 

source in this context is most plausibly human nasal carriage and hand contamination during vending, 

consistent with the absence of gloves and basic hand hygiene infrastructure observed in open Nigerian 

markets. 

The detection of Listeria monocytogenes is of particular concern because it is a cold-tolerant, 

psychrotrophic pathogen capable of growth at refrigeration temperatures and causing listeriosis — a 

severe illness with high case-fatality rates in pregnant women, neonates, the elderly, and 

immunocompromised individuals (ICMSF standards; Adebayo-Tayo et al., 2010). Ready-to-eat smoked 

fish is a recognized vehicle for listeriosis in international food safety literature, and its presence here in an 

artisanal, unrefrigerated market setting represents a serious hazard. 

The presence of Escherichia coli and Vibrio cholerae together indicates waterborne and fecal 

contamination pathways. E. coli is a classical fecal indicator organism; its recovery at the coliform counts 

observed aligns with the 26.7% E. coli prevalence reported by Omeje et al. (2024) in Bayelsa RTE 

seafood. V. cholerae is particularly alarming in a region with documented cholera episodes and limited 

clean water access; its presence in a market food product that is typically consumed at ambient 

temperature, sometimes without reheating, is a direct public health concern. The likely source is 

contaminated water used in washing or wetting fish during display — a practice observed in several Niger 

Delta markets (Okonko et al., 2009; Onyeaka & Nkwocha, 2022). 

The fungal profile — dominated by Aspergillus species — adds a chemical as well as microbiological 

dimension to the hazard. Aspergillus flavus and A. niger are aflatoxin and ochratoxin producers 

respectively; mycotoxin contamination of dried and smoked fish stored under humid conditions is well-

documented in West Africa and carries chronic hepatotoxic and carcinogenic risks, particularly for 

populations that consume smoked fish regularly (Immanuel et al., 2022; Afolabi et al., 2013). The 

presence of Candida albicans may reflect human skin or mucosal contamination during handling. 

Taken together, these findings confirm that smoking alone is insufficient to guarantee the microbial safety 

of RTE fish in Bayelsa's market environment. Post-processing contamination — from vending surfaces, 

ambient air, direct contact, and display conditions — is the dominant driver of the microbial loads 

observed. This conclusion is consistent with findings across Nigerian and West African markets and 

underscores the critical importance of the "last mile" of the food chain: the hygiene conditions under 

which processed fish is stored, displayed, and sold (Edema et al., 2008; FAO, 2025). 

Limitations of this study include the use of conventional phenotypic methods for identification, which 

provide genus- or presumptive species-level resolution only; molecular confirmation (16S rRNA 

sequencing) would improve accuracy and enable assessment of antimicrobial resistance genes. The study 

was conducted over a short sampling period at three markets, limiting seasonal and geographic 

generalizability. Physicochemical parameters of the smoked fish (moisture content, water activity, pH) 

were not measured, which constrains interpretation of growth-permissive conditions. Future work should 

incorporate molecular typing, antibiotic susceptibility profiling, and physicochemical co-analysis to more 

fully characterize the risk landscape. 

 

5. CONCLUSION 
This study demonstrates that smoked bonga fish sold in Yenagoa markets harbors diverse and abundant 

microbial communities — including established foodborne pathogens — at levels that exceed 

international RTE food safety benchmarks. Total heterotrophic bacterial counts (8.90 × 105 to 1.53 × 106 

CFU/g), coliform counts (5.03 × 105 to 1.14 × 106 CFU/g), and fungal counts (5.10 × 105 to 7.70 × 105 

CFU/g) collectively reflect inadequate hygienic controls throughout the post-smoking value chain. The 

recovery of Bacillus cereus, Staphylococcus aureus, Listeria monocytogenes, Escherichia coli, Vibrio 

cholerae, and toxigenic Aspergillus species represents a significant and multi-hazard public health threat 

to consumers for whom smoked fish is a daily protein source. Smoking is a necessary but not sufficient 

step for microbial safety; post-processing hygiene is equally critical. Urgent interventions should include 

practical vendor training on hand hygiene, surface sanitation, and protective packaging; routine 
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microbiological monitoring by public health authorities; and targeted enforcement of NAFDAC and SON 

food safety standards at open market level. 
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