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Abstract: Smoke-drying remains a sure fish processing-cum-preservation method in Nigeria. However, 

concerns persist about products microbiological safety afterwards particularly when sold in open markets. 

This study assessed the microbiological quality of smoked-dried Clarias gariepinus (Catfish) and 

Ethmalosa fimbriata (Bonga) sold in Abraka, Eku, and Obiaruku markets in Delta State, Nigeria. The fish 

samples were collected randomly from vendors in each of the markets, sealed in sterile polythene bags and 

taken to the laboratory for microbial analyses. Fish samples were analyzed for total aerobic bacteria, 

coliforms, Staphylococcus species, and fungi using standard microbiological techniques. Bacterial and 

fungal isolates were identified through cultural, microscopic, and biochemical methods, and prevalence 

was determined. Microbial counts ranged from 4.0 × 10³ to 6.0 × 10³ cfu/g for total aerobic bacteria, 3.0 × 

10³ to 4.5 × 10³ cfu/g for coliforms, 1.6 × 10³ to 4.5 × 10³ cfu/g for Staphylococcus species, Fungi counts 

ranged from 1.8 × 10³ to 5.1 × 10³ cfu/g. Isolated bacteria included Staphylococcus spp., Bacillus spp., 

Escherichia coli, Proteus spp., and Klebsiella spp., while fungal genera recovered were Aspergillus, 

Mucor, Candida, and Rhizopus.  The consistent presence of potential pathogens and toxigenic fungi 

suggests contamination linked to post-smoking handling, storage, and market conditions. These findings 

highlight the need for improved hygiene practices, better packaging, and routine monitoring to enhance the 

safety of smoked fish sold in open markets. Smoke-dried fish consumers to cook with appropriate 

temperature to prevent food poisoning. 
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INTRODUCTION  

ish is an essential source of nutrition 

globally, providing high-quality 

protein, essential fatty acids, vitamins, 

and minerals necessary for human growth, 

immune function, and overall health 

(Issa-Zacharia et al., 2025). In Nigeria, 

freshwater fish such as Clarias gariepinus 

(Catfish) and Ethmalosa fimbriata (Bonga 

fish) are widely consumed and play a pivotal 

role in supporting both household nutrition 

and local economies. The widespread 

consumption of these fishes creates a stable 

demand that supports the livelihoods of 

fishers, processors, and vendors. These 

species are often processed through 

traditional smoke-drying methods to prolong 

shelf life, enhance flavour and reduce post-

harvest losses, especially in regions with 

limited access to cold-chain storage facilities 

(Sheng and Wang, 2021; Cortés-Sánchez et 

al., 2025).  

Smoke-drying is an effective preservation 

method, however it does not fully eliminate 

microbial contamination (Abolagba and 

Igbinevbo, 2010). Fish and fish products 

remain vulnerable to spoilage and 

pathogenic microorganisms throughout the 

production chain-from harvesting and 

processing to handling and marketing 

(Issa-Zacharia et al., 2025). Bacteria such as 

Escherichia coli, Salmonella spp., Listeria 

spp., and fungi like Aspergillus species and 

Penicillium spp. are commonly associated 

with fish contamination (Samaké and 

Konaré, 2025). These microbes not only 

accelerate spoilage, but also pose significant 

health risks to consumers, including 

foodborne infections and mycotoxin-related 

illnesses (Oladeji et al., 2023; Ousman et al., 

2025; Ohimain et al., 2025). Pathogenic 

strains of E. coli, such as E. coli O157:H7, 

can cause severe gastrointestinal illnesses, 

including diarrhea, abdominal pain, and, in 

extreme cases, kidney failure (Gambushe et 

al., 2022). Staphylococcus aureus produces 

heat-stable enterotoxins that can cause 

staphylococcal food poisoning, characterized 

by vomiting, diarrhea, and abdominal 

cramps (Nwachukwu et al., 2024).  Bacillus 

cereus causes foodborne diseases through 

the production of toxins (Griffiths and 
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Schraft, 2017) and its contamination is often 

attributed to improper post-smoking 

handling and storage conditions (Asamoah 

et al., 2025)  

Some studies have reported microbial 

contamination of smoked-dried fish in some 

markets in Nigeria. Abolagba and Uwagbai 

(2011) examined smoked fish microbial 

contamination levels in raining and dry 

seasons in Oba market, Edo State and Koko 

market, Delta state respectively; Umezurike 

et al. (2024) reported the presence of 

pathogenic bacteria in smoked fish sold in 

Ibadan markets, highlighting potential public 

health hazards. Similarly, Adetuwo et al. 

(2023) found both bacterial and fungal 

contamination in fresh and smoked fish in 

Igbokoda markets. Empirical research in 

Port Harcourt and Nnewi further indicated 

high microbial loads in locally smoked fish, 

underscoring the urgent need for improved 

hygiene practices and monitoring in the fish 

value chain (Ikechukwu et al., 2024; 

Amachree et al., 2025). 

In addition to bacterial contamination, 

fungal colonization is a concern in smoke-

dried fish, particularly under humid storage 

conditions. Studies have shown that fungi 

such as Aspergillus species can thrive on 

improperly handled fish, leading to spoilage 

and production of mycotoxins that are 

harmful to human health (Oladeji et al., 

2023). Multiple fungal species 

contamination such as Aspergillus flavus, 

Aspergillus fumigatus, Aspergillus niger, 

Fusarium solani, Mucor mucedo and 

Saccharomyces cerevisiae have been 

reported in smoke-dried fish sold in Eke 

Awka Market (Samuel et al., 2015), Ojo 

Oba market in Ado Ekiti (Fagbohun and 

Lawal, 2015), Maiduguri metropolis (Sani et 

al., 2016), Bida markets (John et al., 2020), 

Awka markets (Ikeh et al., 2024),  Uyo 

markets (Anosike et al., 2025), Okitipupa 

market (Ogundipe et al., 2025),  in Nigeria. 

Adjovi et al. (2019) also reported 

mycotoxigenic fungi and mycotoxins in 

processed fish samples in Cotonou markets 

in Benin. These fungi belong to five genera: 

Aspergillus flavus, Aspergillus fumigatus, 

Aspergillus niger, Fusarium solani, Mucor 

mucedo and Saccharomyces cerevisiae 

(Samuel et al., 2015). These contaminants 

pose significant threat to health of smoke-

dried fish consumers (Anosike et al., 2025). 

The combined presence of bacteria and fungi 

in smoked fish demonstrates the complexity 

of microbial hazards in traditional fish 

products and the need for systematic 

assessment of their microbiological quality. 

Despite the high consumption of smoke-

dried fish in Delta State, particularly in 

Abraka, Eku, and Obiaruku, recent data on 

their microbial quality are limited. Assessing 

the microbiological properties of Clarias 

gariepinus and Ethmalosa fimbriata in these 

markets is critical to understanding potential 

public health risks and guiding food safety 

interventions.  The study investigated the 

microbiological quality of smoke-dried 

catfish and bonga fish sold in Abraka, Eku, 

and Obiaruku markets in Delta state, 

Nigeria. 

 

MATERIALS AND METHODS 

Sample Collection: Smoked fish, including 

Clarias gariepinus (Catfish) and Ethmalosa 

fimbriata (Bonga fish), were purchased from 

three major markets in Delta State, Nigeria: 

Abraka, Eku, and Obiaruku. Samples were 

handled carefully in sterile bags and 

transported to the laboratory, and analyzed 

immediately to prevent changes in microbial 

composition. 

Total Aerobic Plate Counts (TAPCs): To 

estimate the total bacterial load, 1 gram of 

each fish sample was mixed with 9 ml of 

sterile 0.1% peptone water and homogenized 

as adapted from the slightly modified 

method of (Mitiku et al., 2022). Ten-fold 

serial dilutions were prepared, and 0.1 ml of 

each dilution was spread onto nutrient agar 

plates in triplicate. The plates were 

incubated at 37°C for 24–48 hours, after 

which colonies were counted and expressed 

as colony-forming units per gram (cfu/g). 

Total Coliform Counts: Coliform bacteria 

were assessed using MacConkey agar. Fish 

homogenates were diluted as above, and 0.1 

ml of the appropriate dilution was spread 
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onto the agar. After incubation at 37°C for 

24 hours, pink lactose-fermenting colonies 

were counted and reported as cfu/g (Onoja, 

et al., 2024). 

Total Staphylococcus Counts: 

Staphylococcus species were quantified 

following the slightly modified method 

described by Mitiku et al. (2022). Diluted 

fish samples (0.1 ml) were plated on 

Mannitol salt agar and incubated at 37°C for 

24–48 hours. Colonies showing yellow 

colour and characteristic morphology were 

counted, providing an estimate of 

Staphylococcus load in cfu/g. 

Bacterial Isolation and Identification from 

the Samples: Individual bacterial species 

were isolated and identified, following the 

method described by Onoja et al. (2024) 

using selective media: E. coli on Eosin 

Methylene Blue agar, Bacillus spp. on 

nutrient agar, Proteus spp. on MacConkey 

and blood agar, Klebsiella spp. on 

MacConkey agar, and Staphylococcus spp. 

on Mannitol salt agar. Distinct colonies were 

sub-cultured for purity. Identification relied 

on colony morphology, Gram staining, and 

standard biochemical tests, such as catalase, 

oxidase, coagulase, indole, citrate, urease, 

and motility. Presence or absence of each 

isolate was recorded, and prevalence (%) 

calculated relative to the total number of 

species tested. 

Total Fungal Counts: Fungal populations 

were assessed using potato dextrose agar 

(PDA) supplemented with chloramphenicol 

to inhibit bacterial growth. Homogenized 

fish samples were serially diluted, and 0.1 

ml aliquots of appropriate dilutions were 

spread onto the plates. Incubation was 

carried out at 28–30°C for 3–5 days. 

Colonies were counted and expressed as 

CFU/g. 

Fungal Isolation and Identification: Fungal 

species were identified based on the 

appearance of colonies on the agar (colour, 

texture, and growth pattern) and microscopic 

characteristics using lactophenol cotton blue 

staining (Bachoon and Dustman, 2008). 

Species identified included Aspergillus 

flavus, Aspergillus niger, Mucor spp., 

Candida spp., and Rhizopus spp. Presence or 

absence was recorded, and prevalence (%) 

calculated as a proportion of positive isolates 

relative to total species tested. 

 

RESULTS  

The total aerobic plate counts of smoked fish 

samples obtained from Abraka, Eku, and 

Obiaruku markets ranged from 4.0 × 10³ to 

6.0 × 10³ cfu/g (Table 1). Ethmalosa 

fimbriata showed the highest TAPC in 

Obiaruku (6.0 × 10³ cfu/g), with Abraka and 

Eku recording similar counts (5.0 × 10³ 

cfu/g). Clarias gariepinus had the highest 

TAPC in Eku (5.0 × 10³ cfu/g), while 

Abraka and Obiaruku had similar counts 

(4.0 × 10³ cfu/g). 

The total coliform counts of smoked fish 

ranged from 3.0 × 10³ to 4.5 × 10³ cfu/g, 

reflecting a biologically reasonable 

proportion of total aerobic bacteria. 

Ethmalosa fimbriata from Obiaruku had the 

highest coliform counts (4.5 × 10³ cfu/g), 

while Abraka and Eku were similar (3.1 × 

10³ cfu/g). Clarias gariepinus had similar 

counts across all markets (3.0 × 10³ cfu/g). 

Total Staphylococcus counts ranged from 

1.6 × 10³ to 4.5 × 10³ cfu/g. Ethmalosa 

fimbriata had the highest count in Obiaruku 

(2.2 × 10³ cfu/g), with Abraka and Eku 

similar (1.8 × 10³ cfu/g). Clarias gariepinus 

from Obiaruku recorded a higher count (4.5 

× 10³ cfu/g) compared to Abraka and Eku 

(1.6 × 10³ cfu/g). Bacterial isolates 

recovered included Staphylococcus spp., 

Bacillus spp., E. coli, Proteus spp., and 

Klebsiella spp., (Table 2) and are all known 

to cause foodborne illnesses. 

Presence/absence was recorded per sample, 

and prevalence (%) was calculated based on 

positive isolates relative to total species 

tested. Fungal counts ranged from 1.8 × 10³ 

to 5.1 × 10³ cfu/g (Table 3). Ethmalosa 

fimbriata from Obiaruku recorded slightly 

higher counts (2.0 × 10³ cfu/g) compared to 

Abraka and Eku (1.8 × 10³ cfu/g). Clarias 

gariepinus had the highest fungal counts in 

Abraka and Eku (5.1 × 10³ cfu/g), slightly 

lower in Obiaruku (4.5 × 10³ cfu/g). Species 

recovered included Aspergillus flavus, 
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Aspergillus niger, Mucor spp., Candida spp., 

and Rhizopus spp., (Table 4) which are 

known aflatoxin producers. Prevalence (%) 

was calculated as the proportion of positive 

isolates relative to the total species tested. 

 

Table 1: Microbial Counts of Smoked Fish Samples (cfu/g) 
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Abraka 5.0 × 10³ 4.0 × 10³ 3.1 × 10³ 3.0 × 10³ 1.8 × 10³ 1.6 × 10³ 

Eku 5.0 × 10³ 5.0 × 10³ 3.1 × 10³ 3.0 × 10³ 1.8 × 10³ 1.6 × 10³ 

Obiaruku 6.0 × 10³ 4.0 × 10³ 4.5 × 10³ 3.0 × 10³ 2.2 × 10³ 4.5 × 10³ 
  

Table 2: Occurrence and Prevalence of Bacterial Isolates in Smoked Fish Samples from 

Different Markets 
Fish species/Market Staphylococcus 

spp. 

Bacillus 

spp. 

E. coli Proteus 

spp. 

Klebsiella 

spp. 

Prevalence (%) 

C. gariepinus (Abraka) + + + + + 100 

C. gariepinus (Eku) + + + + + 100 

C. gariepinus (Obiaruku) + + + + + 100 

E. fimbriata (Abraka) + + + + + 100 

E. fimbriata (Eku) + + + + + 100 

E. fimbriata (Obiaruku) + + + + + 100 

 Prevalence (%) reflects the proportion of positive isolates. The 100% prevalence may reflect the small sample size 
 

Table 3: Total Fungal Counts of Smoked Fish Samples (cfu/g) 

Market E. fimbriata C. gariepinus 

Abraka 1.8 × 10³ 5.1 × 10³ 

Eku 1.8 × 10³ 5.1 × 10³ 

Obiaruku 2.0 × 10³ 4.5 × 10³ 
 

Table 4: Percentage Occurrence of Fungal Isolates in Smoked Fish Samples 
Fish species/Market Aspergillus 

flavus 

Aspergillus 

niger 

Mucor 

spp. 

Candida 

spp. 

Rhizopus 

spp. 

Prevalence 

(%) 

C. gariepinus (Abraka) + – – + + 60 

C. gariepinus (Eku) – + + + – 60 

C. gariepinus (Obiaruku) + + – – + 60 

E. fimbriata (Abraka) – + + – + 60 

E. fimbriata (Eku) + – + + – 60 

E. fimbriata (Obiaruku) + + – + + 80 

 Key +   = Positive – Present, -    = Negative –Absent 

DISCUSSION 

This study assessed the microbiological 

quality of smoked Clarias gariepinus and 

Ethmalosa fimbriata sold in selected open 

markets in Delta State, Nigeria. The findings 

revealed varying levels of bacterial and 

fungal contamination across markets and 

fish species, highlighting the influence of 

post-processing handling, vending 

environment, and storage conditions on the 

microbial safety of smoked fish. 

The total aerobic plate counts (TAPC) of 

smoked fish from Abraka, Eku, and 

Obiaruku ranged from 4.0 × 10³ to 6.0 × 10³ 

cfu/g, reflecting moderate microbial loads. 

Ethmalosa fimbriata from Obiaruku 

recorded the highest TAPC (6.0 × 10³ cfu/g) 

but Clarias gariepinus showed the highest 

counts in Eku (5.0 × 10³ cfu/g). The lowest 

count (4.0 × 10³ cfu/g) was observed in 

Clarias gariepinus samples from Abraka and 

Obiaruku. In Eku, both Ethmalosa fimbriata 
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and Clarias gariepinus showed similar 

counts (5.0 × 10³ cfu/g). These findings are 

consistent with previous studies in Nigeria, 

which reported aerobic counts of smoked 

fish within 10³–10⁵ cfu/g, attributed to post-

smoking handling and market exposure 

(Akinrotimi et al., 2024; Ikechukwu et al., 

2024; Umezurike et al., 2024). The slightly 

higher TAPC in Obiaruku samples may be 

due to prolonged exposure to ambient 

conditions and frequent handling, factors 

noted to influence microbial loads in smoked 

fish (Akomolede et al., 2022; Kanki et al., 

2025). Total coliform counts ranged from 

3.0 × 10³ to 4.5 × 10³ cfu/g, indicating a 

substantial proportion of the total aerobic 

population. Higher coliform levels in E. 

fimbriata from Obiaruku (4.5 × 10³ cfu/g) 

suggest contamination via poor handling and 

environmental exposure, similar to patterns 

observed in other Nigerian market studies 

(Mitiku et al., 2022). Clarias gariepinus 

exhibited more uniform coliform counts 

across all markets, which may reflect 

species-specific resistance to surface 

contamination due to thicker skin and larger 

size. Staphylococcus counts varied between 

1.6 × 10³ and 4.5 × 10³ cfu/g, with the 

highest load in C. gariepinus from Obiaruku. 

These observations are consistent with 

earlier studies reporting Staphylococcus 

contamination in smoked fish as a result of 

handling and poor hygiene practices (Mitiku 

et al., 2022; Obasi and Danladi, 2023). 

Although, below toxin-producing thresholds, 

the presence of Staphylococcus spp. 

indicates potential health risks if fish are 

stored under ambient conditions. 

All samples yielded bacterial isolates 

including Staphylococcus spp., Bacillus spp., 

E. coli, Proteus spp., and Klebsiella spp., 

with 100% prevalence. This is consistent 

with earlier findings in smoked fish sold in 

Nigerian markets, where these organisms 

were isolated as indicators of feacal 

contamination and post-processing lapses 

(Akinrotimi et al., 2024; Ikechukwu et al., 

2024; Umezurike et al., 2024). The detection 

of Bacillus spp. further reflects the spore-

forming capacity of these bacteria, allowing 

survival through smoking and subsequent 

germination. 

Fungal counts ranged from 1.8 × 10³ to 5.1 × 

10³ cfu/g, with C. gariepinus generally 

showing higher loads than E. fimbriata. 

Isolated fungi included Aspergillus flavus, 

Aspergillus niger, Mucor spp., Candida spp., 

and Rhizopus spp., some of which are 

known for spoilage and mycotoxin 

production. The higher fungal prevalence in 

E. fimbriata from Obiaruku (80%) may 

reflect more favourable environmental 

conditions and poor handling.  These 

findings corroborated previous observations 

of fungal contamination in smoked fish sold 

in tropical markets (Akomolede et al., 2022; 

Kanki et al., 2025). 

Overall, the findings indicated that smoked 

fish from Abraka, Eku, and Obiaruku 

harbored moderate levels of bacteria and 

fungi, including potential foodborne 

pathogens and toxigenic species. However, 

smoking reduced microbial loads, post-

processing contamination remained 

significant, highlighting the need for 

improved hygiene, packaging, and storage 

practices to ensure the safety of smoked fish 

in open markets. 

 

CONCLUSION 

Smoked Clarias gariepinus and Ethmalosa 

fimbriata sold in Abraka, Eku, and Obiaruku 

markets showed moderate levels of bacterial 

and fungal contamination despite smoke-

drying. The detection of coliforms, 

Staphylococcus spp., and potentially 

toxigenic fungi suggests that post-smoking 

handling, storage, and market conditions are 

key contributors to microbial contamination 

rather than the smoking process itself.  The 

variations in microbial loads among markets 

further reflect differences in environmental 

exposure and hygiene practices. Although, 

smoked fish remains a widely consumed and 

nutritionally important food, these findings 

highlight the need for improved hygiene, 

packaging, and routine microbial monitoring 

to reduce potential public health risks 

associated with traditionally processed fish 

products.
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