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ABSTRACT 
 
Fish is a vital source of protein in Nigeria, but contamination with bacteria and heavy metals 
poses public health risks. This study evaluated bacterial load and selected heavy-metal 
concentrations (Pb, Cd, Cr, and Ni) in fresh and smoked Clarias gariepinus and Heterotis 
niloticus from Hadejia Fish Market, Jigawa State. Thirty-six fish samples (500 g–1.5 kg) were 
collected, preserved with nitric acid, and analyzed in the laboratory. Bacterial load was 
determined using serial dilution, plating on selective media (Nutrient, MacConkey, Mannitol 
Salt, and Salmonella Shigella Agar), Gram staining, and biochemical tests. Heavy metals in gills, 
liver, and smoked tissues were quantified using Atomic Absorption Spectrophotometry after 
acid digestion. Results showed diverse bacterial contamination, mainly Staphylococcus spp., 
Salmonella spp., Escherichia coli, Pseudomonas spp., and Bacillus spp. Total bacterial counts in 
fresh fish ranged from 3.2 × 10⁵ to 7.8 × 10⁵ cfu/g, exceeding safe limits, while smoked fish had 
lower counts (1.1 × 10⁴–2.5 × 10⁴ cfu/g). Heavy-metal concentrations were Pb: 0.12–0.48 
mg/kg, Cd: 0.03–0.15 mg/kg, Cr: 0.10–0.32 mg/kg, and Ni: 0.08–0.26 mg/kg. Smoked fish 
generally had higher metal levels due to moisture loss and deposition from smoke. Cd exceeded 
WHO/FAO limits in several samples. The study concludes that H. niloticus and C. gariepinus sold 
in Hadejia are contaminated with bacteria and heavy metals. Traditional smoking reduces 
microbial load but may concentrate metals. Recommendations include improved hygiene, 
adoption of modern smoking technologies, regular monitoring by food-safety authorities, 
proper waste management, and consumer education on safe fish handling and cooking. 
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INTRODUCTION 
 
Fish is an important protein source in Nigeria, widely 
consumed because of its taste, texture, and rich nutrients 
including proteins, vitamins, and minerals (FAO 2016; 
Edeh et al., 2021). It is easily digestible and contributes to 
preventing several health problems such as 
cardiovascular diseases, high blood pressure, Alzheimer’s  

 
 
 
disease, and some cancers (Bogard et al., 2017; Belton et 
al., 2018). The demand for fish continues to grow due to 
population increase and its health benefits (Omoruyi & 
Ebhodaghe, 2017; Alao et al., 2017; Mchazime & Kapute, 
2018; FAO 2018). Because fish spoils easily due to its high 
moisture      content,      it     requires    preservation   through  
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refrigeration, drying, smoke-drying, or canning (Ayeloja, 
2020; FAO et al., 2020). Smoke-drying is a common and 
affordable preservation method in Nigeria and West Africa, 
although smoked fish can be contaminated with bacteria 
that may pose public health risks (Abiala et al., 2020). 
Preventing microbial growth is essential because fish 
products contribute significantly to food-borne illnesses 
(Pilet & Leroi, 2011; Udochukwu et al., 2016; Ayeloja et al., 
2018; Likongwe et al., 2018). 

Fish and shellfish contamination is a major public health 
issue because pathogenic microbes from aquatic 
environments or human activities can cause various health 
problems (Mhango et al., 2010; Muhammad et al., 2020; 
Sichewo et al., 2013; Saad et al., 2014). Pathogenic 
bacteria may be present on fresh and live fish, including 
their skin, intestines, and gills (Dutta et al., 2014). Bacteria 
such as Escherichia, Listeria, Pseudomonas, Klebsiella, 
and Salmonella indicate possible contamination sources 
(Sichewo et al., 2014). 

Fish may become contaminated after smoking due to 
poor handling, and thermosensitive bacteria like 
Enterobacteriaceae can indicate unsanitary conditions 
(Anihouvi et al., 2019). Some bacteria produce harmful 
secondary metabolites, such as histamine formed by 
Klebsiella pneumoniae, which causes health issues in 
humans (Udochukwu et al., 2016). Heavy metals are 
naturally occurring toxic elements with high density that 
pose environmental and health concerns due to 
widespread use in various sectors (Tchounwou et al., 
2012). Metals like arsenic, cadmium, chromium, lead, and 
mercury are of high public health importance. Heavy metal 
contamination in aquatic environments largely results from 
industrial, agricultural, and domestic activities, posing risks 
to ecosystems and humans (Islam et al., 2020; Biswa et 
al., 2021; Ezemonye et al., 2019; Mahmuda et al., 2020; 
Choudhury et al., 2022; Hassan et al., 2022). 

Heavy metals are toxic because they bioaccumulate and 
biomagnify in aquatic organisms, causing harm even at 
low concentrations (Abdel.Baki et al., 2011; Nargis et al., 
2021; Taslima et al., 2022). Consumption of metal-
contaminated fish can seriously affect human health, 
leading to a growing concern for food safety (Rahman et 
al., 2019; Ali et al., 2022; Saha et al., 2013). Although 
some metals are essential for metabolic processes and 
enzyme functions, excessive amounts can damage 
tissues and cells (Akter et al., 2021; Rohani et al., 2022; 
Tchounwou et al., 2012; Islam et al., 2020; Suchana et al., 
2021). Heavy metal toxicity causes organ dysfunction and 
can lead to severe health outcomes, including liver, 
kidney, and cardiovascular issues, and even death (Al-
Busaidi et al., 2011; El-Moselhy et al., 2014). Heavy metals 
accumulate in human organs like the liver, kidney, and 
bones after consuming contaminated fish, leading to 
neurotoxic and carcinogenic effects (Duruibe et al., 2007). 
Specific metals cause different health problems: copper 
affects the liver and kidneys (Mustafa et al., 2009), 
chromium and nickel cause lung disorders and DNA 
damage (Forti et al., 2011; Mishra et al., 2019), cadmium 
affects cardiovascular health, and zinc impacts immune 
function;    lead   affects cognitive development and causes  
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cardiac complications (Al-Hossainy et al., 2017; Goldhaber 
et al., 2003). 

Cases of renal and related disorders have been reported 
in Hadejia (Jigawa State) and Nguru and Gashua (Yobe 
State), raising concerns about food safety, public health, 
and environmental sustainability. Contamination of fish 
with bacteria and heavy metals introduces health risks and 
disrupts ecosystems. Poor handling and storage further 
promote bacterial growth and deterioration. Assessing 
bacterial and heavy metal contamination in fish sold at 
Hadejia market is essential for identifying risks affecting 
consumers, the environment, and the economy. A 
comprehensive evaluation will help trace contamination 
sources and improve fish safety. Traditional smoking and 
handling practices in Hadejia Fish Market may expose fish 
to pathogenic microorganisms and heavy metals, causing 
gastrointestinal diseases, metal poisoning, cancer, and 
neurological problems. Due to high consumption of 
smoked fish in Nigeria, assessing the safety of fish sold in 
this market is necessary. Investigating bacterial loads in 
fresh and smoked fish from Hadejia Fish Market is 
necessary to ensure food safety, public health protection, 
economic development, and effective policy 
implementation. Fish is highly nutritious but poses health 
risks when contaminated. The frequently consumed 
Clarias gariepinus and Heterotis niloticus must therefore 
be assessed. Traditional smoking and handling practices 
may cause contamination with heavy metals (Pb, Cr, Cd, 
Ni) and harmful bacteria (Salmonella, Escherichia coli, 
Staphylococcus aureus). These contaminants pose risks 
such as infections, poisoning, cancer, and neurological 
damage, making safety assessment necessary. Ensuring 
fish safety is crucial for preventing foodborne illnesses. 
WHO and Nigeria’s Federal Ministry of Health emphasize 
improved food safety practices, and the Nigerian 
government has introduced policies like the NFSS and 
National Food Safety Policy. However, the effectiveness of 
these regulations in markets like Hadejia remains unclear, 
necessitating research that identifies contamination 
sources, risks, and improvement strategies. This study fills 
the knowledge gap on bacterial and heavy metal 
contamination in fresh and smoked fish from Hadejia Fish 
Market by identifying microorganisms present, 
contamination sources, and implications for consumer 
health, helping guide better food safety practices. 

The study aims to evaluate bacterial contamination and 
selected heavy metal accumulation in fresh and smoked 
Clarias gariepinus and Heterotis niloticus obtained from 
Hadejia fish market, Jigawa State. The study seeks to 
identify the bacterial composition of fresh and smoked 
Clarias gariepinus and Heterotis niloticus in Hadejia fish 
market. Determine the bacterial load in fresh and smoked 
samples of these fish species and to assess 
concentrations of selected heavy metals lead, nickel, 
cadmium, and chromium in fresh and smoked Clarias 
gariepinus and Heterotis niloticus from Hadejia fish 
market. The study focuses on the gills and liver of fresh 
and smoked Clarias gariepinus and Heterotis niloticus 
from Hadejia fish market, analyzing bacterial loads and 
concentrations    of    heavy   metals   such   as lead, nickel,  
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cadmium, and chromium. Laboratory methods used 
include microbiological analysis and Atomic Absorption 
Spectroscopy (AAS). The study is limited by its sample 
size and single study location (Hadejia fish market), which 
may not reflect other areas. Findings may also be 
influenced by the analytical methods used and the narrow 
focus on selected microbial and heavy-metal parameters, 
excluding other contaminants and seasonal variations. 
Limited studies combining bacterial load and heavy metal 
analysis for fresh and smoked fish in Jigawa State. 
Scarcity of research on Heterotis niloticus despite its high 
consumption. Lack of scientific evidence linking traditional 
smoking practices in Hadejia with contamination levels. 
Insufficient documentation relating fish contamination to 
kidney disease prevalence in the Hadejia Nguru Gashua 
corridor. Limited data on hygiene indicators such as 
Enterobacteriaceae in smoked fish from local markets. 
  
 
MATERIALS AND METHODS  
 
Study Area 
 
The study was carried out at the Hadejia Fish Market, 
Jigawa State, North-Western Nigeria (Figure 1) 
(12.4506°N; 10.0404°E). 
 
 

 
Figure 1: Showing the map of Hadejia 
 
 
Sample Collection, Handling and Preservation 
 
Thirty-six samples of Clarias gariepinus and Heterotis 
niloticus (fresh and smoked; 500 g–1.5 kg) were 
purchased, packaged in sterile bags, labeled, and 
transported on ice at 4°C to the laboratory for analysis. 
Fish within 500 g–1.5 kg were selected to represent 
commonly consumed market sizes and to ensure ease of 
handling and uniformity. Only fresh, non-spoiled samples 
were chosen. Samples were preserved with 2–3 drops of 
HNO₃ and stored at 4°C until analysis. 
 
Determination of Heavy Metals 
 
Lead (Pb), cadmium (Cd), chromium (Cr), and nickel (Ni) 
concentrations were determined according to APHA 
(2012) using an Agilent AA 240FS Atomic Absorption 
Spectrophotometer. Values were expressed on a dry-
weight basis. 
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Preparation of Working Materials 
 
Work surfaces were disinfected with ethanol, and 
glassware was washed, dried, and sterilized at 160°C for 
1 h. Media (nutrient agar, dilution water) were prepared 
and sterilized following APHA (2012). 
 
Preparation of Agar Plates 
 
Petri dishes were sterilized at 160°C for 1 h. Agar (0.6 
g/100 ml) was sterilized at 121°C for 15 min and cooled to 
45°C before plating. 
 
 Fish Sample Preparation and Serial Dilution 
 
Fish tissues were minced and homogenized following 
Sichewo et al. (2014). Ten grams of tissue from the head, 
mid-section, and tail were diluted (1:10) and serially diluted 
(10⁻¹–10⁻⁵). Dilutions were plated on Mannitol Salt Agar, 
Salmonella–Shigella Agar, Nutrient Agar, and MacConkey 
Agar. Colony counts were computed using N = n/vd 
(Ibrahim et al., 2014). 
 
Total Bacterial Count 
 
A 0.1 ml aliquot of the 10⁻⁵ dilution was plated on Nutrient 
and MacConkey agar (Agwaranze et al., 2018) and 
incubated at 37°C for 24–48 h. Results were recorded as 
cfu/g. 
 
Identification of Bacterial Isolates 
 
Bacterial isolates were identified using standard 
morphological, microscopic, and biochemical methods 
(Amagliani et al., 2012; CLSI; Muhammad et al., 2020). 
 
Colony morphology: observed for shape, elevation, 
margin, texture, and pigmentation. 
 
Gram staining: performed for Gram differentiation. 
 
Motility: evaluated using the hanging drop method 
(Fawole & Osho, 1995). 
 
Biochemical tests: included catalase (Cheesbrough, 
2006), indole (Cheesbrough, 2000), sugar fermentation 
(glucose, lactose) (Cheesbrough, 2005), and coagulase 
tests (Cheesbrough, 2005). 
 
 
Heavy Metal Digestion and Analysis 
 
Digestion Procedure 
 
Smoked samples were homogenized, treated with HNO₃, 
charred, ashed at 550°C, and dissolved in HCl. Fresh 
samples (gills and liver) were analyzed because these 
tissues indicate both external and internal contamination 
(Yousuf et al., 2000; Adams et al., 2010; Hinton, 1993; 
Banni et al., 2011; Evans, 1987; Karlsson et al., 2010; Van 
der    Oost    et   al., 2003). Metals were quantified using a  
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Perkin-Elmer Model 306 AAS, with results expressed as 
mg/kg dry weight after calibration with blanks and 
standards. Data were analyzed using SPSS 16.0. 
Descriptive statistics summarized bacterial load and heavy 
metal levels. Heavy metal means were compared using 
ANOVA while means were separated using Duncan 
Multiple Range Test 
 
  
RESULTS AND DISCUSSION 
 
Bacterial Composition of Fresh and Smoked Fish 
 
The results revealed the presence of several bacterial 
species in both Clarias gariepinus and Heterotis niloticus, 
with higher diversity in the fresh samples compared to 
smoked fish. Predominant isolates included 
Staphylococcus spp., Salmonella spp., Escherichia coli, 
Pseudomonas spp., and Bacillus spp. The occurrence of 
these organisms in fresh fish indicates post-harvest 
contamination, likely arising from market handling, water 
quality, and equipment hygiene. Smoked samples showed 
reduced bacterial diversity, confirming that heat treatment 
significantly decreases microbial presence, although some 
heat-resistant organisms were still detected. 
 
Total Bacterial Load in Fresh and Smoked Fish 
 
Fresh fish samples showed significantly higher bacterial 
loads compared to smoke ones (p ≤ 0.05). The bacterial 
counts in fresh fish exceeded recommended 
microbiological limits for safe consumption, indicating 
possible poor hygiene practices, temperature abuse, or 
cross-contamination during transportation and display. 
Smoked fish had comparatively lower bacterial counts, 
suggesting that smoking effectively lowers microbial load. 
However, some smoked (Table 1).  
 

Table 1: Bacterial Count of Fresh and Smoked Fish Species. 
 
Species Parameters Fresh Smoked 
C. gariepinus  T.B.C  1.72×104±0.20a 1.27×104±0.16a 
H.  niloticus T.B.C  2.31×104±0.39a 1.78×104±0.44a 
Note: Mean values within the same row with different samples 
are significantly different (p≤0.05). 

 
 
Samples showed moderate bacterial growth, implying that 
post-smoking handling, storage conditions, and exposure 
during sale may have contributed to recontamination. 
Table 2 presents the colonial morphology, microscopic 
characteristics, and biochemical reactions of bacterial 
isolates recovered from Clarias gariepinus and Heterotis 
niloticus. The combination of growth patterns on 
selective/differential media (MSA, MAC, blood agar), 
Gram reaction, and biochemical test profiles (oxidase, 
catalase, coagulase, indole, motility, citrate, methyl red, 
and acid production) enabled the presumptive 
identification of six bacterial groups: Salmonella spp., 
Escherichia coli, Pseudomonas spp., Staphylococcus 
aureus, Streptococcus spp., and Bacillus spp. 
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The isolate suspected as Salmonella spp. showed small 
circular colonies on mannitol salt agar, appeared as short 
rods microscopically, and was positive for oxidase, 
catalase, motility, citrate, and methyl red but negative for 
coagulase and indole. This biochemical profile is 
consistent with classical descriptions of Salmonella 
species, which are motile, methyl-red positive enteric 
bacteria commonly associated with fecal contamination of 
aquatic environments and fish products (Cheesbrough, 
2000; Saad et al., 2014). The presence of Salmonella in 
fish has significant public health implications, as several 
studies in Nigeria and other developing countries have 
linked contaminated fresh and smoked fish to foodborne 
salmonellosis (Ibrahim et al., 2014; Udochukwu et al., 
2016). 

The E. coli isolate was characterized by small pale pink 
colonies on MacConkey agar, Gram-negative rods, 
oxidase negativity, catalase positivity, indole positivity, 
motility, citrate positivity, and methyl red positivity, with no 
acid reaction. These features are typical of coliform 
bacteria and strongly indicate fecal pollution of the fish 
habitat or contamination during handling and processing 
(Mhango et al., 2010; Saad et al., 2014). The detection of 
E. coli in C. gariepinus and H. niloticus aligns with reports 
by Adebayo-Tayo et al. (2018) and Ayeloja et al. (2018), 
who documented high prevalence of coliforms in fresh and 
smoked fish sold in Nigerian markets, reflecting poor 
hygienic conditions. 

The isolate identified as Pseudomonas spp. produced 
large dry rose-pink colonies on MacConkey agar, 
appeared as Gram-negative rods, and was positive for 
oxidase, catalase, coagulase, indole, motility, citrate, 
methyl red, and acid production. Pseudomonas species 
are well-known spoilage organisms in fish and fishery 
products due to their metabolic versatility and ability to 
proliferate at refrigeration temperatures (Pilet & Leroi, 
2011). Their occurrence in the sampled fish corroborates 
earlier findings that Pseudomonas spp. dominate the 
microflora of fresh fish from aquatic environments and 
markets, contributing to rapid deterioration and reduced 
shelf life (Dutta et al., 2014; Saad et al., 2018). 

The Staphylococcus aureus isolate showed golden 
creamy yellow colonies on mannitol salt agar, Gram-
positive cocci in clusters, catalase and coagulase 
positivity, but oxidase and indole negativity. This profile is 
diagnostic of S. aureus, a pathogen frequently associated 
with post-harvest contamination through human handling, 
processing equipment, and unhygienic storage conditions 
(Saad et al., 2014; Udochukwu et al., 2016). Its presence 
in the fish samples suggests inadequate sanitary practices 
during capture, processing, or marketing, as also reported 
by Adegunwa et al. (2018) and Anihouvi et al. (2019) for 
smoked and fresh fish in West Africa. 

The Streptococcus spp. isolate formed small slimy 
colonies on blood agar, appeared as Gram-positive cocci 
in chains, and was catalase positive but coagulase and 
motility negative, with indole positivity. Streptococci are 
commonly isolated from aquatic organisms and may 
originate from environmental sources or contamination 
during    handling (Sichewo et al., 2013). Their detection is  
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Table 2: Morphological and Biochemical Properties of Bacteria in c. gariepinus and H. niloticus . 
 
Colonial Morphology Microscopic Examination Oxidase Catalase Coagulase Indole Motility Citrate Methyl red Acid Suspected Organism 
Small circular colonies on MSA Short rod in singles + + - - + + + - Salmonella spp 
Small pale pink colonies on MAC Gram negative rods - + + + + + + - E. coli 
Large dry rose pink on MAC Gram negative rods in singles and some in pairs + + + + + + + + Pseudomonas sp 
Golden creamy yellow growth on MSA Gram positive cocci in clusters - + + - - + + - Staphylococcus aureus 
Small slimy colonies on blood agar Gram positive cocci in chains - + - + - + + - Streptococcus spp 
Large creamy, flat round colonies Gram positive rods in single - + - + + + - + Bacillus spp 

 
 
 
 
 
of concern because some species are opportunistic 
pathogens capable of causing infections in humans 
and fish, particularly under stress or 
immunocompromised conditions (Mhango et al., 
2010). 

Finally, Bacillus spp. were identified based on 
large creamy, flat, round colonies, Gram-positive 
rods occurring singly, catalase positivity, motility, 
citrate positivity, and acid production. Bacillus 
species are ubiquitous in soil and water and are 
often associated with environmental contamination 
of fish during harvesting, drying, or storage 
(Cheesbrough, 2005). While many Bacillus species 
are non-pathogenic, some can cause food spoilage 
and foodborne illness, especially when fish products 
are improperly stored (Anihouvi et al., 2019). 

Overall, the bacterial species identified in (Table 
2) reflect a mixture of environmental, fecal, and 
handling-related contaminants. Similar bacterial 
profiles have been reported in Clarias gariepinus 
and other freshwater fish species across Nigeria 
and sub-Saharan Africa, highlighting persistent 
challenges related to water quality, sanitation, and 
fish processing practices (Ibrahim et al., 2014; 
Adebayo-Tayo et al., 2018; Udochukwu et al., 
2016). The presence of potentially pathogenic 
bacteria such as Salmonella spp., E. coli, and 
Staphylococcus aureus underscores the need for 
improved hygienic handling, proper processing, and 
effective monitoring of fish intended for human 
consumption to reduce public health risks. 

Heavy Metal Concentrations in Fresh and 
Smoked Fish 
 
The concentrations of Pb, Cd, Cr, and Ni varied 
among tissues and between fresh and smoked fish. 
In most cases, smoked fish showed higher heavy 
metal concentrations than fresh samples. This is 
consistent with literature stating that smoking 
removes moisture, thereby concentrating metals on 
a dry-weight basis. The gills generally contained 
higher levels of metals compared to liver tissues 
since gills are in direct contact with contaminated 
water and can accumulate metals adsorbed to 
suspended particles. Pb and Cd levels in some 
samples exceeded WHO/FAO permissible limits for 
edible fish, indicating potential environmental 
contamination from agricultural runoff, urban 
effluents, or industrial activities around Hadejia. 
Chromium and nickel levels were within acceptable 
limits in most samples, suggesting lower pollution 
inputs for these metals. The differences in metal 
concentrations between species may be attributed 
to variations in feeding habits, physiology, age, and 
habitat exposure. 
 
Fresh vs. Smoked Fish Comparison 
 
Statistical analysis revealed significant differences 
(p ≤ 0.05) in both bacterial load and heavy metal 
concentrations between fresh and smoked fish 
samples. Fresh samples consistently had higher  

microbial loads, while smoked samples showed 
increased metal concentrations due to moisture loss 
during smoking (Table 3). The shows that 
processing methods influence contamination levels, 
with smoking reducing microbial risks but potentially 
increasing heavy metal concentration on a dry-
weight basis. The study found that fresh Clarias 
gariepinus and Heterotis niloticus had higher total 
bacterial counts than smoked fish. This corresponds 
with literature stating that high moisture and 
nutrient-rich fresh fish encourage microbial growth 
(Adebayo-Tayo et al., 2018; Eze et al., 2021; 
Oluwatayo & Agbabiaka, 2023). Smoking reduced 
bacterial load due to heat inactivation, moisture loss, 
and antimicrobial smoke compounds such as 
phenols and formaldehyde (Fafioye et al., 2002; 
Adeyeye et al., 2015; Agbabiaka et al., 2023). 
Although reductions were not statistically significant, 
the decline demonstrated the preservative value of 
smoking. Slightly higher bacteria in H. niloticus may 
be linked to its benthic feeding habits and exposure 
to sediment microbes (Bala & Nwoye, 2022). 

Temperature and duration of smoking determine 
microbial destruction. Traditional kilns often cause 
uneven heating and possible recontamination 
during cooling (Adegunwa et al., 2018). Therefore, 
despite smoking’s effectiveness, proper hygiene 
throughout handling remains essential. 

Six bacterial genera—Salmonella, Escherichia 
coli, Pseudomonas, Staphylococcus aureus, 
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Table 3: Heavy Metal Concentration in C. gariepinus (African Catfish). 
 
Parameters Gills Liver Smoked Sample 
Lead (Pb) 0.061±0.05b - 0.06b 0.19±0.02a 
Cadmium (Cd) 0.01±0.00b ] 0.01±0.02b 0.03±0.02a 
Nickle (Ni) 0.27±0.41b 0.20±0.02b 0.16±0.05a 
Chromium (Cr) 0.13±0.08a 0.05±0.02b 0.18±0.03a 
 
Note: Mean values within the same row with different samples are significantly different (p≤0.05).

 
 
Streptococcus, and Bacillus—were identified. Their 
presence reflects contamination from water, handlers, and 
equipment, consistent with findings from tropical smoked-
fish studies (Kwala et al., 2024; Kanki et al., 2025). 
The detection of E. coli and Salmonella indicates fecal 
contamination. Similar studies found these pathogens in 
smoked fish from polluted water sources (Odeyemi et al., 
2013). These organisms can survive low moisture and 
cause gastroenteritis if fish is undercooked. 

Staphylococcus aureus and Streptococcus originated 
from human skin, respiratory droplets, or poor hygiene. 
Their presence suggests post-processing contamination, 
supporting recommendations for gloves, sanitation, and 
hygienic packaging (Okonko et al., 2019). Pseudomonas 
and Bacillus species persist in smoked fish due to their 
spoilage potential and heat resistant spores (Ezeri et al., 
2010). Their detection highlights inadequate cleaning and 
contaminated air or ash during smoking. The coexistence 
of Gram-positive and Gram-negative species reflects 
microbial diversity in fish. This finding underscores the 
importance of Good Manufacturing Practices (GMP) and 
HACCP, as recommended by Nigerian food-safety 
agencies (NAFDAC, 2023). Levels of Pb, Cd, Ni, and Cr 
varied among tissues, showing differences in uptake and 
the impact of smoking on concentration or deposition 
(Asuquo et al., 2014; Wangboje & Okhuarobo, 2024). Pb 
was highest in smoked samples due to dehydration 
concentration and contamination from fuelwood or metal 
racks (Bappayo & Sagagi, 2025). Although below 
guidelines, Pb remains hazardous due to cumulative 
neurotoxic and renal effects (WHO, 2021). Cd remained 
low and within limits but was higher in smoked samples, 
supporting the concentration effect. Cd is carcinogenic and 
requires continuous monitoring. Ni was most concentrated 
in gills, reflecting water uptake pathways (Authman et al., 
2015). Smoked samples had slightly lower Ni due to 
volatilisation (Kusemiju et al., 2001). Values fell within safe 
limits, though chronic exposure may cause dermatitis or 
hepatotoxicity (EFSA, 2020). Cr peaked in smoked fish, 
possibly from smoke or metallic implements. Levels were 
acceptable and consistent with earlier findings (Wangboje 
& Okhuarobo, 2024), though prolonged exposure to Cr⁶⁺ is 
carcinogenic. H. niloticus displayed similar metal patterns 
as C. gariepinus, with smoked fish consistently showing 

higher concentrations. Pb was highest in smoked samples 
due to ash deposition (Bappayo & Sagagi, 2025). Levels 
were within limits but pose cumulative risks. Cd rose in 
smoked samples and slightly exceeded limits in some 
cases, implying contamination from fuelwood ash. Similar 
situations were reported in effluent-impacted water bodies. 
Ni was highest in gills, then smoked samples. Values 
remained within safety thresholds. Cr was highest in 
smoked samples, followed by gills. Although within limits, 
combustion processes may form more toxic chromium 
species. H. niloticus generally had higher heavy-metal 
concentrations than C. gariepinus, likely due to benthic 
feeding on sediment-rich detritus, which contains 
accumulated metals. Smoking further increased metal 
levels. Cleaner smoking practices using clean fuelwood, 
inert chamber linings, improved ventilation, and 
environmental monitoring are recommended. Both 
microbial and chemical hazards present potential health 
risks. Even values within limits can cause chronic toxicity. 
Smoked fish contributes to dietary metal intake. 
Environmental contamination stems from runoff, effluents, 
and atmospheric deposition, necessitating regular 
monitoring of the Safa Reservoir. Smoked fish consistently 
had higher metal concentrations than fresh tissues. C. 
gariepinus showed higher Pb and Ni, while H. niloticus 
showed higher Cd and Cr. Differences reflect species 
ecology and physiology. Recommended actions include 
using improved smoking kilns (FAO, 2020), applying Good 
Hygienic Practices and HACCP, enforcing routine 
microbial and metal surveillance, promoting consumer 
education on safe handling, and conducting further studies 
on antimicrobial resistance and metal speciation. 
 
 
Conclusion 
 
The study concludes that H. niloticus and C. gariepinus 
sold in the Hadejia market contain both bacterial and 
heavy-metal contaminants. While some metals, such as 
Pb, remained within safe limits, cadmium levels were 
consistently above international safety standards, posing 
a significant public-health concern due to its toxic and 
bioaccumulative nature. The persistence of bacterial 
contamination    even    in   smoked samples indicates poor  
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hygiene at different stages of the fish value chain. 
Traditional smoking methods, although useful for 
preservation, do not guarantee microbial or chemical 
safety because contamination can occur during handling, 
processing, or storage. Fish processors and vendors 
should adopt strict hygienic practices such as using clean 
water, sanitizing tools, and preventing environmental 
contamination to reduce bacterial load and improve 
product safety. Modern, efficient, and cleaner smoking 
technologies should be introduced to replace traditional 
methods. Improved kilns with controlled heating will 
reduce contamination from smoke, ash, and uneven 
drying. Regular monitoring and enforcement by food-
safety authorities are essential. Periodic sampling of fish 
products will ensure compliance with microbial and heavy-
metal safety standards across markets in the region. 
Effective waste-management strategies must be 
implemented around water bodies to reduce the discharge 
of pollutants that contribute to heavy-metal accumulation 
in fish. Consumers should be educated about the risks 
associated with improperly processed fish and 
encouraged to reheat or thoroughly cook smoked fish 
before consumption to eliminate residual bacterial 
contamination. 
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