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Abstract 

he bacteriological quality and heavy metal concentration of smoked cat fish 

(Clariasgariepinus) sold in five different markets in Minna Metropolis, Niger State, Nigeria 

were investigated. Standard Aerobic Pour Plate Technique and Atomic Absorption 

Spectrophotometer (AAS)were used for microbial enumeration and determination of heavy metal 

concentration of fish respectively. The mean bacteria count 2.5106 Cfu/g was recorded in Tunga 

Market sampled smoked fish, while those of Chanchaga Market recorded 2.6×106 Cfu/g,Kure Market 

and Bosso Market  recorded 2.20×106Cfu/g for their smoked fish samples. Gwarimarket has the least 

bacteria microbial concentration of 1.51×106Cfu/g. The bacterial pathogens isolated were in the order 

of Baccilussubtalis (46.66%), Pseudomonas aeroginusa (20%), Klebsiella spp. and Streptococcus 

pyogenes(6.66%.) Heavy metals analysed in the study include Mg, Mn, Na, K, Fe, Cu, Zn and Pb. The 

microbial load and pathogens in the sampled smoked fish could be attributed to poor handling 

practises and faulty storage temperature by the fish vendors. Although some of the heavy metals (Cu 

and Pb) analysed in this study were within tolerable limit, others like Fe, K and Na were above 

tolerable limits. It is suggested that taste, size, freshness and other related external appearances 

should not be the only factors to be considered in purchasing choice of markets and consumption of 

fish in Nigeria. It is hereby recommended that caution should be taken in consuming smoked fish 

displaced openly in markets, as they may contain bacteria and fungi, therefore reheating may be 

required to eliminate microbial cells. 
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INTRODUCTION 

Fish is a high protein, low fat food that provides a range of health benefits. They have rich source of 

essential nutrients required for supplementing both infant and adult diet (Abdullahiet al., 2001). 

However, fish has become the main supply of protein beside meat and poultry product and 

contribute a large percentage of dietary protein globally because of its high essential fatty acid (EFA) 

known as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) (Siscovicket 

al.,1997).Abologba and Igbinevbo(2010), reported that fish is also susceptible to microbial 

contamination as millions of bacteria are present in surface slime, gills and the intestine of live fish. 

Bacterial growth and invasion of fish are prevented by the body’s natural defence system when alive, 

but after death, the defence system breaks down and the bacteria multiply and invade the flesh. Fish 

smoking is one of the traditional processing methods aimed at preventing or reducing post harvest 

losses. It involves heat application to remove water and inhibits bacteria and enzymatic action of fish 

(Abolagba and Uwagbai, 2009). 

 

In many countries including Nigeria, industrial wastes, agricultural, runoffs, burning of fossil fuels, 

animal and human excretions, geologic weathering, domestic waste, geochemical structure and 

mining of metals have created a potential source of heavy metals in to river or any aquatic 

environment, and can change both aquatic species diversity and ecosystems due to their toxicity and 

accumulative behaviour ((Kumoluet al.  2009). Aquatic organisms such as fish and shell fish 

accumulate metals to concentrations, many at times higher than that present in water or sediment. 

Siscovicket al.,(1997) reported that heavy metals can occupy different body organs and tissues. At low 

levels, some heavy metals such as copper, cobalt, zinc, iron and manganese are essential for enzymatic 

activity and many biological processes (Kumoluet al.,2009).While other metals such as cadmium, 

mercury and lead have no known essential role in living organisms and are toxic even at low 

concentrations.   

 

The objective of the present study is to investigate the bacteriological quality and heavy metal 

accumulation in smoked cat fish (Clariasgariepinus) sold in the selected marketsin Minna Metropolis, 

Niger State, Nigeria. 

 

 

MATERIALS AND METHODS   

STUDY AREA 

The study area that was used in this investigation are Tunga Market, Gwari Market, Chanchaga 

Market, Kure Market, Bosso Market, all located in Minna, Niger State, Nigeria.   

 

 

SAMPLE COLLECTION 

Fish samples were obtained from five different markets in Minna. The fish were grounded in to 

powder using laboratory pestle and mortar preparatory to analysis. 

 

 

STERILIZATION AND DISINFECTION OF EQUIPMENT 
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Glass wares such as Petri dishes, conical flask, and pipette were sterilized using hot air oven at 120oC 

for 1hour. While working bench, laminar flow were disinfected with 98% alcohol. 

 

HEAVY METAL ANALYSIS OF THE SAMPLE 

The evaluation of the heavy metals associated with the fish samples was done by colorimetric method 

using National Environmental Standard Regulation Enforcement Agency (NESREA) standard at 

River Basin Authority, Minna, Niger State, Nigeria. 

 

PREPARATION OF CULTURE MEDIA 

Preparation of nutrient agar 

Twenty eight gram (28g) of Nutrient agar was weighed into one litre of distilled water according to 

manufacturer’s instruction. The media was put into a water bath to homogenize the mixture. With 

the aid of an autoclave the media was sterilized at 121ºC for 15 minutes. 

 

 

ISOLATION OF MICROORGANISIMS 

Pour plate method was used to isolate microorganisms. 10 test tubes were sterilized and distilled 

water of 9ml was pipetted into these test tubes, 1g of the crushed fish sample was transferred into the 

first test tube and was shake vigorously to have a homogeneous mixture (stock). From the stock 1ml 

of the mixture was pipetted into the second test tube containing distilled water, and the steps was 

repeated until a dilution of 10-10 was obtained. 1ml of the dilution of 10-6and  10-7were poured plated 

into sterile petri-dishes containing nutrient agar to determine the bacteria load count, the plates were 

incubated at 370c for 24 hours (Chessebrough, 2000). 

 

Isolation of bacteria 

After serial dilution, the dilution of 10-7 and 10-8 were plated and incubated. They yielded result and 

gave a mixed growth. This was subsequently sub cultured on nutrient agar plate until distinct and 

uniform growth of bacterial was observed. The isolated bacterial will be subculture in a slant bottle 

for further identification. 

 

 

BIOCHEMICAL TESTS 

The following biochemical tests werecarried out to identify the isolate to the species level. This 

includes: 

 

Gram Staining 

The pure bacterial isolates were stained according to Gram’s techniques (Chessebrough, 2005), which 

consist of the following steps: -Twenty four (24 hrs.) or overnight  bacterial culture was used to make 

a smear by picking a bit of the growth from the media into a drop of water on a clean glass slide using 

a sterile wire loop. It was air dried and heat fixed over a Bunsen burner. The fixed smear was then 

flooded with crystal violet stain for 60 seconds. The smear was rinsed with sterile distilled water and 

then flooded with gram’s iodine for 60 seconds. The smear was then rinsed with clean water and then 

decolorizes rapidly with 95% alcohol for 30 seconds and was rinsed off with water. The smear was 
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then counter stained with safranin for 30 seconds and rinsed with water. It was then air dried and 

observed by oil immersion objectives under the microscope. 

  

Coagulase Test 

This test demonstrate the ability of bacteria to produce coagulase as a defence mechanism by clotting 

the areas of plasma around it thereby enabling them to resist phagocytosis. Isolated cultures were 

emulsified in drops of saline, one serving as real and the other as the control. Few drops of plasma 

were dropped onto the real bacterial suspension. Immediate clumping of the mixture within 5-10 

seconds indicates positive coagulase test (Chessebrough, 2005). 

 

Indole Test 

Isolate cultures were incubated in to peptone broth medium at 370C for48 hours after which 5 drops 

of covac’s reagent was added to the culture. A purple ring indicate indole production. (Cheesebrough 

2000). 

 

Urease Test 

A urea slant was inoculated in a bijou bottle and incubated for 24 – 72 hours. The development of a 

bright pink or red colour indicates a positive reaction. 

 

Catalase test  

This test demonstrates the ability of bacteria to produce coagulase as a defence mechanism by clotting 

the areas of plasma around it thereby enabling them to resist phagocytosis. Isolated cultures were 

emulsified in drops of saline, one serving as real and the other as the control. Few drops of plasma 

were dropped onto the real bacterial suspension. Immediate clumping of the mixture within 5-10 

seconds indicates positive coagulase test (Chessebrough, 2005). 

  

Oxidase test 

Oxidase test was employed to detect organisms that useoxygen(O
2 

) as an electron acceptor during 

the oxidation of reduced Cytochrome C to form water and oxidized Cytochrome C. A fresh 1% 

solution of dimethyl-paraphenylenediaminedihydrochloride was prepared the same day. A few 

drops were poured onto the surface of the agar plate so as to cover it, and later decanted. Positive 

colonies turned purple within 10 seconds (Chessebrough, 2005). 

  

Methyl red test / Vogesproskauer test (MR-VP) 

Tubes containing glucose-phosphate peptone water medium were inoculated with 24 h-peptone 

water cultures and then incubated at 37oC for 24 h. Two drops of methyl red reagent were added, 

shaken well and examined. Appearance of bright red colour indicated a positive reaction whereas 

orange yellow colour indicated a negative reaction. 

 

 

 

Sugar fermentation test 
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The sugar solutions used composed of 1% of glucose and lactose. The medium used was peptone 

broth. The different sugars were prepared and sterilized with that of glucose and fructose at 115
0
C 

for 10 minutes. Phenol red was used as indicator for acid production. 10ml of the medium was 

dispensed into test tubes containing inverted Durham tubes to detect the presence of gas by the 

isolates. Tubes of each of the carbon sources were inoculated with an organism and incubated at 37
0
C 

for 4 to 7 days with daily observation for changes in colour of the indicator. The inoculated tubes 

served as Control (Chessebrough, 2005). 

 

RESULT 
TABLE 1: MONTHLY MEAN CONCENTRATION OF HEAVY METAL IN DRY FISH (mg/kg) (MAY-JULY, 2016) 

 

MONTHS 

HEAVY METALS 

Mn Zn Na Cu Pb Fe K Mg 

MAY 5.31± 

0.89 

9.74± 

2.55 

2214.00±3

45.22 

13.22± 

1.66 

0.02± 

0.01 

3.52±0.26 4524.00± 

759.62 

99.80± 

15.01 

JUNE 5.34± 

0.89 

8.67± 

1.09 

2054.80±7

9.90 

11.20± 

0.77 

0.01± 

0.01 

3.81±0.11 3964..80± 

133.48 

103.80± 

10.13 

JULY 2.14± 

0.18 

5.79± 

0.92 

1835.40±2

65.87 

5.65± 

0.93 

0.00± 

0.00 

5.37±1.15 3652.60± 

363.37 

156.00± 

28.58 

± - Standard deviation 

 

Table 1 shows monthly accumulation of heavy metals in fishes for the period of May to July, 2016. 

Potassium (K) was seen to have the highest accumulation in fishes with a range of 3652.60±363.37 – 

4524.00±759.62, with the month of May recording the highest value, while the least accumulation of 

K was recorded in July. The least accumulated heavy metal in fishes was recorded in Pb with monthly 

range of 0.00±0.00 – 0.02±0.01, with the month of May having the highest accumulation of Pb, and the 

least in July. 

 
TABLE 2: SAMPLING STATIONS MEAN CONCENTRATION OF HEAVY METAL IN SMOKED FISH 

(Clariasgariepinus) 

SAMPLING SITES Mn Zn Na Cu Pb Fe K Mg 

STATION 1 

(TUNGA MARKET) 

3.35±1.09 6.81±1.

38 

1826.67±

240.07 

9.25±3.69 0.01±0.01 3.81±0.69 3733.00±15

6.19 

108.67±31.79 

STATION 2 

(BOSSO MARKET) 

4.83±2.17 8.31±1.

59 

2054.33±

67.57 

10.64±4.0

7 

0.00±0.01 4.91±1.79 4049.67±11

4.12 

137.33±43.09 

STATION 3 

(KURE MARKET) 

4.53±2.19 8.38±2.

71 

2246.00±

368.86 

10.21±4.6

7 

0.01±0.01 4.15±1.09 4212.00±10

12.74 

107.00±14.00 

STATION 4 

CHANCHAGA 

MARKET) 

4.39±1.87 8.03±0.

95 

2034.33±

105.53 

9.39±2.05 0.01±0.01 4.46±1.24 4021.33±10

6.31 

139.67±39.37 

STATION 5 

(GWARI MARKET) 

4.21±1.99 8.80±4.

66 

2012.33±

480.18 

10.62±5.1

4 

0.02±0.02 3.83±0.18 4219.67±10

58.08 

106.67±29.14 

±= standard deviation, (P<0.05)-significant difference at p<0.05. 
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Table 2 shows the mean concentration of heavy metals in Smoked fish samples (mg/kg) from station 

I - V with significant differences (P<0.05). The mean concentration of Mn in station I (4.83±2.17mg/kg) 

was found to be highest than mean concentration of Mn in station II (3.35±1.09). However station III 

(4.53±2.19mg/kg), station IV (4.39±1.87) and V (4.21±1.99 mg/kg) has no significant different 

(P>0.05). 

The mean concentration of Zn in station V (8.80±4.66mg/kg) was found to be highly significantly 

different from the mean concentration of Zn in station IV (8.03±0.95mg/kg), and station I 

(6.81±1.38mgkg), but station II (8.31±1.59mg/kg) and III (8.38±2.71mg/kg) has no significant 

differences. 

 

The mean concentration of Na in station III (2246.0±368.86mg/kg) was found to be highly significant 

(P<0.05) than the mean concentration of Na in station I (1826.67±240.07mg/kg), but the mean 

concentration of Na in station II (2054.33±67.57mg/kg), station IV (2034.33±105.53mg/kg) and station 

V (2012.33±480.18mg/kg) has no significant difference(P>0.05).The mean concentration of Cu in 

station in station III (10.21±4.67mg/kg) was found to be highly significant (P<0.05) than the mean 

concentration of Cu in station I (9.25±3.69mg/kg) , and station IV (9.39±2.05), while the mean 

concentration of Cu in station II (10.64±4.07mg/kg) and IV (10.62±5.14mg/kg) has no significant 

differences (P>0.05). 

 

The mean concentration of Pb in station I (0.01±0.01mg/kg), station II (0.00±0.01mg/kg),  station III 

(0.01±0.01mg/kg), station IV (0.01±0.01mg/kg), and station IV (0.02±0.02mg/kg) across all the 

stations shows  no significant differences (P>0.05). 

 

The mean concentration of Fe in station II (4.91±1.79mg/kg) was found to be higher than the mean 

concentration of Fe in station III (4.15±1.09mg/kg) and station IV (4.46±1.24mg/kg), but the mean 

concentration of Fe in station I (3.81±0.69mg/kg) and station V (3.83±0.18mg/kg) has no significant 

difference (P>0.05).The mean concentration of K in station II (4049.67±114.12mg/kg) and station IV 

(4021.33±106.31mg/kg) were found to be highly significant than the mean concentration of K in 

station I (3733.00±156.19mg/kg), but the mean concentration of K in station III 

(4212.00±1012.74mg/kg) and station V (4219.67±1058.08mg/kg) shows no significant differences 

(P>0.05). The mean concentration of Mg in station IV (139.67±39.37mg/kg) was found to be highly 

significantly different (P<0.05) than the mean concentration of Mg in station II (137.33±43.09mg/kg), 

while the mean concentration of Mg in station I (108.67±31.79mg/kg), station III (107.00±14.00mg/kg) 

and station V (106.67±29.14mg/kg) has no significant difference (P>0.05). 
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TABLE 3:  BIOCHEMICAL CHARACTERISTICS OF ISOLATE FROM SMOKED CAT FISH (Clariasgariepinus) 

Sampl

e code 

G/

R 

Sha

pe  

Coa Ca

t 

Indole Methyl 

red 

Oxida

se 

Urease Glu Suc Lac Fru Probable 

Organisms 

T001 - Rod - - - - - + AG AG AG AG Klessillssp 

T002 + Rod - - - + - - AG AG AG AG Bacillus subtalis 

T003 - Rod - + - + - + A NA AG AG Klessillssp 

B004 + Rod - + - + - + AG AG NA AG Bacillus subtalis 

B005 + Cocc

i 

+ + - + - + A A AG A Staph aureus 

B006 - Rod - + - + + + AG NA NA NA Pseudomonas  

Aeroginos 

K007 + Cocc

i 

chai

n 

- + + + - + NA AG NA A Streptococcuspy

ogens 

K008 + Rod - - - + - + A AG AG AG Bacillus subtalis 

K009 

 

 

+ Rod - + - + - + AG A A AG Bacillus subtalis 

 

C0010 + Cocc

i 

chai

n 

- + - + + + A AG AG AG Streptococcuspy

ogens 

C0011 - Rod - - - + + + NA NA NA A Pseudomonas 

aeroginoss 

C0012 + Rod - - - + + + AG A NA AG Bacillus subtlis 

G0013 - Rod - + - + + + AG AG AG A Pseudomonas 

aeroginoss 

G0014 + Rod - - - + + + A A A AG Bacillus subtlis 

G0015 + Rod - + - + - + AG A AG AG Bacillus subtlis 

KEY: + =Positive; - =Negative; AG= Acid and Gas Production; A=Acid production; NA = No Acid and Gas prodution 

 

Table 3 revealed the result of gram stain, other biochemical test of the isolates, and number of the 

isolatessamples present. The following species of bacteria where found on Clariasgariepinus:-

Staphloccocus aureus, Pseudomonas sp. Streptococcus pyogenes, Klebsiellasp.and Bacillus sp. 

 
 

Table 4: PERCENTAGE OF OCCURRENCE OF BACTERIAL ISOLATES 

ISOLATES     NO OF OCCURRENCE     PERCENTAGE   Klebsiellasp  

                                                 2                13.33 

Staphylococcus aureus   1                6.66 

Pseudomonas aeroginusa                  3                 20 

Streptococcus pyogenes   2                                              13.33 

Bacillus subtilis                   7                46.66  
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Table 4 show percentage of occurrence of bacteria isolates. Baccillus subtilis had the highest number 

of occurrence (7) and percentage of (46.66%) followed by Pseudomonas aeroginusa (3) and (20%), 

Klebsiella sp. and Streptococcus pyogenes has thesame number of occurrence (2) and percentage 

(13.33%), while Staphylococcus aureus has the least number of occurrence (1) and percentage (6.66%). 

 

Discussion  

In the present study, bacteria and heavy metals were found to have bioaccumulated in the fish 

samples collected for the study. Highest mean bacteria count of 2.5×106cfu/mg was observed in 

Tunga market sample, 2.6×106cfu/mg bacterial count was also observed in Chanchaga market, while 

Bosso and Kure market had mean bacterial of 2.20×106, while Gwari market had least microbial 

contamination of 1.51×106.  This variation of microbial count from the markets sampled may be due 

to lack of proper smoking and unhygienic mode of processing and handling adopted by the smoked 

fish sellers and buyers. This agreed with the findings of Abolagba and Iyeru (1998) who reported that 

lack of proper smoking and proper hygienic handling of smoked fish products would result in a 

varying microbial load.  Sanitary method of smoking/drying are been altered by the processors. 

 

The species of bacteria isolated in the present study were identified as Klebsiella spp., Staphylococcus 

aureus, Bacillus subtalis,Pseudomonas aeruginosa and Streptococcus pyogenes . However Bacillus subtalis 

has the highest frequency of 46.66%, while Klebsiella spp. and Streptococcus pyogenes  recorded 13.33%, 

Pseudomonas spp. had  percentage of 20% which was  high after Bacillus subtalis. Very few percentage 

of Staphylococcus aureus was identified which was 6.66%. The diverse group of microorganism isolated 

in this research study could be attributed to several factors including exposure at the market, poor 

sanitary and unhygienic condition kept during processing. The occurrence of Staphylococcus aureus in 

smoked fish samples was in agreement with Martins (1994), who reported that these organisms were 

the commonest bacteria associated with smoked fish.The bacteria isolates agree with the result of 

Sokari and Anozie (2005), who isolated Staphylococcus aureus in fish and in street food(Mepba et al., 

2008). Studies have suggested that the presence of Staphylococcus aureus on smoked fish and ready - 

to - eat food may be as a result of improper handling, cross contamination and poor temperature 

control (Sydney, 2009; Christansonet al., 2008). The presence of Baccilusspp. could be due to the display 

of the smoked fish (Clariasgariepinus) without any form of packaging. Therefore being frequently 

displayed uncovered fish became liable to contamination to bacteria of aerial origin (Adegoke, 2010). 

The danger posed by the presence of Baccilus aureus and Staphyloccocus aureus with or without 

their metabolic products in various foods, without further treatment is the possible outbreak of 

serious food borne illness(Bryant, 2007).Water activity [Aw] of the fish may increase the number of 

viable microbial cell because it does not allow the fish to dry completely and also favour microbial 

growth/proliferation. Hence, the species of bacteria isolated from fish may be hazardous to human 

health when consumed, and this poses a serious threat to the public health sector.  

 

Heavy metal analysed in the present study include Mg, Mn, Na, K, Fe, Cu, Zn, and Pb. The statistical 

analysis revealed variation in the concentration of different heavy metal in the fish sampled. 

Although, the concentration of heavy metals were all statistically significant at P<0.05. The increase 

in concentration of these heavy metals in this study are in the following progression:- 

K>Na>Mg>Cu>Zn>Mn>Fe>Pb.The concentration of Zn in the smoked fish could be due to the 
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presence of large number of fishing vessels and trawlers in the water body,  which use galvanized 

metal coating to prevent rusting (Lakshamananet al. 2009]. The concentration of lead was very small, 

this agreed with the observation of  Adeyeyeet al., (1996) in their study of some metals in 

Clariasgariepinus and Oreochromisniloticus.Copper concentration varies and the range of the 

concentration of copper was similar to other studies.Values obtained for cupper in this research 

ranged between 9.25±3.69 – 10.64±4.07, whilethe concentration of iron ranges from 4.91±1.79mg/kg 

to 3.81±0.69mg//kg.Fe is an essential element in human diet and fish, it contains relatively high 

amount of readily absorbable haemoglobin.Fe forms part of haemoglobin which allows oxygen to be 

carried from lungs to the tissues. The high concentration of Cu and Fe in the fish samples analysed 

can be due to natural abundance of the metals in Nigeria soils and also the source of metal deposits 

are aquatic system  (Adefemiet al., 2008).The contents of Zn, Cu and Fe in the sampled smoked fish 

were lower than the maximum allowable limit set by the World Health Organisation (2011) and 

Nigerian Federal Environmental Protection Agency (2003). 

 

 

Conclusion 

In spite of the fact that a lot have been done in creating awareness among the fish traders and 

processors on the need to conduct their operation under good sanitary condition. The results obtained 

from this study indicates that there is still more to be done, so that heavy metal accumulation and the 

bacteria load in fish will not be high to constitute a health problem to the consumers. 

 

 

 Recommendations 

 Smoked fish products must be properly cooked before they can be eaten. 

 For extended storage life smoked fish product should be frozen to protect quality. 

 Good sanitary conditions should be put in place during smoking. 

 In spite of being physically firm, caution should be exercised in consuming preserved fish 

stored on open shelf for very long period as they may harbour high amount of microbial cells. 

 Proper packaging to prevent direct hand contact and contamination by bacteria of aerial 

origin, control of relative humidity and warm temperature that promote bacteria growth 

should be embarked upon.  

 Relevant Fisheries Authority should enlighten the fishermen/consumers on the dangers 

heavy metal and bacterial load pose to the environment and the consumers of fish. The 

campaign should be through mass media, community – based organizations and NGOs 

involved in environmental conservation. 

 Fisheries Officers should undertake refresher courses on the ecological impact of these heavy 

metals and bacteria on the environment. 

 Quality control laboratories should be equipped with modern and rapid analytical capacity 

for quick confirmation of any contamination of fish by heavy metals and bacterial loads. These 

laboratories should be based at various reservoirs and water bodiesin the country, so as to 

avoid delays in the confirmation of the type of heavy metals and bacteria, and thereby 

quickening the intervention action to be taken. 
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