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ABSTRACT: This study was conducted to evaluate nutritional composition and heavy metals 

concentration of smoked and raw edible fish species from Ologe lagoon (freshwater) and Lagos 

lagoon (marine). The fish species from Ologe include: Chrysichthys nigrodigitatus (Catfish), 

Monodactylus sebae (African moony), Pomadasys jubelini (Buro), Sphyraena barracuda (Great 

barracuda), and Pseudotolithus elongatus (Croaker), while that of Lagos lagoon include 

Chrysichthys nigrodigitatus (Catfish), Caranx hippos (Crevalle jack), Liza falcipinnis (Sicklefin 

mullet), Pomadasys jubelini (Buro), and Monodactylus sebae (African moony). The nutritional 

composition ranged in the following trend moisture (43.24 - 76.79 %) > carbohydrate (3.16 – 

63.45 %) > protein (0.80 - 31.55 %) > fibre (1.07 – 2.8 %) > ash (0.81 – 1.88 %) > fat (0.40 – 

1.30 %). In this study, these fishes are generally low in fats (lean fish), and fish smoking tend to 

reduces their nutritional composition. Heavy metals concentration trend thus Zn (2.4 – 7.75 

mg/kg) > Ni (0.80 – 1.925 mg/kg) > Cr (0.20 – 0.550 mg/kg) > Pb (0.025 – 0.50 mg/kg). In all 

the samples, all the metals of interest were detected except cadmium which was not found in any 

of the samples analysed. Pb (0.025 - 0.5 mg/kg) values in the  fishes were lower than the maximum 

standard level  reported to be 0.5 mg/kg dry weight by FAO except in the raw Pomadasys jubelini 

where the value is 0.5mg/kg. The fresh water fishes showed higher concentration of heavy metals 

than marine water fishes but not statistically significant (p>0.05). Although, smoked fishes 

showed higher concentration of heavy metals than the raw fishes, it was only significant for zinc 

(p<0.05). In view of this study and the importance of fish in human diet, it is recommended that 

biological monitoring of fishes meant for consumption from these two water bodies be carried out 

regularly to ensure human safety.© JASEM 

 

http://dx.doi.org/10.4314/jasem.v20i2.7 
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Introduction 

Fish is an important component in the diets of many 

Nigerians. It is a good source of protein for humans 

and animals (Holma and Maalekuu, 2013). Over 

32,000 species of fish have been described, making 

them the most diverse group of vertebrates, however, 

only a small number of species are commonly eaten by 

humans (Le´veˆque et al., 2008). Fish is also an 

important source of poly-unsaturated fatty acids and 

also contains omega-3, calcium, iodine, phosphorous, 

iron, trace elements like copper and a fair proportion 

of the B vitamins known to support good health 

(Tucker, 1997; USDA, 2010). Nutritionists 

recommend that human should eat fish every day 

(Sutharshiny and Sivashanthini, 2011). An increasing 

amount of evidences suggest that, fish and fish oil 

(contain high amount of polyunsaturated fatty acids) 

are valuable in decreasing the serum cholesterol to 

prevent a number of coronary heart diseases and 

increase neurological development (Turkmen et al. 

2005). Eating of fish can reduce the risk of heart 

diseases and lower the risk of developing dementia, 

including Alzheimer’s diseases (Kelly and Knopman, 

2008). Fish contains significantly low lipids and 

higher water than beef or chicken and is favoured over 

other white or red meals (Grant, 1997). 

 

In Nigeria, fish is either eaten fresh, fried or smoked, 

and form a much cherished delicacy that cut across 

socio-economic, age, religions and educational 

barriers (Adebayo et al., 2008). According to the study 

of Adekoya and Miller (2004), marine fish is generally 

cheaper and more abundant when compared with fresh 

water fishes, which are relatively more expensive in 

Nigeria. The major constituents of fish are moisture, 

protein and fat with minerals occurring in trace 

amount (Holland et al., 1993). Fish mineral and metal 

contents may vary according to the surrounding 
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environment (Ogundiran et al., 2014). Pollution of the 

aquatic environment by inorganic chemicals has been 

considered a major threat to water quality and the 

aquatic organisms including fishes. Their direct 

toxicity to man and aquatic organisms and the indirect 

toxicity through their accumulations in the aquatic 

food chain are issues of serious concern (Adesuyi et 

al., 2016). 

 

These environmental pollutants such as heavy metals 

cause serious health and environmental risk because of 

their persistence, toxicity at low concentration and 

ability to incorporate into food chain of aquatic 

organism (Harte et al, 1991), and fish are generally 

considered to be the most relevant organisms for 

pollution monitoring in aquatic ecosystems (Vander 

Oost et al., 2003). Therefore despite fish nutritional 

value, its consumption can bring a potential hazard 

concern to the consumers. 

 

It has been observed that different processing methods 

have different effects on the nutritional compositions 

of fish species. This is because heating, freezing and 

exposure to high concentration of salt lead to chemical 

and physical changes and therefore digestibility is 

increased, due to protein denaturation, but the content 

of thermolabile compounds and polyunsaturated fatty 

acids is often reduced (Chukwu and Shaba, 2009). The 

objective of this study is to investigate the proximate 

and heavy metal composition of some raw and smoked 

selected fresh water and marine fishes from Ologe and 

Lagos Lagoon. 

 

MATERIALS AND METHODS 
Sample collection: The fish samples used for this 

study were obtained from fishermen at the landing 

sites in Ologe lagoon (freshwater) and Lagos lagoon 

(marine) and preserved in ice during transport to the 

laboratory. The fishes were virtually of the same size 

as variability in size stands to affect the proximate 

composition and the mineral elements concentration. 

Fish samples were identified at the Aquaculture unit 

of Marine Science department and analysed at the 

central research laboratories of University of Lagos 

Akoka, Lagos. 

 

 
Fig 1: Map showing sample locations 

 

Sample preparation: The fish samples were 

thoroughly washed with tap water and distilled water 

to remove any adhering contaminants and drained 

under folds of filter paper. A representative sample 

from each species from both marine and fresh water 

was then smoked with wood. Each species of fish (raw 

and smoked) was dissected with a knife and the 

intestines, guts and bones were removed separately. 

The tissue samples were then homogenized separately 

into a fine mesh with an electric food blender and 

thereafter, stored in a deep freezer at -18°C prior to 

digestion. 

 

Heavy metal analyses: The tissues were oven dried at 

70 to 73°C until constant weight was obtained. The 

specimens were then ground to fine powder and stored 

in desiccators in order to avoid moisture accumulation 

before digestion. The digestion procedure was carried 

out as described by Kotze et al. (2006). Twenty 

milliliter (20 ml) of concentrated nitric acid (55%) and 

10 ml of perchloric acid (70%) was added to 

approximately 1 g tissue (dry mass) in a 100 ml 

Erlenmeyer flask. The digestion was done on a 

hotplate (200 to 250°C) until the solutions were clear. 

The solutions were then filtered through an acid 

resistant 0.45 mm filter paper and made up to 50 ml 

each with distilled water. The samples were stored in 

clean glass bottles prior to the determination of the 

metal concentration by Atomic Absorption 

Spectrophotometer (AAS). 

 

Stock standard was prepared by dividing the molar 

mass of the compound of the element by the molar 

mass of the element. The standard solution prepared 

was used to calibrate Atomic Absorption 

Spectrophotometer (AAS). The prepared sample was 

aspirated into the AAS; the air, the fuel of the 

instrument (acetylene) and the sample, formed aerosol 

inside the AAS. About 10% of the aerosol goes into 

the flame and 90% passed out as waste. The flame 
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vaporized, dissociated, and atomized the sample from 

ground state to excited state. 

The readings were taken from the equipment in mg/g 

and the results were converted to mg/kg which is the 

actual concentration of the metal in the sample using 

the equation (Aderinola, et al., 2009): 

������������� �
 ����� 

=  
����������� ������� ×  ������ �
 ������

����ℎ� �
 ������
 

Proximate Analysis: Determination of Moisture 

Content (%): Moisture content was determined 

according to the method of AOAC (2005). An empty 

clean crucible was weighed; 5g of the fresh or smoked 

sample was weighed into a crucible and dried in an 

oven at 1050C to constant weight. The moisture 

content was then calculated using this equation: 

�������� % =
��� ����ℎ� − ��� ����ℎ�

��� ����ℎ� �
 ������
 × 100 

 

Determination of Total Ash (%): Ash content of fish 

was determined according to the method of AOAC 

(2005). An empty clean crucible was weighed; 5g of 

sample was weighed into the crucible and ashed in a 

furnace at 5500C to a constant weight. Total ash was 

then calculated thus; 

��ℎ % =  
����ℎ� �
 ��ℎ

����ℎ� �
 ������
 × 100 

 

Determination of Fat (%): Crude fat was obtained by 

exhaustively determined method of AOAC (2005). 5g 

of sample was massed into a polypropylene centrifuge 

bottle. Sodium acetate, aliquots of methanol, 

chloroform and water was added into the bottle and 

shaken for 30 minutes. The content of the bottle were 

centrifuged at 2500 rpm for 10 min, after which it was 

to set in 250C water bath for 15 minutes. The samples 

were evaporated to dryness under nitrogen blanket, 

heated in a drying oven for 30 minutes, and cooled in 

a desiccator for at least 30 minutes. Fat content was 

then determined using;  

��� % =  
 !2 − !1#

 $� × %!#
 × $� × 100 

Where, W2 was the weight of glass tube and dried 

extract (g), W1 was the weight of empty dried glass 

tube (g), Vc was the total volume of chloroform (ml), 

VA was the volume of extract dried (ml), and SW was 

the weight of the sample in grammes. 

 

Determination of Protein (%): Crude protein content 

of fish was determined according to the method of 

AOAC (2000). Briefly, 1 g of sample was weighed 

into digestion tubes. Two Kjeltabs Cu 3.5 (catalyst 

salts) were added into each tube. About 20 ml of 

concentrated sulphuric acid (H2SO4) was carefully 

added into the tube and then shaken gently. Digestion 

procedure was carried out. Digested samples were 

cooled for 10 to 20 min. Distillation procedure was 

then performed using distillation unit and the distillate 

was titrated with 0.025N sulphuric acid (H2SO4) until 

the end point changes from green to pink. Volume of 

acid required in the titration was recorded. Blank was 

prepared with the exclusion of sample. The percentage 

of protein content was calculated according to the 

following equation: 

 

% &������� =  
0.014 × $) × & × 100 × *$

����ℎ� �
 ������ × �)
 

% +������ = %& × � 

Where, VD is the Volume of digest; N is the normality 

of acid; TV is the titre value; AD is the aliquot of 

digest and F is the conversion factor for nitrogen to 

protein (6.25). 

 

Determination of Fibre: Fibre content was determined 

according to the method of AOAC (2005). 5g of each 

fish sample was weighed into a 1 liter conical flask. 

Then 200ml of boiling sulphuric acid was added and 

boiled for 30 minutes over a burner. Swirling is done 

occasionally to remove solids from adhering to the 

sides of the flask. The hot solution was 

decanted through Buchner funnel fitted with Whatman 

52 filter paper. All residues were rinsed with boiling 

water until no colour change in litmus paper to be sure 

acid has been removed. Then the residue 

was transferred into a 200 ml of 1.25% 

NaOH solution into a 1liter flask and brought to boil 

and maintained a gentle ebullition for 30 minutes 

and filtered through rapid hardened filter paper. 1% 

HCl and distilled water, 15ml of alcohol and 10ml of 

diethyl ether were also added. The sample was dried 

in an oven at 100 0C for 1 hour and allowed to cool in 

a desiccator and weighed (W1). Sample was put in a 

crucible in a furnace at 550C for 3-4 hours; it was 

cooled in a desiccator and weighed again (W2). Fibre 

was calculated thus: 

% ����� =  
!1 − !2

����ℎ� �
 �ℎ� ������
 × 100 

 

Determination of Carbohydrate (%): Carbohydrate 

content was calculated based on difference calculation 

(AOAC, 2005): 

,����ℎ������ = 100% −  % �������� + %��ℎ

+ %����� ������� + %
��# 

 
Statistical Analyses: Analysis of the data was carried 

out using the excel worksheet package and Graph pad 

prism, version 6.0.    

RESULTS AND DISCUSSION    
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Nutritional composition of fish samples: Table 1 

shows the values for the proximate composition of the 

sampled fish species. The highest moisture content 

was found in Liza falcipinnis with value of 76.79 % 

while the lowest was recorded for Monodactylus sebae 

with 43.24 %. Generally, the moisture content for the 

smoked fishes was quite lower than the fresh 

unprocessed fishes, and it was statistically significant 

(p<0.05). The moisture contents in all the three species 

common to the two habitats were around the 

acceptable level (60-80 %), which could be due to the 

stable water levels in the habitats the fishes were 

collected (Adewumi et al., 2014). Moisture contents of 

a fish are also a good indicator of its relative content 

of energy, protein and lipid (Olagunju et al. 2012). 

According to Holma and Maalekuu (2013), smoking, 

salting and frying have been observed to reduce 

moisture content of fishes, hence, low moisture 

content of smoked fishes in this study. Moisture 

content in all the species agreed with observation of 

Daniel (2015), Ogundiran et al. (2014) and Olagunju 

et al. (2012) in several marine and freshwater fish 

species. 

 

Smoked Pseudotolithus elongatus have the highest 

content ash content (1.88%) among all sampled fishes 

(marine and freshwater) while the least was obtained 

in smoked Monodactylus sebae (0.81%). There was 

variation in ash content of both raw and smoked fishes, 

and marine and freshwater fishes; however, they were 

not statistically significant (p>0.05). Ash is a measure 

of the mineral content of food item; it is the inorganic 

residue that remains after the organic matter has been 

burnt off (Adewumi et al., 2014). The range of ash in 

this study suggests that these species of fishes are good 

source of minerals such as calcium, potassium, zinc, 

iron and magnesium. 

 

For the protein content of the fishes, smoked 

Sphyraena barracuda had the highest value of 31.58% 

while the least value of 0.80% was recorded for 

smoked Monodactylus sebae. Crude protein content 

for marine fishes was in the order, Sphyraena 

barracuda > Pomadasys jubelini > Pseudotolithus 

elongatuss > Chrysichthys nigrodigitatus > 

Monodactylus sebae. Crude protein content for 

freshwater fishes was in the order; Chrysichthys 

nigrodigitatus > Pomadasys jubelini > Caranx hippos 

> Liza falcipinnis > Monodactylus sebae. Protein 

content of smoked fishes was quite higher than the raw 

fishes from both environment and it was statistically 

insignificant (p>0.05). Fishes from the freshwater 

environment are significantly more proteinous than 

marine fishes (p<0.05). The protein content from all 

sampled fishes from both Ologe and Lagos lagoon was 

high. It shows that all the fish species are good sources 

of protein. The relatively high to moderate percentage 

crude protein may be attributed to the fact that fishes 

are good source of pure protein, but the variations 

observed in values obtained could also be as a result 

of fish age, habitat, fish consumption or absorption 

capability and conversion potentials of essential 

nutrients from their diets or their local environment 

into such biochemical attributes needed by the 

organisms body (Adewoye and Omotosho, 1997). 

Smoked fishes in this experiment, recorded higher 

crude protein content than the raw fishes and this was 

in accordance with the findings of Chukwu (2009) and 

Kumolu-Johnson (2010). The significant increase 

suggests that protein nitrogen was not lost during 

drying and thus increase in crude protein level can best 

be explained thus, smoking resulted in concentrating 

crude protein components of red fish, (Kumolu-

Johnson, 2010). And this concentration effect is 

basically as a result of loss of moisture by the smoked 

fish as opined by Koral et al., (2009). 

For fats, raw Chrysichthys nigrodigitatus contained 

the highest fat content of 1.30 %, while the least was 

observed in smoked Pseudotolithus elongatus with 

0.40 %. The degree of variation between the two 

habitats is low and there was no significant difference 

(p > 0.05). Fish can be grouped into four categories 

according to their fat contents: lean fish (<2%), low fat 

(2-4%), medium fat (4-8%) and high fat (>8%) 

(Ackman, 1989). Hence, based on these categories the 

fish species can be classified as low fat fishes (lean 

fishes). Keremah and Amakiri (2013) equally reported 

low values of fats for Chrysichthys nigrodigitatus 

obtained in Yenagoa (2.13%). However, this result is 

at variance with Chrysichthys nigrodigitatus (10.62%) 

obtained from Cross River, Nigeria as reported by 

Daniel (2015). Traditional method of fish 

preservation, smoking and salting have been 

implicated to reduce crude fat content of fishes due to 

oxidation and crude fat break down into other 

components; oxidation of poly-unsaturated fatty acids 

(PUFA) contained in the fish tissue to products such 

as peroxides, aldehydes, ketones and the free fatty 

acids (Holma and Maalekuu, 2013). Hence, low crude 

fat content of smoked fish in this study. 

 

The fiber content ranged from 1.07 % in raw Liza 

falcipinnis from Ologe freshwater environment to 2.80 

% in smoked Monodactylus sebae. The increase in the 

crude fibre content of smoked fishes could be 

accounted for by oxidation of their poly-unsaturated 

fatty acids (PUFA) components, contained in their 

tissues to products such as peroxides, aldehydes, 

ketones and free fatty acids (Daramola et al., 2007). 
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Table 1: Nutritional composition of raw and smoked fishes (%) 

 

The highest carbohydrate content was present in the 

raw sample of Monodactylus sebae and the lowest 

content was observed in the smoked sample of 

Pseudotolithus elongatus with 63.45 % and 3.16 % 

respectively. There was a significant difference in 

carbohydrate content of both the smoked and the raw 

fishes (p<0.05). The appreciable values of 

carbohydrate could be due to the presence of elements 

like calcium and potassium in their diets (Adewoye 

and Omotosho, 1997). 

Heavy metal concentrations in sampled fishes: The 

heavy metal contents of the fishes are shown in Table 

2. Heavy metal content of the fish samples varied in 

their concentrations both within and between the 

selected species sampled (smoked or raw and marine 

or freshwater). The highest concentration of Pb was 

detected in raw Pomadasys jubelini with concentration 

of 0.50 mg/kg and the lowest concentration of 0.025 

mg/kg was detected in the raw Monodactylus sebae 

and the smoked Sphyraena barracuda. There was little 

variation in Pb concentration in fishes from both 

Lagos lagoon (Marine) Moisture  Ash  Protein  Fat  Fiber  Carbohydrate  

Chrysichthys 

nigrodigitatus 

smoked 63.57 0.89 13.23 0.92 1.10 12.92 

raw 70.94 1.38 12.28 1.30 1.45 20.02 

Mean 67.26±3.69 1.14±0.25 12.76±0.48 1.11±0.19 1.28±0.18 16.47±3.55 

Std. Dev. 5.21 0.35 0.67 0.27 0.25 5.02 

Monodactylus sebae smoked 20.96 1.09 19.90 0.97 1.10 33.70 

raw 43.24 1.71 11.34 1.09 1.45 63.45 

Mean 32.1±11.14 1.40±0.31 15.62±4.28 1.03±0.06 1.28±0.175 48.58±14.88 

Std. Dev. 15.75 0.44 6.05 0.085 0.248 21.04 

Pomadasys jubelini smoked 52.59 1.35 17.04 0.93 1.14 8.51 

raw 71.03 1.82 19.95 0.53 1.82 23.30 

Mean 61.81±9.22 1.59±0.24 18.50±1.46 0.73±0.20 1.48±0.34 15.91±7.40 

Std. Dev. 13.04 0.33 2.06 0.28 0.48 10.46 

Sphyraena barracuda smoked 54.48 1.18 31.58 0.50 1.09 6.53 

raw 59.12 1.86 20.78 0.61 1.90 20.37 

Mean 56.80±2.32 1.52±0.34 26.18±5.4 0.56±0.056 1.50±0.41 13.45±6.92 

Std. Dev. 3.28 0.48 7.64 0.078 0.573 9.79 

Pseudotolithus 

elongatuss 

smoked 72.97 1.88 18.80 0.40 1.60 3.16 

raw 74.16 1.08 16.82 0.62 1.88 6.62 

Mean 73.57±0.60 1.48±0.40 17.81±0.99 0.51±0.11 1.74±0.14 4.89±1.73 

Std. Dev. 0.84 0.57 1.40 0.16 0.19 2.45 

Ologe lagoon (Freshwater) 

 

      

Chrysichthys 

nigrodigitatus 

smoked 67.21 1.10 18.80 0.93 1.20 3.58 

raw 74.39 1.32 24.11 0.61 1.92 4.84 

Mean 70.80±3.60 1.21±0.11 21.46±2.66 0.77±0.16 1.56±0.36 4.21±0.63 

Std. Dev. 5.08 0.16 3.76 0.23 0.51 0.89 

Monodactylus sebae smoked 67.40 0.81 0.80 0.91 2.80 21.98 

raw 70.18 1.29 3.33 1.20 2.60 29.71 

Mean 68.79±1.39 1.05±0.24 2.07±1.27 1.06±0.15 2.70±0.10 25.85±3.87 

Std. Dev. 1.97 0.34 1.79 0.21 0.14 5.47 

Pomadasys jubelini smoked 60.16 1.37 22.44 0.71 1.33 7.21 

raw 66.94 1.29 23.28 1.00 1.60 12.68 

Mean 63.55±3.39 1.33±0.04 22.86±0.42 0.86±0.15 1.47±0.14 9.95±2.74 

Std. Dev. 4.79 0.06 0.59 0.21 0.19 3.87 

Caranx hippos smoked 70.20 1.70 25.73 0.39 1.48 4.10 

raw 66.67 1.00 20.43 0.69 1.41 6.20 

Mean 68.44±1.77 1.35±0.35 23.08±2.65 0.54±0.15 1.45±0.04 5.15±1.05 

Std. Dev. 2.49 0.50 3.75 0.21 0.05 1.49 

Liza falcipinnis smoked 76.70 1.40 21.60 0.65 1.11 4.45 

raw 76.79 1.01 13.30 0.65 1.07 7.27 

Mean 76.75±0.05 1.21±0.20 17.45±4.15 0.65±0.0 1.09±0.02 5.86±1.41 

Std. Dev. 0.06 0.28 5.87 0.0 0.03 1.99 
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environments (either raw or smoked) and it was not 

statistically significant (p > 0.05). Lead is non-

essential element and a great threat to life if present in 

substantial quantity. It is toxic even at low 

concentrations and has no known function in 

biochemical processes (Burden et al., 1998). The Pb 

values were quite high in the fishes as Pb maximum 

standard level was reported to be 0.5 mg/kg dry weight 

(FAO, 1983).  

 

Zinc has the highest concentration among the metals 

in this study. It ranged between 2.4 mg/kg in raw 

Chrysichthys nigrodigitatus obtained from Lagos 

lagoon to 7.75 mg/kg in raw Pomadasys jubelini from 

Ologe lagoon. In this study smoking of fish has a 

contributory effect on the zinc concentration in fishes 

as it increases its bioconcentration. Zinc is among the 

essential elements, serves as cofactors to some 

important enzymes and also involved in most 

metabolic pathway in humans and its deficiency can 

lead to loss of appetite, growth retardation, skin 

changes and immunological abnormalities; however, 

at higher concentration they tend to be toxic (Fawole 

et al., 2013). Fish takes up Zn directly from water, 

especially via mucous and gills. The values of Zn 

obtained were significantly high in Pomadasys 

jubelini, Liza falcipinni, and Monodactylus sebae but 

lower than the 50 mg/kg maximum zinc level 

permitted for fish according to Food Codex. The 

values of Zn in this study are higher than the value 

recorded in the tissues of Oreochromis niloticus from 

Ologe lagoon by Kumolu-Johnson and Ndimele 

(2012). 

Nickel concentration of fish species from both Ologe 

and Lagos lagoon ranged 0.80 mg/kg in smoked 

Sphyraena barracuda to 1.925 mg/kg in smoked 

Monodactylus sebae. Cadmium was not detected in 

any of the fish samples from both Ologe and Lagos 

lagoon. The highest concentration of Cr was detected 

in smoked Pomadasys jubelini (0.550 mg/kg) while 

the least was detected in raw Pomadasys jubelini (0.20 

mg/kg). Chromium is an abundant element in the earth 

crust and it occurs in oxidation states ranging from 

Cr2+ to Cr6+. Only Cr3+ and Cr6+, however, are of 

biological importance (Majolagbe et al., 2012). 

Industrial effluent discharged a major source of 

chromium followed by urban runoff. Chromium 

toxicity is because of acute exposure of elevated levels 

of chromium in the environment and this is associated 

with cancer of respiratory tract (Norseth, 1981; 

Majolagbe et al., 2012). The concentration of Cr in this 

study is quite and significantly higher than the values 

reported in some previous studies in fishes of Ologe 

Lagoon and other water bodies in Nigeria (Kumolu-

Johnson and Ndimele, 2012). However, the Cr values 

were all below Food and Agricultural Organisation 

(1983) limit of 0.15-1.0 mg/kg. 

 

Table 2: Heavy metal concentrations of smoked and fresh marine fishes 
Lagos lagoon (marine) Pb (mg/kg) Cr (mg/kg) Cd (mg/kg) Zn (mg/kg) Ni (mg/kg) 

Chrysichthys 

nigrodigitatus 

Smoked 0.150 0.275 ND 2.450 1.675 

Raw ND 0.225 ND 2.400 1.550 

Monodactylus sebae Smoked ND 0.500 ND 5.075 1.925 

Raw ND 0.225 ND 4.925 1.750 

Pomadasys jubelini Smoked 0.025 0.250 ND 7.600 1.550 

Raw 0.050 0.200 ND 6.975 1.725 

Sphyraena barracuda Smoked 0.025 0.400 ND 4.400 0.800 

Raw ND 0.425 ND 4.275 1.000 

Pseudotolithus elongatus Smoked ND 0.325 ND 4.725 1.175 

Raw ND 0.375 ND 4.475 1.025 

Ologe lagoon (freshwater)      

Chrysichthys 

nigrodigitatus 

Smoked 0.050 0.550 ND 3.600 1.300 

Raw 0.125 0.475 ND 3.450 1.150 

Monodactylus sebae Smoked 0.100 0.350 ND 3.675 0.900 
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Raw 0.025 0.250 ND 3.775 1.800 

Pomadasys jubelini Smoked ND 0.550 ND 7.525 1.300 

Raw 0.500 0.500 ND 7.750 1.000 

Caranx hippos Smoked ND 0.250 ND 3.650 1.775 

Raw ND 0.225 ND 3.475 1.675 

Liza falcipinnis Smoked ND 0.300 ND 5.500 1.825 

Raw ND 0.400 ND 4.975 1.875 

*ND-not detected 

 

Conclusion: Traditional process of fish preservation 

such as smoking has the capacity to reduce nutritional 

composition of fishes and also bioconcentrate heavy 

metals in fishes. In view of the importance of fish in 

human diet, it is necessary that biological testing and 

monitoring of the fish meant for consumption should 

be carried out regularly to ensure human safety and 

health. WHO (1995) reported that heavy metals must 

be controlled in food sources in order to assure public 

safety. Increased concentration of food heavy metals 

is associated with the etiology of a number of diseases, 

especially cardiovascular, renal, neurological and 

bone diseases. This study showed that fishes from both 

marine and freshwater bioaccumulate heavy metals 

and smoking process can add to the concentration 

level of these heavy metals in fishes. 
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