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Abstract: Effects of sub lethal concentrations of lead and zinc salts (Pb(NO3)2 and ZnCl2) on the proximate composition 

and energy content of  the flesh of post juvenile Clarias gariepinus  was investigated in this study. All proximate compo-

nents (amino acids, protein, and lipid) and total energy content, except carbohydrate showed a consistent reduction in de-

tected levels as compared to values recorded at day 0 in exposed fishes and their controls. Physiological response of organ-

isms was also indicated to be affected by other environmental stressors during the experiment apart from the investigated 

metal salts. 
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1. Introduction 

Proximate parameters and total energy content are useful 

as bio indicators of stress from environmental pollution. 

Besides direct damage from pollutants, there is the energy 

cost of detoxification mechanisms. Resources (carbohy-

drate, protein, lipid and other energy giving components) 

invested in detoxification reduce extent of damage and 

possible death, however at a cost to health and production 

rate of organisms. Reference [1] reported a decrease in pro-

tein and carbohydrate levels of Calta calta a fresh water 

fish exposed to mercury chloride and attributed this to mo-

bilization of the components to produce energy needed for 

detoxification. However, only limited studies have been 

carried out to evaluate effect of heavy metals on health and 

nutritional value of fishes, and also the use of proximate 

parameters as biomarkers of environmental pollution, 

hence more research is justifiable along these lines. 

Fish accounts for about one fifth of world total supply of 

animal protein and this has risen five folds over the last 

forty years from 20 million metric tons to 98 million metric 

tons in 1993 and projected to exceed 150 million metric 

tons by the year 2010 [2]. Fish farming activity in Nigeria 

started about 50 years ago and today it is recognized as one 

of the most important aspects of Nigeria's agricultural sec-

tor [3].  

The African catfish (sharp tooth catfish) Clarias gariepi-

nus has a pan African distribution ranging from the Nile to 

West Africa and from Algeria to South Africa. It is com-

monly cultured in fish farms in Nigeria and of great eco-

nomic interest, it is also the most common fresh water fish 

widely consumed in Nigeria [4]. 

This study aims to determine the effect of sub lethal con-

centrations of zinc and lead on the proximate composition 

and energy output of post juvenile C. gariepinus. 

2. Materials and Method 

2.1. Test Animals; Source and Acclimatization 

C.gariepinus  post juveniles (6-8 weeks old) were pur-

chased from local fish farms in Surulere Lagos and trans-

ported in polythene bags half filled with pond water to 

holding tanks (length: 45.00cm, height: 34.00cm, bottom 

diameter: 25.00cm and top diameter:35.00cm) in the labor-

atory. 

The post juveniles were kept in the plastic holding tanks 

containing dechlorinated water, to acclimatize to laboratory 

conditions (28±2
0
c, R.H 70±2%) for a period of seven days 

before they were used in the bioassays. The post juveniles 

were fed with fish food (Coppens,) at 3% of body weight 

twice daily, and the water was changed once every 48hours, 

aerating it continuously with Bzagdon air pump (double 

type 1200). 

2.2. Test Compounds 
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Zinc as ZnCl2.4H2O analar grade (molecular weight 

136.28g, purity 98%) and lead as Pb(NO3)2 (molecular 

weight 331.21g, purity 99.5%), manufactured by J.T. Baker, 

a division of Mallinekrodt Baker Inc. 

2.3. General Bioassay Techniques 

2.3.1. Bioassay Containers 

Circular plastic bowls (volume: 6 liters, bottom diameter: 

22cm and top diameter: 33cm) were used as bioassay con-

tainer. 

2.3.2. Preparation of Test Media 

Stock solutions were prepared by taking computed 

amount of test compounds which were made up to a de-

sired volume of distilled water, to achieve solutions of de-

sired strength. This was mixed together using a glass rod to 

ensure proper mixing. To prepare test media for bioassays, 

computed volume of stock solutions were pipette out and 

made up to 5 liters to achieve predetermined concentration 

of test media (actual concentration of zinc and lead in each 

solution of known strength was computed based on mole-

cular weight of test compound). 

Test media were always made up to 5 liters for post ju-

veniles because preliminary studies showed that 5 post ju-

veniles survived well in 5 liters of media for 7 days without 

aeration. 

2.3.3. Selection of Animal for Bioassay 

Active post juveniles of similar age and size (6-8 weeks 

old, mean snout to tail length: 15.00-22.00cm, mean weight: 

31.00-55.00g) were taken from holding tanks and randomly 

assigned to containers involved in any one series of expe-

riment. 

2.4. Bioassays 

2.4.1. Proximate Studies of Clarias Gariepinus Exposed 

to Sub Lethal Concentrations of (Zn and Pb) Acting 

Singly in Semi Static Bioassays 

8 active post juveniles of similar age and size were ex-

posed to sub lethal concentration and control experiments 

in 2 replicates (4 post juveniles per replicate). These series 

of bioassays went on for 28 days and the semi static bioas-

say procedure was adopted. This is to avoid drastic changes 

in concentration of test media via evaporation and exces-

sive reduction in dissolved oxygen level. In the semi static 

procedure, each test media was changed into a fresh solu-

tion of exactly the same concentration of heavy metal salt 

or untreated control respectively once every four days, 

transferring the same exposed test animals into the freshly 

prepared test media over the 28 day period of the experi-

ment. 

At time intervals of 7, 14 and 28 days, one live C. garie-

pinus per replicate, ( two per treatment and two from un-

treated control) were randomly selected , dissected and 

flesh removed and kept refrigerated pending further analy-

sis. 

C. gariepinus were exposed to sublethal concentrations 

of test heavy metals in separate experiments as follows: 

ZnCl2.4H2O was tested at: 

0.01mMol/l (0.1 of 96hrLC50) 

0.001mMol/l (0.01 of 96hrLC50) 

0.0001mMol/l (0.001 of 96hrLC50) 

b. Pb(NO3)2 was tested at: 

0.02mMol/l (0.1 of 96hrLC50) 

0.002mMol/l (0.01 of 96hrLC50) 

0.0002mMol/l (0.001 of 96hrLC50) 

2.4.2. Proximate and Energy Content Analysis of Flesh of 

Clarias Gariepinus Exposed to Sublethal Concen-

trations of Zncl2 and Pb(NO3)2 

Total amino acids, protein, carbohydrate, fat (lipid) and 

energy content of fishes exposed to the heavy metals were 

analyzed using the following methods. 

2.4.2.1 Total Amino Acids 

Determination with ninhydrin 

When amino acids are reacted with ninhydrin hydrate, at 

pH 5 and 100
0
C for a standard period of time, a purple blue 

compound, the ammonium salt of diketohydrindylidene-

diketohydrindamine is produced as the major product. Nin-

hydrin will also yield a similar purple blue product with 

ammonia and primary amines. The absorbance of the pur-

ple blue product is measured at 570nm. Proline and hy-

droxyproline give a yellow product that is partly trans-

formed into enolbetaine by the loss of water. Extensive 

heating of proline and ninhydrin in acetic acid at 100
0
C 

will give a purple blue product when enolbetaine condenses 

with another molecule of ninhydrin hydrate to give a final 

purple blue product. There is no difference in the colours of 

the purple blue products for different amino acids when the 

amino acids are reacted in solution as described above. 

Procedure 

The analysis is performed by the addition of 0.2ml of 

ninhydrin reagent (2mg of ninhydrin in 20mM acetic acid-

acetate buffer, pH 5) to 1.0ml of the amino acid solution. 

The solution is heated for 10 min at 100
0
C and cooled, and 

the absorbance is measured at 570nm for all amino acids 

except proline, which is measured at 440nm. A standard 

curve is prepared for the different amino acids. The limit of 

sensitivity is 0.1µmol. 

2.4.2.2. Total Protein Content 

This was determined using the Biuret method [5]. 5.0ml 

of blank Biuret reagent prepared by dissolving CuSO4 

5H2O crystal in 500ml of distilled water was added to sam-

ple blank. These were mixed well and allowed to stand for 

20 minutes at room temperature 25-27
0
C. Absorbance was 

read for one test and standard against a blank at 540nm. 

The concentration of protein was calculated using: optical 

density for standard × concentration of standard. 

2.4.2.3. Total Lipid Content 

Lipid extraction 

Lipids contain both polar and non polar groups in their 

molecule; hence they are better extracted from tissues using 
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a mixture of polar and non polar solvents. Such a mixture is 

provided by mixing chloroform and methanol in their right 

proportions. 

Procedure 

1g of sample tissue was weighed and homogenized with 

20ml of choloform-methanol mixture (2:1 v/v) for 5 mi-

nutes. The homogenate was poured into a conical flask and 

then corked and allowed to stand for 10 minutes. Homoge-

nate was filtered into a separating funnel using the sintered 

glass funnel. The debris was re-extracted with 5ml of the 

extraction solvent (chloroform-methanol) and then filtered. 

5ml of 0.1%NaCl solution was added to the filtrate and 

shaken thoroughly to partition into aqueous and organic 

phases. The organic phase contains extracted lipids. The 

mixture was allowed to stand for 3 minutes and the lower 

organic phase was collected. The aqueous phase was re-

extracted by shaking with 5ml of chloroform and the organ-

ic layers were pooled into beakers. The beakers were 

placed in hot water bath at 40
0
C and evaporated to dryness. 

The extracted lipid in the beaker was dissolved with 10ml 

of cholorform. 

Estimation of Total Lipid 

0.5ml each of extracted lipid in chloroform, working li-

pid standard and distilled water was transferred into three 

different test tubes. 5ml of concentrated H2SO4 was added 

to each test tube and mixed thoroughly, and then heated in 

a boiling water bath for 10 minutes. Test tubes were al-

lowed to cool to room temperature and 2ml of the contents 

of each test tube were transferred to clean cuvettes. 3ml of 

phosphoric acid-vanillin reagent was added to each cuvette 

and shaken thoroughly, and allowed to stand for 10 minutes. 

Absorbance of the extract and lipid standard was read at 

520nm. 

Calculation 

Mg total lipids= Au × Cs = 240Au 

As             As 

Au=absorbance of unknown 

As=absorbance of standard 

Cs=concentration standard=240mg/100mg 

2.4.2.4. Total Carbohydrate 

The principle is based on the use of perchloric acid to di-

gest the food sample [6] and the hydrolised starches and 

other soluble sugars released are determined spectrophoto-

metrically at 630nm, and expressed as percentage glucose. 

The antherone [7] method was employed with some mod-

ifications. 

Extraction of Carbohydrate 

1g of sample tissue was weighed and transferred into a 

100ml graduated and stoppered measuring cylinder con-

taining 10ml water. The sample was stirred with a long 

glass rod. 10ml of 52% cold perchloric acid was added and 

stirred for 30 minutes, the contents was diluted to 100ml 

with distilled water, mixed and filtered into a 250ml gradu-

ated flask. The content was again diluted to the ml mark 

and mixed thoroughly to obtain sample extract. 

Estimation of Total Carbohydrate 

45ml of the sample extract was diluted to 450ml with 

distilled water. 1ml of the diluted filtrate was pipetted into 

three test tubes. 1ml of water was pipetted into two test 

tubes and 1ml of glucose into two test tubes respectively. 

5ml of freshly prepared 0.10% antherone reagent was pi-

petted into each of the test tubes and corked; the test tubes 

were gently shaken to mix contents. The test tubes were 

labeled and placed in a water bath (37
0
C) for 12 minutes, 

and then allowed to cool to room temperature. The absor-

bance of the samples and standard was read at 630nm 

against the reagent blanks. 

Calculation 

%glucose=25A1 × 100 

xA2 

x=weight of sample 

A1=absorbance of diluted sample 

A2=absorbance of diluted standard 

2.4.2.5. Total Energy Content 

The energy content was estimated by the use of Atwater 

factors of 4, 9, and 4 for its crude protein, crude fat and 

total carbohydrate as main energy sources as reported by [8] 

and [9]. The values of crude protein, crude fat, and total 

carbohydrate were multiplied by 4, 9 and 4 respectively, 

and summing up the products and expressing the result as 

kcal/100g sample. 

2.5. Statistics 

One-way analysis of variance (ANOVA) was used to 

compare the means of results obtained from proximate 

analysis, and where a significant difference (p<0.05) was 

obtained, Duncan test was used to detect the source of the 

difference. 

Means of parameters obtained during the period of the 

experiment for each treated group and control were com-

pared, and those obtained on each sampling day for treated 

groups and control was also compared. 

3. Results 

3.1. Proximate and Energy Content Analysis of Flesh of 

Clarias Gariepinus Exposed to Sub Lethal Concen-

trations of Pb(NO3)2 and Zncl2 

The general trend observed after analysis of results was a 

significant reduction in most of the proximate parameters 

and energy content from day 0, in test organisms exposed 

to sub lethal concentrations of Pb(NO3)2 and ZnCl2 and 

controls respectively.  

3.1.1. Total Amino Acids 

Total amino acids content reduced significantly (p<0.05) 

after 7 days in fishes exposed to Pb(NO3)2, however there 

was no variation in total amino acids after the initial reduc-

tion (p<0.05) from day 0 in groups exposed to ZnCl2 and 

the control. Comparison of total amino acids content of 

groups exposed to sublethal concentrations of Pb(NO3)2  
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and that exposed to ZnCl2, showed marked variation only 

at 7 days where higher values were recor

Figure 1. Total Amino Acid (mg/100g) in groups of Clarias gariepinus exposed to 

3.1.2. Protein 

Protein followed the general trend, with higher values 

(p<0.05) recorded at day 0 as compared to other days du

ing the experiment in groups exposed to conce

Pb(NO3)2 and the control. 

For test organisms exposed to ZnCl2, protein levels were 

Figure 2. Protein Content (g/100

3.1.3. Carbohydrate 

Carbohydrate content did not vary significantly (p<0.05) 

from that recorded on day 0 and also during the exp
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, showed marked variation only 

higher values were recorded in those 

groups exposed to Pb(NO3)2 (Fig.
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marked variation on each sampling day

Figure 3. Carbohydrate content (g/100g) in groups of Clarias gariepinus exposed to 

3.1.4. Lipid 

Lipid content was highest (p<0.05) at day 0 as co

to other sampling days during the period of the exp

in groups exposed to concentrations of 

control . 

For test organisms exposed to concentrations of ZnCl

and the control, higher lipid values (p<0.05) wa

at day 0. 

Figure 4. Lipid content (g/100g) in groups of Clarias gariepinus exposed to 
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marked variation on each sampling day during the experi- ment (Fig. 3). 
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content when exposed groups were compared to control 

each sampling day.  

No marked variation was observed in 

of the test organisms exposed to the sublethal conce

Figure 5. Energy Content (kcal/100g) in groups of Cl

4. Discussion and Conclusion
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content when exposed groups were compared to control on 

No marked variation was observed in the energy content 

of the test organisms exposed to the sublethal concentra-

tions of the two heavy metals in the separate experiments 

on the sampling days during the cou

(Fig. 5). 

Energy Content (kcal/100g) in groups of Clarias gariepinus exposed to Pb(NO3)

Discussion and Conclusion 

Proximate parameters (protein, carbohydrate, lipids) are 

basic components of metabolic activities that have to do 

with supply of energy that is used to drive the major physi-

gical processes in the body. Organisms compensate for 

effects of stressors on its physiology, but only at a price. 

Besides direct damage, there is the energetic cost of detox-

ification mechanisms, in which case the resources that the 

duces its chances of 

death but at a cost in terms of reduction in health and loss 

Fishes are a rich source of protein to humans; however 

exposure to environmental stressors may have adverse ef-

nal value and in the long term, 

Results from this study showed that most proximate pa-

rameters (amino acids, protein and lipid) and energy con-

tent decreased concurrently with increase in exposure pe-

xposed to concentra-

and the controls respectively. 

Protein and amino acids however showed reduced levels in 

organisms exposed to concentrations of Pb(NO3)2 and 

pared to their controls at day 28 respec-

tion in proximate composition and energy 

content in fishes exposed to heavy metals is in agreement 

who studied the Effect of Water Pol-

lution on Four Bioindicators of Aquatic Resources in Sindh 

ease in lipids, proteins and 

amino acids of fishes collected from water bodies polluted 

with heavy metals and attributed this to the degradation of 

the products and use of the degraded products for metabolic 

activities.  

Very few works has been done, espec

evaluate the effect of heavy metals on health and nutr

values of fishes and the possible use of proximate compos

tion and total energy content as biomarkers of environme

tal pollution. Results from this study have shown that env

ronmental stressors can have adverse e

composition and energy levels, hence, more research is 

justifiable to evaluate the effect of heavy metals on health 

and nutritional value of fishes and where possible, labor

ry data should be related to field observations where other 

environmental factors apart from heavy metals are at play 

in order to arrive at reliable conclusions. More research 

will also help to establish the usefu

rameters and energy content as biomarkers of

tal pollution.  

Heavy metals are just one group of pollutants that threa

ens the stability of aquatic ecosystems worl

tainable use of water resources. Fish farming is serving as 

an effective buffer to wild edible fish species in many

countries of the world including Nigeria. However, it is 

time to stop the scourge of environmental poll

surface and ground waters become too polluted to support 

cultivable fish species. 
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