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ABSTRACT: Zinc Oxide nano-particles (ZnO-NPs) are more useful in the production of commercial goods 

than other nano-particles because of their unique properties. The effluents of ZnO-NPs get into the aquatic 
ecosystems and accumulate in fish tissues causing serious health consequences. This study was therefore designed 

to investigate the effect of ZnO-NPs exposure on the nutritional composition and depuration potential of large 

African catfish (Heterobranchus longifilis). The nutritional composition evaluated include, proximate composition, 
mineral content, fatty acids and amino acids profiles after exposing to varying (0.0, 6.00, 8.00, 10.00, 12.00 mg/l) 

concentrations of ZnO-NPs to juveniles’ catfish (H. longifilis) for 60 days and depurating for 30 days to evaluate 

recovery using standard methods. The results revealed that proximate composition and amino acid profiles decreased 
significantly (P < 0.05) after 60 days of exposure to ZnO-NPs, but gradually improved after 30 days of depuration. 

This implies that ZnO-NPs has a great influence on the nutrient values of H. longifilis, but the fish were able to 

regain the lost nutrients, however, the ability of H. longifilis to recover from adverse condition is time dependent. 
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Fish has been known to be the most nutritious and a 

good source of animal protein, carbohydrate, fats and 

oil, minerals, vitamins A, D, iodine and water which 

are essentials for bodybuilding, reproduction and good 

health (Shalini et al., 2012). Fish contains high values 

of polyunsaturated fatty acids and the essential amino 

acids, methionine (Shalini et al., 2012). However, fish 

production cannot meet the nations demand due to 

decline in production which is caused by various 

human activities through agricultural practices, 

indiscriminate discharge of domestic wastes and 

untreated wastes by industries as a result of increased 

population (FAO, 1996).  As the population increases, 

the wastewater that will be discharged into the water 

bodies will also increase hence increase in the number 

of people that will be subjected to the consequences of 

the pollution (WHO/UNICEF, 2010). In most 

developing countries more than 70% of industrial 

wastes dumped into water bodies are untreated and 

this could be dangerous to the existence of aquatic 

organisms. Amongst these pollutants, emergent nano-

particles recently used in the production of most 

commercial goods by many industries could also find 

their ways into the water bodies. Even though the 

production level and use of nano-particles in Nigeria 

industries is low, materials that are manufactured with 

these nanoparticles are still imported. The use of this 

nano or disposal of the waste or empty cans discarded 

in the environment may find their ways through run-

off into the aquatic environment which may have 

adverse effects on human health and even the 

environment at large. Among the environmental 

pollutants, nano-particles of metal oxides are of 

particular concern due to their potential toxic effects 

on living organisms because of their ability to persist, 

bioaccumulate and biomagnify in animal tissues in 

aquatic ecosystems. This creates an immense threat to 

the existence of aquatic organisms particularly fish 

and even the ecological integrity of the water bodies 

which in turn increase the exposure of higher animals 

including man that consume aquatic products to 

serious health risks. Occurrence of these nano-metal 

oxides in the water bodies cause depletion in the 

oxygen level by preventing oxygen diffusion into the 
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water bodies thereby affecting respiration of the fish, 

hence, hypoxia. Ability of the metal oxide to 

bioaccumulate in fish tissues could affect the quality 

of the affected fish, thereby making it unfit for human 

consumption. The effect of nano metal oxides on the 

aquatic environments evidently showed future 

deleterious effects on the aquaculture environments 

which eventually caused the decline in open water 

capture fishery production. The nano size and large 

surface area of metal oxide nano-particles allow their 

easy penetration and bio accumulation into cells which 

make them toxic to animals (Li et al., 2013 and 2014). 

Among the commonly used nano-particles are zinc 

oxide nano-particles (ZnO-NPs) mainly because of 

their special physicochemical properties such as 

electrochemical stability, photo stability and rigidity 

make them useful as electronics, solar panel devices 

and use in ceramic and in paints (Zimmermann et al., 

2012). ZnO-NPs are also used in the process of 

producing and packaging of meat and vegetable 

products (Asghar et al., 2015). Release of these ZnO-

NPs into the aquatic environment may therefore cause 

ecological disorders and decline in the quality of 

aquatic organisms. Fish are commonly used for the 

ecotoxicological assessment of the quality of the 

aquatic environment. They serve as bioindicators of 

environmental pollution because of their link in the 

food chain (Lopes et al., 2001). Fish also serve as a 

major test organism and are particularly useful for the 

assessment of waterborne and sediment deposited 

toxins where they may provide advanced warning of 

the potential danger of new chemicals and the 

possibility of environmental pollution (Powers, 1989). 

Accumulation of ZnO-NPs in the tissue of fish may 

reduce the nutritional value, thus contamination of 

water bodies where fish reside deserve greater 

attention. Fish health is essential to the success of the 

aquaculture industry, an industry of growing 

importance in protein production for humans (Hart, 

1996). There is therefore the need to carry out 

experiments on the consequence of ZnO-NPs on H. 

longifilis in relation to their nutrition level. 

Heterobranchus longifilis has a high value of proteins, 

carbohydrates, fats and oil, minerals, fatty acids, 

amino acids and vitamins. Accumulation of ZnO-NPs 

in the tissue of this fish may reduce the nutritional 

value (Shalini et al., 2012). The objective of this study 

was therefore designed to investigate the effect of 

ZnO-NPs exposure on the nutritional composition and 

depuration potential of large catfish (Heterobranchus 

longifilis). 

 

MATERIALS AND METHODS 
Toxicity Experiment: Juveniles of Heterobranchus 

longifilis (average weight 19.40 ± 3.65 g and average 

length 12.45 ± 0.13 cm) were obtained from a 

commercial fish farm in Lagos, and transported in 

plastic aquaria from the farm to the laboratory in the 

Department of Zoology, Faculty of Life Sciences, 

University of Ilorin. The fish were not fed throughout 

the day until the next day to avoid indigestion and 

mortality. The fish were fed twice daily at 9.00 am and 

5.00 pm with commercial feeds (Copens 2 mm) at 4% 

of initial body weight (Abdulkareem et al., 2015). A 

powdery commercial ZnO-NPs with average particle 

size of less than 100 nm purchased from Sigma 

Aldrich (USA) was used for the experiment. The nano-

particle was characterized by Akanbi-Gada (2019) as 

(CAS number: 1314-13-2; Product number:544906; 

Colour: whitish; Surface area: 15-25 m2/g; Percentage 

ZINC: 79.1-81.5%; Shape; rod-shaped). The powder 

was dispersed into distilled water and the suspending 

solution of ZnO-NPs was vigorously stirred with a 

magnetic stirrer for about two hours to break 

suspension or precipitates forming the stock solution. 

The fish were acclimatized to laboratory conditions 

under 24℃ and kept in a tank of 1000 L capacity 

containing chlorine-free bore-hole water for fourteen 

days before the commencement of the experiment. 

The water was fully aerated with aerating pumps 

throughout the experimental periods. The 

concentration of the ZnO-NPs was renewed every 24 

h to maintain the toxicity level and to reduce disease 

outbreak and mortality. Feeding was stopped 24 hours 

before the commencement of the experiment (USEPA, 

1996).  The water quality parameters such as 

temperature, pH, dissolved oxygen (DO), biochemical 

oxygen demand (BOD), chemical oxygen demand 

(COD), and conductivity were monitored throughout 

the experimental periods according to the procedure of 

APHA (1995). Based on the result of the acute tests 

(Abdulkareem and Owolabi, 2019), the test fishes 

were exposed to varying concentrations (0.0, 6.0, 8.0, 

10.0 and 12.0 mg/l) measured from the stock solution 

of ZnO-NPs for sixty days. Five different groups of 30 

fish each were used for the experiment, four groups 

were exposed to varying concentrations (6.0, 8.0, 10.0 

and 12.0 mg/l) of ZnO-NPs and the fifth group without 

exposure served as the control group. 

 

Depuration Experiment: The ZnO-NPs-exposed-fish 

were transferred into fresh bore-hole chlorine-free 

water to evaluate the rate of depuration of the 

accumulated Zn by the fish. The fish were fed and 

renewed with fresh water every 24 h. After 30 days of 

the depuration experiment, five fish from each 

aquarium were randomly picked for nutritional 

composition assay. 

 

Analysis of nutrient composition: The nutrient 

composition was evaluated by taking five fish each 

from different concentrations (0.00, 6.00, 8.00, 10.00 
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and 12.00 mg/l) of the two experiments on the 15th, 

30th, 45th and 60th day of the experimental period, and 

15th and 30th of the depuration period. The fish were 

oven-dried in an electric oven at 60oC for 24 hours. 

The dried fish were milled independently into powder 

form using an electric grinder. Milled samples were 

placed in cellophane bags and kept in a desiccator 

prior analysis. One gramme (1 g) each of the powder 

was analyzed for proximate composition such as 

moisture, crude protein, total lipids, total ash, 

carbohydrate, and crude fibre in the control and the 

ZnO-NPs exposed-fish according to AOAC (2000). 

 

One gramme (1 g) of the powder was analyzed for the 

composition of amino acids such as cystine, threonine, 

methionine, valine, tyrosine, isoleucine, histidine, 

arginine, and aspartic acid in both the control and the 

ZnO-NPs-exposed fish. Amino acids were analyzed 

using the method described by Simpson et al. (1976) 

(Auto analyzer, JLC-500V).  

 

One gramme of the powder was analyzed for fatty acid 

composition such as arachidonic acid, linoleic acid, 

palmitic acid and stearic acid in both the control and 

the ZnO-NPs exposed-fish. Saponification was done 

by preparing methyl esters with 7 % boron trifluoride 

in a methanol solution (BF3-methanol) using 50% 

ethanol. The fatty acid profile was then determined by 

using a gas liquid chromatography. 

 

One gramme of the powder was analyzed for the 

mineral constituents such as calcium, iron, 

phosphorus, sodium, zinc, magnesium and copper in 

both the control and the ZnO-NPs exposed-fish. 

Atomic absorption spectrophotometer (AAS) and 

flame photometry were used to determine the micro 

mineral composition after digestion of the fish by 

Perkins Elmer Atomic Absorption Spectrophotometer 

model 2900 (US), (AOAC, 2000). 

 

Statistical analysis: The values obtained from the 

experiment were expressed as mean SE. One way 

analysis of variance (ANOVA) followed by Duncan’s 

Multiple Range Test (DMRT) (Duncan, 1955), and 

statistical significance was calculated using ANOVA 

of SPSS version -16.0 and the charts was drawn using 

Microsoft Excel of Microsoft Office Corporation 

(2003) (Duncan, 1955).  

 

RESULTS AND DISCUSSION 
The results obtained from the study revealed 

significant increase (P < 0.05) in the values of total 

dissolved solid (TDS), biochemical oxygen demand 

(BOD), chemical oxygen demand (COD), 

conductivity and turbidity as the concentration of 

ZnO-NPs increased. However, the values of DO 

decrease with increase in the concentration of ZnO-

NPs, except in the values of temperature and pH with 

no significant difference (P > 0.05) compared to 

control (Table 1). A gradual increase in the values of 

DO with decrease in those of BOD and COD were 

recorded as the depuration period increased to 30 days 

(Table 1).

 
Table 1: - Mean water quality parameters during exposure of Heterobranchus longifilis for 60 days and depuration period for 30 days. 

CONC. 

(mg/l) 

TDS 

(mg/l) DO (mg/L) BOD (mg/L) COD (mg/L) 

Conductivity 

(µ S/cm) Turbidity TEMP (℃) PH 

Exposure (60 d) 

0 1.20 ± 0.58 a 8.08 ± 1.13 d 4.68 ± 0.58 a 30.28 ± 1.13 a 58.21 ± 1.72 a 1.44 ± 1.03 a 25.0 ± 0.58 a 7.0 ± 1.15 a 

6 5.10 ± 0.53 a 4.4 ± 0.52 c 7.12 ± 1.12 b 36.9 ± 1.15 b 62.19 ± 2.34 b 5.14 ± 0.05 b 26.9 ± 0.45 a 7.0 ± 0.58 a 

8 5.50 ± 1.20 a 3.64 ± 0.42 b 9.44 ± 1.23 c 40.2 ± 0.13 c 68.18 ± 0.52 c 5.47 ± 0.04 b 26.9 ± 0.13 a 6.5 ± 2.10 a 

10 6.10 ± 1.12 a 2.87 ± 1.15 a 12.74 ± 1.12 d 48.6 ± 0.16 d 86.82 ± 1.16 d 7.31 ± 0.58 c 26.9 ± 1.11 a 6.5 ± 0.32 a 

12 6.70 ± 0.57 a 2.25 ± 1.12 a 12.88 ± 1.45 d 53.28 ± 0.18 e 118.10 ± 1.10 e 9.28 ± 1.12 d 26.9 ± 0.23 a 6.2 ± 1.32 a 
Depuration (30 d) 

0 1.10 ± 2.13 a 8.15 ± 2.13 c 5.90 ± 0.82 a 30.24 ± 2.13 a 58.14 ± 2.14 a 1.43 ± 2.18 a 25.0 ± 0.58 a 7.0 ± 0.05 a 

6 4.80 ± 0.36 b 5.12 ± 2.15 b 6.98 ± 0.32 b 32.39 ± 2.65 a 60.15 ± 4.52 b 5.04 ± 1.18 b 25.0 ± 0.58 a 7.0 ± 0.08 a 

8 4.96 ± 0.58 b 4.33 ± 1.04 a 9.13 ± 0.72 c 36.21 ± 0.82 b 65.09 ± 1.23 c 5.16 ± 0.53 b 25.0 ± 0.58 a 7.0 ± 1.04 a 

10 5.80 ± 0.09 b 3.45 ± 2.15 a 11.45 ± 0.34 d 38.67 ± 0.58 b 78.31 ± 1.10 d 6.58 ± 2.36 c 24.0 ± 0.58 a 7.0 ± 1.15 a 

12 6.20 ± 1.10 c 3.14 ± 2.03 a 12.02 ± 0.67 d 45.72 ± 1.15 c 112.17 ± 2.12 e 7.84 ± 2.06 d 24.0 ±0.58 a 7.0 ± 0.14 a 

Mean (± S.E, n=3) with the same superscript in the same column are not significantly different (P > 0.05); TDS = Total dissolved solids; DO = 

Dissolved; Temp. = Temperature; BOD = Biochemical oxygen demand; COD = Chemical oxygen demand; Standard for water quality by FEPA 

(1991), WHO (2004) and NESTREA Limits are DO = 4-6 mg/l; BOD = 4-6 mg/l; COD = 30 mg/l; pH = 6.5-9.0; Temp. = 20-33 0 C; TURB. = 4 mg/l 

The proximate composition of the whole body of H. 

longifilis showed a significant decreasing (P < 0.05) 

trend in the concentrations of protein, lipid, ash and 

moisture as the exposure period increased from 15 to 

60 days except in the concentration of fibre with no 

significant decrease (P > 0.05) compared to the control 

(Figure 1). Higher contents of protein, lipid, fibre, ash 

and moisture were observed in the fish exposed to the 

lowest concentrations of ZnO-NPs while the lowest 

contents of the nutrients were revealed in the highest 

concentration of ZnO-NPs. However, the nutrient 

contents gradually increased as the ZnO-NPs-exposed 

fish were removed from exposure media and 

introduced to fresh water for a period of 30 days 

(Figure 1).
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Fig 1:  Proximate composition of whole Heterobranchus longifilis exposed to ZnO-NPs for 60 days and depuration for 30 days 

 

 
Fig 2: Mineral composition of Heterobranchus longifilis exposed to ZnO-NPs for 60 days and depurated for 30 days (ppm) 
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Fige 3: - Fatty acid composition of whole Heterobranchus longifilis exposed to ZnO-NPs for 60 days and depurated for 30 days (g/100 g of 

total 

The mineral element composition of the whole body 

of H. longifilis also recorded a significant reduction (P 

< 0.05) in the concentrations of calcium, iron, 

phosphorus, sodium and magnesium as the ZnO-NPs 

concentration and exposure period increased (Figure 

2). While a significant increase (P < 0.05) in the 

content of zinc occurred as the concentration and 

exposure period increased. However, a gradual 

increase in the concentrations of the lost minerals such 

as calcium, iron, phosphorus, sodium and magnesium 

were observed in the ZnO-NPs-exposed fish as the 

depuration period increased from day 15 to 30 days 

compared to the control. While the content of zinc in 

the fish body significantly reduced (P < 0.05) as the 

depuration period increased (Figure 2).  
 

The content of fatty acids in the fish exposed to ZnO-

NPs showed no significant difference in their contents 

(P > 0.05) with increase in ZnO-NPs concentration, 

but recorded significant decrease as the exposure 

period increased. The highest content of fatty acids 

was observed in the fish after 15 d of exposure to ZnO-

NPs, while the lowest content of fatty acids was 

observed in the group of fish at the end of 60 d of 

exposure to ZnO-NPs. There was no significant 

increase (P > 0.05) in the content of fatty acids as the 

fish were introduced into fresh water for recovery for 

a period of 30 days (Figure 3). 

 

Amino acid contents in the exposed fish were 

significantly lower (P < 0.05) compared to those in the 

control group. The level of amino acids decreased as 

the ZnO-NPs concentration and exposure period 

increased. The concentrations of protein, 

carbohydrates, moisture, fatty acids, mineral elements 

and amino acids are therefore concentration and time 

dependent. However, the content of amino acids 

increased as the recovery period extended from 15 to 

30 days (Figure 4).  

 

Decrease in protein, lipid, and amino acids contents is 

similar to the report of Alkaladi et al., (2014), who 

exposed Oreochromis niloticus to ZnO-NPs. The 

decrease could be as a result of accumulation of ZnO-

NPs in the tissues of Heterobranchus longifilis which 

generated reactive oxygen species (ROS) that modify 

proteins, lipids and nucleic acids. 
 

 

 



Toxicological Implication of Zinc Oxide Nano-Particles on Nutritional Composition…..                                 608 

ABDULKAREEM, SI; OWOLABI, OD 

 

 

 

 

 
 

Reduction in the profile of protein is also in accord 

with the report of Hao et al., (2009) who exposed 

common carp to titanium dioxide nano-particles. This 

could be attributed to the formation of hydroxyl 

radicals that damage lipid proteins by a process called 

lipid peroxidation which greatly affects lipid 

molecules. 

 

 

 
Fig 3: - Amino Acids profiles of whole Heterobranchus longifilis 

exposed to ZnO-NPs for 60 days and depurated for 30 days (g/100 
g dry basis) 

Generation of ROS could also damage proteins 

leading to structural alterations and alterations of 

enzyme activities (Yoshikawa and Naito, 2002). 

Decrease in the protein, lipid, amino acids and 

moisture contents in the exposed fish may reduce the 

quality, texture, colour and taste of the fish as was 

reported by Shalinl et al., (2012). Reduction in the 

value of lipids could also be due to oxidation of fat 

(Aranilewa et al., 2005). Oxidative stress induced by 

ZnO-NPs lead to excessive use of energy which 

altered the levels of protein, amino acids and fatty 

acids and also decreased amino acids content as was 

reported by Hao et al., (2013). This could be due to 

their utilization for energy formation and other 

metabolic reactions as a result of over reactivity to 

avoid the toxicant (Shobha Rani and Janaiah, 1991). 

Recorded decrease in the protein content also agrees 

with the report of David et al., (2004), which could be 

as a result of liver damage caused by accumulation of 

ZnO-NPs that inhibit protein synthesis. The formation 

of hydroxyl radicals which cause damage to lipid 

protein could greatly have an effect on lipid molecules. 
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Increase in the zinc content in the fish exposed to ZnO-

NPs is in accordance with the report of Kaya et al., 

(2015), who exposed O. niloticus to ZnO-NPs, this 

could be as a result of accumulation of zinc in the 

muscle and tissues of the fish. The nutritional quality 

in the exposed fish could decrease as the concentration 

and exposure period increased due to decrease in the 

mineral contents. The increased value of zinc in the 

fish muscle which is above the acceptable level in the 

fish as reported by Zhang et al., (2007) could also be 

toxic to the fish which are transferred to the next level 

in the food chain. The gradual increase in the contents 

of protein, moisture, fatty acids, mineral elements and 

amino acids shows that H. longifilis has the ability to 

regain the lost components when rescued from a 

polluted environment, but the recovery is time 

dependent. This may therefore give the fish the 

opportunity of improving its quality, texture, colour 

and taste.  

 

Conclusion: The values of nutrients composition 

recorded a significant decreasing (P < 0.05) trend as 

the ZnO-NPs concentration and exposure period 

increased. A gradual increase in the lost nutrients 

occurred as the depuration period increased. These 

findings revealed that H. longifilis have the ability to 

naturally recover from the adverse condition imposed 

by ZnO-NPs toxicity, but recovery is time dependent. 
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