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Abstract: The Nile tilapia (Oreochromis niloticus) is a species of tilapia, a cichlid fish native to Africa from
Egypt south to east and central Africa; it is one of the most  commercially  important  fish  species  in  Egypt.
The present study aimed to evaluate the effects of traditional cooking (Fried and grilled) and freezing processes
on the concentrations of Cd, Cu, Fe and Pb in fish fillets of O.niloticus. It was observed that in general, the heat
treatment by either frying or grilling and freezing of polluted O. niloticus fish flesh led to a decrease of the
heavy metals content in all the tested fish parts. The decrease of metals which occurred during frying of fish
was lower than that detected after the grilling process. Cadmium concentrations (mg/kg dry wt) after the present
experiment were: Fresh flesh (0.142)> frozen (0.031) > fried (0.027) > grilled (0.014). For Cu: Fresh flesh (14.905)
> frozen (0.936) > fried (0.696) > grilled (0.311). For Fe: Fresh flesh (9.78 ) > frozen (5.890) > fried (3.085) > grilled
(2.998). And for Pb: Fresh flesh (0.058) >fried (0.053) > grilled (0.038) > frozen (0.021).The reduction in the metal
contents of the fish during cooking may be related to the release of these metals with the loss of water as free
salts, possibly in association with soluble amino acids and coagulated proteins. Therefore, it is possible to
reduce the metal in fish parts by choosing a suitable method of cooking. Grilling had a more pronounced effect
on the heavy metals content in fish parts than frying.
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INTRODUCTION low concentrations, particularly in soft-water

Fish constitute a major source of protein and healthy water to higher levels in fish tissues [10]. Evidently these
lipid throughout the world and its consumption has metals accumulate frequently in fish flesh [11-14] and
increased globally in the recent time. Fish provides the internal organs [15-18]. Many elements, which are present
long-chain polyunsaturated omega-3 fatty acid which in sea food, are essential for human life at low
might favorably improve lipid profile and reduce concentrations but they can be toxic at high
cholesterol levels, the risk of coronary heart diseases, concentrations. Therefore, many consumers regard any
stroke and preterm diseases [1-3]. Environmental pollution presence of these elements in fish as a hazard to health
represents a major problem in both developed and [19]. The heavy metals concentrations of fish fillets can be
underdeveloped countries. Egypt is one country which affected by processing or cooking methods and therefore,
suffers from high biosphere pollution (air, soil and water). it is important to determine the concentrations of heavy
Many ecological changes occur in water as a result of metals in raw and cooked fish fillets and it is possible to
human activities, including agricultural, industrial and reduce the heavy metal concentration in fish fillets by
municipal wastes [4].Cadmium (Cd), copper (Cu), lead (Pb) choosing a suitable method of cooking [20-22]. Therefore,
and zinc (Zn) salts are usually found in agricultural and it is important to determine the concentrations of essential
industrial liquid wastes [5-8] which are discharged into and nonessential metals in raw and cooking fish in order
water resources. These metals are toxic to aquatic life at to evaluate the possible risks of fish consumption for

environments [9]. Such metals may be accumulated from
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human health [23]. Therefore, the main purpose of the mega, Germany). The samples were then transferred to
present study was to evaluate the effects of traditional clean volumetric flasks and diluted with H O to 10 ml. The
cooking (Fried, grilled) and freezing processes on the samples were stored at 5°C untilready for analysis of
concentrations of Cd, Cu, Fe and Pb in various foods. metals. The metals Cd, Cu, Fe and Pb were determined

MATERIALS AND METHODS spectrometry (Varian model- Liberty Series II) against

Fish Collection and Preparation of Fillets: Fresh fish concentrations were expressed as mg/kg dry wt.
samples were collected from a location along the River
Nile at Rokn Farouk, Helwan, Giza governorate, Egypt Statistical Analysis: The results were expressed as means
during summer 2017. Fifty fresh fish samples Nile Tilapia ± S.D. Data were statistically analyzed using Duncan’s
(Oreochromis niloticus), mean length and weight were multiple range test to evaluate difference in means as
18.45 cm and 105 g; were captured transported alive to the indicated by different case letters at P<0.05. The statistical
ecology laboratory, Zoology department, Faculty of analysis was done using SAS version 9.1.
Science, Cairo university, Egypt and then they were re-
washed thoroughly with potable water then beheaded, RESULTS AND DISCUSSION
gutted and again washed to get their fillets. The obtained
fish fillets were washed with tap water to remove any The concentrations of heavy metals with means and
traces of blood and viscera. After that, first part fish fillets standard deviation are given Table (1). It was observed
immersed in 10% sodium chloride solution for 10 min, then that in general, the heat treatment by either frying or
washed with tap water and treated with spices and finally grilling and freezing of polluted O. niloticus fish flesh led
fillets were battered using edible batter which was to a decrease of the heavy metal content in all the tested
prepared according to Abdou et al. [24] by mixing 94% fish parts. The decrease of metals which occurred during
wheat flour, 2% egg yolk, 2% skimmed milk, 1.8% salt and frying of fish was lower than that detected after the
0.2% cumin with water by 1:3 (w: w) and this ingredients grilling process. Cadmium concentrations after the present
were homogenized for 2 min. After the batter coating, it experiment were: Fresh flesh (0.142) > frozen (0.031) > fried
was covered with bread crumbs. After that, every fish (0.027) > grilled (0.014). For Cu: Fresh flesh (14.905) >
species fillets were divided into four batches, the first frozen (0.936) > fried (0.696) > grilled (0.311). For Fe: Fresh
batch was control (without coating and without cooking flesh (9.781) > frozen (5.890) > fried (3.085) > grilled (2.998).
process), the second was stored as frozen. The third And for Pb: Fresh flesh (0.058) > fried (0.053) > grilled
batch was cooked grilling by microwave oven (Samsung, (0.038) > frozen (0.021).
model at 980 watt) for 5 min each side of fish fillets Concentrations of heavy metals in different fish
samples. The fourth batch was cooked frying using species showed great variation capabilities for
Halogen oven (Lentel, model KYR-912A, 1300C watt) accumulating heavy metals. The observed variability of
heated at 180°C for 5 min of each side of fish fillets heavy metals levels in different species depend on,
samples. All cooked fish fillets samples were allowed to feeding habits [26] ecological needs, metabolism [27] age,
cool at ambient temperature and packaged in polyethylene size and length of the fish and their habitats [28] species,
bags and stored until analysis. sex, biological cycle and on the part of the fish analyzed

Heavy Metals Analysis: Control, cooked as well as frozen development, nutrient availability and temperature and
fillets were prepared for heavy metals analysis according salinity of the water, may contribute to variations in the
to the method described by Meche et al. [25] as follows: metal concentrations in fishes [3]. It was interesting to
fish fillets were dried in an oven  at  105°C  over  night. note that, in most cases, fish fillets showed significant
The samples were removed from the oven, allowed to cool decrease in heavy metal concentrations after cooking by
and ground in a clean mortar and pestle. Approximately microwave and halogen. Similar results were recorded by
0.5 g of each sample was placed in a Teflon microwave Atta et al. [20] who found a significantly decrease in the
digestion bomb with  10   mL  of   concentrated   HNO . concentrations of Mn, Pb and Zn in Nile tilapia after3

The samples were allowed to ramp to 180°C for 5 min, cooking methods. However, Gokoglu et al. [30] found a
digest at 180 °C for 9.5 min and cool down for 5 min in significant effect on mineral content due to cooking.
microwave digestion system (Model Milestone, MLS-1200 Moreover Ersoy et al. [21] reported that, the heavy metals

2

using inductively coupled plasma atomic emission

aqueous standards (mg/kg dry wt). All metal

[29]. Factors such as season, location, environment of
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Table 1: Mineral composition (mg/kg dry wt) of fresh, cooked and frozen fillets samples of O. niloticus showed considerable effect on reducing trace metals
concentrations in fish (Data were expressed as mean ±SD).

Oreochromis niloticus
-------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fresh Frozen Fried Grilled

Cd 0.142±0.041 0.031±0.003 0.027±0.003 0.014±0.004a b b b

Cu 14.905±1.136 0.936±0.060 0.696±0.051 0.311±0.019a b b b

Fe 9.781±1.143 5.890±1.737 3.085±1.225 2.998±0.318a ab b b

Pb 0.058±0.003 0.021±0.006 0.053±0.004 0.038±0.003a b ac c

Fig. 1: Bioaccumulated heavy metals (mg/kg dry wt) in the muscle tissue of O.niloticus fillets samples as fresh, frozen,
fried and grilled; a) Cd, b) Cu, c) Fe, d) Pb

content in all fish parts decreased after baking. Similarly, Concentrations of heavy metals   in   different   fish
Hassanin [31] found a significant decrease in Pb content species showed great variation capabilities for
of fillets after cooking by baking and microwave oven accumulating heavy metals. The reduction in the metal
methods. The reduction in Pb depends on cooking contents of the fish during cooking may be   related to
conditions, such as time, temperature and medium of the release of these metals with the loss of water as free
cooking. Also, Baking, microwaving and grilling showed salts, possibly in association with soluble amino acids
a more pronounced effect on the  heavy   metal content and coagulated proteins [33]. The cooking process
[22] while frying lead to a moderate decrease in heavy decreased the protein content of the fish parts [34].
metals load during the cooking process. The reduction in Hence, heavy metals usually bind with proteins [35]. Cd,
trace metals concentrations as affected by cooking Cu, Fe and Pb metals are predominantly accumulated in
methods may be due to the release of these metals with fish viscera, head and flesh tissues. Fish viscera had the
the loss of drip as free salts,  possibly   in   association highest contents of heavy metals followed by the fish
with soluble amino acids and un-coagulated proteins head. The lowest values were detected in fish flesh.
bounded with metals [20, 21, 32]. In conclusion, Cooking has effect on the means of reducing the
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concentrations of heavy metals and the reduction 8. El-Gamal, I.M., 1993.   An   environmental evaluation
depends on cooking conditions (Time, temperature and
medium of cooking) [36-39]. Therefore, it is possible to
reduce the metal in fish parts by choosing a suitable
method of cooking. Grilling had a more pronounced effect
on the heavy metals content in fish parts than frying.
Although fish flesh had the lowest contents of heavy
metals, it lost a moderate amount of these during cooking.
Consequently, such fish flesh should only be eaten after
cooking. Modern cooking techniques for grilling by
microwave oven 
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