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ABSTRACT: Today seafood plays a significant role in feeding people worldwide. Identification 

nutritional value of these products over other protein intake is increasing day by day. In parallel 

with the increase in fish consumption, assessment of hygiene and health of these products  

is important. In this study, Heavy metals (Pb, Cr, and Cd) were investigated in white fish (Rutilus frissi 

kutum) from the Caspian Sea in Mazandaran province. Different food treatments were used (frying, 

salting, grilling, microwaving, boiling and steaming). The results obtained were statistically 

compared with those of raw fish. An ANOVA test was used to compare the mean metal 

concentrations between and within groups. The results indicated that the heavy metal content  

in white fish decreased on various cooking methods. Concentrations of grilled, microwaved and boiled 

fish were considerably decreased. 
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INTRODUCTION 

Environmental pollution and its hazards are the most 

significant problems of societies. Increased population 

with the development of technology and production  

can cause a lack of attention to environmental safety [1].  

 

 

 

 

It is well known that fish has low cholesterol, high 

protein content and polyunsaturated fatty acids (PUFAs) 

such as an Eicosapentaenoic acid (EPA) and Docosahexaenoic 

acid (DHA). It plays an important role in the human diet [2-5]. 
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Industrial waste, municipal and agricultural sewage, 

mining of metals, means of transportation emissions  

via shipping traffic, all caused the heavy metals as  

non-biodegradable toxic substances to enter aquatic environments 

and bioaccumulation by marine inhabitants, especially 

over the last few decades. heavy metals present  

in the environment can be absorbed into living organisms 

from the surrounding water, sediment, and diet. Therefore 

population exposure to heavy metals via seafood consumption 

is unavoidable and may pose a threat to human health. 

Unfortunately, heavy metal pollution effect on marine 

ecosystems and humans are intense and very extensive [6-9].  

Heavy metals are confused neurological disorders 

particularly in children and in the foetus, which can lead 

to weakend performance in IQ test and behavioural 

changes. Fish can be considered as considerable indicators 

in water for the estimation of metal contamination level [10].  

Heavy metal, such as cadmium and lead are toxic 

when present in traces for human health [11, 12]. Many 

metals found in the marine environment pose a risk  

to human health and animals [13] through the consumption 

of fish, wherein pollutant and exposure are significant [14]. 

Pb toxicity can lead to neuronal defects, anemia  

in children and growth retardation. Also, neurotoxicity, 

nephrotoxicity and hepatotoxicity, can be occurred following 

Pb chronic toxicity. Cadmium is a nonessential heavy 

metal. it is considered as toxic water pollutants and could 

cause toxicity at each level in human [15]. Cadmium  

was shown to be associated with inhalation toxicity, 

osteomalacia, nephrotoxicity and prostatic cancer [16]. 

Chromium is one of the most widely used industrial 

metals in addition, it is one of the most important 

contaminants in various hazardous waste sites universal [17]. 

Additionally, Cr was reported to be associated with some 

disorders, such as nasal septa defect [16].  

Since heavy metal, such as cadmium, lead, and 

chromium are harmful to human health, the consumption 

of seafood will impose wellbeing dangers around people. 

Large portions metals also metallic exacerbates found  

in the marine environment pose a risk to human health 

through the use of seafood, where pollutant concentration 

and exposure are significant [14]. The pollution of water  

by toxic heavy metals is an important problem in the world [18]. 

Because fish is the last chain of the aquatic food web,  

the level of heavy metals in the marine environment should 

regularly be monitored to evaluate the possible risks of fish 

consumption for human health. Thus it is important to find 

out the concentrations of heavy metals in marketable fish 

[8, 19]. Fish is occasionally eaten raw, but it is usually 

consumed by various processes, such as boiling, frying and 

microwave oven for cooking. These processing has 

increased significantly during these days [20, 21]. Several 

researchers have investigated the presence and the daily 

intake of chemical pollutants through seafood 

consumption. In some studies, analyses were performed  

on raw seafood products. Although in many cases fish 

consumed after being cooked [22]. The heavy metal 

analysis of raw samples does not adequate for estimating 

the intake of heavy metals by a human through seafood 

consumption. Therefore numerous studies were carried out 

the effects of culinary practices on heavy metal 

concentrations in fish and seafood. For example in sea bass [23], 

sea bass and red seabream [24], sardine, hake, and tuna 

[25], rainbow trout [26] and African catfish [27, 28]. 

However, it should be noted that to our knowledge, no 

studies concerning the effects of cooking on heavy metal 

content of Caspian whitefish have been carried out. 

Therefore, the aim of this study was to evaluate the 

effects of different culinary practices on the concentrations 

of Cd, Cr and Pb in white fish (Rutilus frissi kutum), 

which is among the most commonly marketed and 

consumed in the Caspian Sea coast. The metal concentrations 

of the cooked samples were compared to those determined 

in the raw ones.  

 

EXPERIMENTAL SECTION 

Sample preparation  

The white fish, (45 to 50 cm length and 1 to 2 kg 

weight), used in this study were obtained from Sari 

coastal water of the Caspian Sea ( Mazandaran Province, 

Iran). They were kept in cold iced boxes and transported 

to the laboratory within 2 h. On arrival at the laboratory, 

the fresh fish were washed with tap water and then 

prepared using a handling process, i.e. beheading and 

eviscerating. Samples were filleted and cut into pieces, 

and then fish fillets were divided into seven groups.  

Then they were dried in the open air for ready to cook [23].  

 

Cooking methods 

The first group was uncooked. The other six groups 

(two repetitions) were cooked in the microwave oven 

(2450 MHz, 10 min), grilled in the oven (180 °C, 20 min), 
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Fig. 1: Mean concentration of metals (ppm) in fish muscle tissues in different standards and ecosystems. 

Location (species) pb cd cr refrences 

Rutilus frisi Kutum 2.7×10-1 0.000 - [31] 

Acipenser persicus 6×10-3 2×10-3 - [32] 

Rutilus frisi Kutum 8×10-3 10-3 3.3×10-3 [33] 

WHO 5×10-1 10-1 2×10-1 [34] 

 

fried in sunflower oil (180 °C, 4 min) [23], boiled in a 

stainless steel container (5min) [26], steamed in a rice 

cooker (10 min) and salted in a 10% density of brine for 

1h with a sample: brine ratio of 1:1 (w/v) [29]. Rawand 

cooked samples were homogenized in a stainless-steel 

meat grinder, and each group was analyzed in the same way. 

 

Digestion procedures 

Fish sample digestion was carried out according  

to the method described by Tuzen [30] with some modifications. 

5 g of the dry homogenized sample was placed in a 50 mL 

digestion tube, and 4.5 ml of concentrated HNO3 (65%) 

were added, where necessary. The samples were placed 

overnight in the laboratory. The next day 1.5 mL of 72% 

perchloric acid was added to the samples, then  

the samples were heated slowly by the hot plate for 6 hours 

at 150 °C to dissolve. The digest was quantitatively 

transferred to a 25 ml volumetric flask with deionized 

water and filtered with Whatman No. 42 filter paper.  

A blank digest was carried out in the same way. All metals 

were determined against aqueous standards. 

 

Analytic procedure 

Determinations of all metal concentrations were 

performed by atomic absorption spectrometry. Metal 

concentrations were expressed in milligram per kilogram 

(mg/kg) dry weight.  

 

Statistical analysis 

Analysis of variance was used to evaluate the study 

data, and significant differences among means were 

determined by one-way analysis of variance (ANOVA) 

and Duncan’s multiple range test (p= 0.05) (SPSS 13.0 

for Windows) [23, 28].  

 

RESULTS AND DISSUISION 

Mean concentration of metals in fish muscle tissues in 

different ecosystems are shown in Table 1. 

The metal concentrations in cooked white fish in all 

samples were less than those of uncooked cases.  

The Pb concentration of raw fish was found to be 

4.6210-4 mg/kg. As shown in Fig. 1, despite the decrease 

in cooked samples, there were no significant differences 

in Pb concentrations between the raw sample with fried, 

salted and steamed fish. Although, in comparison with 

raw samples the decrease in Pb concentration was 

significant (P<0.05) for grilled, boiled and microwave 

cooking methods.  

The Cd concentration of raw samples was 3.2610-3 mg/kg. 

According to Fig. 2, in the grilling and boiling methods, 

the concentration of Cd decreased significantly. So that, 

the amount of cadmium in these processes were 2.5610-3 

and 2.520-3 respectively.  

In our study, the Cr concentration of raw fish  

was found to be 2.8 10 -3 mg/kg. The highest value found 

in the raw samples; while the lowest value was in the 

boiling samples (2.0010 -3mg/kg). As shown in Fig. 3, 

the decrease in Cr concentration was significant (P<0.05) 

for grilled, boiled and microwave-cooked samples, while 

it was insignificant for other methods.  

 
Discussion 

In the present study, we have investigated the effects 

of different culinary practices on the concentrations of 

Cd, Cr and Pb in whitefish (Rutilus frissi kutum). The 

mean concentrations of heavy metals analyzed in our 

study were lower than the maximum permitted 

concentrations recommended by FAO/WHO [34], but 

some studies shown that the concentration of heavy 

metals in another region of Caspian sea and in another 

species was higher than the standards [35, 36]. So, in our 

study, we tried to find the best method of cooking  

to decrease the heavy metals. Recently, many studies  

have investigated the concentrations of metals in seafood 

from different countries. However, most of these surveys 
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Fig. 1: Pb concentrations (mg/kg) in raw and processed 

whitefish samples, ** p < 0.01,  ***p < 0.001. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Cd concentrations (mg/kg) in raw and processed 

whitefish samples, ** p < 0.01,  ***p < 0.001. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3: Cr concentrations (mg/kg) in raw and processed 

whitefish samples, ** p < 0.01,  ***p < 0.001. 

reported the levels of heavy metal concentration on  

an uncooked fish [2, 5, 14, 37]. There is limited information 

on the influence of the cooking processes on metal 

concentrations in seafood.  It is well established that  

in certain conditions, cooking may change the amount of 

chemical pollutants in foods [20, 38, 39]. About the effects 

of cooking practices on metals in seafood, a distinguished 

number of the studies found in the scientific literature have 

been focused on fishes.  Similar to our study, Ersoy et al.; 

have been reported that concentrations of Pb decrease 

significantly in the sea bass fillets after baking and 

microwaving when compared to the raw fish [23]. Also, 

Ersoy, showed that grill and microwave heating, reduced 

the Cr content in African catfish, but no significant 

difference was shown in Pb level between the raw and 

cooked fish [27]. Alberti-Fidanza et al., reported that Cd 

content in raw and cooked foods showed slight differences [40]. 

Amiard et al., revealed that bioaccessibility was significantly 

lowered for Cd after cooking a total of seven species of 

mollusks from, U.K., France and Hong Kong [41]. Atta et al., 

observed that steaming and baking lead to a decrease in 

heavy metal concentrations including Cd and Pb after 

processing in different organs of fish [42]. Thermal 

processing leads to loss of weight and water, and therefore, 

chemical contaminants may also be affected by the heat 

processing [43, 44]. Gokoglu et al., found that cooking had 

significant affect on the mineral contents [26]. According 

to Giovanna Lomolin, the concentration of Cr decreases 

during cooking [11]. There are antithetically results about 

the association between trace element content of cooked 

and uncooked seafood reported in the literature.  

For example Perello et al, shown that the concentration of Cd, 

Pb, Mercury (Hg) and Arsenic (As) in sardine, hake and 

tuna fish determined by inductively coupled plasma-mass 

spectrometry (ICP-MS) increased during cooking (frying, 

grilling, roasting, and boiling) [25]. In another study 

Kalogeropoulos et al., reported that the metal 

concentrations in cooked fish following pan frying  

and grilling were higher than those of raw ones [45].  

On the other hand, in the study of Ersoy et al.,  

as concentration increased after frying and Pb concentration 

decreased during baking of sea bass [23]. According to 

Kalogeropoulos et al., Cr and Cd in some of the samples 

increase after grilling and pan-frying [46]. Kalogeropoulos et al., 

stated that a possible explanation of the antithetical  

results could be the size of cooked fish. They described 
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that the size of fish was inversely related to the oil uptake 

and water loss during culinary practice. Therefore during 

cooking of small portions, higher water loss takes place 

which in turn leads to increase in metal concentrations [45].  

 

Conclusions 

The concentrations of Pb, Cr and Cd decreased in all 

cooking methods. Therefore, these methods were found 

to be appropriate. The investigation indicates that  

the reductions were statistically significant for the heavy 

metal and iron of grilled, microwaved and boiled fish.  

It can be recommended that grilling, boiling and 

microwaving are the most suitable methods for fish 

cooking. The reduction depends on cooking conditions, 

such as temperature, time, cooking methods, etc. 

Therefore, the metal in fish and seafood can be reduced 

by choosing an appropriate method of cooking. 
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