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Abstract

Heavy metals (Pb, Cd, Cr, Co, As, Ni) were analysed in cooked sea bass (Dicentrachus labrax). Different cooking treatments were
used (baking, grilling, microwaving and frying). The results obtained were statistically compared with those of raw fish. The Co concen-
trations were below limits of detection in all samples (<0.05). Furthermore, Cr in fried samples and Ni in raw fish were not detected. Cd
was only detected in microwaved samples. The Pb concentrations of microwaved and baked fish were significantly decreased. The As
concentrations of fried and microwaved samples were significantly increased. The Cd and As concentrations of the fillets subjected to
microwave cooking were 0.741 and 1.41 mg/kg, respectively. However, the As concentration was also significantly increased in fried sam-
ples. This value was 2.66 mg/kg. Microwaving and frying are not suitable for sea bass.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Sea bass (Dicentrarchus labrax Linne, 1785) is an exten-
sively cultured species in Turkey. Total production was
8660 tons in 1998 (Anonymous, 1999, 2000). The consump-
tion of this species has recently increased. Fish is sometimes
eaten raw, but it is usually treated by various processes,
such as boiling or frying, before consumption. On the other
hand, the use of the microwave oven for cooking has in-
creased greatly during the past few decades (Arias, Pontes,
Fernandez, & Muniz, 2003).

Many elements, which are present in seafood, are essen-
tial for human life at low concentrations but they can be
toxic at high concentrations. Therefore, many consumers
regard any presence of these elements in fish as a hazard
to health (Oehlenschlager, 2002).

Chromium and nickel are considered to be essential
trace nutrients (Canlı and Kargın, 1995), whereas heavy
metal, such as cadmium, cobalt, lead and metalloid arsenic,
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are non-essential metals as they are toxic, even in traces.
The consumption of seafood will impose health hazards
on humans. Many metals and metallic compounds found
in the marine environment pose a risk to human health
through the consumption of seafood, wherein contaminant
concentration and exposure are significant (Saleh & Shin-
wari, 2002). It is important to determine the concentrations
of heavy metals in commercial fish in order to evaluate the
possible risks of fish consumption for human health (Cid,
Boia, Pombo, & Rebelo, 2001).

Many studies have been published on the determination
of heavy metals in sea bass (Sunlu & Egemen, 1998; Top-
cuoǧlu, Kırbas�oǧlu, & Güngör, 2002; Yazkan, Özdemir,
& Gölükcü, 2002), but these studies are inadequate for esti-
mating the intake of these heavy metals by humans since
they were carried out on raw fish. However, in the litera-
ture, there are some studies on cooked fish (Asiedu, Jul-
shamn, & Lie, 1991; Atta, Sabaie, Noaman, & Kassab,
1997; Devesa & Macho et al. 2001; Dugo, Pera, Bruzzese,
Pellicanò, & Turco, 2006; Gokoglu, Yerlikaya, & Cengiz,
2004; Hoffman, Prinsloo, Casey, & Theron, 1994; Khan-
sari, Khansari, & Abdollahi, 2005). Jorhem, Engman,
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Sundstrom, and Thim (1994) have reported that some
changes occurred during cooking in the Cd, Ni, Co, Pb,
Cu and Mn concentrations of Crayfish, varying according
to the metal and the organ considered. The state of As is
very different from other elements. Van Elteren and Slejko-
vec (1997) investigated the transformations of arsenobe-
taine (AB) into trimethylarsine oxide (TMAO) and
tetramethylarsonium ion (TMA+), dimethylarsinic acid
(DMA) into monomethylarsonic acid (MMA), and
MMA into As. It has been demonstrated that AB trans-
forms into TMA+ in cooked seafood products at tempera-
tures of 160 �C or above (Devasa & Martı́nez et al. 2001).

In the present study, the concentrations of heavy metal
have been determined in cooked sea bass (D. labrax Linne,
1785). To evaluate the possible effect of cooking on the
concentration of heavy metals, the concentrations obtained
in the cooked products were compared with the concentra-
tions found in the same raw fish.

2. Materials and methods

2.1. Sample preparation and cooking

The sea bass, D. labrax (28.9 ± 0.9 cm and 25 ± 24 g),
used in this study were obtained from a sea bass farm in
Adana, Turkey. They were kept in cold iced boxes and
transported to the laboratory within 2 h. On arrival at
the laboratory, fresh fish were washed with tap water sev-
eral times to remove adhering blood and slime; they were
then prepared using common household practices, namely
eviscerating and beheading. Samples were filleted and cut
into pieces and then fish fillets were divided into three
groups (2 kg fish each). The first group was uncooked.
The other two groups (two repetitions) were cooked in
the microwave oven (2450 MHz, 10 min), baked in the
oven (180 �C, 20 min), in the grill oven (180 �C, 20 min)
and fried (180 �C, 4 min). Sunflower oil was used as the
medium for pan-frying. Raw and cooked samples were
homogenised in a stainless-steel meat mincer and blender
and each group was analysed in the same way.

2.2. Digestion procedures

This approach was partly modified from that of Tüzen
(2003). A sample (1.5 g) of the homogenised sample was
Table 1
The mean heavy metal concentration of the raw and cooked sea bass fillets (m

Pb Cd

Raw 0.278 ± 0.009b ND
Baked 0.224 ± 0.039ab ND
Grilled 0.284 ± 0.001b ND
Microwave cooked 0.156 ± 0.049a 0.7413 ± 0.073
Fried 0.277 ± 0.029b ND

Within the column values with different letters are significantly different (P <
ND, not determined [below the limits of detection].
Values are shown as means ± standard deviation of duplicates, n = 2.
placed in a 50 ml digestion tube, and 5 ml of concentrated
HNO3 were added, where necessary, then the samples were
heated slowly to dissolve. The solution was filtered with
Whatman No. 42 filter paper and made up to volume with
deionized water. A blank digest was carried out in the same
way. All metals were determined against aqueous
standards.

2.3. Analytic procedure

Determinations of all metal concentrations were carried
out by inductively coupled plasma atomic emission spec-
trometry (ICP-AES) (Varian model–Liberty Series II).
The following absorbtion lines were used; arsenic
193.696, calcium 317.933, cadmium 226.502, cobalt
228.616, cromium 267.716, copper 324.754, iron 259.940,
potassium 766.490, magnesium 279.079, manganese
257.610, sodium 330.237, nickel 231.604, lead 220.353, zinc
213.856. Metal concentrations were calculated in ppm wet
weight.

2.4. Statistical analysis

Analysis of variance was used to evaluate the analysis
data, and significant differences among means were deter-
mined by one-way analysis of variance (ANOVA) and dun-
can�s multiple range test (p = 0.05) (SPSS 10.0 for
windows).

3. Results and discussion

The concentrations of heavy metals with means ± stan-
dard deviation are given Table 1. The Pb concentration of
raw fish was found to be 0.2776 mg/kg. This value is higher
than that reported by Dugo et al. (2006) and lower than
that reported by Sunlu and Egemen (1998). There were
no significant differences in Pb concentrations between
the raw, grilled, fried fish. However, the decrease in Pb con-
centration was significant (P < 0.05) for baked and micro-
wave cooking methods when compared to the raw control.
Similarly, Atta et al. (1997) have reported a decrease in the
concentrations of Pb in Tilapia nilotica after baking.

The Cd concentrations of raw, baked, grilled and fried
samples were not detectable [below limits of detection
(<0.02)]. The Cd concentration of cultured sea bass muscle
g/kg, wet weight)

Cr Co As Ni

0.112 ± 0.124 ND 0.372 ± 0.042a ND
0.079 ± 0.014 ND 0.324 ± 0.199a 0.891 ± 0.692
0.05 ± 0.000 ND 0.398 ± 0.068a 0.213 ± 0.002
0.108 ± 0.019 ND 1.41 ± 1.67ab 0.931 ± 0.635
ND ND 2.66 ± 0.084b 0.492 ± 0.468

0.05), values without letters are not significantly different (P > 0.05).
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tissues from the sea of Sicily was also not detectable in the
study of Dugo et al. (2006), although Topcuoǧlu et al.
(2002) reported that Cd concentration of raw samples of
sea bass was 0.24 lg/g dry wt. The mean Cd concentration
of fillets subjected to microwave cooking method was
0.7413 mg/kg. According to the regulations made by the
Commission of European Union and Turkey, the permissi-
ble limit for Cd in sea bass is 0.1 mg/kg wet weight ( Anon-
ymous, 1997; EC no. 466/2001, 2001). In the microwaving
methods, the concentration of Cd increased significantly,
but the factors responsible for the increase are not known.
In our opinion, the increase of metal may be related to the
changes in moisture concentration that occur during
cooking.

The mean Cr concentration of the fillets was not ob-
tained in the frying method [below limit of detection
(<0.04)]. The Cr concentration determined in raw samples
was 0.112 mg/kg. This result is similar to the Cr concentra-
tion of sea bass reported as 0.18 lg/g by Topcuoǧlu et al.
(2002). The changes in Cr concentration were found to
be insignificant (P > 0.05).

Although the Co concentration was below the limits of
detection in all cooking methods (<0.05), Topcuoǧlu
et al. (2002) have reported that the mean Co concentration
of sea bass was 0.24 lg/g; however, as in our study, the
mean Co concentrations of shad and whiting were not
detectable [below limits of detection (<0.05)] in their study.

The As concentration of raw fish was found to be
0.372 mg/kg. The highest value found in the fried samples,
was 2.66 mg/kg; while the lowest value was in the baked
samples (0.3244 mg/kg). The increase in As concentration
was significant (P < 0.05) for fried and microwave-cooked
samples, while it was not significant for either raw or other
methods. Devasa and Macho et al. (2001) have reported
that, after cooking, there was a significant increase in the
concentration of inorganic As for bivalves and squid; but
sardines, crustaceans, anchovies and Atlantic horse mack-
erel showed no significant differences among them. In all
types of seafood observed by Devasa and Macho et al.
(2001), the concentrations of inorganic As varied between
0.008 and 1.08 lg/g dry wt. In the white fish group, the
As concentration was generally low and did not exceed
0.1 lg/g dry wt.

The Ni concentration of raw samples was below the lim-
it of detection (<0.06). Topcuoǧlu et al. (2002) have re-
ported that Ni concentration of raw sea bass (D. labrax)
was 0.06 lg/g. The highest value was detected in the micro-
wave-cooked samples (0.93 mg/kg). Analysis of variance
showed insignificant (P > 0.05) differences between mea-
sured concentrations in all samples. No previous studies
were found on Ni concentration in cooked seafood.

4. Conclusion

In the frying and microwaving methods, the concentra-
tions of As and Cd increased significantly. Therefore, these
methods were found to be inappropriate.
The investigation indicates that the increases were statis-
tically insignificant for the heavy metal of baked and grilled
fish. However, the Pb concentration was significantly de-
creased in baked samples.

It can be recommended that grilling and baking are the
most suitable methods for human consumption. The reduc-
tion depends on cooking conditions, such as time, temper-
ature and medium of cooking. Therefore, it is possible to
reduce the metal in fish parts by choosing a suitable meth-
od of cooking.
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Topcuoǧlu, S., Kırbas�oǧlu, Ç., & Güngör, N. (2002). Heavy metals in

organisms and sediments from Turkish Coast of the Black Sea 1997–
1998. Environment International, 27(2002), 521–526.
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