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Heavy Metals Pollution Level in Marine Hammour Fish and the Effect of
Popular Cooking Methods and Freezing Process on These Pollutants
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Abstract: This study was carried out to throw lights on the pollution level of marine hammour (Epinephelus
areolatus) fish at Saudi Arabia and the effect of the popular cooking methods and freezing process on these
pollutants. Results showed that all determined heavy metals (Fe, Pb, Cr, Cu, Mn, As, Cd, Co, Zn and Hg) were
detected 1n the different hammour fish organs. The lowest accumulation rate of all tested heavy metals was
observed mn the fish muscles, except Pb and Mn which were found at the lowest levels in fish gills and viscera
respectively. In addition that hammour fish flesh contained all determined heavy metals at lower level than the
maximum permissible limits (MPLs) of these pollutants except Pb and As which were found at level of 2.105 and
0.218 ppm, on wet weight basis, higher than their MPLs being 2 and 0.2 ppm respectively. Cooking operations
(roasting, deep-fat frying and broiling) extubited variable effect on the tested heavy metals' level in marine
hammour fish flesh. Most tested heavy metals in fish exhibited a highly stability during freezing process and

frozen storage for 6 months.
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INTRODUCTION

The beneficial health effect due to providing fishina
diet is well known and has been documented in several
studies [1-3]. Fish is a good source of many important
nutrients such as proteins, vitamins, minerals and w-3-
poly enoic fatty acids [ 3-5]. Fish intake 1s associated with
improving cardiovascular health and other related health
conditions [6]. Fish has long been a favorite meal of
people living around the Arabian Gulf and has been a
major source of food for people living 1n this region [3, 7).
A part from the beneficial effects, there are also some
factors that contribute to risk from fish consumption,
mainly due to the potential adverse effects of heavy
metals [8, 9]. Increasing pollution in water bodies 1s
directly or indirectly related to increasing urbanization and
indiscriminate disposal of agrochemical and industrial
effluents [10,
environment pollutions that cause serious health hazards
to humans; their effects are not immediate and show up

11]. Heavy metals are well known

after many years [12, 13]. Studies to determine the heavy

metals concentrations in fish in Saudi Arabia indicated
the safety of fish for consumption [14] and similar results
from studies along the Arabian Gulf have been reported
[15]. Increasing interest in the health gains obtained by
regular fish intake has put emphasis on the need for
documentation of both nutrients and contaminants in fish
and seafood, with a balanced risk assessment [5].

Marine  organisms, in  general, accumulate
contaminants from the environment and therefore have
been extensively used mn marine pollution monitoring
programmes [16]. In many

alterations in industrial development lead to an increased

countries, sigmficant
discharge of chemical effluents into the ecosystem,
leading to damage of marine habitats. Heavy metal
discharged into the marine environment can damage both
marine species diversity and ecosystems, due to their
toxicity and accumulative behavior [17, 18].
Environmental pollution represents a major problem
in both developed and undeveloped countries. Saudi
Arabia is among countries which suffering from high
biosphere pollution (air, soil and water). Many ecological
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changes occur in water as a result of human activities,
including agricultural, industrial and municipal wastes.
Cadmium, copper, lead and zinc salts are usually found in
agricultural and industrial liquid wastes [19-21] whach are
discharged into water resources. These metals are toxic to
aquatic life at low concentration, particularly in soft-water
mterments. Such metals may be accumulated from water
to lugher levels in fish tissues [18, 22-24]. Evidently these
metals accumulated frequently in fish flesh and in internal
organs [25, 26].

The excess of heavy metals mntake, especially mercury
and lead, causes many harmful and neurotoxic effects to
the human health. Hg is the most toxic heavy metals that
affects the human brain causing the syndromes of nerve
disturbances and ncomma, mn addition to its harmful
effects on mhibiting growth and the activity of some
enzymes [27-29], implements specifically related to Pb
toxicity in humans include abnormal size and hemoglobin
contents of the erytlrocytes, hyper stimulation of
erythropoiesis mhibition of both haeme synthesis and
some enzymes activity, catecholainergic and cholinergic
nervous system, anemia and permanent damage of brain,
liver and central nervous system [21, 30]. In general,
heavy metals are mterfering with cellular biochemistry,
mainly by disruption of a variety of enzyme systems.
Though disruption of specific enzymes, metal can alter the
normal patterns of growth, reproductive function, immune
function and general metabolism [29]. Secondarily, toxic
metals interfere with the normal metabolism and functions
of required metals (i.e. Ca and Mg). In extreme condition
some metals are known to be mutagenic or teralogentic
[25, 29, 31, 32]. Therefore, itis essential to know the level
of heavy metals in both cooked and processed Hammour
fish which are approximately consumed by most people at
Arabian Gulf Countries to avoid health hazards of these
contaminants [3, 14]. However, little effort has been made,
as well as few reports have been published in this
concern.

The target of this research was to asses the heavy
metals pollution of marine hammour fish (Epirephelus
areolatus), as well as to determine the remainder
concentration from these contaminants in cooked and
frozen fish tissues.

MATERIALS AND METHODS

Materials: Marine Hammour Epinephelus areolatus
fishes (belong to the family Serramdae, order Perciformes
and class Actinopterygii) were obtained from local market
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in Jeddah city, Saudi Arabia during the season of 2008-
2009. The purchased fishes were carefully washed with
tap water, packaged in iceboxes and transported to the
Research Laboratory of Nutriion and Food Science
Department, Faculty of Education for Home Economics
and Art Education, King Abd-Elaziz University, Jeddah,
Saudi Arabia.

The refined sunflower o1l, tomato sauce and sodium
chloride were obtained from the local markets in Jeddah,
Saudi Arabia.

Standard heavy metals including; iron (Fe), lead (Pb),
chromium (Cr), copper (Cu), manganese (Mn), arsenic
(As), cadmium (Cd), cobalt (Co), zinc (Zn) and mercury
(Hg) were obtained from Merck Co., Darmstadt, Germany.

Methods

Preparation of Whole Fish Samples for Freezing
Process: Each whole fresh hammour fish was cleaned
carefully with tap water and then the glazing process was
carried out by submerging the fish in cold water at 4+1°C
for about 1-2 minutes. The glazed fishes were packaged in
polyethylene bags and stored at-18+27C.

Preparation of Fish Samples for Cooking: Fresh marine
hammour fishes were dressed carefully by removing
scales, fins, head, tail and viscera. The fish body was
washed with tap water to remove any traces of blood and
viscera. After that, the fish flesh was divided into desired
consistent size fillets and then the fillets were trimmed,
washed carefully by tap water, drained for a few minutes
and then mmmersed mn 10 % NaCl solution for 10 minutes.
Whereas, fish fillets were washed with tap water and
treated with 3 % spices’ mixture (composed of black
pepper powder, cumin powder and fresh garlic paste at
ratio of 1:1:2 respectively). Then, the prepared fillets were
used for analysis and cooking. The other internal fish
organs (brain, gills and viscera) were separated from fresh
fishes and collected carefully for analysis.

Cooking of Fish Flesh Fillets: Prepared fresh hammour
fish fillets were cooked according to the procedures of
[33]. The prepared fish fillets divided into 3 batches, the
first was cooked by roasting method in shallow pans
contaimng adequate quantity of tomato sauce and refined
sunflower oil using gas oven at 160+5°C for 20 min. or to
an internal temperature of about 80°C. The second batch
was thinly coated with wheat flour (72 % extraction) and
then deep-fat fried in a household electric stainless steel
pans (1 liter-capacity, 20 cm-diameter and 6 cm-high)
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containing the heated frying oil medium; refined
sunflower oil, to a temperature of 1 70£5°C and then deep-
fat frying process was carried out for 6-8 min. at the
previous temperature. The tlurd batch of prepared
hammour fish fillets was thinly coated with wheat bran
and broiled using laboratory electric-plate broil (Model
Suteskv, Russia, size of the flat was 30 x 30 cm) at
160+£5°C for 12 min of the first side and then tumed over
to cook the other side for 8 min. After roasting, deep-fat
frying or broiling was performed, all cooked fish samples
were allowed to dram until they had cooled to ambient
temperature (~ 35°C), and then were ground and
homogenized by electric grinder (Oster Heavy Duty Food
Grinder, TJSA). Whereas, the ground cooked fish samples
were packaged m polyethylene bags and stored at about-
18+2°C  until
determination.

they analyzed for heavy metals

Freezing process: Fresh prepared whole hammour fish
samples were frozen at-18+2°C and stored under the same
former frozen temperature. The heavy metals level was
determined in frozen fish samples after both 24 hr. (initial
zero time) and 6 months of frozen storage.

Determination of Heavy Metals: The concentrations of
the tested heavy metals were determined in fresh
hammour fish organs (brain, gills, viscera and muscles),
and in fresh, cooked and frozen fish flesh according to the
procedure of [33]. Adequate weight of 2g for fish tissues
was digested by using a mixture of nitric acid and
perchloric acid (4:1 v/v). The digest was quantitatively
transferred to a 25 ml. volumetric flask with twice-distilled
water, adjusted to pH 2 with nitric acid (1 N) and the
volume made up to the mark. The heavy metals were
measwed using atomic absorption spectrophotometer
(Perkin Elmer Model 2380) at specific wave length for each
metal.

Statistical Analysis: The obtained data were subjected to
analysis of variance using SAS program for the multiple
comparison between fresh and treated hammour fish
samples; the procedure of ANOVA and Duncan's
Multiple Range Test were used [35].

RESULTS

Proximate Composition of Tested Fresh, Cooked and
Frozen Hammour Fish Samples: As illustrated m Table 1,
the raw whole hammour fish contained moisture, crude
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protein, crude lipid and ash at level of 76.16, 18.62, 3.26
and 1.84 %, on wet weight basis respectively. In addition
that the moisture content of fillets was ranged between
61.91 and 64.73 % depending upon the kind of cooking
method. On the other hand, the other chemical
compenents m cooked fish fillets were ranged from 70.60
to 78.94 % for crude protein, 8.45 to 19.53 % for crude lipid
and 8.14 to 10.60 % for ash content.

The obtammed results showed that freezing process
and frozen storage temperature (-18£2°C) caused,
somewhat, slight effect on gross chemical components.
Whereas, the frozen whole fish had crude protein, crude
fat and ash contents at level of 7887, 12.93 and 8.11 %, on
dry weight basis (18.46, 3.02 and 1.90 %; on wet weight
basis) respectively. The moisture content of fillets ranged
between 61.91 and 64.73 % depending upon the kind of
cooking method. On the other hand, the other chemical
components in cooked fish fillets ranged from 70.60 to
78.94 % for crude protem, 8.45 to 19.53 % for crude lipid
and 8.14 to 10.60 % for ash content.

Distribution of Heavy Metals in the Different Organs of
Hammour Fish: The differences among the heavy metals’
concentration in different organs of marine hammour fish
were determined and then the obtained data were
recorded as in Table 2.

As shown in Table 2, all tested heavy metals were
detected 1n the different tested fresh organs and tissues
of hammour fish at different concentrations depending
upon the type of fish organ and the heavy metal itself.
The present results (Table 2) evident that the predominant
heavy metals in tested fish organs were Zn, Fe and Pb
which were found at greatly higher concentrations than
the other tested heavy metals in the tested fish organs.
Furthermore, the highest concentrations (ppm) of Mn
(2.762), Co (3.529) and 7n (49.08) were observed in
hammour fish brain. While, the highest accumulation
level (ppm) of Fe (16.165), Cr (3.059), Cu (10.713), As
(5.391) and Cd (1.160) was found in the fish gills. In
addition, hammour fish viscera contained the highest
concentration of Pb (12.489) and Hg (1.308). On the
contrary, the lowest accumulation rate of all tested heavy
metals was observed mn the fish muscles, with the
exception of Pb and Mn which were found at the lowest
concentrations in fish gills and viscera respectively.

Influence of the Popular Cooking Methods on Heavy
Metals' Level in Hammour Fish Flesh: As shown in
Table 3, roasting caused a significant (p<5) reduction in
Pb, Cr, Mn, As and Zn of hammour fish flesh by 16.2, 9.3,



WorldJ. Dairy & Food Sci., 5 (2): 119-126, 2010

Table 1: Proximate composition (%6) of fresh, cooked and fiozen marine hammour fish samples

Chemical Component (%6)

Crude Protein Crude lipid Ash Carb ohydrates

Variables Moisture W.w D.w W.w D.w W.w D.w W.w D.w
Raw Whole Fish 76.16 18.62 78.1 3.26 13.68 1.4 7.72 0.12 0.50
Prepared Fresh fillets 76.02 18.55 77.36 3.19 13.3 2.10 8.76 0.14 0.58
Cooked Fish Fillets

Roasted 63.86 28.53 78.94 4.37 12.09 2.9 8.14 0.30 0.83
Fried 61.91 26.89 70.60 7.44 19.53 3.27 8.58 0.49 1.29
Broiled 64.73 27.70 78.54 2.98 8.45 3.7 10.6 0.85 241
Frozen Whole Fish* 76.60 1846 78.87 3.02 12.93 1.90 811 0.02 0.10

W.w: Chemical component percentage on wet weight basis D.w: Chemical component percentage on dry weight basis. Frozen whale fish*: gfier 6 months
of frozen storage (a-15+2°C)

Table 2: Distribution of heavy metals (ppm; on wet weight basis) in the different organs of marine hammour fish

Heavy Metal Level (MESE)*
Heavy Metal Flesh Brain Gills Viscera MPL**
Fe 3.618+0.23* 7.903+0.57° 16.165+1.091 12.018+0.74° -
b 2.105+0.29° 9.830+0.57° 1.207+0.31% 12.489+0.764 2
Cr 0.17240.05° 1.146+0.29¢ 3.059+0.46% 0.46640.08° 0.20
Cu 0.498+0.12* 0.295+0.07% 10.713+0.794 7.109+0.63¢ 20
Mn 1.751+0.23" 2.762+0.29° 1.027+0.16° 0.9574+0.11° ---
As 0.218+0.09° 0.937+£0.16° 5.391+0.43¢ 1.184+0.17¢ 0.20
cd 0.029+0.0032 0.063+0.002° 1.160+0.24 0.482+0.09¢ 0.05
Co 0.1604£0.07° 3.529+0.43¢ 2.032+0.31¢ 0.24640.005° 0.20
Zn 19.814+1.0% 49.077+3.167 41.539+2.84° 36.071+2.63° 30
Hg 0.2614+0.047 0.440+0.09° 0.692+0.06&° 1.308+0.31¢ 0.50

MESE*: Mean+Standard error of heavy metal level; Means (in the same row) having different superscripts ave significantly varied. MPL**: Maiimum
Permissibie limit of heavy metal for human consumption of fish

Table 3: The influence of common cooking methods on heavy metal level (ppm; on wet weight basis) in marine hammour fish

Fresh Roasted Fried Broiled
Heavy  --—-----
Metals M=SE* M=SE* Change (%)  M*SE* Change (%0) MESE* Change (%0) MPL*#*
Fe 3.618+0.537 9.275+0.67° + 7.6 9.747+0.59° +13.1 9.401+0.56> +a.1 -
b 2.105+0.184 1.763+0.21° -16.2 1.670+£0.16% -20.7 1.823+0.27¢ -13.2 2
Cr 0.1724+0.05° 0.15640.03° -9.3 0.143+0.05¢ -16.4 0.16+£0.07 -7.1 0.20
Cu 0.498+0.12* 0.498+0.07" 0 0.447+0.11¢ -10.2 0.526+0.13¢ +5.6 20
Mn 1.7514+0.31¢ 1.385+0.23¢ -20.9 1.528+0.26° -12.8 1.608+0.23¢ -8.2 -
As 0.218+0.09° 0.193+0.11° -11.4 0.176+0.07° -19.3 0.181+0.09° -16.9 0.20
Cd 0.029+0.003° 0.029+0.005° 0 ND=0. (¢ -100 0.023+0.002° =207 0.05
Co 0.166+0.19° 0.169+0.16° +21 0.16640.12¢ 0 0.166+0.14° 0 0.20
Zn 19.87+1.24¢% 23.0441.27¢ +159 22.31+1.29% +12.3 23.1+1.32 +16.3 30
Hg 0.261+0.09* 0.261+0.06° 0 0.24040.10¢ -7.9 0.27420.09° +5.1 0.50

MESE*: Mean+Standard error of heavy meta level in cooked fish; Means (in the same vow) having difierent superscripts are significantly varied MPL**:
Meimum Permissible Iimit of heavy metal for human consumption of fish

122



WorldJ. Dairy & Food Sci., 5 (2): 119-126, 2010

Table 4: Effect of freezing process and frozen storage (-18+2°C) on heavy metals level (ppm; on wet weight basis) of whole hammour fish

Frozen Fish Flesh

Fresh Prepared Initial Zero time After 6 months
Heavy Metal M=+SE* M=+SE* M=+SE* Change (%) MPL *#
Fe 4.146 £0.23°¢ 3.920+0.31° 3.617+0.22° -12.75 -
Pb 2.73240.29¢ 2.630£0.27¢ 2.51740.16 ¢ -7.80 2
Cr 0.284+0.07¢ 0.284+0.09¢ 0.284+0.05 ¢ 0 0.20
Cu 0.673+0.10% 0.641+0.13 2% 0.606+0.09 ¢ -10.29 20
Mn 2.52040.27¢ 2.348+0.30° 2.12040.22 ¢ -15.87 -
As 0.4360.09¢ 0.436+0.09¢ 0.409+0.11 ¢ -6.14 0.20
Ccd 0.039+0.002° 0.039+0.003° ND=0.00 ¢ -100 0.05
Co 0.195+0.06° 0.203+0.082° 0.214+0.06 * +9.74 0.5
Zn 21.82+1.17¢ 20.65+1.22° 19.08+1.13¢ -12.58 30
Hg 0.339+0.21°¢ 0.339£0.13 ¢ 0.33940.17¢ 0 0.20

MESE*: Mean+Standard error of heavy melal level; Means (in the same row) having different Superscripts are significantly varied MPL**: Maiimum

Permissible limit of heavy metad for humon consumption of fish

20.9, 11.4 and 7.05 % respectively. While, the roasting
process led to a sigmificant (p<5) increase m Fe and Zn
levels of fish fillets respectively

The obtained data (Table 3) also indicated that
deep-fat frying method caused a significant (p<<3) loss in
Pb, Cr, Cu, Mn, As, CdandHg of hammour fish flesh
byabout 20.7,16.4,10.2,12.8,19.3,100 and 7.9 %, while
it caused a significant (p<3) increment in Fe and 7Zn by
13.1 and12.3 % respectively. In addition that broiling
cooking caused a significant (p<<5) decrease in Pb, Cr, Mn
and Cd by about 13.2, 8.2, 16.9 and 20.7 % of fish flesh
respectively. On the contrary, it caused a significant
(p<5) mnerease m Fe, Cu, Zn and Hg of fish flesh by about
9.1, 56, 163 and 5.1 % of fish fillets respectively.
The predominant heavy metals in all cooked hammour
fish samples were Zn (19.87-23.10 ppm) andFe (9.275-
9.747 ppm).

Effect of Freezing Process and Frozem Storage
Temperature (-18£2°C) on Heavy Metals Level in Whole
Hammour Fish: The Effect of freezing process on heavy
metals level in whole hammour fish and the frozen storage
(-1842°C for 6 monthes) stability of these pollutants were
illustrated as shown in Table 4,

As given in Table 4, the levels of most determined
heavy metals in whole hammour fish did not significantly
(p<<5) influence by freezing process, with the exception of
Fe (-5.45%), Mn (-6.83) and Zn (-8.80%) concentrations
which were, somewhat, significantly (p<5) decreased.
Furthermore, the most tested heavy metals in fish
exhibited a highly stability during frozen storage for
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6 months. On the other hand, the predominant metals
in frozen fish were Zn (19.08 ppm), Fe (3.617 ppm),
Pb (2.517 ppm) and Mn (2.120 ppm) at the end of tested
frozen storage period

DISCUSSION

Knowledge of the proximate chemical composition of
tested marme hammour fish samples 15 particularly
important for determination of their nutritive value as well
as for mvestigating the effects of the other treatments,
cooking methods and processing for extents of pollution
with variable contaminants. The present proximate
analysis results indicated that all tested hammour fish
samples had high protein contents and considerable
levels of fat. This aspect 13 of dietary sigmficance to the
consumer since it is a known fact that protein is essential
for maintaining and building muscles [3, 36]. The high fat
content in tested hammour fish products 1s of nutritional
value as a great amount of evidence from epidemiological
studies and clinical trials in Spain supports a protective
effect against coronary heart disease for fish consumption
and intake of marine omega-3-fatty acids which reduce
serummn lipids and lipoproteins, impair platelet aggregation,
increase cell membrane fluidity and lower blood pressure
in humans [3,4]. The present results also have evidence
that all tested cooking methods; i.e. roasting, pan-fat
frying and broiling, caused a high loss i the moisture
content of tested hammour fish samples as the result of
evaporation by thermal treatments used in cooking
processes. The other gross chemical compoenents of fish
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samples may be diluted or concentrated throughout
cooking as a reflection of one or more of possible
alterations mecluding; the moisture loss, absorption of
some gross components from cooking medium, the
destruction and leaching out of some fish components
throughout cocking process [22,32]. On the other hand,
the gross chemical components in whole hammour fish
were slightly effected by freezing process and frozen
storage conditions (-18+2 C for 6 monthes), as previously
reported [3, 37]

The present results illustrated  that all
determined heavy metals were detected in the
different hammour fish organs which were greatly

also

varied 1n their ability for accumulation of the tested
heavy metals depending upon fish organ and upon the
heavy metal itself as reported m literature [21,26,38.39,40].
The present results also showed that hammour fish
flesh contained the all determined heavy metals at
lower concentration than the maximum permissible limits
(MPLs) of these contaminants reported by codex
alimentarius [41, 42] with the exception of Pb and As
which were found at level of 2.105 and 0.218 ppm, on wet
weight basis, higher than their MPLs being 2 and 0.2 ppm,
respectively.

With regards to the effect of cooking processes
onn the tested pollutants, the cooking operations
(1.e. roasting, deep-fat frying and broiling) exhibited vary
effect on the tested heavy metals' level in marine hammour
fish flesh depending upon the cooking method and the
heavy metal itself. The reduction in heavy metals’ content
m the tested fish which was taken place throughout
cooking process may be related to release of these metals
with the loss of drip as free salts, possibly in association
with soluble amino acids and uncoagulated proteins
bounded with metals [43-45]. On the other hand, the
increase in some heavy metals in coolked fish could be
attributed to the loss of moisture throughout cooking that
caused the concentration of some metals i fish muscles
[32. 44, 45]. Tt 1s fortune to mention that all cooked
hammour fish products, under mvestigation, were safe for
human consumption as they contamed all determined
heavy metals within the MPLs reported by previously
mentioned International Legislations.

Concerning the effect of freezing process
frozen storage conditions on heavy metals concentration
in hammour fish, it could be observed that, freezing
process did not significantly affect the concentrations of
most determined heavy metals in whole marine hammour
fish. Furthermore, the most tested heavy metals in fish
exhibited a highly stability during frozen storage for 6
months. On the other hand, the predominant metals n

and
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frozen fish were Zn (19.08 ppm), Fe (3.617 ppm), Pb (2.517
ppm) and Mn (2.120 ppm) at the end of tested frozen
storage period. These results are in quite accordance with
those previously reported [22, 44].

It could be concluded that regardless of the highly
pollution of marine hammour fish with heavy metals, the
cooked fish flesh products were safe for human
consumption as they contained these pollutants within
the maximum permissible limits (MPLs). Tt is recommended
that we should do our best to overcome the problem of
pollution the Arabian Gulf and the Red Sea water with
these contaminants by assessing and
controlling on the pollution sources by specialized

continuous

organization having all required instruments. Moreover,
1t 13 a devisable to remove medible parts including viscera,
brain and gills from the fish prior to cooking and
processing and not to eat them to avoid potential risks to
human health arising from the high toxicity and
persistence of heavy metals.
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