Public health implication of consuming canned fish
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Abstract

Due to their nutritional value, fish and canned fish products are highly quality foods that are beneficial to
human health. Fish is a vital, healthy source of animal protein and vitamins. Eight brands of canned sardines and
tuna fishes, originating from six countries commercialized in Egypt were analyzed in composite samples to
investigate the impact of consuming fishes on public health. The contents of the nutritive substances of canned fish
(protein, macro-elements and lipids) and some metals (Cu, Fe, Mn, Zn, Cr and Ni) were determined. The accuracy
of the method was corrected by standard reference material (DORM-2). Among tested metals, Fe attains the highest
concentrations for both canned sardine and tuna fishes (28.192-30.235 and 17.767-33.552 ng/g wet weight
respectively) followed by Zn (18.795-20.157 and 11.845-22.368 ng/g wet weight respectively) and recorded
comparable ranges for Cu, Mn and Ni (1.719-2.047 and 0.760-1.396; 0.920-2.439 and 0.581-0.833; 0.407-0.792 and
0.271-2.600 pg/g wet weight respectively) while Cr attains the lowest values for both sardine and tuna canned fish
(0.157-0.423 and 0.186-0.322 pg/g wet weight respectively). The levels of metals in the studied fish were far below
the permissible levels for various governmental agencies. From a nutritional point of view, canned fish products are
rich in major and trace elements. Where, canned sardines recorded highest calcium, magnesium and sulphate
content, while canned tuna contained the higher phosphate. In this context, the average protein concentration in
sardine was higher than that in the tuna fish samples. On the other hand; the lipid concentration in sardine samples
gave an average lesser than their concentrations in tuna fish. These results indicated that there is no risk in canned
fish with respect to the concentrations of all the studied metals. The estimated weekly intakes by human consuming
for both canned sardines and tuna were also evaluated for possible consumer health risks. The weekly intakes
through consumption either of canned sardines and tuna did not exceed the toxicological reference values
established by WHO, and consequently there was no human health risk.
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1. Introduction

There is an increase concern about the quality of
foods in several parts of the world. "Food safety”
implies absence or acceptable and safe levels of
contaminants, adulterants, naturally occurring toxins or
any other substance that may make food harmful to
health on an acute or chronic basis. Food quality can be
considered as a complex characteristic of food that
determines its value or acceptability to consumers.
Besides safety, quality attributes include: nutritional
value; organoleptic properties such as appearance,
color, texture, taste and functional properties (WHO,
1998). Fish and Canned fish, like (tuna, mackerel and
sardine) are largely eaten in many countries as they are
sources of protein rich in essential amino acids, trace
and major and elements (calcium, phosphorus, fluorine,
iodine), fats that are valuable sources of energy, fat-
ISSN: 1687-4285

soluble vitamins, and unsaturated fatty acids that,
among other benefits, have a hypocholesterolic effect
(anti-arteriosclerosis) (Ismail, 2005). However, humans
may be exposed to harmful trace elements such as
arsenic, silver, lead, mercury, cadmium, and nickel
mainly  through contaminated drinking  water,
consumption of fresh and processed foods and through
occupational exposures.  Amongst those species
recognized as potentially accumulating highest metal
levels, tuna is one of the most frequently consumed and
commercially available groups of fish worldwide
(Burger et al., 2005). These pelagic organisms are high
performance fish with very high metabolism rates and,
thus, high food intake rates, a property that accentuates
the exposure to trace elements (Kojadinovic et al.,
2007). Consequently, adverse human health effects
may occur if this fish is consumed too much or in large
enough quantities. In this context it is also of interest to
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consider canned tuna, which amongst canned
fishery products is doubtless the most largely and
frequently consumed. Canned tuna is, in fact, well
eaten in the developed world, especially for most
working families. It is not surprising, that an interest in
sardine-type  fishes  consider as  prospective
replacements for, or supplements to, big fish in the
consumer diet has emerged (Dewailly and Rouja, 2009;
Tibbetts, 2004). They are not only cheaper, but they are
also higher in Omega-3 fatty acids and their small size
and shorter life span apparently precludes their ability
to concentrate the elevated metal levels that larger fish
do. They are already among the most abundant fishes to
be listed by the US Environmental Protection Agency
(USEPA) as healthy and safe for human consumption
(Natural Resources Defense Council/NRDC, 2007).
Concentration of metals in canned fish varies,
depending on the type and origin of the food, pH of the
canned product, oxygen concentration in the headspace,
quality of the inside lacquer coating of cans, storage
place, etc. (Tahan et al., 1995, Tarley et al , .2001).
Nevertheless, publications on the concentrations of
toxic elements in canned tuna and dietary intakes of
these elements via these fishery products in Egypt and
in Arabian countries are lacking as well as a few
literature data confirms the ability of these large pelagic
predators to accumulate substantial levels of toxic
metals (Storelli et al., 2002; Licata et al., 2005).
Accordingly, the objectives of the present work are to
determine the concentration levels of some metals (Cu,
Zn, Cr, Fe, Mn and Ni) in canned fish samples
purchased from supermarkets located in different Egypt
cities and to compared it with the permissible limits of
the European Legislation (Official Journal of the
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European Union, 2006; European Food Safety
Authority (EFSA), 2009), as well as to estimate the
weekly intake and compared it with the Provisional
Tolerable Weekly Intake (PTWI) recommended by the
Joint FAO/WHO Expert Committee on Food Additives
(WHO, 2006; EFSA, 2009) to investigate the impact of
consuming canned fishes on public health.

2. Materials and methods

Various species of canned fish of different
geographical regions available were collected randomly
from supermarkets. Canned fish samples (two brands of
sardines, and six brands of tuna) were purchased which
representing four countries (Morocco, Republic of
Yemen, Indonesia and Thailand) were collected
between 2009 and 2010 (Table 1). The content of fish
in tins was first separated from the oil and then the fish
content from three tins with the same lot code was
homogenised with a food mixer. Homogenised samples
were stored in a freezer until the analysis.

The health benefits and risks stemming from canned
fish consumption were determined according to the
provisional tolerable weekly intake (PTWI) for
contaminants and the quantities of ingredients that
render a canned fish diet healthy. The accuracy of the
analytical procedure was carried out by duplication of
the samples and analytical validation was conducted
through the analysis of certified reference samples
(DORM-2). The blanks and calibration standard
solutions were also analyzed in the same way as the
sample solutions (Table 2)

Table 1. Countries of origin of cans analyzed, and the production and ‘Best By’ dates of cans samples purchased

during 2009 and 2010.

Sa'\rlr; F_]Ie Brand Type of fish Country origin PI’OS:;:IOH byBIeDSatte
1 Sardine Morocco 06/2006 06/2011
2 Sardine Thailand 05/2008 05/2011
3 - Tuna Thailand 11/2007 11/2010
4 Goody Tuna Indonesia 04/2008 04/2011
5 Tenderina Tuna Indonesia 07/2008 07/2011
6 Botan Tuna Thailand 02/2007 02/2010
7 Hiba Tuna Republic of Yemen 01/2008 01/2011
8 Harvest Tuna Thailand 12/2008 12/2011

Table 2. Results and analysis of heavy metals of DORM-2 reference material (pug/g dry weight)

Heavy metals (ug/g dry weight)
Metals Cr Cu Fe Mn Zn Ni
Certificated values | 35.07 | 2.98 142 3.33 21.8 19.85
Observed values 33.98 2.8 146 3.14 22.44 | 18.09
Recovery% 96.89 | 93.96 | 102.82 | 94.29 | 102.94 | 91.13
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2.1. Metal Analysis

Samples of canned fish (4-5 g wet weight) were
weighed directly into acid-washed Teflon digestion
vessels. Fifteen milliliters of ultra pure nitric acid were
added to each vessel. After swirling gently, Teflon
vessels were covered and left at room temperature
overnight. The samples were then heated at 100°C for
2-3 hours or until complete digestion, and then cooled
to room temperature. After cooling digests were finally
made up with deionized water to 25ml in acid washed
standard flasks after filtration and then placed in acid
washed polyethylene bottles until analysis. For each
run, a duplicate sample, spiked samples, and two
blanks were carried through the whole procedure (lkem
and Egiebor, 2005). Metal concentrations in all
solutions were determined and measured as (pg/g wet
weight), using Flame  Atomic  Absorption
Spectrophotometer (A.A.S. Shimadzu, Japan) for
determination of Cr, Cu, Fe, Mn, Ni and Zn .Canned
fish (homogenized) samples were spiked with various
concentrations of heavy metals for the recovery
repeatability tests and for verifying the analytical
methodology. For each run, triplicate samples, spiked
samples and blanks were carried through the digestion
reaction.

2.2. Determination of calcium and Magnesium
Concentrations

Ca and Mg concentrations of digested canned tissue
samples were determined by EDTA titration in
presence of murexide and Eriochrome black T
indicator, respectively (APHA-AWWA-WPCF 1992).

2.3. Determination of Sulphate

The sulphate (SO4) content of digested canned tissue
samples was estimated by turbidimetric method
(APHA-AWWA-WPCF 1992).

2.4. Determination of Phosphorus

Phosphorus (P) content of the digested samples was
evaluated based on the reaction with an acidified
molybdate reagent to yield phosphomolybdate
complex, which then reduced to a colored blue
compound (Strickland and Parson 1965).
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Yo

2.5. Determination of Total Lipids and Protein

Total lipids and protein content were determined in
five replicated individual canned samples for each
brand. The canned tissue was homogenized by an
electric homogenizer with 1 volume of saline. The
resulting homogenates were divided into aliquots for
total lipids and total protein. Total lipids aliquots were
extracted immediately, while protein aliquots were
frozen for later assay. All procedures were carried out
without exposing the samples to heat by keeping them
in ice. Lipids were extracted from homogenate (1 ml)
using 20 volume of (1:1) chloroform-methanol (Folch
et al., 1957). Extracted lipids were
spectrophotometrically  determined colorimetrically
with sulfophospho vanillic mixture according to Folch
and colleagues (1957).Protein was quantified using the
method of Lowry et al. (1951). All used reagents were
of analytical grade.

3. Results and discussion

3.1. Nutritional ingredients (Magnesium, Calcium
and Phosphorus)

From a nutritional point of view, canned fish
products are rich in major and trace elements. The
basic major essential to proper body function are
calcium and phosphorus, and the possibility of utilizing
these elements depends on their mutual ratios in the
foods consumed. Canned fish is a good source of
calcium and phosphorus.

As shown in Figure (1), canned sardines recorded
highest  calcium,  magnesium and sulphate
concentrations, while canned tuna contained the
higher phosphate level as shown in Figure (1). Ca
content ranged between 31.615 + 0.94 and 22.437 *
3.24 mg/g for sardine and tuna respectively. On the
other hand, the highest value of phosphorus recorded
in tuna (3.774+ 1.691 mg/g) and lowest value was
recorded in sardine (1.994+ 0.05 mg/g). The
recommended daily allowance of calcium is contained
in an average of about 420 g of canned fish while that
of phosphorus is found in about 365 g. (Usydus et al.,
2008)
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Figure 1. Average concentrations of nutritive components (units/g wet weight).

3.2. Metal Contamination

The mean values of copper, zinc, chromium, nickel,
manganese and iron concentrations in canned sardines
and tuna studied are given in Table (3). Iron is the
most abundant of the examined metals. Iron
deficiency causes anemia and fish is the major source
of this examined metal (Ikem and Egeibor, 2005).
However, it is also known that, when their intake is
excessively elevated the essential metals can produce
toxic effects (Ashraf et al., 2006). Ponka et al. (2007)
underlined that mammals are not able to excrete excess
iron, and chronic iron overload is associated with
slowly progressing failure of various organs.

The highest mean level of iron attains in sardine
(29.214 pg/g), while the mean concentrations of iron
in the canned tuna is 25.46 ug/g. Similarly, Tarley et al.
(2001) reported the average concentration of iron in
canned sardines of Brazil as 20.96 to 88.83 ug/g, while
lkem and Egiebor (2005) reported Fe levels in the
range of 0.01-88.4 mg/kg in canned fish samples
purchased in the states of Georgia and Alabama (USA).
Abou- Arab et al. (1996) reported a mean
concentration of 4.21 (0.82—12.6 ug/g Fe) for imported
sardine samples collected from the great Cairo
governorate. Also iron exhibited an average
concentration range in canned sardines from 30.022 to
48.112 pg/g, vary in canned tuna from 15.758 to 23.957
ng/g, and fluctuate between 26.311 and 31.755 pg/g in
mackerel (Ahdy et al., 2009). However, the mean
concentrations of iron in the canned sardines from
Nigerian market ranged from 8.04 to 48.18 ug/g Fe
was recorded by (lwegbue et al.,2009), while Mol
(2011) reported iron content of tuna product from
Turkey was 80.7 mg/kg. Republic of Turkey Ministry of

Agriculture (2002) proposed 15 mg/kg Fe as limit for
canned foods. The upper tolerable intake level (UL) of
iron in children (0 months-8 years) and males/females
(14-70 years) is 40 and 45 mg/day, respectively
(Institute of Medicine, 2003),while the recommended
dietary allowance (RDA) of iron for 7-12 months
infants and males/females 51-70 years is 11 and 8
mg/day, respectively.

Zinc is involved in most metabolic pathways in
humans and it’s deficiency can lead to loss of appetite,
growth retardation, skin changes and immunological
abnormalities. Too little zinc can cause problems, but
too much zinc is also harmful to human health (Agency
for Toxic Substances and Disease Registry (ATSDR),
2004). The marine organisms rich in proteins contain
high concentrations of zinc 10-50 pg/g (WHO,
1996).but the excess of Zn may be harmful.

In this study, the levels of zinc range from 19.476
ug/g in canned sardine and 16.973 ug/g in canned tuna,
and none of the samples exceeded the permissible limit
(50 mg/kg) (Turkish Food Codex, 2002; MAFF, 1995;
Associacao Brasileira das Industrias da Alimentacao
(Abia), 1998). There are no health risks with respect to
Zn concentrations in canned sardine and tuna. In
Kingdom of Saudi Arabia, and in US, the mean
concentrations of Zn in canned tuna were found to be
10.4 mg/kg, and 4.78mg/ kg, respectively (Ashraf et
al., 2006; Ikem and Egeibor, 2005). Likewise, Tuzen
and Soylak (2007) reported the mean Zn value as
17.8mg/kg for canned tuna, commercialized in Turkey.
However, Celik and Oehlenschlager (2007) analyzed
three samples of canned tuna from two different
Turkish brands and reported higher amount of Zn than
the limits. Meanwhile, the average zinc concentrations
from the Egyptian supermarkets was ranged from
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9.773-21.98 pg/g. (Ahdy et al., 2009), also 3.68-30.1
mg/kg for zinc was recorded for canned tuna fish
produced in Turkey (Mol, 2011)

Determination of the Cu concentration in fish is
also an important subject with respect to human
consumption (Amundsen et al., 1997). Copper is
required for iron utilization, and as a cofactor for
enzymes involved in glucose metabolism and the
synthesis of hemoglobin, connective tissue and
phospholipids. Numerous studies have been directed on
copper metabolism in fish and there is a lot of concern
about the toxic effects related to heavy-metal pollution
in the aquatic environment (Lall, 1995); however,
copper is not toxic for humans in low concentrations
(Linder, 1996), but it was also regarded as a potential
hazard that can be harmful for human health when
excessively exposed (Yilmaz et al., 2007). Very high
intake can cause liver and kidney damage (ADTSR,
2004; Ikem and Egiebor, 2005). Whereas FAO (1983),
WHO (1996) and MaFF (1995) report levels up to 30
mg/kg, the recommended limit for Cu in fish is 20mg/
kg according to Turkish Food Codex (2002). In this
study, all samples contained lower concentration of Cu
than these limits (Table 3); this result shows that all
samples were safe for human consumption regarding
Cu concentrations. Average Cu contents in canned tuna
from Kingdom of Saudi Arabia, US, and Turkey were
reported as 1.02mg/kg (Ashraf et al., 2006), 0.25
mg/kg (lkem and Egeibor, 2005), 2.50mg/kg (Tuzen
and Soylak, 2007), Tarley et al., 2001(1.31 to 2.25
ug/g), 7.1-45.7 ug/g (Celik and  Oehlenschlager,
2007),0.533 to 3.308 pg/g from the Egyptian market
(Ahdy et al.,2009) and 0.08 -1.77 for tuna fish
produced in Turkey (Mol , 2011) respectively . It is
clear that there is no risk with respect to the
concentrations of Cu in canned fish.

Chromium (111) is an essential nutrient element that
potentiates insulin action and thus influences
carbohydrate, lipid and protein metabolism. However,
Cr (V1) is carcinogenic (lkem and Egiebor, 2005;
Tuzen and Soylak, 2006). Excessive amount of
chromium (IlI1) may cause adverse health effects
(ATSDR, 2004).The chromium levels are 0.29 ug/g in
canned sardine and 0.251 pg/g in canned tuna fish
samples. Chromium concentrations recorded in this
study are compared with literature obtained for canned
fish in the USA (0.0-0.30 ug/g) (Ikem and Egiebor,
2005), 0.07-6.46 pg/g dry weight in fish species from
Iskenderun Bay, northern east Mediterranean Sea,
Turkey (Turkmen et al., 2005)., canned sardines in
Brazil (0.46-1.18 pg/g) Tarley et al., 2001, imported
fish in Egypt [sardines,0.5-18.9 pg/g; mackerel, 3-20.4
ng/g (Abou-Arab et al., 1996); tuna fish (0.10-0.57
pg/g)(Ashraf ,2006)]. On the other hand, chromium in
canned fish ranged from 8.688 pg/g in sardine to
10.022 ug/g in tuna in canned fish from Egyptian
markets (Ahdy et al., 2009).

ISSN: 1687-4285
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Although manganese is an element of low
toxicity, it has a considerable biological significance.
Daily intake of small amount of manganese is needed
for growth and good health in children. Children, as
well as adults, who lose the ability to remove excess
manganese from their bodies, have nervous system
problems. According to the Environmental protection
Agency (EPA) and (ATSDR, 2004), FAO (1983) and
Turkish standards (Anon, 2002), there is no
information on the carcinogenicity of manganese.

The NRDC has recommended safe and adequate
daily intake levels for manganese that range from 0.3 to
1 mg/day for children up to 1 year, 1-2 mg/day for
children up to age 10, and 2-5 mg/day for children 10
and older. The UL of manganese for children (1-3
years old) and males/females (19-70 years old) is 2 and
11 mg/day, respectively (Institute of Medicine, 2003).
Daily intake of small amounts of manganese is needed
for growth and good health in children.

The recorded manganese levels are given to be 1.68
ug/g in canned sardine fish and 0.666 ug/g in canned
tuna fish samples. Manganese levels may also be
affected by food processing. Manganese contents in the
literature have been reported in the range 0.01-2.55
ug/g in canned fish samples (lkem and Egiebor, 2005),
1.56-3.76 ug/g dry weight in fish samples of the
middle Black Sea (Turkey) (Tuzen, 2003), and 0.05—
4.64 pg/g dry weight in fish species from Iskenderun
Bay, northern east Mediterranean Sea, Turkey
(Tarkmen et al., 2005). Iwegbue et al. (2009) recorded
the mean concentrations of manganese ranged from
0.64 to 1.71 ug/g.

Nickel can cause respiratory problems and it is
carcinogenic (ATSDR, 2004). The upper tolerable
intake level (UL) of nickel for children (1-3 years old)
and males/females (19-70 years old) is 7 and 40
mg/day, respectively (Institute of Medicine, 2003).
Nickel concentrations of the studied samples ranged
from 0.599 to 0.954 ug/g wet weight for sardine and
tuna samples respectively. Ashraf (2006) has reported a
mean nickel concentration of 0.16 ug/g in canned tuna
fish from Saudi Arabia compared to the 0.04-3.26 ug/g
we observed by Iwegbue et al.(2009)

3.3. Estimated weekly intakes

Previous studies reports that the fish consumed was
dependent on culture and availability of fish species
(Shatenstein et al., 1999); Fitzgerald et al., 1999; Oken
et al., 2003). The daily intake of an element from food
consumption is dependent on the element concentration
in food and amount of food consumed. In Egypt,
General authority of fish resources and development
(2008) has recommended weekly consumption of
(approximately 260 g) of fish. The Estimated weekly
intake (EWI) values shown in Table (4) were calculated
by assuming that a 70 kg individual will consume 37.5
g of fish/day. Thus, the EWI values (Table 4) of trace
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elements by an adult (ugkg body weight)
consuming 260 g of canned fish/week were calculated
using the averages posted by each brand in Table (4),
[EWI (png/70 kg body weight/week) = Mean metal
levels (ng/g) x fish consumption (Kg/70 Kg body
weight/week)]. The weekly intakes estimated in this
study are agreement with values reported by many
researchers for fish (Ikem and Egiebor 2005; Tirkmen
and Ciminli, 2007; Tirkmen et al., 2009; Ikem and
Egilla, 2008, Tirkmen et al., 2010, Turkmen et al.,
2011). The result from Table (4) indicates that the EWI
of Cu, Fe, Mn, Ni, and Zn by a 70 kg adult consuming
260 g of fish/week were all below the respective
PTWIs recommended by the expert committee on food
additives (Joint FAO/WHO Expert Committee on Food
Additives, 2004; WHO, 1993; EPA, 2008) as shown in
Table (4), revealing that there was no any bad impact
on human health risk from the consumption of
investigated canned sardine and tuna.

3.4. Total lipids and protein:

As with many animal products, fish and fishery
products contain water, proteins and other nitrogenous
compounds, lipids, carbohydrates, minerals, and
vitamins. The chemical composition of fish varies
greatly from one species and in one individual fish to
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another depending on age, sex, environment, and
season (FAO, 2008; Mahmoud and Allam 2002).

The summarized data on lipids and protein content
are presented in Table (5). The average protein
concentration in sardine was 7.105+0.52 (g/100 g wet
wt.); while its average content in the tuna fish samples
was 6.715+0.249 (g/100 g wet wt.). On the other hand,
the lipid concentration in sardine samples gave an
average of 1.71+0.58 (g/100 g wet wt.). In contrast, its
concentrations in tuna fish were 2.007+0.34 (g/100 g
wet wt.). These finding are in agreement with Tucker
(1997); Rahimi et al. (2010). Fish is widely consumed
in many parts of the world by humans because it has
high protein content, low saturated fat and also contains
omega-3, calcium, phosphorus, iron, trace elements like
copper and a fair proportion of the B -vitamins known
to support good health. also, with Kris-Etherton et al.
2002. It is estimated that the consumption of one
portion of fatty fish, daily, delivers about 900 mg/day
of n-3 acids, with consequent reduction of mortality in
patients with coronary diseases (Kris-Etherton et
al.(2002). Moreover Fish and canned fish, like (tuna,
mackerel and sardine) are sources of protein rich in
essential amino acids, micro and macro elements
(calcium, phosphorus, fluorine, and iodine (ATSDR,
2003; Lutter and Dewey 2003; Erkan and Ozden 2007).

Table 3. Mean concentrations of heavy metals under investigation in canned sardines and tunas (pug/g wet weight)

collected during 2009-2010.

Concentration (ug/g wet weight .

Zn Ni Mn HEE Fe : Cr Cu Fish Type
20.157 0.407 2.439 30.235 0.423 1.719 Sardine 1
18.795 0.792 0.920 28.192 0.157 2.047 Sardine 2
19.476 0.600 1.680 29.214 0.290 1.883 Mean
14.971 0.613 0.592 22.457 0.300 0.863 Tuna 1l
18.868 0.798 0.643 28.302 0.204 0.904 Tuna2
11.845 0.271 0.581 17.767 0.227 0.760 Tuna 3
18.732 0.393 0.581 28.097 0.186 0.990 Tuna 4
15.054 2.600 0.833 22.582 0.322 1.024 Tunab
22.368 1.047 0.764 33.552 0.269 1.396 Tuna 6
16.973 0.954 0.666 25.46 0.251 0.990 Mean
50Ped 15° 20° Limit values

15* 30
12**

40°

a: Republic of Turkey Ministry of Agriculture (2002).
b: Turkish Food Codex, 2002.

¢: Maff, 1995.
d: Abia, 1998.
e:FAO,1983.
f:WHO,1996.

*: The recommended daily intakes of zinc 15 mg Zn for adult males (Anon, 2002).
**: The recommended daily intakes of zinc 12 mg Zn for adult females (Anon, 2002).
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Table 4. The estimated daily and weekly intakes for the canned sardine and tuna fishes collected from Egyptian

Markets during 2009-2010.

Canned Fish Type
T6 T5 T4 T3 T2 T1 52 S1 Metal
51.860 38.018 36.778 28.217 33.574 32.056 76.034 63.848 EDI
363.019 266.123 257.447 197.519 235.016 224.394 532.240 446.933 EWI
0.148 0.109 0.105 0.081 0.096 0.092 0.217 0.182 PTWI% Cu
35000 PTDP
245,000 PTWI
1246213 | 838.742 | 1043617 | 659.934 [ 1051.221 | 834.125 | 1047.127 | 1123.028 EDI
8723.491 | 5871.196 | 7305.319 | 4619.535 | 7358550 | 5838.873 | 7329.886 | 7861.198 EWI
2.225 1.498 1.864 1.178 1.877 1.490 1.870 2.005 PTWI% Fe
56000 PTDF
392,000 PTWI
28.383 30.952 21.581 21.595 23.895 21.989 34.176 90.605 EDI
198.679 216.667 151.064 151.163 167.264 153.923 239.230 634.237 EWI
0.290 0.316 0.220 0.220 0.244 0.224 0.349 0.925 PTWI% Mn
9800¢ PTDIC
68,600 PTWI
38.895 96.558 14.590 10.078 29.642 22.784 29.407 15.101 EDI
272.264 675.906 102.128 70.543 207.492 159.486 205.849 105.706 EWI
11.113 27.588 4.168 2.879 8.469 6.510 8.402 4315 PTWI% Ni
350° PTDF
2,450 PTWI®
830.809 559.161 695.745 439.956 700.814 556.083 698.084 748.686 EDI
5815.660 | 3914.130 | 4870.213 | 3079.690 | 4905.700 | 3892.582 | 4886.591 | 5240.799 EWI
1.187 0.799 0.994 0.629 1.001 0.794 0.997 1.070 PTWI% Zn
70000 PTDP
490,000 PTWI®

Note:

a: PTDI, Permissible Tolerable Daily Intake (pg/day/70 kg body weight)

b: PTWI for 70 kg adult person (ug/week/70 kg body weight)
¢: WHO recommends a TDI (Tolerable Daily Intake) of 5 pg/day/kg body weight, i.e. 350 pg/day for a 70-kg person (WHO 1993)
d: EPA recommends a RfD (Reference Dose) of 0.14 mg/day/kg body weight, i.e. 9,800018 pg/day for a 70-kg person (EPA 2008)

Table 5. Mean concentrations of Protein and Lipids under investigation in canned sardines and tunas collected
during 2009-2010.

Lipids (g/100gmuscle) Protein(g/100g muscle Type of Can
1.3 7.47 Sardine 1
2.12 6.74 Sardine 2
1.71+0.58 7.10520.52 MeanS.D
1.74 6.54 Tunal
1.61 6.34 Tuna 2
2.02 6.94 Tuna 3
2.59 7.00 Tuna 4
2.13 6.68 Tuna 5
1.96 6.79 Tuna 6
2.007+0.34 6.715+0.25 MeanzS.D

4. Conclusions

Contamination of canned fish by trace metals may
occur during commercial handling and processing, and
depending on the conditions of the raw material.
Therefore, monitoring of these products is important
with respect to toxic elements affecting human health.
According to the data presented in this study, it can be
concluded that all concentrations of metals under
investigation in either canned sardines or tuna recorded
levels under the permissible limits. The result from this
study indicated that there was no difference existed in
the element concentrations across brands for each
canned fish type. Meanwhile sardine (brand 1) from
Morocco recorded a highly elevated level of protein
and low concentration of lipids, so it may be considered
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as food quality for the human health. The current study
revealed that there was no any bad impact on human
health risk from the consumption of investigated
canned sardine and tuna.
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