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Histamine and Heavy Metals Content of Canned Tuna Fish
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Abstract: Tuna is able to concentrate large amount of heavy metals and contain high levels of free histidine
in their muscles which can convert to histamine. In this study, the levels of histamine and six heavy metals in
canned tuna fish samples were determined. The histamine content of the samples was observed to be in the
range of 4-236 mg/kg and 18.9 % of the samples contained more than 50 mg/kg, the allowable limit suggested
by US FDA. The contents of investigated heavy metals were found to be in the range of 0.007-0.51 pg/g for
lead, 0.002-0.07 pg/g for cadmium, 0.023-13.108 pg/g for tin, 0.17-8.001 pg/g for copper, 0.124-27.001 pg/g for zinc
and 0.009-14.207 pg/g for iron. The results of this study indicate that the average content of histamine in canned
tuna fish marketed in Iran was lower than the allowable limit suggested by FDA. Results achieved for heavy
metals were in good agreement with other reported data from the literature.
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INTRODUCTION

Canned tuna fish are frequently and largely produced
and eaten in Iran and also exported. Five species of
scombroid fish, including Skipjack tuna (Katsuwonus
pelamis), Yellowfin tuna (Thunnus albacares), Long tail
tuna (Thunnus tonggol), Frigate tuna (Auxis thazard) and
Kawakawa tuna (Euthynnus affinis) are generally used in
the canning industries in Iran. Tuna, as a predator, is able
to concentrate large amount of heavy metals. Some of
them are used for biomonitoring of environmental
contamination [1, 2]. Furthermore, tuna contain high levels
of free histidine in their muscles which can convert to
histamine through the proliferation of bacteria that
synthesize histidine decarboxylase [3]. Therefore their
chemical and toxic hazards should be of some concern to
human health.

Histamine is identified by the Food and Drug
Administration (FDA) as a major chemical hazard of
seafood products. It is the causative agent of scombroid
poisoning and is formed by time/temperature abuse of fish
muscle [4]. Quality loss and histamine accumulation often

occur after frozen fish are thawed and kept for long
periods of time at room temperature before canning. Since
histamine is heat resistant, it can remain intact in canned
or other processed fish products [5]. The FDA has
established the 50 mg/kg guideline for histamine and
intensified its inspection efforts. Seafood products
containing above this level of histamine may not be used
for human consumption and are subjected to recalls [6].
There has been growing interest in determining heavy
metal levels in the marine environment and attention was
drawn to the measurement of contamination levels in food
supplies, particularly fish [7-10]. Heavy metals can be
classified as potentially toxic (aluminium, arsenic,
cadmium, lead, mercury), probably essential (nickel,
vanadium, cobalt) and essential (copper, zinc, selenium)
[11]. Toxic elements can be very harmful, even at low
concentration, when ingested over a long time period.
Levels of heavy metals in fish and canned fish
samples have been widely reported in the literature
[7, 12-15]. Histamine content of canned fish samples
have been also documented previously [5, 10, 16].
Nevertheless, limited information on histamine and heavy
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metal levels of canned tuna fish marketed in Iran has been
reported. In this study, the levels of lead, cadmium,
copper, zinc, tin and iron as well as the histamine content
of canned tuna fish are reported.

MATERIALS AND METHODS

Sampling: Canned tuna samples of different factories
were purchased from popular supermarkets in Iran. After
opening each can, oil was drained off and the meat was
ground in a food blender with stainless steel cutters for 3
min. Samples were then taken for determination of
histamine and heavy metals levels.

Histamine Analysis

Apparatus: A Synergy HT Multimode Microplate Reader
(BioTek Instruments) equipped with Gen 5 software was
used to determine the fluorescence intensity at excitation
wavelength of 350 nm and emission wavelength of 444
nm.

Reagents: All the glassware was washed with 0.1 N HC1
and then rinsed with deionized water before use. All
reagents used were of analytical reagent grade. Dowex 1-
X8 o-phthaldialdehyde  and  histamine
dihydrochloride were purchased from Sigma (Sigma, St.
Louis, MO). The standard stock solutions used for
calibration were produced by dissolving 169.1 mg
histamine dihydrochloride in 100 ml 0.IN HCI. The
working solutions were freshly prepared by diluting an
appropriate aliquot of the stock solution using 0.1 N HCL

resin,

Sample Preparation and Histamine Extraction: Samples,
10 g, were homogenized in 50 ml 75% (v/v) methanol and
incubated at 60°C for 15 min. The homogenates were
filtered through Whatman No. 42 filter paper. The filtrates
were then placed in volumetric flasks and 75% (v/v)
methanol was added to a final volume of 100 ml. One ml of
this methanol extract was subjected to ion exchange
chromatography on an 80x5 mm column of Dowex 1-X8
resin, which was converted to hydroxide form by 2N
NaOH. The column was washed with 35 ml of deionized
water. The eluate was collected in a 50 ml volumetric flask
containing 5 ml IN HCI and the volume was adjusted to 50
ml with deionized water [17].

Preparation of the Fluorescent Histamine Derivative:
Histamine standards (0.1, 0.2 and 0.3 pg/ml) and the
column eluates were derivatized with o-phthaldialdehyde.
Five ml of the column eluates or the standards and 10 ml
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of 0.1 N HCI were added into a 50 ml flask, followed by 3
ml of IN NaOH and 1 ml of 0.1% (w/v) OPT solution,
consecutively. The mixture was shaken thoroughly and
after exactly 4 min, 3 ml of 3.57N H;PO,was added and
mixed immediately. Blank was prepared by substituting 5
ml 0.1N HCl for histamine solution. Fluorescence intensity
was measured within 1.5 hours [17].

Heavy Metals Analysis
Apparatus: A Prospector GBC 932 AA atomic absorption
spectrophotometer  equipped with a  deuterium

background corrector was used for the determination of
heavy metals. The operating parameters for working
elements were set as recommended by the manufacturer.
Lead and cadmium concentrations were determined by a
graphite furnace atomic absorption spectrophotometer.
Tin was determined by direct aspiration of the sample
solution into the NO,-acetylene flame and the other
elements were determined in an air-acetylene flame. The
blanks and calibration standard solutions were also
analyzed in the same way as the sample solutions.

Reagents: All the plastic and glassware was cleaned by
soaking in a 10% (v/v) nitric acid solution for 15 min and
then rinsed with deionized water before use. All reagents
used were of analytical reagent grade. The standard stock
solutions used for calibration were produced by diluting
a stock solution of 1000 mg/l of the given element
supplied by Sigma-Aldrich. The working solutions were
freshly prepared by diluting an appropriate aliquot of the
stock solutions using 10% HNO;,.

Sample Preparation and Digestion: A sample (5 g) was
placed in a porcelain crucible. The samples were ashed in
a furnace for about 4 h at 550°C until a white or grey ash
residue was obtained. The residue was dissolved in 10 ml
of HNO; (10% v/v) and the mixture, where necessary, was
heated slowly to dissolve the residue and then filtered
through Whatman No. 42 filter paper. The solution was
transferred into a 50 ml volumetric flask and made up to
volume [18]. A blank digest was carried out in the same
way. All metals were determined against aqueous
standards.

Determination of Recovery: The recoveries of the
histamine and metals were determined by spiking the
samples with various concentrations of histamine or
heavy metals which were then taken through the
extraction or digestion procedure. These spiked samples
were analyzed for histamine content or the metal
concentrations in the same way as the sample solutions.
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Table 1: Concentrations of histamine (mg/kg) and heavy metals (ng/g) in

canned tuna samples. Data represent the mean of three replicates

Minimum Maximum Average

Histamine 4 236 42.85

Lead 0.007 0.510 0.0746
Cadmium 0.002 0.070 0.0246
Tin 0.023 13.108 1.2286
Copper 0.017 8.001 2.2996
Zinc 0.124 27.001 7.3127
Iron 0.009 14.207 6.6601

RESULTS AND DISCUSSION

Samples of canned tuna fish were analyzed for lead,
cadmium, copper, zinc, tin, iron and also for histamine
content. The recoveries of spiked samples were in the
range of 96-102 % for histamine, 93-101 % for lead, 94-99
% for cadmium, 97- 101 % for iron, 96-103 % for tin, 95- 101
% for copper and 98-102 % for zinc. These recovery
values demonstrate the accuracy of the methods used.

The histamine content of the samples was found to
be in the range of 4-236 mg/kg (Table 1). 18.9 % of the
canned tuna samples contained more than 50 mg/kg, the
allowable limit suggested by FDA. It seems that the use
of poor quality fish as raw material for canning and/or
defective handling techniques of fish during processing
are the main reasons of this high percentage of
unacceptable canned tuna samples. It is well documented
that histamine production is associated with the growth
of bacteria that possess the enzyme histidine
decarboxylase. In fish, several histamine-producing
bacteria have been implicated as primary contributors to
histamine formation. They are Morganella morganii,
Klebsiella
Proteus vulgaris, Hafnia alvei, Citrobacter freundii,
Serratia spp. and Escherichia coli [16, 19, 20]. These
bacteria are capable of producing hazardous amounts of
histamine in a very short period of time when the fish are
kept at elevated temperatures. According to Lopez-
Sabater et al. [5], an increase in bacterial population
occurs while the frozen tuna are being defrosted and
handled for processing. Furthermore, contamination of
tuna with histamine-producing bacteria can also occur

pneumoniae,  Enterobacter  aerogenes,

from the environment or the equipment in the processing
plants. The knife used for cutting the tuna and peeling the
skin, if not properly cleaned,
contamination.

According to Tsai et al. [21], only 4.2 % of the
canned fish samples in Taiwan contained more than 50
mg/kg histamine and most of the tested canned fish

can caus€ Cross
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products had low levels of histamine. The same results
were reported by Yen and Hsieh [22]. Lopez-Sabater et al.
[5] detected 1.35 mg/kg histamine in canned herring, 30.9
mg/kg in canned tuna, 16.3 mg/kg in canned sardine and
28.3 mg/kg in canned mackerel. Similar results were
reported by Fernandez-Salguero and Mackie [23].

In the present study, 21.6 % of the samples contained
less than 10 mg/kg histamine, but Taylor et al. [24]
observed that only 4% of canned mackerel and tuna had
histamine lower than 10 mg/kg in their study. While,
Ababouch et al. [25] noted that 7% of canned tuna
contained histamine at levels greater than 500 mg/kg, the
highest level of histamine in our samples was 236 mg/kg.
Histamine levels higher than 2000 mg/kg have been
reported in canned sardine, mackerel and tuna [16].

The levels of investigated heavy metals are presented
in table 1. All the metal concentrations were determined
on a dry weight basis. Lead, cadmium, iron and tin were
not detected in 10.8, 45.9, 2.7 and 5.4 % of the samples,
respectively. According to our results, zinc has the
highest concentration, followed by iron, copper and tin.
The concentration of lead in our study varied from 0.007-
0.51 pg/g. In another report from Iran, it was in the range
0f 0.016-0.073 pg/g [7]. Solder, used in the manufacture of
cans, is a recognized source of contamination of food by
lead during canning [26]. In the literature lead contents
have been reported in the range of 0.0-0.03 pg/g in canned
fish samples [13], 0.09-6.95 pg/g dry weight in fish species
from Iskenderun Bay, northern east Mediterranean Sea,
Turkey [14], 0.22-0.85 pg/g dry weight in fish samples of
the middle Black Sea (Turkey) [27], 0.18-0.40 ng/g in
canned tuna fish [26] and 0.076-0.314 pg/g in Turkish
canned fish samples [28]. In the present study cadmium
was detected in 54.1 % of the samples and it was in the
range of 0.002-0.07 pg/g. It was reported previously that
the canned tuna in Iran contained 0.005-0.072 pg/g
cadmium [7]. Cadmium contents, in the literature, have
been reported in the range 0.0-0.05 pg/g in canned fish
samples [13], 0.01-4.16 pg/g dry weight in fish species
from Iskenderun Bay, northern east Mediterranean Sea,
Turkey [14], 0.09-0.48 pg/g dry weight in fish samples of
the middle Black Sea (Turkey) [27], 0.09-0.32 pg/g in
canned tuna fish [26] and 0.025-0.494 pg/g in Turkish
canned fish samples [28].

While, tin was not observed in canned tuna samples
by Emami Khansari ez al. [7], this element was detected in
the range of 0.023-13.108 pg/g in our samples. Tin is
widely used for studding in canning and its toxicity is not
as imperative as other heavy metals. Although the
advances of new packaging technology, especially the
use of cans with lacquered walls and mechanical seam,
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reduce or, in most cases, eliminate the leaching of heavy
metals (lead and tin) into the food, high levels of tin in a
few samples may be due to the leaching during long time
storage. In this study, copper, zinc and iron were detected
in all samples in the range 0f 0.17-8.001 pg/g, 0.124-27.001
ng/g and 0.009-14.207 pg/g, respectively. No comparative
data for these elements was found in the literature from
Iran. The lowest and highest copper levels in Turkish
canned fish samples have been reported in the range 7.1-
45.7 ng/g [28]. Furthermore, the level of this element in
canned fish samples have been reported in the range of
0.01-5.33 pg/g by Ikem and Egiebor [13]. They also
reported the zinc and iron content of canned fish samples
in the range of 0.14-97.8 pg/g and 0.01-88.4 pg/g,
respectively. According to Celik and Oehlenschlager [28],
the lowest and highest zinc levels in Turkish canned fish
samples were in the range 33.8-566 ug/g. Iron content in
fish species from Iskenderun Bay, northern east
Mediterranean Sea, Turkey, have been reported in the
range of 0.82-27.35 pg/g dry weight [14]. The level of this
element in fish samples of the middle Black Sea, Turkey,
was found to be in the range of 9.52-32.40 pg/g [27].

In conclusion, believe that the results of the present
study can provide a significant contribution to both
regulatory agencies and the canning industries. Quality
control programs in the tuna-canning industries need to
remove poor quality and contaminated fish and improve
the chemical quality of canned tuna fish. In addition,
canned tuna samples should be analyzed more often in
Iranian supermarkets with respect to toxic elements.
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