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Inthe present study, histamine contents of 88 canned tunafish products
from severa part of Iran during 2006-2007 were analyzed by using
ELISA method. The results showed that 44 % of samples had higher
histamine contents than FDA caution level (> 50 ppm). Furthermore
the samplesfrom the producers of southern provinces of Iran contained
higher amount of histaminethan the other in northern parts. The present
study also revealed that the histamine amounts depend on production
date and increase by closing to expiration date of samples. The results
suggested that hygienic quality of canned tuna should be improved by
implementing more strict time/temperature controls during commercial
processing (cold chain supply).
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INTRODUCTION

Histamine fish poisoning or scombroid® is an acute allergy-like food poisoning
occurs mostly due to eating fish containing high levels of histamine and is one of
the most frequent intoxications rel ated to seafood consumption?®. Decarboxylative
conversion of histidine to histamine during fermentation of enterobacteriaceag’,
lactic acid bacteria® and photobacteria® on scombroid fish such astunaisthe source
of histamine accumulation in susceptible fish. Based on European Union Legidations
and FDA regulations histamine levels in sea food must not exceed 100-200 ppm
and 500 ppm, respectively but FDA set to keep the caution levels at 50 ppm’. Hista-
mine is resistant to thermal processes (freezing, cooking, canning, etc.) and the
only way to prevent its accumulation in fish is storing the fish below 4 °C8. Rapid
removal of viscera and washing the fish can significantly reduce the population of
hi stami ne producing bacteriaand can be regarded as another effective approach for
reducing the histamine levels in fish®. Several methods have been proposed for
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histamine analysis in foodstuff. Fluorescence measurement of histamine after
derivatization with o-phthaldehyde is one of these methods with overall suitability
but the method is time consuming and needs pre-analysis clean-up®. High-perfor-
mance liquid chromatography (HPL C) can be applied for analysis of histamine and
some other biogenic amines in fish in a quantitative manner but this method relies
on advanced operating techniques™*2. Enzymatic assays using histamine oxidase"
or histamine dehydrogenase* are simple and rapid methods for histamine analysis
but cross reaction with putrescine and tyramine make some difficultiesfor selectivity
of the method due to co-eluted samples with histamine. Enzyme-linked immuno-
sorbent assay (EL1SA) kits have been recently used for histamine determination in
cheese and some other foods™*°. Due to good sensitivity and simplicity of the
anaytical application by these kits we used enzyme immunoassay method for deter-
mining histamine contentsin 88 canned tunafish brands produced in different geo-
graphic locations of Iran. The aim of the present study is to evaluate the safety of
different brands of canned tunafishin respect to histamine content for retail consumers.

EXPERIMENTAL

Two sets of 88 different brands of canned tuna fish (with same sample batch
number) without any physical damage before expiration date were collected from
retail market and transferred to Food and Drug Control L aboratories Research Centre
for analysis. One set of samples was kept as control. Number of samples (sample
size) was cal culated based on a previous study*’. The Ridascreen® histamine (Art.
No. R1604) isacompetitive enzymeimmunoassay was purchased from R-biopharm
AG, Dermstadt, Germany. All the reagents required the enzyme immunoassay-
including standards and controls- are contained in the test kit. In this method after
sample preparation, histamine is derivatized by an acylation reagent into N-acyl
histamine. In acompetitive ELISA, free acylated histamine and bounded histamine
compete for the antibody binding sites. After washing, secondary antibodies |abeled
with peroxidase (enzyme conjugate) are added. These antibodies bind to the antibody
histamine complexes. Any unbound enzyme conjugated antibody is then removed
in awashing step. Enzyme substrate (urea peroxide) and chromogen (tetramethyl-
benzidine) are added to the wells and incubated. Bound enzyme conjugate converts
the colourless chromogen into a blue product. The addition of the stop solution
leadsto a colour change from blueto yellow and the measurement is made spectro-
photometrically at 450 nm.

Samplepreparation: A 100-200 g portion of each sample after discarding the
oil werecut up inablender at high speedin 5min, 10 £ 0.1 g of the ground samples
were homogenized in distilled water (90 mL) and 1 mL of the homogenized samples
were transferred to a falcon tube and centrifuged at 2500 g for 5 min at room
temperature. The lipid layer was removed. The supernatant (20 pL) was diluted
with 10 mL distilled water.
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Test procedure for acylation: 100 pL of each standard solution, control or
prepared sample were added to separate wells of acylation plate. The acylation
reagent (25 pL) and buffer (200 L) were added to each well. Then the plate was
mixed gently by shaking manually and incubated for 15 min at room temperature.

Test procedurefor ELISA: To the acylated standard solution, control or prepared
samples (25 L), 100 pL of the anti-histamine antibody was added and mixed gently
by shaking manually for 40 min at room temperature. The liquid poured out of
wells. All the wells were filled with 250 pL of washing buffer and poured out the
liquid again. This procedure was repeated two moretime. The substrate/chromogen
solution (100 pL) was added to each well and mixed gently and incubated for 15
min at room temperature in the dark. The stop solution (100 uL) was added to each
well and mixed gently by shaking the plate manually and measured the absorbance
at 450 nm against an air blank in spectrophotometer (Bio-rad ELX 50) within 10
min after addition of stop solution. Each sample was extracted and analyzed in
triplicate. All standards, controls and samples were run in duplicate. The detection
limit of the method for histamine was 2.5 ppm. A calibration curve for histamine
determination was obtained using standard solutions (0, 0.5, 1.5, 5, 15, 50 ppb) in
the kit. Furthermore the recovery from the spiked tuna fish samples was obtained
and the correction factor was used for results in the base of recovery. The datawas
evaluated by using ANOVA multivariate in SPSS statistical software.

RESULTSAND DISCUSSION

The histamine contents of canned tuna fish samples in this study were in the
range of 2.5-214 ppm. Histamine contents in 44.3 % of the samples were higher
than 50 ppm while this value was higher than 150 ppm in 23.8 % of the samples.
The mean histamine contents and standard deviation of samples were measured as
68.7 £ 28.5 ppm (Table-1).

TABLE-1
FREQUENCY OF HISTAMINE CONTENTSIN CANNED TUNA FISH SAMPLES
Histamine content Number of samples (n = 88) Frequency (%)
< 50 ppm* 49 55.7
15-150 ppm** 18 205
> 150 ppm*** 21 23.8

*ower than alowed amount. ** Between allowed amount and three fold of allowed amount.
***Jpper than three fold of allowed amount.

As shown in Table-2 histamine contents of analyzed samples (60 %) with no
later 6 months were below the FDA caution level, while 18 % of samples with
similar production status showed histamine contents with only more than three
times of that limit. The samples with histamine content lower than 50 ppm and
production dates shorter than 6 months were 68.2 % of total. The results of present
study indicated a significant correlation between the histamine contents of the
samples based on production and analysisinterval (p < 0.05).
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TABLE-2
HISTAMINE CONTENTS OF SAMPLES REGARDING TO THE
PRODUCTION-ANALYSISINTERVAL

Production-analysisinterval (months)

Histamine content

Less than 6 months 6-12 months More than 12 months
< 50 ppm 32%* (65.3%)* 11 (22.4%) 6 (12.3%)
15-150 ppm 11 (61.1%) 2 (11.1%) 5(27.8%)
> 150 ppm 6 (28.6%) - 15 (71.4 %)

*Freqguency percentage, ** Sample number.

The present data also revealed the influence of geographic site of production
facilities on the histamine contents of the canned tuna fish. Production sites were
classified based on location in northern, central and southern provinces of Iran. As
shown in Fig. 1 the samples produced in southern provinces had the highest histamine
content (93.6 + 24.5 ppm). This was significantly different from the histamine
content of canned tuna fish brands produced in southern and northern provinces
(p < 0.05). It should be mentioned that there was no significant difference between
the samples produced in central and northern provincesin term of quantity regarding
to the histamine contents.
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Fig. 1. Histamine contents of analyzed canned tuna fish samples based on geographic
production sites

Histamine content of tunafish or its processed food product is avaluable factor
for evaluating the quality of products'®. Scombroid is aworld wide food poisoning
but its prevalence has been reported higher in Japan, England and the United states
that could be attributed to either higher consumption of scombroid fishes or more
efficient tracking and reporting food poisoning systems in these countries®. The
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results of this study revealed that 55.7 and 44.3 % of canned tuna fish samples
studied in this report contained histamine levels lower and higher than 50 ppm
(caution level regulated by FDA), respectively. These results were in accordance
with a previous report determined by a chemical histamine analysis method and
detection limit 5 ppm®’. In that study 41.25 % of samples contained histamine
level sabove the mentioned limit. However therange of histamine contents of samples
in the present study (2.5-214.3 ppm) were higher than the previous study (10-178
ppm). It could be due to application of different analytical methods. Upon to another
trial in Australia during 1996 the histamine content of 51 % of domestic canned
fish products and 16 % of imported products were higher than approval limits®.
The results of present study is indicative for higher average histamine content in
analyzed canned tuna fish samples with longer intervals between production and
their analysis dates. 65.3 % of all the samples in which histamine content was
lower than the regulated limit had been produced not more than 6 months far from
the analysis date, while 71.4 % of samples in which histamine content was more
than 3 times of the regulated limit had been produced later than 1 year before their
analysis. It has been previously shown that decarboxylative enzymes responsible
for conversion of histidine to histamine could remain active due to mal-practice
and temperature abusein the process of storage, transport and canning of tunafish®.
Based on the results of present study it isevident that geographic site of production
facilitiesisan important factor in the histamine content of analyzed samples. While
histamine contents of analyzed canned produced in northern and central provinces
of Iran were 44.9+ 19 ppm (lower than caution level of FDA), thisvaluein samples
produced in southern provinces of Iran was determined 93.6 + 24.5 ppm. Keeping
in mind that most of the production facilities located in southern parts of Iran have
lower distanceto shore. Thenit isprobablethat low quality tunafishes often transfers
to these-closer sites while the tuna fishes with better quality freezes instantly after
fishing and preservesin good conditions supplied to production sitesin central and
northern provinces. An aternative reason for explanation of this difference could
be due to higher average temperature of southern part of Iran in comparison to
northern and central parts that could affect the activity of bacteria responsible for
production of histamine during the defrosting cooking/sterilization lag time and
increase the histamine content of final product. Based on the results of a previous
studies exposure of tunafish samples even for ashort period to temperatures= 30 °C
every day and for longer than 3 days could significantly increase the histamine
concentration of the sample and prone the consumers to fish histamine toxicity.

It is recommended that all production facilities not only act based on GMP
(good manufacturing practices) regulations but also strictly decrease the sample
exposure times to ambient temperature. These sites should be kept cool enough
(< 20 °C). Inspection of tunafish at production sites and exclusion of any sample
with high histamine content from production cycle would be beneficial to increase
the overall quality of the product.



6434 Hosseini et al. Asian J. Chem.

=

aprwN

No

10.

11.

12.

13.

14.
15.

16.
17.
18.
19.

20.

REFERENCES

J. Davis, SA. Henry, J. Roland, D. Riply, M.D. Jacobson, J.M. Brunkard and L.R. Carpenter,
Morbid. Mortal. Weekly Report, 56, 817 (2007).

S.L. Taylor, CRC Crit. Rev. Toxicol., 17, 91 (1986).

L. Lehaneand L. Olley, Int. J. Food Microbial., 58, 1 (2000).

S. Taylor, E. Lieber, M. Leatherwood, F. Tilman and E. Lieber, J. Food Safety, 1, 173 (1979).
S.L. Taylor, Histamine Poisoning Associated with Fish, Cheese and Other Foods, Geneva: WHO
VPH/FOS/85/1 (1985).

L. Ababouch, M.E. Afila, S. Rhafiri and F.F. Busta, Food Microbiol., 8, 127 (1991).

T. Sato, T. Horiuchi and |. Wishimura, Anal. Biochem., 346, 320 (2005).

V. Economou, M.M. Brett, C. Papadopoulou, S. Frillingosand T. Nichols, Food Addit. Contam.,
24, 820 (2007).

S.H. Kim, R.J. Price, M.T. Morrissey and H.J. An, J. Food ci., 67, 1522 (2002).

Association of Official Analytical Chemists, Histaminein Seafood: Fluorometric Method [35.1.32
method 977.13], in: Official Methods of Analysis, 17th ed., AOAC International, Gaithersburg,
MD, p. 17 (2003).

C. Craven, K. Hildebrand, E. Kolbe and H.J. An, Understanding and Controlling Histamine
Formation in Troll, Caught Albacore Tuna: A Review and Update of Preliminary Finding from
the 1994 Season, Oregon States University Publication No. ORESU-T-01-001(2001).

G.Yen and C. Hsieh, J. Food Sci., 56, 158 (1991).

E.l. Lopez-Sabater, J.J. Rodriques-Jerez, A.X. Roig-Sagues and M.T. Mora-ventura, Food Add.
Contamin., 10, 593 (1993).

K. Takagi and S. Shikata, Anal. Chim. Acta, 505, 189 (2004).

O. Aygun, E. Schneider, R. Scheuer, E. Usleber, M. Gareis and E. Martlbauer, J. Agric. Food
Chem.,, 47, 1961 (1999).

P. Rauch, P. Rychetsky, |. Hochel, R. Bilek and J.L. Guesdon, Food Agric. Immunoal., 4, 72
(1992).

A. Kamkar, H. Hosseini and G. Abohossein, Pajohesh and Sazandegi, 16, 44 (2002) (In Persian).
R.J. Shakila, G. Jayasekaran and R.S. Kumar, J. Food Sci., 70, M24 (2005).

A.S. Scoging, Scombrotoxic (Histamine) Fish Poisoning in the United Kingdom: 1978 to 1996,
Communicable Disease and Public Health, Vol. 1, 204 (1998).

Anonymous, J. Food Chem., 56, 60 (1996).

(Received: 10 Janaury 2009; Accepted: 1 June 2009) AJC-7628



