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SUMMARY

Significance of histamine content in fish is presented in
this paper. After 3 days of storage at room temperature,
the analysed samples of mackerels (n=36) were found to
be of unacceptable hygienic quality because of increased
histamine level (winter 2007). On day 4 of storage, his-
tamine level exceeding 100 mg/kg was found also in
samples kept at refrigerator temperature. In samples ana-
lysed in summer of the same year, increased histamine
content was found already on day 2 (room temperature),
day 3 respectively, in case of samples stored at refrigera-
tor temperature, and their hygienic quality was evaluated
as unacceptable. Systemic measures of fish storage at
lower temperatures could prevent histamine poisoning in
men. Established standards, critical histamine levels, as
well as measures for prevention of histamine poisoning
within the framework of veterinary-sanitary control in the
Republic of Croatia are in compliance with the Book of
rules on hygienic quality of food of animals origin (Official
Journal of Croatia, 99/07).
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INTRODUCTION

Post-mortem changes are of special significance in the
evaluation of freshness and hygienic quality of fish. As
pointed out by So$a (1989), characteristic tissue struc-
ture, unstable protein composition and unstable fat are
largely responsible for both rapid deterioration and insta-
bility of fish during storage. One of main causes of rapid
deterioration is increased activity of digestive and other
enzymes. Psychrophilic bacteria that multiply optimally at
temperatures of 10-15°C are prevailing in bacterial deg-
radation of fish meat. The absence of connective-tissue
fasciae facilitates the penetration of bacteria, and another
contributing factor is a greater quantity of water in fish
meat than in meat of warm-blooded animals. Muscles
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of fresh and healthy fish are practically sterile, but dur-
ing catch, reloading, storage and processing, the present
microorganisms penetrate the meat through skin and
peritoneum or through the blood-vascular system. As a
result, an accelerated growth of microorganisms occurs
after termination of rigor mortis (Schalaby, 1997).

Autolysis and bacterial breakdown are interwoven. Alde-
hydes, ketones, lower fatty acids, amino groups, cyclic
amines (histamine, phenylethylamine), diamines (putres-
cine and cadaverine) are degradation products of bac-
teria. Further degradation into most simple components
follows. Oxidation of fats can also cause decomposition
of fish meat. Such changes are not caused by bacteria,
but are equally rapid and tumultuous. Two phases of
development are possible: invisible and visible. Under the
influence of fish tissue enzymes and microorganisms in
invisible phase are formed biogenic amines, among which
prevails histamine. This phase is of special health hazard
due to the fact that it is not accompanied by organolep-
tic changes i.e. it is invisible. Organoleptic changes are
manifested in visible phase as alterations of colour, smell,
consistency and other fish traits (SOSA, 1989). Cases
of intoxication with biogenic amines in consumers of
fish and fish products have been reported. This refers to
histamine poisoning occurring in the process of histidine
decarboxylation. Of special practical importance is the
fact that toxicity of biogenic amines is possible in early
stages of deterioration of fish meat when the advanced
organoleptic changes are not yet manifested (Zivkovi¢
and HadZiosmanovi¢, 1989).

Histamine, one of the most important biogenic amines
in fish, was discovered in nature as late as 1910. Already
in 1907, histamine was synthesised but, what is interest-
ing, it was found in nature later. Histamine, beta-imid-
azolethylamine (C,H,N,) is a solid substance in the form
of colourless crystals, and freely soluble in water. It is a
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V Table 1. Results of organoleptic examination of fish samples in winter of 2007 (n= 18)
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normal constituent of every organism and belongs to tis-
sue hormones. Free histamine has a very short life, since
other enzymes cause its disintegration in tissues (Garai
et al., 2006).

As known from literature data, the dynamics of hista-
mine formation depends primarily on the amount of free
histidine in the muscles of fish, and also on the species
and number of histidine-decarboxylase-producing bacteria
(Moeller and Peter, 2000). The initial histidine level in fish
proteins is about 6.5%, in contrast to only 1 to 3% in pro-
teins of slaughter animals. This is the main reason why the
formation of a greater quantity of histamine occurs more
rapidly in fish. Furthermore, the environment temperature

Garlini et al. (1996) have performed an 8-year-study of
histamine content in different fish cans. Histamine content
exceeding the permissible level was found only in 4.7%
of analysed samples. The authors pointed out the need
of monitoring other production parameters and concluded
that contamination was most frequently found in canned
anchovy and pilchard. The highest histamine level was
found in canned mackerel and tuna. veciana-Nogues et
al. (1997) have investigated the effects of storage of semi-
durable and not thermally processed canned anchovies
immersed in oil. Histamine, tyramine, trypthamine and
beta-phenylethylamine levels were increased during stor-
age under cooling conditions and at room temperature.
Cooling reduces but does not prevent the formation of
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V Table 2. Histamine level (winter 2007) (n=18)

when the appearance of fish has already been dis-
gusting. In addition, the conclusion of the authors

was that organoleptic properties are not a good cri-

terion for the assessment of either stability of fish or
toxic levels of histamine. Visciano et al. (2007) have

investigated the effect of storage temperature (4°C

and 25°C) on histamine formation in fish after catch
and over a period of 24, 72 hours respectively. Sig-

NC PC 1A 1B 2A 2B
Dayl| | 2.602 | 0.901 | 1.527 | 1.524 | 1.789 | 1.801
DaylIl | 1.643 | 0.741 | 1.154 | 1.125 | 1.189 | 1.107
Day Ill | 1.329 | 1.045 | 1.136 | 1.093 | 0.545 | 0.559
Day IV | 1.256 | 1.001 | 0.368 | 0.288 - -

nificantly higher histamine concentration was found in

NC - negative control; PC - positive control; 1A. 1B. 2A. 2B
— tested samples

amines in canned anchovies immersed in oil.

Formation of histamine during storage of tuna at tem-
peratures of 0°C, 8°C and 20°C was also investigated
(Lopez-Sabater et al., 1996). Histamine content bellow the
level of health hazard was found also in organoleptically
changed fish, although toxic histamine levels can usually
be identified after the evaluation of tuna as hygienically
unacceptable due to organoleptic changes. Histamine
content in fish stored at +8°C amounted to 100-200 mg%,

samples stored at higher temperature, regardless of
the time of analysis.

Histamine poisoning in men

Toxic doses of histamine for men have been a topic
of numerous scientific discussions. The only conclusion
reached was that excessive doses of histamine could
present high risk to human health. Three fundamental
impacts of histamine on the body of mammals are: dilata-
tion and increased permeability of capillaries, dilatation
of arterioles, increased tonus and strong long-lasting
contractions of smooth muscles, in particular those of the
alimentary system and bronchi, and intensified secretion

V Table 3. Results of organoleptic examination of fish samples in summer of 2007 (n=18)
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V Table 4. Histamine level (summer 2007) (n=18)
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carried out until a positive result was recorded (his-

tamine level exceeding 100 mg/kg) for each group of
samples.

Study results are presented in Tables 1 to 4.
Histamine was not detected in any of fish samples

analysed on first and second day of storage. Results

NC PC 1A 1B 2A 2B
Day| | 2275 | 0.997 | 1.331 | 1471 | 1.439 | 1.706
DaylIl | 1.178 | 0.860 | 0.952 | 1.021 | 0.312 | 0.208
Day lll | 1.429 | 1.078 | 0.436 | 0.393 - -

of the third day analysis showed histamine content
identical to or exceeding 100 mg/kg in samples kept at

NC - negative control; PC - positive control; 1A. 1B. 2A. 2B
— tested samples

of alimentary system glands, especially of the gastric fun-
dus. In humans, a histamine dose of 2.5 mg is clinically
manifested by blush, warmth, elevated skin temperature,
headache, accelerated pulse, drop in blood pressure,
contraction of bronchioles, and intensified secretion of
saliva, tears and gastric juice. According to literature data,
human sensitivity to histamine significantly varies among
individuals (Hercig et al., 1982).

Assessment of health safety of sea-fish for human con-
sumption includes also the actual problem of detection
of histamine. Consequently, the aim of this study was to
determine histamine levels in blue sea-fish during storage
at room and refrigerator temperature.

MATERIAL AND METHODS

Organoleptic examination and determination of hista-
mine content was carried out in samples of freshly caught
mackerels (n=36). The analyses of mackerel samples was
done in winter (January) and in summer (July). Fish sam-
ples were divided into two groups, of which one (Group I)
was kept at refrigerator temperature and the other (Group
II) at room temperature. Analyses were performed on the
day of delivery of fish (one day after catch, defined as
day I) and were continued daily until the finding of hista-
mine exceeding the maximum permissible levels. Transia
Tube Histamine-Immuno-enzyme test for the detection of
histamine in fish (Diffchamb SA) was used. This is a quan-
titative analytical method for the detection of histamine in
fish, with detection limit of 100 ppm.

RESULTS AND DISCUSSION

Determination of histamine content in samples of mack-
erels was performed in winter (January; n=18) and sum-
mer (July; n=18). Each time, the samples were divided
into two groups and stored at either refrigerator tempera-
ture (Group |, samples 1A and 1B) or ambient tempera-
ture (Group Il, samples 2A and 2B). All fish samples were
subjected to organoleptic examination and analysed for
histamine content. Analyses of histamine content were

room temperature. According to the study plan, those

samples were excluded from further testing. On day 4

of analysis, histamine level exceeding 100mg/kg was

found also in samples kept at refrigerator tempera-
ture. In samples analysed in summer of the same year,
histamine was not detected in fish on day 1, regardless
of storage conditions. However, histamine (>100 mg/kg)
was found on day 2 of analysis in samples kept at room
temperature that were then excluded from further testing.
Histamine content (>100 mg/kg) was found on day 3 also
in samples kept in refrigerator. According to the Regula-
tions on permissible levels of toxins, metals, metalloids
and other noxious substances in food (Official Journal of
Croatia, 51/05), the maximum permissible histamine level
in fish and fish products should not exceed 100 mg/kg
(for 9 tested samples). Two samples, however, could con-
tain more than 100 but less than 200 mg/kg, and none of
samples should contain more than 200 mg/kg. Cured fish
subjected to enzymatic ripening procedure could contain
a higher histamine level but not two-fold higher than rec-
ommended.

Taking into consideration the above-mentioned regula-
tions, fish samples (winter 2007) kept at room temperature
and with increased histamine content on day 3 of analysis,
day 4 respectively, in case of samples kept at refrigerator
temperature, were evaluated as unacceptable with regard
to health quality. The same applies to samples analysed in
July after two days of storage at room temperature, 3 days
respectively, at refrigerator temperature.

Considering the fact that the external temperature during
summer period is significantly higher than in winter period,
it is certainly one of reasons of earlier histamine formation
in fish. This refers primarily to fish samples kept at room
temperature, but also includes those kept in refrigerator.
It is impossible to exclude the period of fish handling at
room temperature during organoleptic examination and
the period of fish meat sampling for histamine analysis.
During the period of fish storage at room temperature, all
the processes occurring in fish are accelerated (autolysis
and deterioration), and the consequence is more rapid
formation of histamine. Results recorded in our study
are consistent with those of other studies, and show sig-
nificant increase in histamine content in fish in summer

72

Vol. X (2008) sijecan;j - veljaca br. |



PROFESSIONAL PAPER

Significance of histamine content in fish

period compared to winter period. The general conclusion
reached is that storage temperature significantly influ-
ences the formation of increased content of histamine in
fish (Edmunds and Eitenmiller, 1975; Pfeifer et al., 1985;
Tokovié and Slavié, 1986; Simicevi¢, 1995; Visciano et al.,
2007). Also, in fish analysed in summer period, increased
histamine level (100 mg%) was recorded much earlier.
Due to the fact that histamine level in fish influences
organoleptic characteristics of fish, only fresh and opti-
mally health safe fish can be distributed and sold on the
market in order to prevent histamine poisoning. Hygienic
quality of fish and fish products with respect to histamine
content becomes questionable with every deviation from
the established critical levels, and consequently, presents
health hazard, since the potential risk of histamine poi-
soning is increased. Fish, as biologically highly valuable
food, could really become a part of healthy diet, provided
modern principles and concepts of safety are strictly
implemented. Only systemic control, education of both
manufacturers and consumers can ensure that fish and
fish products will be characterised as “safe food”.

* The paper is an extract from the graduation thesis of Ms.
Renata Vusilovi¢, DVM (mentor Mrs Zeljka Cvrtila Fleck, DSc,
assistant professor).

* The authors would like to thank the Ministry of Science, Edu-
cation and Sports for its support of scientific projects: Veterinar-
sko javno zdravstvo u proizvodnji zdrave hrane (Veterinary public
health in the production of healthy food (053-0531854-1851).

ZUSAMMENFASSUNG
HYGIENISCHE BEDEUTSAMKEIT VON HISTAMIN IN
HSCH

In der Arbeit ist die Bedeutsamkeit von Histamin in Fisch
dargestellt. Die untersuchten Makrelenmuster (n=36),
bewahrt auf Zimmertemperatur, waren am dritten Tag
wegen des erhéhten Histaminquantums gesundheitlich
unannehmbar (schédlich) (Winter 2007). Am vierten Tag
wurde auch an den im Kiihlschrank gehaltenen Mustern
ein Histamingehalt héher als 100 mg/kg festgestellt. An den
noch im Sommer desselben Jahres analysierten Mustern
wurde schon am zweiten Tag ein héheres Histamingehalt
festgestellt (Zimmertemperatur), bzw. am dritten Tag an
den im Kiihilschrank gehaltenen Mustern, so dass diese
Muster als gesundheitlich schédlich betrachtet werden.
Systematische MalBnahmen fiir Fischaufbewahrung auf
niedrigeren Temperaturen kbnnen Histaminvergiftungen
bei Menschen verhindern. Die vorgeschriebenen Normen,
kritische Grenzen des Histamingehalts angefiihrt gemén
Verordnungen der Vorschrift (NN RH 51/05), sowie die

m the aspect of hygienic quality

PréaventionsmalBnahmen gegen Histaminvergiftung im
Rahmen der Veterindr/sanitétskontrolle in der Republik
Kroatien sind im Einklang mit der Vorschrift fiir Hygiene
der Nahrung tierischen Ursprungs (NN RH 99/07).

Schliisselworter: Histamin, Fisch, Temperatur der Auf-
bewahrung
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