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MARKET IN 2018
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ABSTRACT: Histamine is a biogen amin, which is formed by decarboxylation of the histidine amino
acid, under the action of the L-histidine-decarboxylase enzyme. High level of free histidine in fish
meat, bacterial histidin decarboxylase activity and high temperature of storage elevate the level of
histamine. Among the most important factors that can affect the level of histamine in fish meat are the
type of fish and the method of its preservation. In order to determine this dependence, 1030 samples
of frozen fish (tuna, mackerel, sardines and sprat) and 167 samples of canned fish (tuna, sardines
and mackerel) were monitored for histamine content by ELISA method. It was determined a lower
concentration of histamine in frozen fish (from 5.71 mg/kg to 18.03 mg/kg) compared to canned fish
(from 15.03 mg/kg to 110.6 mg/kg). The highest histamine concentrations were found in the mackerel
samples, regardless of the preservation method (110.6 mg/kg in canned mackerel and 18.03 mg/kg in
frozen mackerel), which were significantly higher compared to the histamine levels found in cans of
tuna and sardines (p ˂0.0001). Of the total number of samples, three samples (two samples of
canned sardines and one sample of canned mackerel) were declared unsafe for human health. In
most of the analyzed samples, the level of determined histamine was relatively low, which confirms
adequate implementation of control protocols and efficant surveillance of products placed on the
Serbian market.
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INTRODUCTION
Histamine is a bioactive amine, which consist of imidazole ring with two nitrogen
atoms and the aliphatic amino group. Endogenous histamine has significant physiological effects (has a role of a mediator,
neurotransmitter and tissue hormone),
thus takes part in vasodilatation, anaphylaxis, neurotransmission, gastric secretion,
etc. Ingestion of high amounts of histamine cause scombrotoxin reactions, often
called histamine poisoning. Histamine is
synthetized in decarboxylation of the
amino acid histidine, and reaction is catalyzed by the enzyme L-histidine decarbo-

xylase. The ability to produce the enzyme
have certain bacteria, and the most common are Escherichia coli, Morganella morganii, Proteus spp., Klebsiella pneumoniae, Hafnia alvei... (Lehanea and Olleyb,
2000; Özogul et al., 2017). Histamine-forming bacteria are capable of growing and
producing histamine over a wide temperature range, but high temperature promotes
the histamine synthesis. Thus, inadequate
cooling of fish during storage elevates the
histamine concentration. Therefore, histamine is considered to be a chemical indicator of a spoilage or decomposition pro-
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cess (Kaufman and Maden, 2017; Li et al.,
2017). Once present in fish meat the enzyme remains active even if the bacteria
are not active. Histidine decarboxylase enzyme remains stable in the frozen state,
although the enzyme-forming bacteria are
inactivate. Both the enzyme and the bacteria can be inactivated by cooking. However, once produced in fish meat histamine remains active regardless of the applied temperature. Histamine level that is
considered to be permissible in fish and
fishery products differs by country. In
USA, histamine level of 50 mg/kg is an
indicator of fish decomposition (FDA,
1995). The EU has established an acceptable level of histamine of 200 mg/kg for
fish belonging to Scombridae, Clupeidae,
Engraulidae, Coryphaenidae, Pomatomidae and Scomberesocidae families
(Commission
Regulation
(EU)
No.
2073/2005/EC). In Serbia, the current regulation regarding histamine content in
fish meat has been harmonized with EU
recommendations (Pravilnik, 2010; Pravilnik, 2018).

at 3000 rpm for 10 min, after which three
phases were separated: upper fatty phase, medium aqueous phase and precipitate. By 500 µl of the homogenate from
the aqueous phase was diluted with 500 µl
of solution for dilution, and then incubated
with 50 μl of the reaction solution and 200
μl of the neutralization solution.

The aim of this study was to determine the
level of histmine in canned fish and frozen
fish of different species, commercily available on Serbian market, but also to compare it with regulatory standards.

Data were analyzed by using GraphPad
Prism software (2012). All the samples
were analyzed as individual samples, i.e.
the individual sample served as experimenttal unit for statistical analysis. Oneway ANOVA with Tukey’s post-hoc test
was performed to assess the significance
of differences among experimental
groups. Levels of P<0.05 and P<0.001
were considered as significant and highly
significant, respectively.

MATERIALS AND METHODS
Sampling and measurements
A total of 167 samples of canned fish and
1030 samples of frozen fish were collected during the period of six months from the January 2018 to June 2018, as a
part of official control. The weight of samples was approximately 500 grams.
The samples were collected before the
expiration date. All samples of canned fish
were free from any physical damage and
were stored at room temperature in their
original packaging until analysis. The samples of commercially available fish on Serbian market of frozen fish were stored on 20 °C until further analyses.
Histamine determination was performed
by ELISA method. 10g of fish sample was
homogenized with 50 ml of 0.1 M HCL for
5 min. The homogenate was centrifuged

After this preparation, the samples can be
tested with ELISA method. The required
chemicals and reagents for analyses are
included in the kit, containing the necessary reagents for 96 samples. The analysis was performed in duplicate by procedure and recommendation of the manufacturer (Test Instruction HIS-EO01,
2008). The evolving of sample coloration
in microtiter plate was measured photometrically at 450 nm microtiter plate reader. The histamine concentration is inversely proportional to the optical density of
the samples and the standard. The limit of
detection (LOD) and limit of quantification
(LOQ) were 2.5 mg/kg.
Statistical analysis

RESULTS AND DISCUSSION
Histamine levels in frozen fish
Histamine was not detected in 103 of total
167 samples of frozen fish i.e. in the
61.67% of total number of samples histamine concertation was below the LOD
(2.5 mg/kg). The histamine concentration
varied from 3.17 mg/kg to 29.84 mg/kg in
frozen fish samples. The overall mean of
histamine concentrations in frozen fish
samples considering every sample analyzed, regardless to species was 9.94
mg/kg. The details of histamine concentration detected for individual fish species
are given in Table 1.
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Among individual fish species the highest
level of histamine was detected in frozen
mackerel 18.03 mg/kg. The difference was
statistically significant compared to histamine level in frozen tuna (5.71 mg/kg) and
frozen sprat (5.77 mg/kg) at the level of
95% (P<0.05).
Determined levels of histamine in frozen
fish samples were relatively low, and high
proportion of samples had histamine concentration below LOD. In this trial, histamine was not detected in 64.91% of tuna
samples, 42.86% of sardine samples,
65.62% of mackerel samples and 67.35%
of sprat samples.
These results are higher than the results
of Yesudhason et al. (2013) who reported
histamine levels below 1 mg/kg in 38% of
frozen fish samples histamine and Auerswald et al. (2006) who showed the portion of 39% of samples with histamine level below the LOD. However, the LOD in
these trials were different and lower than
in our study.

Histamine levels in canned fish
In 846 samples of canned fish of the total
1030 samples histamine level was below
the LOD i.e. in the 456 samples of canned
tuna, 315 samples of canned sardine and
75 samples of canned mackerel. The level
of histamine varied between 2.90 to
365.50 mg/kg in canned fish, regardless to
species.
The overall mean of all analyzed samples
was 44.96 mg/kg. The highest level of
histamine was detected in the canned mackerel and was statistically higher compared to canned tuna and canned sardine
(p˂0.0001). Between the tuna and sardine, the observed differences were significant at the level of 99% (p˂0.001) (Table
2).
Some other authors (Vaciana-Nouges et
al., 1997; Rahimi et al., 2012) observed
the same trend. In contrast, Yesudhason
et al. (2013) reported the highest level of
histamine in tuna samples (22.9 mg/kg),
followed by sardine with 12.3 mg/kg of

Table 1.
Histamine levels in frozen fish species
Fish species

No of samples

Tuna

57

Sardine

28

Mackerel

33

Histamine level
(mg/kg)
a
5.71±1.15
9.88±2.65

Interval of variation
(mg/kg)
3.17 – 8.24

ns

4.04 – 15.73

a,b

6.23 – 29.84

18.03±5.36

b

Sprat

49

5.77±0.84

Total
P value (ANOVA)

167

9.94±1.69
˂0.05

3.89 – 7.65
3.17 – 29.84

Values are expressed as mean ± SD
a,b
Means with same superscript within the column differ significantly at P ˂ 0.05
ns
Non significant

Table 2.
Histamine level in canned fish species
Fish species

No of samples

Tuna

544

Sardine

378

Mackerel
Total
P value (ANOVA)

Histamine level
(mg/kg)
a,x
15.03±1.73
50.27± 9.20

Interval of variation
(mg/kg)
2.90 - 68.00

a,y

3.50 – 264.50

b,y

6.80 – 365.50

108

110.6±17.82

1030

44.96±5.29
˂ 0.0001

Values are expressed as mean ± Sd
a
Means with same superscript within the column differ significantly at P ˂ 0.001
x,y
Means with same superscript within the column differ significantly at P ˂ 0.0001

2.90 – 365.50
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histamine. Additionally, they reported the
higher levels of histamine in frozen fish
compared to canned fish.

likely the consequence of recontamination
with the histidine decarboxylase forming
bacteria during processing of fish (FDA,
2011).

In our trial, the levels of histamine were
higher in the canned fish samples compared to the frozen fish. Histamine is formed by histidine decarboxylation, under
the activity of histidine decarboxylase enzyme. Thus, for histamine formation it is
necessary the presence of available histidine and enzyme forming bacteria along
with favorable conditions for their activity.

Heat treatment has a different effect to
histamine concentration regarding to the
type of treatment applied. Research data
about the effects of different cooking methods on histamine concertation showed
the increase of histamine concentrations
after grilling or frying, but boiling had little
effect on histamine levels in fish meat.
The authors believe that the reason for
these changes may be the moisture evaporation during grilling or frying, which
elevates the histamine concentration
(Chung et al., 2017). Adams et al. (2018)
proved that the process of precooking during the production of canned tuna or
frozen tuna suppresses the formation of
histamine for 12 h or longer after precooking. Thus, it would be of interest to
compare the fish products regarding to differences in the production process.

One of the factors that affect the activity of
histidine decarboxylase is temperature.
The enzyme activity increased with increasing temperature to 30 -40 °C and decreased above 50 °C. In the canned fish,
higher temperature during processing
might have decreased the enzyme activity. Although histidine decarboxylase activity decreased at high temperature, histamine production would continue until the
enzyme became inactive i.e. the histamine
in fish meat would accumulate during heat
treatment until the enzyme was inactive
(Kanki et al.,2007, Chung et al., 2017).

Distribution of histamine in the fish
samples

The higher level of histamine in canned
fish could be the consequence of protein
degradation after thermal process, which
elevates the amount of free histidine. Histamine is heat resistant, and once formed
it remains integral regardless to applied
thermal process. Therefore, high concentration of histamine in canned fish is most

Distribution of histamine concentrations in
frozen fish samples showed that there
were no samples with very high levels of
histamine (above the 50mg/kg) (Table 3).
The largest number of samples contained
histamine below LOD (61.67% of total
number of samples).

Table 3.
Distribution of histamine in frozen fish samples
Sample
Tuna
Sardine
Mackerel
Sprat

<2,5
37
12

2,5 – 5
13
3

21
33

3
10

Histamine content
(mg/kg)
5 -10
10-50
6
1
11
2
4
5

5
1

50-100
-

> 100
-

-

-

50-100

> 100

9
7
10

10
15

Table 4.
Distribution of histamine in canned fish samples
Sample

Tuna
Sardine
Mackerel

<2,5

2,5 – 5

456
315
73

20
13
-

Histamine content
(mg/kg)
5 -10
10-50
20
11
5

39
22
5
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In the samples of canned fish, the smalllest number of samples had histamine
concentrations above 100 mg/kg (Table
4), and the highest below LOD (84.14% of
total number of samples). High histamine
concentration is an indicator of decomposition of fish (FDA, 1995). Dimitrijević et al.
(2016) found histamine amounts below
LOD in 45.93%, but the LOD in this trial
was 5 mg/kg.

reas in two subunits, histamine ranged
between 100 and 200 mg/kg. In one sample of canned mackerel histamine concentration was above the legal limit. Two subunits of this sample contained above 300
mg/kg histamine and five subunits had
between 100 and 200 mg/kg histamine
(Commission Regulation 2073/2005/EC,
Pravilnik Sl.Gl.RS 72/2010 I Sl.Gl.RS
62/18).

The acceptable concentrations of histamine in fish meat differ among countries.
The US FDA established a hazard action
level of 50 mg/kg for scombroid or scombroid like fish (FDA, 1995).

These results are in accordance with
Dimitrijević et al. (2016) who reported
histamine level above legal limit in only
one sample (6.67%). Danilović et al.
(2017) stated about levels of histamine
below the allowed value. Babić et al.
(2015) and Kalantari et al. (2015) reported
histamine levels above EU and Serbian
regulatory limits in 3.09% and 0.79% of
examined samples, respectively.

The overall mean of histamine levels in all
samples of frozen fish was below the
international standard of 50 mg/kg (9.85
mg/kg). In this study, the mean value for
canned fish was above the limit of 50
mg/kg (58.63 mg/kg). The samples with
histamine levels above the FDA hazard
action level were of all analyzed species
(canned tuna, canned sardine and canned
mackerel).
The Council directive of European Union
has specified the permissible contents of
histamine in fish and Serbia has adopted
and harmonized its regulations with the
EU polices. According to this regulation,
nine subunits of each sample are to be
taken from each batch.
Samples must comply with the following
requirements: the mean of histamine concentration in all subunits must not exceed
100 mg/kg; two subunits may have a
value of more than 100 mg/kg but less
than 200 mg/kg; no subunit may have a
value above 200 mg/kg.
Regarding to regulation only three out of
all samples were not acceptable, and
these were the samples of canned sardine
and canned mackerel. Two samples of
canned sardine were declared unsafe for
human consumption. In one sample, two
of nine subunits had histamine concentration between 100 and 200 mg/kg, and,
in two subunits of the same sample,
histamine was above 200 mg/kg. The
other sample that was declared unsafe for
human health contained > 250 mg/kg
histamine in four sample subunits whe-

High level of compliance with regulation
point out the adequate implementation of
control and supervising of products placed
on Serbian market, as well as the importance of principles of good hygienic and
manufacturing practice in order to produce
safe product.

CONCLUSIONS
This report pointed out the relatively low
level of histamine in frozen and canned
fishes sold on Serbian market, with only
three samples were not in accordance
with legal limit for histamine, which confirmed good quality of commercially available fish. Higher histamine concentrations
were observed in canned fish than in
frozen one. Very few samples with histamine levels above the legal limit implied to
adequate implementation of measures for
preventing and controlling the histamine
forming bacteria and consequently the
histamine levels in food. Continuing reports about histamine level in fish present
on the market can improve the insight into
the efficacy of the production process and
quality supervision system in the country.
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Сажетак: Хистамин је биоактивни амин, који настаје у реакцији декарбоксилације
аминокиселине хистидина, под дејством ензима L- хистидин декарбоксилазе. Висок ниво
слободног хистидина у месу рибе, активност ензим продукујућих бактерија и високе
температуре складиштења делују предиспонирајуће на синтезу хистамина. Међу најзначајније
факторе који утичу на концентрацију хистамина у месу рибе јесу врста рибе и метод њеног
конзервисања. У циљу утврђивања ове зависности, узорци замрзнуте рибе (туне, скуше,
сардине и папалине) и рибе у конзерви (туне, сардине и скуше) су анализирани ЕЛИСА
методом. Утврђене су ниже концентрације хистамина у узорцима замрзнуте рибе (од 5.71 мг/кг
до 18.03 мг/кг) у поређењу са конзервама од рибе (од 15.03 мг/кг до 110.6 мг/кг). Највише
концентрације хистамина су установљене у узорцима скуше, без обзира на метод
конзервисања (110.6 мг/кг у конзервама од скуше и 18.03 мг/кг у замрзнутој скуши), које су биле
и статистички значајно веће у односу на конзерве туне и конзерве сардине (p ˂0.0001). Од
укупног броја узорака, само три узорка (два узорка сардине у конзерви и један узорак скуше у
конзерви) су проглашени небезбедним за здравље људи. У највећем броју испитаних узорака
измерене су релативно ниске концентрације хистамина, што указује на адекватнo спровођење
контроле и надзора над производима који се пласирају у промет на српском тржишту.
Кључне речи: хистамин, риба, конзерве од рибе, замрзнута риба
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