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HIGHLIGHTS

= All 68 cheese samples contained histamine.

= The highest concentration of histamine was in Parmesan cheese.

= The concentration of histamine in the sample was affected by the pH value.
= Among different cheese groups, hard-ripened cheeses had more histamine.
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ABSTRACT

Background: Histamine is a chemical released by the body's immune system in response
to allergens, which causes messages to be sent between different cells. There is a
significant amount of histamine in certain foods, such as fermented foods and alcoholic
beverages. Food allergy reactions occur after consuming contaminated foods with high
amounts of histamine. Due to increased consumption of processed cheeses over the past
decade, this study aims to measure histamine in cheeses processed by some dairy
factories in Tehran.
Methods: Sixty-eight samples of four types of processed cheese (Mozzarella, Gouda,
Cheddar, and Parmesan) from seven brands were randomly collected in Tehran city and
transferred to the laboratory (January to March 2021). Histamine concentration was
measured with a UV-Visible spectrophotometer at 600 nm. The pH and salt of the samples
were also measured. Statistical analysis was done with SPSS software version 24.
Results: The lowest concentration of histamine was found in Gouda soft cheese and the
highest concentration was in Parmesan cheese. A significant difference was observed in
the histamine concentration of different cheese groups. Histamine concentration was
higher in Parmesan cheese samples, which may be due to its longer ripening period than
other cheese groups. A significant relationship (p-value<0.05) was observed in the effect
of pH and salt on the increase in histamine concentration.
Conclusion: The average histamine in all cheese groups was higher than the limit of
histamine concentration in fermented foods in the European Union (200 mg/kg).
Considering the high concentration of histamine in cheeses, it is suggested to investigate
its health and safety aspects for the health of cheese consumers.
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Introduction

Biogenic Amines (BAs) are biologically active
substances produced in the metabolism of animals, plants,
and microorganisms, and are involved in physiological
functions such as neurotransmission, blood pressure
control, cell growth regulation, and allergic response
(Erdag et al., 2018). These are non-volatile and heat-
resistant bases with biological activity and aliphatic,
aromatic, or heterocyclic structures (Tapingkae et al.,
2010). These amines include: tyramine, putrescine,
tryptamine, cadaverine, spermidine, 2-phenylethylamine,
and histamine, which are present in various foods (Onal,
2007). Histamine and tyramine are the most toxic BAs
known (Selim et al., 2023). Histamine is a heterocyclic
BAs formed through oxidative decarboxylation in the
presence of a catalyst (Moniente et al., 2022).

The immune response to histamine depends on the
receptor and the cell type (Thangam et al., 2018). The most
common symptoms of poisoning with different receptors
(gastric, respiratory, etc.) include diarrhea and vomiting,
heart palpitations, low blood pressure, headache, respiratory,
and asthma attacks and skin rashes(Annunziata et al., 2022).

Histamine poisoning occurs when consuming foods with
high histamine content, such as fish and fermented cheeses.
Recently, the presence and high concentration of BAs in
foods have been one of the foremost issues in food safety
(Omer et al., 2021). Many Gram-positive and Gram-
negative bacteria are capable of producing histamine, some
of which are common food contaminants (EFSA Panel on
Biological Hazards, 2011). The growth and activity of
BAs-producing microorganisms in milk and cheese are
affected by factors such as water activity, salt
concentration, pH, and redox potential (Schirone et al.,
2022). Ripe cheese is one of the most studied fermented
foods, as this product is commonly associated with
histamine poisoning (Muthukumar et al., 2020). Cheese is
the second most consumed dairy product in Europe, North
America, and the Pacific, and its per capita consumption is
increasing (OECD/FAO, 2019). Unfortunately, accurate
and clear information about the permissible limit of
histamine or BAs concentration in cheese is not available
in any domestic or international standard. Considering the
high consumption of processed cheeses over the past
decade, no research has been done in this field in Iran.
Therefore, this research was conducted to measure the
amount of histamine in processed cheeses produced and
supplied by some dairy factories in Tehran.

Materials and methods

Materials

The histamine standard was purchased from Sigma (Science
Park Drive, Singapore). Copper (Il) sulfate hexahydrate
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(CuSO,(6H,0)), potassium dichromate (K,Cr,0,), silver
nitrate (AgNO;, phosphate buffered saline pH 7 (PBS), and
alizarin red S were purchased from Sigma-Aldrich, US.
Methanol was of pure analytical grade. Whatman filter paper
52 from Merck, Darmstadt, Germany was used.

Instrumentation

A UV-visible spectrophotometer (HACH DR 5,000,
Germany) was used to measure the absorption of the
formed complexes (Miftakhul et al., 2019). A pH meter
(7,020, Richmond, Surrey) was used to measure the
sample's pH (ISIRI, 2022).

Sampling

Four types of processed cheese (n=68) were purchased
from January to March 2021 (from different production
dates) from supermarkets located in Tehran. The number of
each type of cheese was 25 Mozzarellas, 15 Goudas, 15
Cheddar, and 13 Parmesans. All samples were transported
to the laboratory under standard conditions and kept in the
freezer (at -21 °C) until the test.

Reagent preparation

The reagents were prepared as follows: 0.3929 g of
CuS0,.6H,0 and 0.1 g of alizarin red S were dissolved in
distilled water. Each reagent reached a volume of 100 ml in
a volumetric flask.

Preparation of mixed solution of alizarin red S- (Cu*?)

Alizarin red S solution (0.25 ml), one ml of sulfate
solution (Cu*®), and one ml of phosphate buffer solution
(pH 7) were added to a 10 ml volumetric flask. Afterward,
methanol was added over 15 min at room temperature up
to the mark.

Preparation of mixed solution of histamine alizarin red S-
(Cu™)

Alizarin red S solution (0.25 ml) was slowly transferred
to a 10 ml volumetric flask, and then (Cu*?) sulfate (one
ml), histamine (1.25 ml), and phosphate buffer (one ml)
solutions were added. Methanol was added over 15 min at
room temperature up to the mark.

Calibration curve

Histamine (0.1 g) was weighed, and dissolved in
methanol.  The solution in a volumetric flask with
methanol reached a volume of 100 ml. Concentrations of
100, 250, 500, 750, and 1,000 mg/kg were prepared to
draw the calibration curve. The concentration of histamine
in the samples was measured 10 min after preparation and
complex formation with a UV-vis spectrophotometer at a
wavelength of 600 nm.
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Samples preparation and extraction

All test steps were performed using Jannatin et al.'s
method with slight modifications based on other articles
(Jannatin et al., 2017; Karami et al., 2020; Miftakhul et al.,
2019). Five g of each cheese sample was weighed, finely
chopped, and transferred to a 50 ml centrifuge tube, then
20 ml of methanol is added to it. Next, it was rapidly
mixed for five min and then homogenized for 10 min using
an ultrasonic bath (TAT, China). Then the sample
(Universal 320, PIT Company, Iran) was centrifuged at
4,500 rpm for 15 min. One and twenty-five hundredths ml
of the supernatant was transferred to a beaker, then one ml
of CuS0,.6H,0, one ml of buffer solution, and 0.25 ml of
alizarin red S were added. The spectrophotometer was
zeroed each time before loading the samples with a blank
(methanol) and then the absorption wavelength was read.
The optimal response time was seen 10 min after preparing
the solution. The absorption of the complex was measured
by UV-vis spectrophotometer at 600 nm wavelength.

Measuring the amount of salt

The measurement of salt in the samples was done by
Mohr's method (titration with silver nitrate).

pH measurement

According to the national standard of Iran (ISIRI, 2022),
the pH value of the cheeses was determined with an
electric pH meter.

Statistical analysis

In statistical analysis, the normality of data distribution
was checked by the Kolmogorov-Smirnov test. Using a
one-way ANOVA test, the difference in histamine
concentration between different groups of cheese was
examined. The Pearson correlation coefficient test was
used to investigate the effect of salt and pH variables on
the increase of histamine concentration in the samples. All
analyses were performed in SPSS software version 24.

Results and Discussion

Cheese provides a favorable environment for the
production of BAs. Histamine can produce during the
production, ripening, and storage of cheese. Histamine
production is mainly due to the microbial decarboxylation
of the amino acid histidine or the catalysis of the
decarboxylation reaction caused by decarboxylase enzymes
(Fernandes et al., 2001; Halasz et al.,, 1994). Linear
regression analysis was analyzed according to Figure 1; the
linear regression equation was y=0. 0012 x+0.6291, and
R?=0.9918. The recovery percentage was obtained about
96.25% for the Cu*® complex is shown in Table 1.
Histamine concentration in 68 processed cheese samples

was investigated. The range of histamine levels was
between 143.3-979.9 mg/kg. The highest and lowest
amount of histamine was found in parmesan cheese
(646.07£219.52 mg/kg) and mozzarella  cheese
(359.78+174.84 mg/kg), respectively. The description of
primary characteristics such as the total amount, mean, and
standard deviation of histamine are described separately in
different types of cheese according to Table 2. The highest
amount of histamine was observed in parmesan cheese
(Figure 2). A supplementary one-way ANOVA test was
performed to determine the significant difference between
the groups. The p-value of Parmesan cheese with
Mozzarella, Gouda, and Cheddar were 0, 0.014, and 0.018,
respectively. No significant difference was observed
between the groups except for Parmesan cheese and other
cheeses. The p-value of Parmesan cheese with Mozzarella
was zero and p<0.05 (Table 3).

Table 1: The recovery of method

Actual concentrations Recovery concentrations  Recovery
(mg/Kg) (mg/Kg) (%)
200 966.583 105.94
300 850.750 93.24
400 817.417 89.59

Table 2: Histamine concentration in various type of cheese (mg/kg)

Cheese type N Mean+SD Min Max
Mozzarella 25 359.78+174.84 144.92 692.42
Gouda 15 439.69+267.47 143.25 978.25
Cheddar 15 446.42+220.94 174.08 814.08
Parmesan 13 646.07+£219.52 * 402.42 979.92
Total 68 472.99+220.69 143.25 979.92
* p<0.05

Table 3: Amount of Salt and pH in various type of cheese

Salt (%) pH
Type of cheeses Mean Min Max Mean Min Max
Mozzarella 0.10 0.03 0.23 5.9 5 7.1
Gouda 0.15 0.05 0.30 5.6 52 6.3
Cheddar 0.14 0.08 0.24 5.5 5.0 6.2
Parmesan 0.20* 0.06 0.46 58* 5.4 6.2

* p<0.05

Figure 1: Calibration curve for the spectrophotometric determination
of copper (I1) (Cu+2)
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Figure 2: The amount of histamine in various type of cheese

In the present study, histamine was detected in Parmesan,
Gouda, Cheddar, and Mozzarella cheeses. The average
histamine level in all cheese groups was higher than the
limit of histamine concentration in fermented foods in the
European Union (200 mg/kg). The European Food Safety
Authority (EFSA) has declared the maximum histamine
amount in fresh and hard cheeses to be about 119 and
1,240 mg/kg, respectively (EFSA Panel on Biological
Hazards, 2011). In a research, common BAs in ripened
cheeses were determined in Slovakia using the High-
Performance Liquid Chromatography with Diode-Array
Detection (HPLC-DAD) method. Results showed that
histamine was detected in 54.5% of the cheeses, but its
concentration was not more than 68.7 mg/kg (in the sample
of hard cheese ripened for 18 months). The lowest and
highest concentrations of histamine were 9.60 and 2.1
mg/kg, respectively (Jakabova et al., 2023). These findings
were in contrary to our study, where histamine was found
in all samples and its amount was high in most cheeses. In
our study, the highest concentration of histamine was
found in Parmesan cheese (hard-ripened) which was
consistent with the mentioned study.

In another study, the BAs of ripened cheeses produced in
different seasons from pasteurized sheep's milk were
measured by the Ultra-HPLC method. The average
histamine was 204.9 mg/kg in hard cheeses and 38.3 mg/kg
in semi-hard cheeses (Renes et al., 2021). In our research,
the mean level of histamine was high in different groups of
cheese. Histamine levels in Parmesan cheeses (as hard
cheese) were higher than Cheddar and Gouda cheeses (as
semi-hard). The higher concentration of histamine in semi-
hard and hard cheeses is justified due to the longer ripening
period.

Mayer and Fiechter (2018) measured BAs in 151
commercial cheese samples using the UHPLC. Histamine
was present in 79% of the samples. Its maximum
concentration was up to 116 mg/100 g in hard cheeses, but
only 5% of samples had histamine levels higher than 17
mg/100 g (Mayer and Fiechter, 2018). The maximum
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concentration of histamine in the sample from this study
was higher than in our samples, but our study had a greater
number of samples with high histamine concentration.

A study was conducted in Basrah city in 2018 on nine
groups of traditional and imported cheeses using the
Enzyme-Linked Immunosorbent Assay (ELISA) method.
The results showed that most traditional cheeses have
small amounts of histamine. The average concentration of
histamine in local cheese samples was 0.2725 and 23.5025
mg/kg in Arabic cheese and Dhafayer cheese, respectively.
The average in six imported cheese samples from low to
high was 0.6875, 1.9250, 2.5775, 4.4100, 4.7600, 6.8275,
10.5325 mg/kg, which is the highest amount related to
Goody cheese imported from Saudi Arabia (Issa et al.,
2018). Poveda et al. (2016) measured amino acid
concentration and BAs content in goat milk cheeses using
HPLC. Low concentrations of BAs were observed, the
highest of which were tyramine and histamine with values
between 4.2 and 50.7 and 10.2 and 60.5 mg/kg, which are
considered less than dangerous for humans. Low histamine
concentrations in cheeses were in contrast to the
observations of our present study.

A study in Poland on samples of moldy cheese and hard
cheeses was investigated using RP-HPLC. The highest
concentration in Gorgonzola Piccante cheese (moldy
cheese ripened for 42 days) was 730.47 mg/kg. The highest
average concentration of histamine in cheeses ripened at 4
°C was 405.21 mg/kg in Camembert cheese. The
concentration of histamine in some types of cheeses was
higher than the toxic threshold dose (Madejska et al.,
2018). The high concentration of histamine in ripened
cheeses confirms the results of our study.

Razavi Rohani et al. (2013) conducted research on the
presence of BA in western Iranian cheese. Eighty-five
cheese samples were evaluated using a modified technique
of HPLC. In Koopeh cheese, the average concentrations of
putrescine, cadaverine, histamine, and tyramine were
156.09, 282.34, 70.80, and 8.48 ppm, respectively. For
Ligvan cheese, these values were 53.277, 342.74, 37.58,
and 351.12 ppm, and for Salmas red cheese, they were
438.03, 701.05, 105.21, and 182.62 ppm, respectively
(Razavi Rohani et al., 2013). Our study aligns with other
research in highlighting the potential health risks
associated with high histamine levels in certain cheese
samples (Madejeska et al., 2018; Razavi Rohani et al.,
2013).

Based on statistical analysis, there was a significant
relationship between pH and high concentration of
histamine in the samples (p<0.05). Correlation was also
observed between salt amounts and histamine
concentration (p<0.05). The details of the measured
amount of salt and pH for each sample group are described
in Table 3. Histamine accumulation in cheese is influenced
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by the type of milk, heat treatment, ripening time, and
storage conditions (Mgller et al., 2020). The use of salt in
cheese with high humidity content (4.7-5.7%) and ripening
at low temperature can be associated with suppressing the
growth of undesirable microorganisms and thus it reducing
the risk of histamine formation (Guinee and Sutherland,
2011). As a result, the high concentration of histamine is
found in low-salt cheeses (Mgller et al., 2020). The salt
level is directly related to increasing pH and can lead to a
decrease in the activity of microorganisms, especially
reducing lactic acid production in high salt concentration
(Madadlou et al., 2007; Pastorino et al., 2003). While in the
findings of the present research, the relationship between
the increase of salt and the high concentration of histamine
in the samples was significant.

Zhang et al. (2010) reported that the amount of BAs
decreases with increasing salt concentration and it can be
due to the reduction of microorganisms in fresh cheese
samples. While in ripened cheese samples, increasing the
brine concentration has a positive effect on BAs
accumulation and it possibly leads to progressively greater
enzymatic decarboxylation. Considering that our study was
carried out on ripened cheeses, the positive correlation of
high salt and increased histamine concentration confirms
the results of Zhang et al. (2010) study. In another study, it
was also noted that there is higher accumulation of
histamine in saltier, wetter, and less oxidized parts of
cheese, which is consistent with our findings in cheeses
with higher salt contents (Moniente et al., 2022). The
spectrophotometric method used in this study can be used
quickly, cheaply, and effectively for monitoring in a short
time, although it has lower accuracy compared to
expensive and time-consuming methods such as HPLC.

Conclusion

The average histamine in all cheese groups was found
higher than the limit of histamine concentration in
fermented foods according to the European Union limit.
Considering the high concentration of histamine in
cheeses, it is suggested to monitor histamine in cheeses and
conduct further research on its health and safety
implications for consumers. Additionally, there is a need
for broader studies on other BAs and factors such as
temperature, starter bacteria, ripening duration, etc. to
address the safety concerns associated with histamine in
cheese.
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