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This study investigates the bacteriological quality and histamine levels in tuna fish,
highlighting significant health risks associated with bacterial contamination throughout the
fish's lifecycle. Bacteriological analysis of three tuna samples revealed the presence of
pathogenic  bacteria, including Escherichia coli (2/3), Salmonella (1/3), Staphylococcus
aureus (2/3), and Proteus species (1/3). Histamine levels were assessed using ELISA, with
concentrations recorded as 18.05 mg/100g, 27.4 mg/100g, and 20.1 mg/100g, indicating that
one sample exceeded the permissible limit of 20 mg/100g as per the Egyptian standards
guidelines. The study further explored the efficacy of essential oils, specifically thyme and
blackberry oils, in reducing histamine levels in contaminated fish. Results demonstrated that
thyme oil at 1% concentration significantly reduced histamine levels by 58.6% over nine days,
while blackberry oil at 1% achieved a reduction of 46.1%. These findings suggest that essential
oils can effectively mitigate histamine accumulation and microbial growth in tuna fish,
presenting a promising approach to enhance food safety and extend shelf life. The study
underscores the importance of monitoring bacterial contamination and histamine levels in tuna
to ensure consumer safety and improve product quality through natural preservation methods.

1. INTRODUCTION

Food is a basic necessity in human life, so the quality of food
represents a basic necessity when choosing the food
consumed. Increasing human knowledge about food quality
plays a great role in changing the human habitat. Fish
represent one of the nutritional foods that supply the human
body with several vital elements (Kawarazuka and
Béné, 2011). Despite its beneficial value, it may represent a
primary source of infection of humans by many hazardous
agents, either biological as bacteria and parasites, or through
chemical as toxins, allergens, and histamine (Yemmen and
Gargouri, 2022). Tuna fish represent one of Scombridae fish
that is characterized by their superior flesh type that popular
by consumers (Maiz et al., 2019), despite that it ranked as
the highest cause of food poisoning to human as it contains
higher amount of amino acid known as histidine in their
flesh that may decarboxylated by bacterial proliferation to
histamine and so cause histamine poisoning (Hungerford
2010 & 2021; Bjornsdottir-Butler et al. 2015).

Most of the bacteria identified as histamine producers are
gram-negative, accounting for 87% of the isolates.
Furthermore, a significant portion of these isolates (80%)
belong to the Enterobacteriaceae family (Traylor and
Mathew, 2021). So, the level of histamine in fish may serve
as an indicator for its freshness (Yemmen and Gargouri,
2022). Histamine is one of the biogenic amines that can
tolerate the cooking process and freezing temperature. It is
level must not exceed 20 mg/100 gm as reported by the
Egyptian standards (E.S, 2005). Generally, the symptoms of
histamine poisoning appear after ingestion of a dose ranging
from 70-100 mg in a single dose. The poisoning symptoms
vary from skin rashes, facial swelling, headache, and
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elevated heartbeats. Others may show gastrointestinal
disturbance like stomach discomfort, nausea, vomiting, and
diarrhea (Harmelin et al., 2018).

The tolerance nature of histamine to different processes with
their severity attracts attention to try to reduce its production
through controlling the proliferation of the histamine
producing bacteria. Preventing histamine producers acts as
an indirect way to prevent biogenic amines formation. The
direction to use natural antibacterial products like plant
extracts increased greatly due to their acceptability by
consumers. Thymol represents one of the most common
plants that is used as an antibacterial due to its potent
inhibitory effects against both Gram- negative and Gram-
positive bacteria (Kowalczyk et al., 2020). Thymol essential
oil exhibits the strongest antibacterial agents that can
penetrate the lipid layer of the cell wall of the microbe and
affect it due to its small, lipophobic nature (Perez et al.,
2019; Kowalczyk et al., 2020). Also, several authors
demonstrate its effect in reducing the formation of biogenic
amines in different food types (Ozogul et al., 2015; Kiizek
etal., 2018).

In addition, fruits may act as another enhancing and
antibacterial agent that may be used in food processing, such
as blackberries. Blackberry is characterized by the presence
of various essential components as phenolic compounds,
mainly anthocyanins (Dai et al., 2007), flavonols,
ellagitannins (Oszmia'nski et al., 2015), and phenolic acids
(Zia-Ul-Hagq et al., 2014). Their various chemical structures
enable them to interact with biological molecules while
providing antioxidant functions and metal-chelating
abilities, leading to the influence of various physiological
processes (Ropiak et al., 2016).



The extant study aimed to examine the occurrence of
bacteria producing histamine in tuna fish, together with
detecting the level of histamine in the examined fish by
ELISA, and examining the capability of thymol oil and
blackberry oil in reducing the histamine level in the
examined fish.

2. MATERIAL AND METHODS

2.1. Sampling

Three tuna fish (each one was 1 Kg) were collected from
fisheries in Benha, Kalyobiya government. The collected
fish were transferred to the lab in an insulated ice box for
bacteriological examination.

2.2. Bacteriological examination

The tested samples were prepared following ISO 6887-1
(2017). Take 1 ml from prepared samples and inoculate it
into nutrient broth and incubate at 37 °C for 37 hrs, then
streak it over lysine iron agar to determine the bacteria
producing biogenic amines. The suspected colonies were
streaked over MacConkey agar, XLD agar, and Baird-Parker
agar. The produced colonies were determined based on their
morphology and biochemical examination.

2.3. Measurement of histamine level by using ELISA
(Leszczynska et al., 2004).

It is a quantitative test used to detect histamine levels in
different tissues. By using HistaSure™ kite. The test is based
on the measurement of the absorbance of the unknown
sample and compares it with the absorbance of a reference
curve prepared with known standard concentrations. The
reaction is monitored at 450 nm.

2.3.1. Preparation of reagents

Wash Buffer: 20 mL of concentrated wash buffer diluted
with D.W. to reach a final concentration of 1000 ml. The
buffer is preserved at 4-8 °C for 6 months.

Acylation Diluent: must ensure that the acylation diluent is
homogeneous and free from any crystals before use, “take
care that such diluent has reached a freezing point at 18.5°C,
so it is preserved at room temperature 25°C.

2.3.2. Sample preparation:

Weigh approximately 10 grams of each fish flesh and
add 240 mL of deionized or distilled water to it, then
homogenize the mixture for 1-2 minutes until a uniform
consistency is achieved. Filtrate the homogenate through
folded filter paper to remove solid residues. Alternatively,
centrifuge the homogenate at maximum speed (approx. 600
rpm) for about 5 minutes, and collect the supernatant. Use
50 pl of the sample extract for the acylation.

2.3.3. Acylation

This occurred based on the instructions of the kits as follows:
on the Master Block pipette 50 pl of control(s) and sample
extracts into the respective wells. Then add 1.5 ml of
acylation buffer into all wells. And then add 50 pl of
acylation reagent to all wells. Incubate the mixture at room
temperature for 5 min in the shaker (approx. 600 rpm).
Finally, take 50 pl for the ELISA.

2.3.4. Histamine detection by ELISA.

Pipette 50 ul of the acylated control(s) and samples into the
wells of the Histamine Microtiter Strips. Then Pipette 100 pl
of the Histamine Antiserum Conjugate into all wells.
Incubate them for 10 min at room temperature (20 - 25 °C)
on a shaker (approx. 600 rpm). Then discard or aspirate the
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contents of the wells and wash the plate 3 x by adding 300
pl of Wash Buffer, discarding the contents and blotting dry
each time by tapping the inverted plate on absorbent
material. After that, pipette 100 pl of the Substrate into all
wells and incubate it for 10 min at RT (20 - 25 °C) on a
shaker (approx. 600 rpm). Then stop the reaction by adding
100 pl of the Stop Solution to each well and shaking the
microtiter plate to ensure a homogeneous distribution of the
solution. Finally, read the absorbencies of the solutions in
the wells within 10 minutes using a microplate reader set to
450 nm.

2.3.5. Calculation of the results.

The absorbance readings of the 6 controls (0, 3, 10, 30, 100,
and 300 ppm) are used to establish a standard curve. Plot the
absorbance readings of the controls (y-axis, linear) against
the corresponding control concentrations (x-axis, log) using
a concentration of 0.001 ppm for the 0-control. For the curve
fitting, a non-linear regression has to be applied. The
concentrations of the samples can be read directly from this
standard curve.

If a sample is off curve it has to be diluted with water 1:10
and re-assayed. The result obtained has to be multiplied by
the dilution factor of 10.

2.4. Experimental trial to control histamine level by using
essential oils

The fish sample showed histamine levels above the
permissible limit detected by E.S. (2005). “20mg/100g” was
used in the experiment. Thyme and blackberry essential oils
used were obtained from the EI-Badawya company.

The experiment was carried out according to the method
described by Barbosa et al. (2009). Five experimental groups
of contaminated fish fillets were prepared, each group
contained 100 gm of fish fillet. The control group dipped in
sterile distilled water, while other groups dipped in thyme
and blackberry essential oils with concentrations of 0.5%
and 1%. The dipping period extended for 15 min, then
allowed to dry for 5 min in a sterile stainless-steel wire. After
drying, each group was kept separately in sterile
polyethylene bags in a chilling storage at 2°C. The groups
were subjected to the assessment at time zero (within 2 hours
after treatment), and every 3 days (zero, 3, 6, and 9 days).

2.5. Statistical analyses

The data statistical analysis was conducted using Analysis
of Variance (ANOVA) in SPSS software (version 20.0),
following the methodology outlined by Feldman et al.
(2003). The level of significance was set at P< 0.05.

3.RESULTS

3.1. Bacteriological analysis

The bacteriological examination of the fish samples reveals
isolation of Escherichia coli (2/3), Proteus species (1/3),
Salmonella (1/3), and Staphylococcus aureus (2/3) from the
examined fish.

3.2. Level of Histamine in the examined fish
Tuna fish 2 sample showed an elevated level of histamine
used for the experimental trial (Table 1).

Table 1. Concentration of histamine residue in the examined tuna fish (n=3).

Samples Concentration of histamine (mg/100g)
Tuna Fish 1 18.05 mg/100g
Tuna Fish 2 27.4 mg/100g
Tuna Fish 3 20.1 mg/100g

* Histamine should not exceed 20mg/100g fish (E.S., 2005)



3.3. Effect of using essential oils on the level of histamine

The results presented in the table (2) regarding a steady
increase in histamine levels in the control group from 27.4
mg% % at zero day to 34.3 mg% by day 9, indicating that
histamine accumulation occurs naturally over time due to
bacterial activity. While other groups treated with thyme oil
and blackberry oil can effectively reduce histamine levels in
fish, particularly at higher concentrations. In case of group
treated with thyme oil 0.5%, it showed reduction in

histamine level by 18.5%,34%, and 47.8% respectively over
the extended period 3,6, and 9 days. While that treated with
thyme oil 1% showed reduction in histamine level by
31.3%,45.1%, and 58.6% over the same period. In addition,
the group treated with blackberry oil 0.5% detected a
reduction in histamine level by 11.4%,24.8%, and 39.9%
within 3,6, and 9 days. And the last group treated with
blackberry oil 1% showed reduction levels of 17.1%, 31%,
and 46.1%, respectively, over the period 3,6, and 9 days.

Table 2. Effects of the addition of essential oils on the level of histamine in the contaminated fish.

Storage period Control histamine level Thyme oil Thyme oil Blackberry oil Blackberry oil
(mg%) (0.5%) (1%) (0.5%) (1%)
Level R % Level R % Level R % Level R %*
Zero day 27.4 274 - 274 e 274 - 2714 -
3 days 28.14 22.9EC 18.5 19.30 313 24.98 11.4 23.3¢ 17.1
6 days 30.64 20.2EC 34 16.8° 451 23.08 24.8 21.1¢ 31
9 days 34.3A 17.9E¢ 47.8 14.2° 58.6 20.6° 39.9 18.5¢ 46.1

Mean values with different superscripts in the same rows are significantly different at P<0.05

4. DISCUSSION

Fish flesh is typically free from bacteria when initially
caught. However, the extent of bacterial contamination can
differ based on environmental factors and the
microbiological quality of the water. These infections may
arise from direct contamination with polluted water or from
secondary contamination that occurs during various stages,
including capture, handling, processing, storage,
distribution, or preparation for consumption (Yemmen and
Gargouri, 2022). Fish may represent a source of infection to
humans through transmission of various food poisoning
bacteria like Staphylococcus aureus, Salmonella species,
Shigella species, Escherichia coli, Vibrio species,
Aeromonas species, Clostridium botulinum, and Listeria
monocytogenes  (Bensley et al,2011; Eze and
Echezona, 2011).

Tuna fish are among fish that may be contaminated by
several pathogenic bacteria during their life and their
consumption represents a potential health hazard for
humans. As mentioned in this study, different bacteria have
been isolated from examined fish as Escherichia coli,
Proteus species, Salmonella, and Staphylococcus aureus.
These findings slightly agree with the previous study
reported by Hassan et al. (2019), who found that the
consumption of tuna fish causes outbreaks by Salmonella in
the USA with a total of 136 infections. Additionally, Liu et
al. (2016) isolated Salmonella and L. monocytogenes from
raw yellowfin tuna. Similarly, Pattipeilohy et al. (2017)
reported the presence of Staphylococcus saprophyticus,
Planococcus citreus, and Micrococcus varians in the
examined fresh tuna and demonstrated that such infection
may occur during post-harvesting.  Furthermore,
Mutmainnah et al. (2024) were able to isolate Escherichia
coli, Proteus spp., and other pathogenic bacteria from fresh
tuna fish.

Most of enteric bacteria were histamine producing bacteria
such as E. coli, Vibrio, Proteus, Klebsiella, Clostridium,
Salmonella and Shigella as they contain histidine
decarboxylases enzyme that flourishes when the temperature
elevated above chilling point led to decarboxylation of
histidine and increase the level of histamine in contaminated
fish (Maijala et al., 1993; Traylor and Mathew, 2021), their
effects continue even if the bacterial growth ceases by
refrigeration (Lehane and Olley, 2000).

Freshly caught tuna fish mainly contains histamine levels
less than 2 mg/kg (FAO/WHO, 2013). That may not affect
human health due to the presence of the amine oxidase in the
human intestine that can detoxify these amines (Biji et al.,
2016). When the fish die, the histamine-producing bacteria
located in the gills and surface of the fish invade the muscle

100

and decarboxylate histidine to histamine (Sabry etal., 2019).
Also, exposure of tuna to warm water or air generates heat
through their tissue that leads to the continuous release of
histidine decarboxylase enzyme by microorganisms
continuously and raises the histamine level in their flesh
(FDA, 2011). This process could stop if the fish is
refrigerated immediately after catching (Sabry et al., 2019).
So, the level of histamine in fish represents an indicator for
fish freshness (Yemmen and Gargouri, 2022).

The examination of the histamine level in the recent study
by using ELISA revealed the presence of histamine with
levels 18.05, 27.4, and 20.1 mg/100 gm in the examined fish,
which indicated that only one fish exceeded the permissible
limit “20 mg/100 g” detected by E.S. (2005). This disagrees
with the result detected by Elbarbary and Abdelmaotilib,
(2023), who found the mean value of histamine in solid tuna
samples was 48.33+1.12 ppm. Numerous studies have
documented outbreaks of histamine poisoning linked to tuna
consumption, attributed to increasing histamine levels in the
fish. Colombo et al. (2018) conducted a review of 55 reports
from 1959 to 2013 and found that 32.9% of the cases of
histamine poisoning were associated with tuna consumption.
Similarly, Velut et al. (2019) reported an outbreak in April
2017, specifically connected to tuna. Furthermore, Pereira et
al. (2021) identified 51 cases of Scombrotoxin fish
poisoning resulting from the consumption of tuna with
elevated histamine levels.

The results of the histamine level-controlling trial using
essential oils (thyme oil and blackberry oil with two
concentrations, 0.5% and 1%) over 9 days indicated the
ability of thyme oil and blackberry oil to effectively reduce
histamine levels in fish, particularly at higher
concentrations. This mainly refers to its higher concentration
of phenolic compounds that act as potent antibacterial
agents, which affect most Gram-positive and Gram-negative
bacteria. Their actions mainly targeted the cell membrane,
leading to leakage of its contents, inhibiting nucleic acid
synthesis, and altering membrane permeability (Xie et al.,
2015). The results of the present study are coordinated with
those reported by Nader et al. (2016), who recorded a
reduction in histamine level in frozen fish fillets by about
11.2% and 19.8% after addition of thyme oil (1%) for 3 days
and 7 days. This came in alignment with the previous studies
done by Ozogul et al. (2015), who reported the ability of
thyme essential oil in decreasing the level of histamine and
other biogenic amines in Cyprinus carpio fillets. While
Kiizek et al. (2018) found that thyme essential oils could
control the formation of eight kinds of biogenic amines in
vacuum-packed fillets of Cyprinus carpio. Moreover, the
addition of blackberry oil showed marked reduction in
histamine level by increasing the concentration of oil, which
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is attributed to the presence of phenolic compounds and also
higher content of phytochemicals that affect microbes
(Puupponen-Pimia et al., 2001). The antibacterial activity of
blackberry extracts is not always proportional to the total
phenolic content (Jazi'c et al., 2018) but also may be
indicative to other non-phenolic molecules such as
terpenoids and organic acids that might exert selective
antimicrobial activity (Gonzalez et al., 2013).

The application of essential oil to fish fillets effectively
inhibited microbiological growth throughout the storage
period. These findings suggest that essential oil could be a
promising method for extending the shelf life and preserving
the quality of fish fillets (Cai et al., 2015).

5. CONCLUSIONS

This study underscores the critical risks associated with
bacterial contamination in tuna fish, which can arise at
multiple stages from capture to consumption. The detection
of pathogenic bacteria such as Escherichia coli, Salmonella,
and Staphylococcus aureus highlights the health hazards
linked to tuna consumption, particularly concerning the
production of histamine and other biogenic amines. Elevated
histamine levels in certain samples indicate that inadequate
handling and storage practices pose significant food safety
risks. The investigation into the application of essential oils,
particularly thyme and blackberry oil, reveals their potential
in effectively reducing histamine levels in fish fillets
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