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Introduction
Canned tuna production is constantly increasing lo‑

cally and globally [1], due to its high nutritional value and 
desirable taste. Canning is one of the preserving tech‑
niques that makes the food stable at room temperature for 
a relatively long period ranging from 1 to 5 years [2]. Thus, 
canned food is distinguished by the possibility of being 
easily distributed all over the world and needs relatively 
fewer requirements for storage and distribution  [3]. The 
major steps of the canning tuna process include cleaning 
and preparing raw materials, precooking, cooling, clean‑
ing, packing with a covering oil or vegetable broth, etc. in 
sealed cans, the thermal process (retorting), can cooling, 
labeling, casing, and storage [4].

Fish and fish products are an important nutritional 
source that is readily digestible and contains biologically 
highly valuable nutrients, including protein, polyunsatu‑
rated fatty acids, minerals, and vitamins  [5–7]. Further, 

fish consumption is known to prevent diseases since fish is 
a source of omega‑3 highly unsaturated fatty acids, which 
include eicosapentaenoic and docosahexaenoic acids  [8]. 
On the other hand, it is considered a suitable environment 
for the growth of microorganisms due to the availability 
of moisture and nutrients, such as non-protein nitroge‑
nous compounds that include free amino acids, peptides, 
amines, amine oxides, guanidine compounds, quaternary 
ammonium molecules, nucleotides, and urea  [9–11], as 
well as the low acidity (pH > 6) of the meat [12]. Therefore, 
fish and fish products could be a cause of foodborne dis‑
eases (FBDs).

FBDs represent one of the most widespread public 
health problems [13,14]. FBDs associated with pathogenic 
microorganisms, such as bacteria and viruses, parasites, 
and chemical contaminants in food pose a serious threat to 
the health of millions of individuals, leading to conditions 
such as diarrhea, cancer, and even death [15,16]. Fish-borne 
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Canned tuna is widely consumed worldwide due to its palatability, nutritional value, and convenience. However, it may pose a health 
risk to consumers if not properly processed or improperly handled and/or stored by consumers. This study evaluated the microbial 
safety and histamine content of canned tuna meat and the effect of the storage at different temperatures (4, 28, and 31 °C) for 7 days 
after opening on the microbial safety and histamine content. Data were analyzed by the SAS program. The aerobic bacteria counts 
in tuna samples after 48 hours of storage at 4 °C, 28 °C, and 31 °C were 3.2, 2.75, and 5.09 log CFU/g, respectively, with no significant 
difference observed between 4 °C and 28 °C (p > 0.01). Similarly, the anaerobic bacteria counts were 3.3, 2.98, and 5.08 log CFU/g at 
4 °C, 28 °C, and 31 °C, respectively, also showing no significant difference between 4 °C and 28 °C (p > 0.01). Storage of canned meat at 
4 °C showed more significant (p < 0.01) microbial inhibition than storage at 28 °C, and 31 °C. No pathogenic bacteria were observed 
in all samples during storage at different temperatures. For the histamine test, the highest recorded concentrations were 3.53, 9.58, and 
28.24 mg/kg in tuna samples stored at 4 °C, 28 °C, and 31 °C, respectively. The storage temperature influenced (p < 0.01) histamine 
formation in tuna meat during storage. Recording histamine concentrations at zero time indicates that histamine was formed before 
opening the can, which may be due to failure to apply good hygiene practices in handling fish, as histamine does not degrade once 
formed. However, it did not exceed the maximum permissible limit. Also, the results of the microbial count and histamine content 
indicate that holding canned tuna meat after opening at 4 °C contributes to maintaining the safety of the tuna during storage.
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pathogenic bacteria include: 1) indigenous bacteria such as 
Aeromonas hydrophila, Vibrio cholerae, Clostridium botuli­
num, Vibrio parahaemolyticus, Listeria monocytogenes and 
Vibrio vulnificus; 2) non-indigenous bacteria present as a 
result of fecal contamination such as Yerinia enterocolitica, 
Campylobacter spp., Escherichia coli, Shigella spp. and Sal­
monella spp.; and 3)  bacteria that are present as a result 
of contamination during processing such as Clostridium 
perfringens, S. aureus, L. monocytogenes, and Bacillus ce­
reus [17,18]

The incidence of FBDs in some areas of developing 
countries may be attributed to poor hygiene practices, lack 
of access to safe adequate food storage facilities, and poorly 
enforced laws [19]. Food safety awareness, education, and 
promotion among consumers should be emphasized, as 
most FBDs outbreaks occur at home, in restaurants, and/
or social events [20].

One of the FBDs is histamine (HIS) poisoning. HIS is 
one of the compounds named biogenic amines [21]. HIS 
is a toxic metabolite produced by bacteria [22]. It is worth 
noting that a review of published studies about biogenic 
amines, suggested indicative levels of HIS content in fish, 
pointing out that amounts of 5–20 mg/100 g are possibly 
toxic [23]. The formation of HIS depends on the type and 
amount of free amino acids, the presence of decarboxyl‑
ase-positive bacteria, the availability of appropriate con‑
ditions for the growth of decarboxylase-positive bacteria 
and production of HIS, and the extent of application of 
hygienic practices and food safety standards  [24]. HIS 
formation is most often caused by improper temperature 
control of fish after harvesting and the level of accumula‑
tion is influenced by the combination of time and tem‑
perature, with accumulation typically occurring rapidly 
after 12 hours of storage at 25 °C [25]. In addition, the for‑
mation of HIS is affected by the manufacturing process, 
and the conditions of transport and storage [26]. It is im‑
portant to mention that HIS concentration may decrease 
with storage time because of its decomposition. Once it is 
produced, the HIS concentration does not depend only on 
the HIS but also on the presence of HIS decomposing bac‑
teria within the flora [27]. Storage temperature and time 
can be used as the primary means to monitor and con‑
trol the quality and safety of canned seafood [28]. Several 
studies were conducted to evaluate the safety of canned 
fish related to HIS [29–32]. In general, the results of these 
studies show that canned fish is safe for health [24]. How‑
ever, the HIS may form after cans are opened due to im‑
proper storage practices by consumers, such as tempera‑
ture abuse. A tuna sandwich is a significant and popular 
ready-to-eat food made from canned tuna. The HIS for‑
mation in opened canned tuna could rapidly increase if 
stored at 33 °C for 6 h [33].

It is worth mentioning that food patterns in Libya have 
changed as in other countries where the Libyans increas‑
ingly consume canned fish, especially canned tuna  [34]. 
Consumers may not use all the contents of the can and 

might store the remainder in various ways, which could 
alter its characteristics. The various attributes of canned 
tuna that are important to the consumer, including safety, 
sensory and nutritional properties, are affected by storage 
temperature and time; therefore, proper storage of food is 
essential. Therefore, the main objectives of this study were 
to: 1) evaluate microbiological safety of canned tuna meat, 
including aerobic bacteria count (ABC), anaerobic bacte‑
ria count (AnBC), coliform bacteria counts, E. coli, Salmo­
nella spp., L. monocytogenes and S. aureus; 2)  determine 
the level of HIS in canned tuna meat; 3) and explore the 
effect of storage at different temperatures, including 4, 28, 
and 31 °C, on the microbial quality and HIS level in canned 
tuna meat after opening during 7 days of storage.

Objects and methods

Study plan
The study was conducted between September and De‑

cember, 2024. One carton of Libyan-made tuna cans from 
the same brand and the same expiration date was pur‑
chased from the Al-Krimia market in Tripoli City, Libya. 
The carton contained 48 cans, and the filling media of tuna 
was a mixture of olive oil and brine. All cans were free of 
any leaky conditions or swelling. According to the product 
label, each tuna can had a net weight of 160 grams and a 
shelf life of three years from the date of production (July 
2024 to July 2027).

Once the tuna cans arrived at the food microbiol‑
ogy laboratory of the Department of Food Science and 
Technology, Faculty of Agriculture, University of Tripoli, 
thirty cans were randomly selected and divided into three 
groups. Each group represented a trial and consisted of ten 
cans. The tuna cans were kept at room temperature until 
the opening. After the cans were opened and held in poly‑
ethylene bags, the first group was stored in the refrigera‑
tor at a temperature of 4 °C. The second and third groups 
were stored at 28 °C and 31 °C, respectively. The incubator 
(IN260) used to maintain temperatures of 28 °C and 31 °C 
was from Memmert GmbH +Co. KG (Germany). The tem‑
perature of the refrigerator and incubators was checked 
using a glass and digital thermometer (HTC2, CNWTC 
company, China). The storage temperatures tested in this 
study were chosen as follows: 4 °C is the recommended 
temperature for the refrigerated storage of fish, which is 
also available to consumers, while 28 °C and 31 °C were the 
average temperatures recorded in Tripoli and Sabha during 
the summer of 2023, respectively.

Sampling
After opening the cans, the samples were taken imme‑

diately (zero time) and at different periods during 7 days: 
after 6 h, 24 h, 48 h, 72 h, 96 h, 120 h, and 168 h. After that, 
the samples were held at –18 °C until analyzed in the labora‑
tory belonging to the food and drug control center/Tripoli 
branch. The samples were tested for ABC, AnBC, coliform 
count, E. coli, Salmonella spp., S. aureus, L. monocytogenes, 
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and HIS content. All microbial experiments were carried 
out in duplicate, and the HIS experiment was in triplicate, 
and the mean values were recorded. The study sampling is 
displayed in Figure 1.

Test methods
Microbiological methods
Aerobic bacteria count was determined using the ISO 

method (ISO 4833-1:2013) 1. Using a stomacher (Stomacher 
400 Circulator Lab Blender, Seward Ltd., UK), 10 grams of 
tuna sample was homogenized with 90 ml of sterile buff‑
ered peptone water (BPW). A series of decimal dilutions 
was prepared using test tubes containing 9 ml of sterile 
BPW. One milliliter was transferred aseptically from the 
homogenate to the first test tube using a sterile pipette, re‑
	 1	ISO 4833-1:2013. Microbiology of the food chain — Horizontal method 
for the enumeration of microorganisms. Part 1: Colony count at 30 °C by the 
pour plate technique.

sulting in a 10–1 dilution. This procedure was repeated se‑
quentially to achieve further dilutions up to 10–5. From the 
10–5 dilution, 1 mL was aseptically transferred into sterile, 
labeled Petri dishes. Approximately 15 mL of Plate Count 
Agar (Liofilchem, Italy), previously melted and cooled to 
45 °C, was then poured into each dish. The plates were 
gently swirled to mix the contents. After solidification, 
the plates were incubated in an inverted position at 30 °C 
for 72  hours. After the specified incubation period, vis‑
ible bacterial colonies on the plates were counted, and the 
results were expressed as colony-forming units per gram 
(CFU/g).

Anaerobic bacteria counts were determined accord‑
ing to ISO 15213:2003 2. The sample and serial dilutions 
	 2	ISO 15213:2003. Microbiology of food and animal feeding stuffs — Hori-
zontal method for the enumeration of sulfite-reducing bacteria growing un-
der anaerobic conditions.

Figure 1. Diagram of the research methodology
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were prepared in the same manner as for aerobic bacte‑
ria. From the 10–4 dilution, one milliliter was aseptically 
transferred into sterile labeled Petri dishes. Approximate‑
ly 15 mL of Iron Sulfite Agar (Liofilchem, Italy) was then 
added to each dish. Anaerobic conditions were estab‑
lished using an oxygen removal system and carbon diox‑
ide generation. Then, the inoculated plates were placed in 
an anaerobic jar (IQ2000® GasPak System, BD Company, 
USA) and incubated (Incubator B50, Memmert GmbH 
+Co. KG, Germany) for 48 hours at 30 °C. Colonies were 
subsequently counted using the same principles applied 
to aerobic bacteria.

Coliform bacteria counts were determined using the 
ISO method (ISO 4832:2006) 3. Ten grams of the sample 
was placed in 90 ml of sterile saline solution to prepare 
a 1:10 dilution, and the sample was shaken thoroughly to 
prepare a homogeneous solution. One milliliter of an ap‑
propriate dilution was transferred into sterile Petri dishes, 
and approximately 15 mL of Violet Red Bile Agar (VRBA) 
(Liofilchem, Italy), cooled to 44–47 °C, was poured into 
each dish. The contents were gently mixed and allowed 
to solidify. After solidification, an overlay of VRBA was 
added to suppress surface spreading of colonies. The plates 
were incubated (Incubator IN750, Memmert GmbH +Co. 
KG, Germany) at 37 °C for 18–24 hours. After incubation, 
red to dark red colonies with a precipitated bile zone were 
counted as presumptive coliforms.

Escherichia coli were determined using the ISO method 
(ISO 16649–2:2001) 4. The sample and dilutions were pre‑
pared in the same way as for aerobic bacteria. One milli‑
liter of 10–3 dilution was transferred to sterile labeled petri 
dishes. Approximately 15 ml of Tryptone Bile X‑glucuro‑
nide (TBX) Agar (Liofilchem, Italy) was then poured. The 
contents were gently mixed and allowed to solidify. The 
plates were incubated (Incubator IN750, Memmert GmbH 
+Co. KG, Germany) at 44 °C for 24 hours. After the in‑
cubation period, the plates were examined to identify the 
characteristic colonies. Positive colonies of E. coli produce 
distinct colonies that appear blue or green on the TBX agar 
due to β-glucuronidase activity. Non-target bacteria may 
form colorless or different-colored colonies or may be in‑
hibited entirely.

Salmonella spp. was detected according to the 
ISO method (ISO 6579: 2002) 5. A 25 g portion of the sam‑
ple was aseptically transferred into 225 mL of sterile BPW 
for non-selective pre-enrichment. The sample was incu‑
bated at 37 °C for 16–20 hours. Following pre-enrichment, 
0.1 mL of the culture was inoculated into 10 mL of Rap‑
paport-Vassiliadis Soya Peptone (RVS) broth (Liofilchem, 

	 3	ISO 4832:2006. Microbiology of food and animal feeding stuffs — Hori-
zontal method for the enumeration of coliforms — Colony-count technique.
	 4	ISO 16649-2:2001. Microbiology of food and animal feeding stuffs  — 
Horizontal method for the enumeration of beta-glucuronidase-positive 
Escherichia coli. Part 2: Colony-count technique at 44 degrees C using 5-bro-
mo‑4-chloro‑3-indolyl beta-D‑glucuronide.
	 5	ISO 6579:2002. Microbiology of food and animal feeding stuffs — Hori-
zontal method for the detection of Salmonella spp.

Italy) and incubated (Incubator INB200, Memmert GmbH 
+Co. KG, Germany) at 42 °C for 24 hours for selective en‑
richment. Presumptive positive colonies of Salmonella spp. 
appear as red colonies with black centers on XLD agar, due 
to hydrogen sulfide production and the inability to fer‑
ment lactose or sucrose.

L. monocytogenes detection was performed accord‑
ing to the ISO method (ISO 11290-1:2004) 6. Ten grams 
of tuna were aseptically transferred into sterile incuba‑
tion bags. Then, 90 ml of Half Fraser Broth (Liofilchem, 
Italy) supplemented with Listeria Fraser Supplement, 
was added. The sample was homogenized thoroughly 
and incubated at 30 °C for 24 hours for primary enrich‑
ment. Following this, 0.1 mL of the primary enrichment 
was transferred into 10 mL of Fraser Broth (Fraser Broth 
Base supplemented with Listeria Fraser Supplement) and 
incubated at 37 °C for 48 hours for secondary enrich‑
ment. After incubation, aliquots of the secondary enrich‑
ment were streaked onto PALCAM Agar (Listeria Agar 
Base PALCAM, Condalab, Spain) using the spread plate 
method after solidification of the medium. The plates 
were incubated (Incubator IN750, Memmert GmbH + 
Co. KG, Germany) at 37 °C for 24–48  hours. Presump‑
tive L. monocytogenes colonies on PALCAM agar appear 
gray-green with a black center and are often surrounded 
by a red or dark halo, due to esculin hydrolysis and man‑
nitol fermentation inhibition.

S. aureus enumeration was performed according to the 
ISO method (ISO 6888-1:2003) 7. The sample was prepared 
and the dilution series was prepared in the same way as 
used for aerobic bacteria. One milliliter of the 10–3 dilu‑
tion was transferred to the labeled petri dish. Then, ap‑
proximately 15 ml of Baird-Parker Agar Base (Liofilchem, 
Italy) supplemented with Egg Yolk Tellurite Emulsion, was 
poured into the dish. After the agar solidified, the plates 
were incubated (Incubator IN750, Memmert GmbH +Co. 
KG, Germany) at 37 °C for 48 hours. Positive results for 
S. aureus colonies appear in a shiny black or gray color and 
are surrounded by a clear zone due to the activity of lipase 
on the egg yolk. Non-S. aureus colonies typically lack this 
appearance and do not produce a clear zone.

Histamine method
HIS content was analyzed using the AOAC‑approved 

method (RIDASCREEN® HIS (enzymatic) (Art. No. 
R1605)  [35]. It is an enzymatic test in microliter plate 
format for the quantitative determination of HIS in 
fresh fish, canned fish, fish meal. The test kit is sufficient 
for a maximum of 96 determinations (including stan‑
dards). Each test kit contains components as displayed 
in Table 1.

	 6	ISO 11290-1:2004. Microbiology of the food chain — Horizontal method 
for the detection and enumeration of Listeria monocytogenes and Listeria spp.
	 7	ISO 6888-1:2003. Microbiology of food and animal feeding stuffs  — 
Horizontal method for the enumeration of coagulase-positive staphylococci 
(Staphylococcus aureus and other species) — Technique using Baird-Parker 
agar medium.
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Table 1. Reagents and volumes used for HIS standard curve 
preparation

Component HIS 
concentration volume

Microtiter plate 96 wells
Buffer 15 mL

Standard 1 0 mg/L 1.3 mL
Standard 2 1 mg/L 1.3 mL
Standard 3 5 mg/L 1.3 mL
Standard 4 10 mg/L 1.3 mL
Standard 5 15 mg/L 1.3 mL
Standard 6 20 mg/L 1.3 mL

Enzyme solution 1 mL
Spiking solution 500 mg/L 3 mL

Catalase
Catalase to remove ascorbic acid 1 mL

Sample preparation: 5 g of the homogenized sample 
was placed in a 50 ml polypropylene screw cap vial and 
20 ml of distilled water was added. The vial was closed 
and shaken by using a Vortex device until the sample was 
evenly suspended. Then, the sample was heated in a boiling 
water bath at 100 °C for 20 minutes. Every 10 minutes, the 
vial was removed using protective gloves and shaken for 3 
seconds. After that, the vial was placed in an ice bath incu‑
bated (Bionics Scientific Technologies (P) Ltd, India) for at 
least 2 minutes to reach room temperature and was placed 
in a centrifuge (Hettich Universal 32R Centrifuge, Ger‑
many) for 10 minutes at a speed of not less than 2500 × g 
at a temperature of 4 °C. The lower layer was withdrawn 
carefully with a pipette and delivered to a new vial. After 
that, the new vial contents were filtered and centrifuged 
again and 100 µL of the undiluted clear extract was used 
per well. The extracted sample was stable at room tempera‑
ture (20–25 °C) for 2 h. Analysis steps: Using a multi-step‑
per (815, Socorex, Switzerland), 150 µL of buffer was added 
to the wells and the plate was shaken manually for 3 sec. 
100 µL of standards, controls, or samples was added to sep‑
arate wells in duplicate. Thereafter, the plate was carefully 
shaken manually for 3 seconds. After 3 min., the absorp‑
tion (A1) was measured at 450 nm using a Microtiter plate 
spectrophotometer (ELx808, BioTek Instruments, USA). 
Then, 10 µL of the blue-dyed enzyme solution was added 
to each well using a multi-stepper. The plate was then care‑
fully shaken manually for 3 seconds. After 10 minutes, the 
absorbance (A₂) was measured at 450 nm. The HIS con‑
centration was calculated according to the manufacturer’s 
instructions.

Statistical analysis
The experiment was conducted using a Complete Ran‑

domized Design (CRD). Analysis of variance and statistical 
tests were performed to study the effects of storage temper‑
ature, storage time, and their interaction, utilizing the Sta‑
tistical Analysis System (SAS‑2002) program. The results 
obtained were expressed as means with standard deviation 
(±SD). Duncan's multiple range test was used to determine 
the significance of differences between the means of dif‑

ferent treatments at a probability level of ≤ 0.01. Microsoft 
Excel 2010 was used to prepare tables and graphs.

Results and discussion
Fish can carry bacteria from the environment natu‑

rally or as a result of contamination due to improper han‑
dling, processing, storage, distribution, or preparation 
for consumption. However, under carefully controlled 
conditions at processing, commercially canned fish is 
safe  [36]. ABC reflects bacterial contamination and give 
an indicator of the application of hygiene standards in 
the factory  [37]. As shown in Table 2, the results of this 
study reveal that aerobic bacteria were not detected at zero 
time in the three trials. On the contrary, the number of 
microorganisms exceeded the maximum limit in a study 
carried out by Alhafeth et al.  [36], where the average to‑
tal number of bacteria in 20  samples of canned fish was 
23.25 × 107 ± 3.42 × 107 CFU/g.

During storage at 4 °C, the highest ABC (3.2 log CFU/g) 
was found after 48 h, i. e., on the third day of the storage 
period. Then, ABC decreased to 0.5 log CFU/g after 120 h, 
i. e., on the sixth day of the storage period, and was not de‑
tected after 168 h, i. e., on the seventh day of storage. Low-
temperature storage slowed down the growth of ABC. The 
results of the statistical analysis showed a significant effect 
(P ≤ 0.01) of temperature and storage time on the ABC. The 
ABC in all samples during storage at 4 °C did not exceed 
the maximum level set by the International Commission 
on Microbiological Specifications for Foods (ICMSF) of 
1.0 × 106 CFU/g [38].

Canned tuna can be contaminated if consumers abuse 
the storage temperature after opening. The ABC increased 
gradually during the storage period at 28 °C and 31 °C, 
reaching the highest values of 6.09 and 6 log CFU/g, 
respectively, after 120 h and 96 h, i.  e., on the sixth and 
fifth days of the storage period. The highest ABC values 
at 28 °C and 31 °C reached the maximum level set by the 
ICMSF [38]. However, the tuna exhibited significant spoil‑
age signs and notable changes in its organoleptic charac‑
teristics, including smell and appearance, after 3 and 2 days 
at 28 °C and 31 °C, respectively.

Table 2. Aerobic bacteria count in canned tuna meat at different 
storage temperatures

Storage Time
Aerobic Bacteria Counts (log CFU/g ±SD)

4 °C 28 °C 31 °C
Zero time n.d. n.d. n.d.
After 6 h. n.d. 2.86 ± 0.13d 1.59 ± 0.14e

After 24 h. n.d. 1.54 ± 0.08ef 2.09 ± 0.12e
After 48 h. 3.2 ± 0.00d 2.75 ± 0.00d 5.09 ± 0.00b
After 72 h. 0.5 ± 0.70gh 5.07 ± 0.00b 5.03 ± 0.11b
After 96 h. 1 ± 0.00fg 6.08 ± 0.00a 6.0 ± 0.00a

After 120 h. 0.5 ± 0.70gh 6.09 ± 0.00a 6.0 ± 0.00a
After 168 h. n.d. 4.47 ± 0.02c 5.13 ± 0.00b

n.d. — not detected.
Means that share one letter within a column are not significantly different 
(p ≤ 0.01).
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Table 3 presents the results of the AnBC. Anaerobic 
bacteria were not detected at zero time in the three trials. 
This finding was not comparable to a study conducted by 
Alhafeth et al. [36], which reported that the mean AnBC 
of 20 samples of canned fish was 3.6 x 10³ CFU/g. In this 
study, after 48 h of storage at 4 °C, the AnBC recorded the 
highest count of 3.3 log CFU/g, which decreased to 1 log 
CFU/g by the end of storage. At 28 °C and 31 °C, the AnBC 
increased during storage, reaching 6.05 and 5.21 log CFU/g 
after 120 h and 168 h, respectively. According to statistical 
analysis, there was a significant difference in the effect of 
storage temperature at 4 °C on AnBC compared with 28 °C 
and 31 °C, while there was no significant difference between 
28 °C and 31 °C (p ≤ 0.01). In addition, there was a signifi‑
cant effect (p ≤ 0.01) of the storage time on the AnBC.

Table 3. Anaerobic bacteria count in canned tuna meat 
at different storage temperatures

Storage time
Anaerobic Bacteria Count (log CFU/g) ±SD

4 °C 28 °C 31 °C
Zero time n.d. n.d. n.d.
After 6 h. n.d. 2.56± 0.10de 1.82± 0.04fg

After 24 h. n.d. 2.22± 0.86ef 1.98± 0.18ef

After 48 h. 3.3± 0.04d 2.98± 0.02d 5.08± 0.02b

After 72 h. 0.65± 0.91hj 4.08±0.01c 4.52± 0.08bc

After 96 h. 1.15± 0.21gh 5.09±0.00b 5.14±0.00b

After 120 h. 1.24± 0.33gh 6.05±0.01a 5.19±0.00b

After 168 h. 1± 0.00h 4.33±0.04c 5.21±0.00b

n.d. — not detected.
Means that share one letter within a column are not significantly different 
(p ≤ 0.01).

The growth of pathogenic bacteria leads to economic 
losses, as products are excluded if they are not compliant 
with regulations, and if these products reach consumers, 
they can cause FBDs [17]. Proper handling, preparation, and 
processing steps lead to the safety of canned tuna. Table 4 
shows that the pathogenic bacteria considered in this study, 
including coliform count, E. coli, S. aureus, L. monocytogenes, 

and Salmonella spp., were not detected. Thus, the results 
correspond with the Libyan Standard [39], which states that 
canned tuna should be free from pathogenic bacteria and/or 
their toxins. The absence of pathogenic bacteria in the stud‑
ied canned tuna may be attributed to good manufacturing 
practices and good hygiene practices, as well as operators' 
care about the tuna source and contracting with reliable sup‑
pliers. Moreover, the absence of pathogenic bacteria in the 
studied samples may reflect the characteristics of the fish en‑
vironment [40]. On the contrary, Dhinesh et al. [2] reported 
the presence of various pathogenic bacteria such as E. coli, 
S. aureus, Salmonella spp., Vibrio spp., and Listeria spp. in 
canned tuna meat of different brands.

The consumption of canned tuna can cause FBDs due 
to the activity of pathogenic bacteria, including HIS‑pro‑
ducing bacteria [41]. Since the HIS is a thermostable com‑
pound, cooking, smoking, or freezing will not eliminate it 
when forming. Thus, keeping the HIS at low levels from 
capture to consumption is an important key to fish safe‑
ty  [24]. Table 5 reports the results of HIS concentration 
in canned tuna meat at different storage temperatures. All 
tuna meat samples in the three trials contained HIS rang‑
ing between 2.69 to 4.46 mg/kg at zero time, which was be‑
low the maximum limit of 100 mg/kg established by Libyan 
standard [39] and also below the safety level of 50 mg/kg 
established by the Food and Drug Administration  [42]. 
Because low temperatures inhibit the growth of HIS‑pro‑
ducing bacteria during fish processing  [21], keeping fish 
cool from the moment of capture until it is eaten serves 
as an essential step in lowering the incidence of HIS poi‑
soning. Furthermore, the use of food safety systems such 
as HAZARD ANALYSIS AND CRITICAL CONTROL 
POINT (HACCP) SYSTEM in the processing of canned 
tuna may be the reason for the low HIS contents in the 
samples under examination [43]. On the same line, in Lib‑
ya, a study of tuna sandwiches being sold to pupils and stu‑
dents determined HIS content in 19 tuna sandwiches col‑

Table 4. Pathogenic bacteria in canned tuna meat at different storage temperatures

Pathogenic bacteria Storage
temp.

Storage Time
Zero time After 6 h. After 24 h. After 48 h. After 72 h. After 96 h. After 120 h. After 186 h.

Coliform count
4 °C n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

28 °C n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
31 °C n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

E. coli
4 °C n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

28 °C n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
31 °C n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

S. aureus
4 °C n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

28 °C n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
31 °C n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

L. monocytogenes
4 °C n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

28 °C n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
31 °C n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Salmonella spp.
4 °C n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

28 °C n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
31 °C n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

n.d. — not detected.
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lected from food vendor premises in March and April, 2016. 
The HIS concentrations ranged between 0.52 to 4.85 mg/kg 
and were below the Libyan maximum permitted levels and 
FDA [44]. The HIS formation exhibited varying patterns at 
different temperatures, highlighting the significant impact 
of storage temperature on HIS production. After 24 hours, 
the greatest HIS concentrations in the present investigation 
were 3.53 mg/kg for samples kept at 4 °C and 9.58 mg/kg for 
samples kept at 28 °C. For the samples stored at 31 °C, the 
HIS increased with the storage. The results of the statistical 
analysis showed a significant effect (P ≤ 0.01) of temperature 
and storage time on the HIS. None exceeded the maximum 
limit established by the Libyan standard of 100 mg/kg [39] 
and FDA safety level of 50 mg/kg [42]. Although HIS levels 
were below the maximum limit, the tuna exhibited signifi‑
cant spoilage signs and notable changes in its organoleptic 
characteristics including smell and appearance after 3 and 
2 days at 28 and 31 °C, respectively. On the same line, Alta‑
fini et al. [45] found that no HIS formation was detected in 
tuna samples stored at room temperature for six days. How‑
ever, the tuna showed marked spoilage and changes in or‑
ganoleptic characteristics after five days. These results agree 
with findings by Lehane and Olley [46], who observed that 
decarboxylase-positive bacteria growing at refrigeration 
temperatures typically produce HIS in lower quantities than 
species that grow at warmer temperatures, making it less 
likely for toxic levels to be reached. In a similar study, Alta‑
fini et al. [45] found that storing canned tuna in sunflower 
oil, to which certain types of vegetables were added after 
opening, at 4 °C, 12 °C and 20 °C for 8 days, did not result 
in HIS formation in the samples collected daily during stor‑
age. Also, Kordiovská et al. [47] found that the HIS was not 
recorded in carp fish at 3 ± 2 °C during the 7-days storage 
period. The HIS concentration not significantly rising dur‑
ing storage may be attributed to the fact that the presence of 
carboxylase-positive bacteria is necessary for HIS formation 
and that temperature alone is not sufficient to stimulate this 

process [45]. Furthermore, the low HIS concentrations dur‑
ing storage may be attributed to the brine used as a filling 
medium in tested tuna that prevents the growth of HIS [48]. 
In addition, it was reported that among the factors that affect 
the HIS formation is a salt concentration [49,50].

Table 5. HIS concentration in canned tuna meat at different 
storage temperatures

Storage time
HIS concentration mg/kg ± SD

4 °C 28 °C 31 °C
Zero time 2.69 ± 0.12k 4.46 ± 0.06fgh 4.03 ± 0.26fghj

After 6 hours 2.85 ± 0.37k 4.61 ± 0.49fg 4.24 ± 0.21fgh

After 24 hours 3.53 ± 0.35ghjk 9.58 ± 0.72d 3.58 ± 0.20ghjk

After 48 hours 3.14±0.18jk 6.26 ± 0.05e 4.24 ± 0.06fghj

After 72 hours 2.80 ± 0.18k 4.9 ± 0.05f 7.31±0.05e

After 96 hours 2.39 ± 0.22k 4.62 ± 0.20fg 11.53±0.75c

After 120 hours 2.89 ± 0.67k 4.40 ± 0.13fgh 21.35±1.67b

After 168 hours 3.38 ± 0.34hjk 4.44 ± 0.13fgh 28.24±1.22a

Means that share one letter within a column are not significantly different 
(p ≤ 0.01).

Conclusion
Prioritizing proper storage is the key to ensuring the 

safety of the canned tuna meat. Storage at a refrigera‑
tion temperature of 4 °C effectively suppressed microbial 
growth and HIS formation. The storage of canned tuna 
meat at 28 °C and 31 °C provided a suitable environment 
for microbial growth and accelerated the process of HIS 
formation, resulting in higher HIS levels, although the 
concentration did not exceed the maximum level estab‑
lished in the Libyan standard. Thus, fish should be stored 
at temperatures of 4 °C or below to maintain the safety of 
the tuna. Consumers should be aware of the proper storage 
of canned tuna after the opening. Depending on the results 
of this study, it is recommended to conduct broader studies 
on the safety of canned tuna comparing locally manufac‑
tured brands and on the extent, to which the filling me‑
dium affects the safety of canned tuna.

REFERENCES
1.	 Kawamoto, T. (2022). A challenge to estimate global canned 

tuna demand and its impact on future tuna resource man‑
agement using the gamma model. Marine Policy, 139, Ar
ticle 105016. https://doi.org/10.1016/j.marpol.2022.105016

2.	 Dhinesh, P., Harikrishnan, S., Kartick, A., Parivallal, M., Ra‑
manathan, T., Jayalakshmi, S. (2021). Microbial pathogens in 
canned fish collected from Tamil Nadu. International Jour­
nal of Advanced Research in Biological Sciences, 8(9), 23–29. 
https://doi.org/10.22192/ijarbs.2021.08.09.004

3.	 El-Lahamy, A. A., Mohamed, H. R. (2020). Changes in 
fish quality during canning process and storage period 
of canned fish products. Journal of Nutritional Dietetics 
and Probiotics, 3(1), Article 2020. https://doi.org/10.33552/
GJNFS.2020.03.000553

4.	 Debeer, J., Nolte, F., Lord, C. W., Colley, J., Gonzalez, G. C., 
Cox, J. et al. (2021). Processing tuna, scombridae, for canning: 
A review. Marine Fisheries Review, 83(3–4), 1–44. https://doi.
org/10.7755/MFR.83.3-4.1

5.	 Wang, X. Y., Xie, J., Chen, X. J. (2021). Differences in lipid 
composition of bigeye tuna (Thunnus obesus) during stor‑
age at 0 °C and 4 °C. Food Research International, 143, Ar
ticle 110233. https://doi.org/10.1016/j.foodres.2021.110233

6.	 Aberoum, A., Baesi, F. (2023). The nutritional quality and 
contents of heavy elements due to thermal processing and 
storage in canned Thunnus tonggol fish change compared 
to fresh fish. Food Science and Nutrition, 11(6), 3588–3600. 
https://doi.org/10.1002/fsn3.3348

7.	 Sampels, S. (2015). The effects of storage and preservation 
technologies on the quality of fish products: A review. Jour­
nal of Food Processing and Preservation, 39(6), 1206–1215. 
https://doi.org/10.1111/jfpp.12337

8.	 Sánchez-Parra, M., Ordóñez-Díaz, J. L., Pérez-Aparicio, J., 
Moreno-Rojas, J. M. (2023). Physicochemical and microbio‑
logical changes associated with processing in dry-cured tuna. 
Applied Sciences, 13(10), Article 5900. https://doi.org/10.3390/
app13105900



209

Abuhlega et al. THEORY AND PRACTICE OF MEAT PROCESSING, 2025, vol. 10, no. 3, pp. 202–210

9.	 Nagy, N., Kirrella, G. A., Moustafa, N. Y., Abdallah, R. (2023). 
Quality assessment of some imported and local canned tuna 
sold in Kafrelsheikh, Egypt. Journal of Advanced Veterinary 
Research, 13(3), 377–383.

10.	 Ariño, A., Beltrán, J.A., Herrera, A., Roncalés, P. (2013). Fish 
and seafood: Nutritional value. Chapter in a book: Encyclo‑
pedia of human nutrition. Elsevier/Academic Press, 2013.

11.	 Tahiluddin, A. B., Maribao, I. P., Amlani, M. Q., Sarri, J. H. 
(2022). A review on spoilage microorganisms in fresh and 
processed aquatic food products. Food Bulletin, 1(1), 21–36. 
https://doi.org/10.29329/foodb.2022.495.05

12.	 Tavares, J., Martins, A., Fidalgo, L. G., Lima, V., Amaral, R. A., 
Pinto, C. A. et al. (2021). Fresh fish degradation and advances 
in preservation using physical emerging technologies. Foods, 
10(4), Article 780. https://doi.org/10.3390/foods10040780

13.	 He, Y., Wang, J., Zhang, R., Chen, L., Zhang, H., Qi, X. et al. 
(2023). Epidemiology of foodborne diseases caused by Sal­
monella in Zhejiang Province, China, between 2010 and 2021. 
Frontiers in Public Health, 11, Article 1127925. https://doi.
org/10.3389/fpubh.2023.1127925

14.	 Reta, M. A., Lemma, M. T., Gemeda, A. A., Lemlem, G. 
A. (2021). Food handling practices and associated factors 
among food handlers working in public food and drink ser‑
vice establishments in Woldia town, Northeast Ethiopia. 
Pan African Medical Journal, 40(1), Article 128. https://doi.
org/10.11604/pamj.2021.40.128.19757

15.	 Elbehiry, A., Abalkhail, A., Marzouk, E., Elmanssury, A. E., 
Almuzaini, A. M., Alfheeaid, H. et al. (2023). An overview 
of the public health challenges in diagnosing and controlling 
human foodborne pathogens. Vaccines, 11(4), Article 725. 
https://doi.org/10.3390/vaccines11040725

16.	 Gizaw, Z. (2019). Public health risks related to food safety is‑
sues in the food market: A systematic literature review. En­
vironmental Health and Preventive Medicine, 24, Article 68. 
https://doi.org/10.1186/s12199-019-0825-5

17.	 Ogur, S. (2022). Pathogenic bacteria load and safety of retail 
marine fish. Brazilian Journal of Biology, 82, Article e262735. 
https://doi.org/10.1590/1519-6984.262735

18.	 Feldhusen, F. (2000). The role of seafood in bacterialfood‑
borne diseases. Microbes and Infection, 2(13), 1651–1660. 
https://doi.org/10.1016/S1286-4579(00)01321-6

19.	 Tesso, M. W., Deti, M., Jemal, T., Dadi, D., Gure, A., Nasir, 
D. et al. (2025). Food hygiene practices and associated fac‑
tors among food handlers in food establishments of Jimma 
City, Southwest Ethiopia. PLoS One, 20(5), Article e0321222. 
https://doi.org/10.1371/journal.pone.0321222

20.	Gargiulo, A. H., Duarte, S. G., Campos, G. Z., Landgraf, M. L., 
Franco, B. D. G.M., Pinto, U. M. (2022). Food safety issues re‑
lated to eating in and eating out. Microorganisms, 10(11), Ar
ticle 2118. https://doi.org/10.3390/microorganisms10112118

21.	 Visciano, P., Schirone, M., Paparella, A. (2020). An over‑
view of histamine and other biogenic amines in fish and fish 
products. Foods, 9(12), Article 1795. https://doi.org/10.3390/
foods9121795

22.	Arulkumar, A., Paramithiotis, S., Paramasivam, S. (2023). 
Biogenic amines in fresh fish and fishery products and 
emerging control. Aquaculture and Fisheries, 8(4), 431–450. 
https://doi.org/10.1016/j.aaf.2021.02.001

23.	Shalaby, A. R. (1996). Significance of biogenic amines to food 
safety and human health. Food Research International, 29(7), 
675–690. https://doi.org/10.1016/S0963-9969(96)00066-X

24.	Abuhlega, A. T., Ali, R. M. (2022). Biogenic amines in fish: 
Prevention and reduction. Journal of Food Processing and 
Preservation, 46(10), Article e16883. https://doi.org/10.1111/
jfpp.16883

25.	Oktariani, A. F., Ramona, Y., Sudaryatma, P. E., Dewi, I. A. M. M., 
Shetty, K. (2022). Role of marine bacterial contaminants in 

histamine formation in seafood products: A review. Micro­
organisms, 10(6), Article 1197. https://doi.org/10.3390/micro‑
organisms10061197

26.	Madejska, A., Pawul-Gruba, M., Osek, J. (2022). Hista‑
mine content in selected production stages of fish products. 
Journal of Veterinary Research, 66(4), 599–604. https://doi.
org/10.3390/10.2478/jvetres‑2022-0063

27.	Sato, T., Fujii, T., Masuda, T., Okuzumi, M. (1994). Chang‑
es in numbers of histamine — metabolic bacteria and hista‑
mine content during storage of common mackerel. Fisheries 
Science, 60(3), 299–302. https://doi.org/10.2331/fishsci.60.299

28.	Qu, Y., Wang, J., Liu, Z., Wang, X., Zhou, H. (2022). Effect of 
storage temperature and time on biogenic amines in canned 
seafood. Foods, 11(18), Article 2743. https://doi.org/10.3390/
foods11182743

29.	Guo, X., Dai, Z., Zhang, W. (2022). Pollution, exposure and 
risk of biogenic amines in canned sea fish: Classification of 
analytical methods based on carbon spheres QuEChERS 
extraction combined with HPLC. Molecules, 27(19), Ar
ticle 6243. https://doi.org/10.3390/molecules27196243

30.	Harmoko, H., Kartasasmita, R. E., Munawar, H., Rakhmawa‑
ti, A., Budiawan, B. (2022). Determination of histamine in 
different compositions of commercially canned fish in In‑
donesia by modified QuEChERS and LC–MS/MS. Jour­
nal of Food Composition and Analysis, 105, Article 104256. 
https://doi.org/10.1016/j.jfca.2021.104256

31.	 Crobu, L., Mudadu, A. G., Melillo, R., Pais, G. L., Meloni, D. 
(2021). Qualitative determination of histamine in canned yel‑
lowfin tuna (Thunnus albacares) marketed in Sardinia (Italy) 
by rapid screening methods. Italian Journal of Food Safety, 
10(2), Article 9379. https://doi.org/10.4081/ijfs.2021.9379

32.	Pawul-Gruba, M., Osek, J. (2021). Identification of hista‑
mine in fish and fish products in Poland during 2014–2018. 
Journal of Veterinary Research, 65(4), 483–486. https://doi.
org/10.2478/jvetres‑2021-0066

33.	Kung, H.-F., Wang, T.-Y., Huang, Y.-R., Lin, C.-S., Wu, W.-S., 
Lin, C.-M. et al. (2009). Isolation and identification of HIS in 
tuna sandwiches. Food Control, 20(11), 1013–1017. https://doi.
org/10.1016/j.foodcont.2008.12.001

34.	Abuhlega, T, Hassan, T. (2017). Consumption trend of canned 
fish in a sample of pupils/ students of basic and secondary ed‑
ucation in Tripoli, Libya. Arab Journal of Food and Nutrition, 
17(39), 79–91. (In Arabic)

35.	Lacorn, M., Garrido, G., Reck, B., Sutterlüti, M., Lindeke, S., 
Meinhardt, P. (2019). Validation of the R-Biopharm AG RI‑
DASCREEN® histamine (enzymatic) kit: AOAC performance 
tested methodsSM 031901. Journal of AOAC International, 
102(5), 1472–1491. https://doi.org/10.1093/jaoac/102.5.1472

36.	Alhafeth, E. A., Ali, E., Othmun, R. M. (2008). Microbial 
evaluation of canned meat. AL-Qadisiyah Journal of Veteri­
nary Medicine Sciences, 7(1), 10–13.

37.	Møretrø, T., Normann, M. A., Sæbø, H. R., Langsrud, S. 
(2019). Evaluation of ATP bioluminescence‐based meth‑
ods for hygienic assessment in fish industry. Journal of Ap­
plied Microbiology, 127(1), 186–195. https://doi.org/10.1111/
jam.14292

38.	ICMSF (1979). Microorganisms in foods. Sampling for mi‑
crobiological analysis: Principles and scientific applications. 
University of Toronto Press, London, 1979.

39.	LNCSM (2006). Libyan standard No. (5) for canned tuna and 
bonito. Libyan National Centre for Standardization and Me‑
trology.

40.	Luqman, M., Hassan, H. U., Ghaffar, R. A., Bilal, M., Kan‑
wal, R., Raza, M. A. et al. (2024). Post-harvest bacterial con‑
tamination of fish, their assessment and control strategies. 
Brazilian Journal of Biology, 84, Article e282002. https://doi.
org/10.1590/1519-6984.282002



210

Abuhlega et al. THEORY AND PRACTICE OF MEAT PROCESSING, 2025, vol. 10, no. 3, pp. 202–210

41.	 Gadoin, E., Desnues, C., Bouvier, T., d'Orbcastel, E. R., Au‑
guet, J.-C., Crochemore, S. et al. (2022). Tracking spoilage bac‑
teria in the tuna microbiome. FEMS Microbiology Ecology, 
98(10), Article fiac110. https://doi.org/10.1093/femsec/fiac110

42.	Sánchez-Parra, M., Pierna, J. A. F., Baeten, V., Muñoz-Re‑
dondo, J. M., Ordóñez-Díaz, J. L., Moreno-Rojas, J. M. 
(2024). Rapid screening of tuna samples for food safety is‑
sues related to histamine content using fourier-transform 
mid-infrared (FT-MIR) and chemometrics. Journal of Food 
Engineering, 379, Article 112129. https://doi.org/10.1016/j.
jfoodeng.2024.112129

43.	Peivasteh-Roudsari, L., Rahmani, A., Shariatifar, N., Tajdar-
Oranj, B., Mazaheri, M., Sadighara, P. et al. (2020). Occurrence 
of histamine in canned fish samples (Tuna, Sardine, Kilka, and 
Mackerel) from markets in Tehran. Journal of Food Protection, 
83(1), 136–141. https://doi.org/10.4315/0362-028X.JFP‑19-288

44.	Hassan, T. M., Abuhlega, T. A., Lawila, A. F., Alkekli, S. R. 
(2017). Histamine in tuna sandwiches and hygienic status 
of some school food vendor premises in Tripoli city, Libya. 
Journal of Medical and Pharmaceutical Sciences, 1(2), 33–41. 
https://doi.org/10.26389/AJSRP.T110617

45.	Altafini, A., Roncada, P., Guerrini, A., Sonfack, G. M., Ac‑
curso, D., Caprai, E. (2022). Development of histamine in 
fresh and canned tuna steaks stored under different experi‑

mental temperature conditions. Foods, 11(24), Article 4034. 
https://doi.org/10.3390/foods11244034

46.	Lehane, L., Olley, J. (2000). Histamine fish poisoning revisit‑
ed. International Journal of Food Microbiology, 58(1–2), 1–37. 
https://doi.org/10.1016/S0168-1605(00)00296-8

47.	Kordiovská, P., Vorlová, L., Borkovcová, I., Karpiskova, R., 
Buchtová, H., Svobodová, Z. et al. (2006). The dynamics of 
biogenic amine formation in muscle tissue of carp (Cypri­
nus carpio). Czech Journal of Animal Science, 51(6), 262–270. 
https://doi.org/10.17221/3938-CJAS

48.	Koral, S., Tufan, B., Ščavničar, A., Kočar, D., Pompe, M., Köse, 
S. (2013). Investigation of the contents of biogenic amines 
and some food safety parameters of various commercially 
salted fish products. Food Control, 32(2), 597–606. http://doi.
org/10.1016/j.foodcont.2013.01.043

49.	FAO/WHO. (2012). Public Health Risks of Histamine and oth‑
er Biogenic Amines from Fish and Fishery Products. Meet‑
ing report. Retrieved from https://iris.who.int/bitstream/han‑
dle/10665/89216/9789240691919_eng.pdf Accessed December 
20, 2024.

50.	Suzzi, G., Gardini, F. (2003). Biogenic amines in dry fermented 
sausages: A review. International Journal of Food Microbiolo­
gy, 88(1), 41–54. https://doi.org/10.1016/S0168-1605(03)00080-1

AUTHOR INFORMATION

Thuraya A. Abuhlega, PhD, Associate Professor in Fish Technology, Food Sciences and Technology Department,  
Faculty of Agriculture, University of Tripoli, University Neighborhood, Tripoli, Libya. E‑mail: t.abuhlega@uot.edu.ly
ORCID: https://orcid.org/0000-0002-0264-8594
* corresponding author

Fathia G. Shakhtour, PhD, Lecturer in Food Biochemistry, Food Sciences and Technology Department, Faculty of Agriculture, 
University of Tripoli, University Neighborhood, Tripoli, Libya. E‑mail: f.Shakhtour@uot.edu.ly
ORCID: https://orcid.org/0009-0005-3523-3079

Rayan A. Elsharif, Bachelor in Food Sciences and Technology, Food Sciences and Technology Department,  
Faculty of Agriculture, University of Tripoli, University Neighborhood, Tripoli, Libya. E‑mail: ra.elsharif@uot.edu.ly
ORCID: https://orcid.org/0009-0001-5732-3973

Ali A. Ghania, Bachelor in Food Sciences and Technology, Chemistry Unit, Food and Drug Control Center, Alahli Club Road, 
Tripoli Branch, Libya. E‑mail: ali2005_libya@yahoo.com
ORCID: https://orcid.org/0009-0005-4592-990X

Amina E. Alosta, Bachelor in Food Sciences and Technology, Analysis and Compliance Department, Food and Drug Control 
Center, Alahli Club Road, Tripoli Branch, Libya. E‑mail: aminaelhadialosta@gmail.com
ORCID: https://orcid.org/0009-0004-1426-1057

Mahmoud A. Khalleefah, Bachelor in Food Sciences and Technology, Mycotoxins Unit, Food and Drug Control Center, Alahli 
Club Road, Tripoli Branch, Libya. E‑mail: Zaq19771977@gmail.com
ORCID: https://orcid.org/0009-0006-0022-4022

All authors bear responsibility for the work and presented data.

All authors made an equal contribution to the work.

The authors were equally involved in writing the manuscript and bear the equal responsibility for plagiarism.

The authors declare no conflict of interest.


