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Introduction
Seafood is a globally popular food because it is rich in 
protein content and affordable price (Muhammad et al., 
2020). It remains one of the most cost-effective sources 
of protein. Moreover, the muscles of fish contain a 
wide range of essential nutrients necessary for human 
health (Sarker et al., 2021). Raw or undercooked 
seafood exposes humans to many types of bacterial 
pathogens (Novoslavskij et al., 2016; Mumbo et al., 
2023). Most bacteria associated with fish are native 
to aquatic environments and survive independently 
from their hosts (Abodaia et al., 2020). Fish can 
harbor pathogenic bacteria. These bacteria can enter 
fish via various pathways, such as during cooking, 
improper handling, poor preservation, and inadequate 
sanitation. In addition, fish caught in polluted marine 

environments contaminated with hazardous heavy 
metals and chemicals can have harmful impacts on 
public health when consumed (Elsharif et al., 2018). 
Heavy metals such as cadmium, lead, and mercury can 
accumulate in fish tissues and transfer to the human 
body, leading to serious health damage (Nyarko et 
al., 2023). In addition, chemical contamination can 
enhance the growth of harmful algae, increasing the 
risk of foodborne diseases (Abera and Adimas, 2024). 
Pathogenic bacteria can colonize the gills and skin 
of fish due to ongoing exposure to polluted marine 
environments, whereas the digestive tract can become 
infected via exposure to polluted water or contaminated 
feed. In healthy fish, the internal organs and muscles 
remain sterile (Novoslavskij et al., 2016). On the other 
hand, the detection of bacteria in fish often serves 
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as an indicator of the state and health of the marine 
environment. Bacterial analysis is commonly used 
as an environmental indicator of pollution levels 
(Novoslavskij et al., 2016). 
One significant concern with eating raw or undercooked 
seafood is the potential presence of foodborne 
pathogens in aquatic environments (Abodaia et al., 
2020; Muhammad et al., 2020). The microbial quality 
of seafood is a significant public health concern 
worldwide. Globally, foodborne illnesses due to 
bacterial contamination cause more than 600 million 
cases annually, with 420000 resulting in fatalities 
(Muhammad et al., 2020; Mumbo et al., 2023). Listeria 
monocytogenes, salmonella, Yersinia, campylobacter, 
and Escherichia coli, as identified by the European 
Food Safety Authority, play a major role in causing 
global foodborne outbreaks (Authority et al., 2015). 
They are responsible for the development of foodborne 
diseases in humans (Mumbo et al., 2023). Globally, the 
consumption of frozen fish has increased (Eldaly et al., 
2015). Freezing of fish can destroy some bacteria, but 
sometimes other species, such as Aeromonas spp, E. 
coli, Vibrio spp, and Clostridium botulinum (Ob et al., 
2012), remain alive and proliferate again when the fish 
is thawed (Eze et al., 2011). Many studies have reported 
that the types and quantity of foodborne pathogenic 
bacteria present in frozen fish depend on many factors, 
such as the environment in which fish live, the source 
of the fish, contamination on the fishing boat, freezing 
conditions during storage, or contamination handlers of 
anglers and sellers in markets (Eze et al., 2011; Sheng 
and Wang, 2021). 
Widespread antimicrobial drug use in healthcare and 
agriculture has led to a significant increase in the 
proliferation of antibiotic resistance in the environment 
(Zanetti et al., 2001; Abodaia et al., 2020). Moreover, 
fish have the potential to contribute to the dissemination 
of antibiotic resistance genes to various bacterial 
species via horizontal gene transfer, which poses a 
potential risk to human health (Mumbo et al., 2023). 
In Libya, coastal waters are the primary pollutant 
source, particularly untreated urban wastewater. This 
contamination may contribute to the persistence and 
spread of foodborne pathogens in fish. In addition, 
there is a lake where comprehensive research has been 
conducted on the presence of foodborne pathogens 
in imported frozen fish in Libya. The present study 
contributes to the growing database of bacterial 
contamination in seafood, particularly in the context of 
North Africa. Therefore, the objectives of the present 
study were to isolate and identify the human pathogenic 
foodborne bacteria from fresh and imported frozen chub 
mackerel (Scomber japonicus) samples sold in Libya. 
Also, to detect the antibiotic susceptibility patterns of 
the isolated bacteria and compare the prevalence of the 
isolated bacteria and their antibiotic resistance profiles 
between fresh and imported frozen chub mackerel fish. 

Materials and Methods
Fish sampling
A total of 60 samples were randomly collected in the 
mornings (between 7 am and 9 am) from 30 fresh fish 
of chub mackerel (Scomber japonicus) from the angler 
on the boat after catching and 30 imported frozen fish 
collected from Bab-Albahr market in Tripoli, Libya, 
throughout the period from March to August 2024. In 
the present study, random sampling was adopted as a 
practical strategy to ensure an unbiased selection of 
Scomber japonicus samples. Fish samples were kept 
on crushed ice in an isothermal box and transferred to 
the Laboratory of Microbiology, Faculty of Pharmacy, 
University of Tripoli, Tripoli, Libya.
Sample processing and bacterial isolation
Fish were flushed with 70% ethanol to eliminate 
any external contaminants prior to bacteriological 
examination. The muscles of the fish were cut into 
small pieces using sterile scissors. Sample preparation 
of all fish bodies was performed using the method 
described by Elsharif et al. (2018). Approximately 
10 g of the fish sample was obtained from the head, 
middle, and tail regions by cutting with a sterile knife. 
The cut samples were crushed into small pieces using 
a sterile mortar with approximately 10 ml of sterile 
water. From the crushed sample, 1-ml aliquot volume 
was measured and homogenized in a clean, dry sterile 
beaker containing 9 ml of distilled water, yielding a 
1:10 dilution. 
Isolation of bacterial species
Two loops from each sample were suspended in two 
tubes of a nutrient broth and alkaline peptone water and 
then incubated at 37°C for 24 hours. A loop full from 
each suspension of a nutrient broth was inoculated 
onto plates of MacConkey and Nutrient agar to isolate 
members of Enterobacteriaceae and other gram-
negative bacilli. The loop full of the suspension of 
alkaline peptone water was inoculated onto plates of 
TCBS agar (Thiosulfate Citrate Bile Salts Sucrose 
Agar) to isolate Vibrio bacteria. All dishes were 
incubated in the incubator at 37°C for 24 hours.
Biochemical identification of isolated bacteria
The isolated bacteria were identified by gram staining 
of different types of culture. Biochemical tests are also 
important for the identification of E. coli, the oxidase 
test for Vibrio spp, and the TSI test to differentiate 
Enterobacteriaceae. According to previous tests, the 
API 20E was incubated at 37°C for 18–24 hours. 
The API 20E is a standard procedure for identifying 
Enterobacteriaceae and other gram-negative rod 
bacteria using 23 miniaturized biochemical tests and 
a database. The device consists of 20 microtubes 
containing dehydrated substrate, which were inoculated 
with a bacterial suspension that reconstitutes the media. 
Color changes during incubation that were either 
spontaneous or revealed by the addition of a reagent. 
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Antibiotic sensitivity test
The susceptibility of the isolated bacteria to 
antimicrobial agents was determined by (Kirby-Bauer 
technique). Each bacterial strain was suspended in 
sterile normal saline (0.85%) to a turbidity level 
matching that of the 0.5 McFarland turbidity standard. 
Muller–Hinton agar plates were surface swabbed with 
tested bacteria, and then the selected antibiotic disks 
were dispensed onto the inoculated agar surface. The 
plates were then incubated at 37°C for 18–24 hours. 
After overnight incubation, the bacterial growth around 
each disk was observed, and the zone was then measured 
in millimeters. The tested isolates were characterized 
as sensitive, intermediate, or resistant based on the size 
of the inhibition zone around each disk, according to 
the guidelines of the Clinical and Laboratory Standards 
Institute. The results were interpreted in accordance 
with the standards of the Clinical and Laboratory 
Standards Institute. The antibiotics used in this study 
are listed in Table 1.

Results
Prevalence of gram-negative bacteria in fresh chub 
mackerel (Scomber japonicus) 
The study showed that the total number of bacterial 
isolates from 30 fresh samples was 53, and all the 
isolates were gram-negative bacteria. Two species 
were detected in 24 out of 30 samples (80%). The most 
frequently isolated organisms were Vibrio cholera 
(32%) followed by Proteus mirabilis (26.4%), Vibrio 
alginolyticus (22.6%), and E. coli. (18.8%) as shown 
in Figures 1 and 2. The bacteria isolated from Scomber 
japonicus are summarized in Table 2.
Antibiotic resistance pattern
All identified isolates were tested for susceptibility to 
various antibiotics according to guidelines set by CLSI. 
The antibiotic sensitivity patterns of the gram-negative 
bacteria isolated from fresh Scomber japonicus are 
summarized in Table 3. The antibiogram results of 
the tested isolates showed different resistance to eight 

types of antibiotics. The majority of V. cholera were 
resistant to amoxicillin, amoxicillin-clavulanic acid, 
and ceftriaxone, but less resistant to other antibiotics. 
Similarly, V. alginolyticus was found to be resistant 
to amoxicillin, amoxicillin-clavulanic acid, and 
ceftriaxone, while being less resistant to other tested 
antibiotics. However, both E. coli and P. mirabilis were 
resistant to all tested antibiotics, with the exception of 
levofloxacin, which was sensitive to antibiotics Figure 
3. 
Prevalence of gram-negative bacteria in imported 
frozen chub mackerel (Scomber japonicus)
The results showed that the total number of bacterial 
isolates from 30 samples was 26. The bacteria isolated 
from S. japonicus are summarized in Table 4 in which 
all the isolates identified as gram-negative bacteria. 
During the bacterial isolation from Scomber japonicus, 
two of the 23 fish samples (8.6%) tested positive for 
multiple bacterial species. The results revealed that 
76.6% (23/30) of S. japonicus samples yielded bacterial 
growth. The most frequently isolated organisms 
were E. coli (50%) followed by Citrobacter freundii 
(23.07%), Klebsiella pneumonia (15.3%), and finally 
V. alginolyticus (11.5%). 
Antibiotic resistance pattern
All identified isolates were tested for susceptibility to 
various antibiotics according to guidelines set by CLSI. 
The antibiotic sensitivity patterns of the gram-negative 
bacteria isolated from S. japonicus are summarized 
in Table 5. The antibiogram results of the tested 
isolates showed different resistance to eight types of 
antibiotics. The majority of isolates of E. coli were 
resistance to amoxicillin, amoxicillin-clavulanic acid, 
and erythromycin, but less resistant to other antibiotics. 
Similarly, higher resistance of V. alginolyticus has 
been reported against amoxicillin, amoxicillin-
clavulanic acid, and erythromycin, whereas they have 
the same resistance to tetracycline, chloramphenicol, 
levofloxacin, ceftriaxone, and imipenem. Both K. 
pneumonia and C. freundii were resistant to all tested 
antibiotics Figure 4. 

Discussion
Fish can host different types of foodborne pathogens 
within their bodies and on their surfaces. The load of 
foodborne pathogens in seafood products can result from 
the aquatic environment where the fish are harvested, 
hygienic conditions, storage, or transportation before 
freezing processes (Mmuoh, 2023). Seafood is a 
vital source of nutritional components for humans. 
Nevertheless, poorly handled and prepared fish can put 
consumers at risk of infection by foodborne pathogens 
(Abodaia et al., 2020). 
In this study, the total number of bacteria isolated 
from fresh chub mackerel fish was higher than that 
isolated from imported frozen chub mackerel fish (53 
vs. 26, respectively). This variation in the number of 
isolated bacteria between fresh and frozen fish could 

Table 1. Antibiotic discs and their concentrations were used 
in the study.

Antibiotic Abbreviation Concentration 
(µg/disc)

Amoxicillin AMX 10 µg
Amoxicillin- 
clavulanic acid

AMC 30 µg

Levofloxacin LEV 5 µg
Chloramphenicol C 30 µg
Tetracycline TET 30 µg
Erythromycin E 15 µg
ceftriaxone CRO 30 µg
Imipenem IMP 10 µg
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be attributed to the freezing, where the crystals of ice 
are located within fish tissues, leading to the destruction 
of bacterial cells. However, some bacterial cells may 
survive during the freezing process but remain inactive 
and unable to proliferate. In contrast, the bacterial cells 
in fresh fish remain alive and proliferate under favorable 
conditions that are suitable for their normal growth 
(Duarte et al., 2020). Similar results have been reported 
by Pohoroo and Ranghoo-Sanmukhiya (2017) who 
were found that the total bacterial count of frozen fish 
was lower than that of fresh fish due to the inhibitory 
effects of the freezing process on bacterial growth. 
On the contrary, El-Dengawy et al. (2017) found that 
the number of proteolytic bacteria increased over the 
storage period, particularly if the thawing process was 
performed incorrectly. Accordingly, this study supported 
the idea that freezing processes may reduce the overall 
bacterial load, resulting in frozen fish having better 
microbiological quality compared to fresh fish.

All foodborne pathogenic bacteria isolated from 
fresh chub mackerel fish were gram-negative. Upon 
isolation of bacteria from fish samples, we found that 
24 out of 30 fish contained two bacterial species. The 
most frequently occurring species were V. cholera 
(32%), P. mirabilis (26.4%), V. alginolyticus (22.6%), 
and E. coli (18.8%). The presence of high levels of 
Vibrio cholera could be a result of the contamination 
of the seawater of the Tripoli coast in which the fish 
live or from which they were harvested. These results 
were consistent with those reported by Abioye et al. 
(2023), who found V. cholera and V. mimicus to be 
significantly more abundant in seafood collected in 
South Africa. In contrast, conflicting results have been 
reported by Abodaia et al. (2020), who found that the 
most predominant species of isolated Vibrio from fresh 
finfish sold in Tripoli fish markets was V. fluvialis. 
The presence of P. mirabilis and E. coli isolates from 
fresh chub mackerel fish could be explained by fecal 

Fig. 1. (A) Indole test for the bacterial isolate. A positive result is indicated by the formation of a distinct red layer 
on the surface of the medium. (B) Oxidase test result for the bacterial isolate. A positive result is indicated by the 
development of a dark purple coloration. (C) Catalase test result for the bacterial isolate. A positive result is indicated 
by the appearance of gas bubbles.

A B

C
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contamination in the seawater of the Tripoli coast or 
by unsanitary practices during catching, handling, or 
transportation of fish.
The results in Table 3 revealed the antibiotic sensitivity 
pattern of the gram-negative bacteria isolated from 
fresh chub mackerel fish, which were found to have 
different resistance against commonly used antibiotics 
for treating various bacterial infections. These results 
indicate that the seawater on the Tripoli coast, where 
fish live, may be contaminated by the wastewater 
sewage of agriculture and industry into the marine 
environment. Similar results were reported by Bukha 
et al. (2023), who found that the isolated Vibrio spp. 
from fish were resistant to amoxicillin/clavulanate. In 
addition, the findings of this study agreed with those 
reported by Abodaia et al. (2020), who found that all 
Vibrio spp. showed high resistance to amoxicillin, 
amoxicillin/ clavulanic, oxytetracycline, cephalothin, 
cloxacillin, and vancomycin. 
In the current study, the results in Table 4 revealed 
the most frequent organisms isolated from imported 
frozen chub mackerel fish were E. coli (50%) followed 
by C. freundii (23.07%), K. pneumonia (15.3%), and 
V. alginolyticus (11.5%). The results illustrated that 
E. coli was the most frequently isolated isolate from 
frozen fish, whereas Vibrio spp. was the most frequently 
isolated from fresh fish. This difference could be 
attributed to the freezing process, which can create an 
extremely cold environment where most bacteria are 
unable to survive and grow. However, some bacteria, 
such as E. coli, can accommodate and remain alive 
but inactive during freezing processes. If the fish were 
exposed to fecal contamination before freezing, E. coli 
may remain in the frozen fish (Abioye et al., 2023). In 
contrast, Vibrio spp. is unable to survive under freezing 
conditions such as −20°C for a long time. Generally, 
freezing at −20°C is lethal for Vibrio spp (Al-Garadi et 
al., 2024). Therefore, it was expected to be present at 
higher percentages in fresh fish.
The antibiotic sensitivity pattern of the gram-negative 
bacteria isolated from fresh chub mackerel fish showed 
different resistance against commonly used antibiotics 

Fig. 2. Identification of the bacterial isolate using the API 
20E system. Various wells exhibited distinct color changes 
for isolates. 

Table 2. Number of gram-negative bacteria isolated from 
fresh fish samples (Scomber japonicas).

Gram-negative bacteria Number of isolates (%)
Vibrio cholera 17 (32%)
Vibrio alginolyticus 12 (22.6%)
Proteus mirabilis 14 (26.4%)
Escherichia coli 10 (18.8%)

Table 3. Antibiotic sensitivity of bacteria isolated from fresh fish.

No. (%) resistance
Antibiotic V. cholera, n = 17 V. alginolyticus, n = 12 P. mirabilis, n = 14 E. coli, n = 10
Levofloxacin 4 (23.5%) 4 (33.3%) 1 (7.1%) 0
Amoxicillin 11 (64.7%) 10 (83.3%) 13 (92.8%) 9 (90%)
Ceftriaxone 9 (52.9%) 9 (75%) 5 (35.7%) 4 (40%)
Erythromycin 3 (17.6%) 1 (8.3%) 13 (92.8%) 8 (80%)
Imipenem 2 (11.7%) 2 (16.6%) 7 (50%) 6 (60%)
Amoxicillin-clavulanic acid 8 (47.08%) 6 (50%) 10 (71.4%) 10 (100%)
Tetracycline 2 (11.7%) 5 (41.6%) 12 (85.7%) 8 (80%)
Chloramphenicol 3 (17.6%) 3 (25%) 11 (78.5%) 5 (50%)
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Table 5. The results were consistent with those reported 
by Elhadi (2016), where the findings showed the highest 
rates of antibiotic resistance patterns were observed in 
isolated E. coli from imported frozen fish. The multi-
drug-resistant pattern of isolated E. coli from frozen 
fish can lead to difficulties in treating patients and 
increase the risk of recurrent infection. In addition, C. 
freundii and K. pneumonia can cause failure in treating 
urinary and respiratory infections. The results of this 
study revealed that both types of the most isolated 
bacteria (Vibrio spp and E. coli) from fresh and frozen 
fish exhibited resistance to the β- lactam antibiotics. 
This may indicate a prevalent problem associated with 
antibiotic resistance. In addition, bacterial resistance to 
the β- lactam antibiotics may result from the widespread 
use of antibiotic drugs in aquaculture or the marine 
ecosystem, leading to the spread of antibiotic-resistant 
genes among various bacteria or during the processing 
stages of fish storage. 

Conclusion
The isolation of three human pathogenic bacteria, 
including Proteus, Vibrio, and E. coli, from fresh 
and frozen chub mackerel fish from the Tripoli coast 
indicated significant fecal contamination. This is 
likely due to the discharge of untreated sewage. 
Fish act as reservoirs of human pathogens, posing a 
potential health risk to consumers and causing illness 
in susceptible humans. This will help us understand 
the level of bacterial contamination in fresh fish and 
thus identify the most common species of bacteria. In 
addition, the isolation of these pathogens from imported 
frozen chub mackerel fish indicates that fish available 
in the fish markets of Tripoli may pose a public health 
threat. Furthermore, the presence of antibiotic-resistant 
bacteria in fresh and frozen fish further complicates the 
issue because it may hinder the effective treatment of 
infections. The current study provides essential insights 
into the bacterial profile and antibiotic resistance 

Table 4. Percentage of gram-negative bacteria isolated from 
imported frozen fish samples (Scomber japonicus).

Gram-negative bacteria Number of isolates (%)
Klebsiella  pneumonia 4 (15.3%)
Vibrio alginolyticus 3 (11.5%)
Citrobacter freundii 6 (23.07%)
Escherichia coli 13 (50%)

Table 5. Antibiotic sensitivity of bacteria isolated from imported frozen fish.

No. (%) resistance

Antibiotic E. coli 
n = 13

V. alginolyticus 
n = 3

Klebsiella 
pneumoniae, n = 4

Citrobacter freundi 
n = 6

Levofloxacin 2 (15.38%) 1 (33.3%) 1 (25%) 2 (33.3%)
Amoxicillin 5 (38.4%) 3 (100%) 3 (75%) 2 (33.3%)
Ceftriaxone 3 (23.07%) 1 (33.3%) 1 (25%) 3 (50%)
Erythromycin 6 (46.1%) 2 (66.6%) 2 (50%) 5 (83.3%)
Imipenem 2 (15.38%) 1 (33.3%) 2 (50%) 1 (16.6%)
Amoxicillin-clavulanic acid 8 (47.08%) 2 (66.6%) 3 (75%) 4 (66.6%)
Tetracycline 4 (30.7%) 1 (33.3%) 2 (50%) 3 (50%)
Chloramphenicol 4 (30.7%) 1 (33.3%) 3 (75%) 4 (66.6%)

Fig. 3. The antibiogram results showed varying resistance 
patterns among the tested isolates. Vibrio cholerae and 
Vibrio alginolyticus were highly resistant to amoxicillin, 
amoxicillin-clavulanic acid, and ceftriaxone but showed 
lower resistance to other antibiotics. Escherichia coli and 
Proteus mirabilis exhibited resistance to all tested antibiotics 
except levofloxacin, to which they remained sensitive.
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pattern of fresh and frozen Scomber japonicus fish in 
Tripoli, Libya, with significant consequences for food 
safety, environmental monitoring, and public health. 
To mitigate these public health risks, regular inspections 
and strict enforcement of regulations are imperative 
for fish markets and restaurants in Libya to ensure the 
quality and safety of seafood. 
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