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Abstract

he purpose of this study is to identify prevalence, serotypes, virulence-associated genes, and the

antimicrobial profile of Salmonella spp. in catfish, tilapia, and mullet fish sold in El-Beheira
governorate, Egypt. An additional innovation in Salmonella growth control was the use of acetic acid
and ascorbic acid. The present investigation's findings showed that 20% of the mullet, 35% of the
catfish, and 20% of the Nile tilapia tested samples were positive for Salmonella spp. Additionally, the
inva gene was present in 100% of the isolates, hila in 85.71%, and stn in 57.14% of the isolates,
according to the PCR results. Multidrug resistance profiling was clearly seen in the recovered
Salmonella isolates. Reductions of 30.4%, 54.3%, 21.7%, and 39.1% in Salmonella spp. were seen in
Oreochromis niloticus samples after using acetic acid 1% and 2% and ascorbic acid 1% and 2%,
respectively, due to their substantial inhibitory effects. The results show that Egyptian fishers do not
take enough precautions to ensure their hands are clean when working with fish. Thus, it is advised to
adhere to stringent hygiene protocols when fishing, processing, and distributing seafood in Egypt.

Keywords: Salmonella spp., catfish, tilapia, mullet, antimicrobial resistance, acetic acid, ascorbic
acid.

clothing), the exploitation of infected raw materials,
storage vessels, and equipment. Consequently, it is
vital to maintain a continual monitoring system for
the microbiological quality of fish sold at retail
outlets in Egypt.

Introduction

It is widely acknowledged that fish is an
indispensable source of several nutrients including
essential amino acids. The lack of red meat in Egypt

Salmonellosis is recognized as the second most
prevalent zoonotic disease in humans, resulting in

has a substantial impact on the country's current level
of food security. Based on the findings of Morshdy et
al. [1], fish can serve as an alternate source of animal
protein. This is especially true when considering the
fact that fish is considerably more affordable than
chicken and other types of meat.

Through strict adherence to cleanliness standards
throughout the entire process of catching, storing,
and processing fish, it is possible to reduce the risk of
microbial contamination. According to Aberle [2],
the primary causes of microbial contamination in fish
are the operator (including their hands, hair, and

gastrointestinal illness. Salmonella typhimurium and
Salmonella enteritidis are the principal etiological
agents of these illnesses [3]. Ingesting food
contaminated with Salmonella spp. can lead to non-
typhoidal salmonellosis (nts), a significant foodborne
infection that has recently attracted global attention.
Symptoms of Salmonella appear 12 to 36 hours
following the consumption of contaminated food (the
incubation period). The symptoms encompass fever,
intense diarrhea, nausea, vomiting, and abdominal
cramping [4]. The bacterium requires both virulence
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factors and antibiotic resistance to endure host
defenses [5].

Broad-spectrum R-lactams and fluoroquinolones
employed to eradicate Salmonella spp, including S.
typhimurium and S. kentucky, have become
ineffective against these strains of the pathogen [6].
Bacterial resistance tactics against antibiotics include
reduced cell permeability, target alteration or
substitution, and enzyme inactivation [7].

Antimicrobial-resistant  bacteria, such  as
Salmonella, have arisen due to the widespread
application of antibiotics in Egypt's farmed catfish
and tilapia [8]. Using natural antimicrobial
alternatives is an important way to avoid the
development of antibiotic resistance.

Natural preservatives are increasingly used to
maintain the quality and extend the shelf life of fish,
offering a safer and more eco-friendly alternative to
synthetic chemicals. These natural solutions not only
help in retaining the fish’s texture, flavor, and color
but also respond to consumer demand for cleaner,
more sustainable food preservation methods [9].
Przekwas et al. [10] asserted that vitamin C, known
as ascorbic acid, possesses antibacterial effects in
food systems. Research indicates that ascorbic acid
can diminish biofilms of foodborne pathogens, such
as staphylococcus aureus, Escherichia coli, and
listeria monocytogenes.

This study assessed the incidence rates of
Salmonella in Nile tilapia, mullet, and catfish sold in
El-Beheira governorate, Egypt. The disc diffusion
assay was employed to assess the antibiotic
resistance of the recovered Salmonella. Furthermore,
PCR was employed to detect virulence genes
including hila, stn, and inva. Furthermore, a
reduction attempt utilizing organic acids, specifically
acetic acid and ascorbic acid, was conducted.

Material and Methods

Samples collection

Sixty fish samples were collected randomly from
designated markets in the El-Beheira governorate,
Egypt. The samples included Clarias lazera (catfish),
Oreochromis niloticus (Nile tilapia), and Mugil
cephalus (twenty of each species). Prior to shipment
to the lab for microbiological analysis, each sample
was carefully conserved in a sterile plastic bag, with
the correct labels applied, and kept in an icebox.
Salmonella spp. were checked in all of the samples
that collected.

Sample preparation [11].

A pair of sterile shears and a pair of forceps were
used to extract the fins from the body. Using sterile
forceps, fish were grasped and carefully peeled off
all of its scales using a sterile knife. Using a heated
spatula, all parts of the body were sterilized. Twenty-
five grams of posterior neck muscles were aseptically

Egypt. J. Vet. Sci. Vol. 56, (Special issue) (2025)

transferred into a sterile homogenizer flask (MPW-
302 homogenizer, Poland) with two hundred twenty-
five milliliters of sterile water containing one percent
peptone, following the sterile surface's excision with
sterile scissors and forceps. To achieve a 1/10
dilution, the liquid was homogenized for 2.5 minutes
at 14,000 rpm. After that, it was let stand for around
5 minutes. The buffered peptone water incubated at
18h at 37 °C.

Salmonella species isolation and identification.

According to ISO [11], Salmonella spp. were
isolated and identified. Summarizing the procedure,
1 mL of each pre-enriched sample homogenate was
mixed with 9 mL of Rappaport Vassiliadis (Oxoid,
UK), a selective enrichment medium, and left to
incubate at 41.5 °C for 24 hours. After transferring a
small amount of the enriched culture onto a xylose
lysine deoxycholate (XLD) agar plate (Himedia,
India) it was left to incubate at 37°C for one day.
Following purification, colonies were subcultured
onto nutrient agar slopes and incubated at 37 °C for
24 hours if they had black cores or not. The isolated
colonies were identified using morphological,
biochemical, and serological methods.

Assessing the antibiotic sensitivity of Salmonella
strains

The antibiotic resistance of the obtained
Salmonella strains was evaluated using the disc
diffusion technique, as described before [12].
Oxford, United Kingdom-based Oxoid Limited
supplied the antimicrobial discs. Nutrient agar plates
were used to test the antibiotic susceptibility of
Salmonella species. Accordingly, the standards
established before [13] were followed for the
antimicrobial susceptibility tests. In addition, for
every Salmonella isolate examined, Singh et al. [14]
used an algorithm to determine the Multiple
Antibiotic Resistance (MAR) index, which is the
ratio of the number of antibiotics tested to the total
number of resistances found.

The antibiotics that are used are as follows:
ampicillin, cephalothin, chloramphenicol,
ciprofloxacin, enrofloxacin, erythromycin,
gentamicin, kanamycin, nalidixic acid, neomycin,
oxacillin, oxytetracycline, penicillin, and
trimethoprim/sulfamethoxazole.

Molecular Characterization of Salmonella virulence
genes:

Genomic DNA extraction:

The Rappaport Vassiliadis broth that have been
incubated overnight was spun at 13000 rpm for 2
minutes at 4°C and the liquid on the top was
removed. In bacteria lysis solution that contained
20mM Tris-Hcl, 2mM EDTA, 1.2% Triton X-100
and 20mg/ml lysozyme, and the pellet was
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resuspended. The mixture was then incubated at
37°C for 30 minutes [15].

Amplification of genes by Multiplex PCR:

Molecular identification of virulence factors
including invasion (invA), enterotoxin (stn) and
hyper-invasive locus (hilA) genes of Salmonella
species was applied with the primer sequence as
illustrated in Table 1. To perform amplification, a
Thermal Cycler (Master cycler, Eppendorf,
Hamburg, Germany) was utilized.  The ideal
combination for a multiplex PCR reaction, which not
be more than 25 pL includes 2 pL of DNA
template, 5 uL of 5 x PCR buffer, 2.5 pL of 25 mM
MgCl,, 0.5 puL of 10 mM deoxynucleotide
triphosphate (ANTP), 0.5 pL of 1.2 pM primer mix
and 14.2 pL of deionized water[16].

The effects of organic acids on S. typhimurium load
in Nile tilapia

The procedure as out by Abbasit et al. [17] was
followed with a few tweaks. Before the experiment,
thirty fresh Oreochromis niloticus samples were
carefully rinsed with tap water and then with distilled
water. Afterwards, the heads of all the fish were
severed and their organs removed. Five samples from
each of the six groups of fish were used for analysis.
The first group served as a control and was immersed
in water that did not contain any pathogen. The other
five groups were then immersed in water that
contained S. typhimurium at a concentration of 10°
cfu/g. No therapy was administered to the second
group. The third group spent half an hour in a
solution of 1% acetic acid and the fourth group half
an hour in a solution of 2% acetic acid. Separately,
the fifth and sixth groups spent half an hour
submerged in ascorbic acid solutions containing 1%
and 2%, respectively. The evaluated fish groups were
tested for Salmonella growth after the specified
interval. Reductions in average Salmonella counts
were examined as a percentage.

Statistical analysis

The obtained results of the examined fish samples
were statistically evaluated [18].

Results and Discussion

Salmonella is the predominant cause of bacterial
foodborne illness in the United States, resulting in
400 deaths, 15,000 hospitalizations, and 1.4 million
non-typhoidal infections annually [19]. It can be
deduced from the fish production chain, due to
inappropriate handling, inadequate cleanliness, or
exposure to contaminated water, that Salmonella is a
bacterium  responsible for severe foodborne
infections, despite not being initially recognized as a
biological contaminant in fish [20]. The spread of the
disease via water has been thoroughly documented
[21]. Although the likelihood of acquiring
Salmonella infection from aquatic food is lower than

from other sources, it remains crucial to identify
Salmonella spp. in aquatic food, as they are a
significant contributor to foodborne gastroenteritis.
The present study monitored the occurrence of
Salmonella pathogen in freshwater fish species such
as Clarias lazera, Tilapia niloticus and Mugil
cephalus, and revealing prevalence of 35%, 20%,
and 10% respectively for various serotypes, as
illustrated in Figure 1 and Table 2. All identified
serovars possessed the invA gene, with 85.71% and
57.14% exhibiting the hilA and Stn genes,
respectively. It is stated that Salmonella organism
should not be found in fish [22]. As a result, all the
examined fish samples were found to be above the
acceptable limit set by Egyptian standards by
percentage 35%, 20% and 10% for catfish, tilapia
and mullet respectively as illustrated in Figure 2.

Comparable findings were reported by Elsisy et
al. [23], indicating that the prevalence of Salmonellae
in Tilapia niloticus and Mugil cephalus was 15% and
10%, respectively. Saad et al. [24] reported higher
results, indicating that Salmonella species were
detected in 24% and 20% of the tested samples of O.
niloticus and Mugil cephalus, respectively. Morshdy
et al. [25] documented diminished findings.
Salmonellae spp. were isolated from tilapia samples
with prevalence rates of 13.3% and 7.5%.

The increasing prevalence of microorganisms in
fish can be attributed to various factors, including
bacterial and fungal infections, poor water quality,
and anthropogenic activities leading to aquatic
pollution. Throughout the handling and processing
phases, the bacterial flora on fish can undergo
significant changes, with various bacterial species
prevailing at distinct times. Moreover, it has been
observed that the prevalence of bacterial populations
in fish samples is significantly elevated in certain
markets, indicating a potential source of
contamination and an increased risk of foodborne
diseases, as determined before [26].

Due to the deficiency of red meat, fish farming
and aquaculture are seeing global expansion.
Antimicrobials are employed alongside these
initiatives to avert and control bacterial diseases in
fish. However, the improper use of antibiotics in
aquaculture may lead to the development of
antibiotic resistance [27].

Consequently, Salmonellae isolates underwent
antimicrobial susceptibility testing. All tested isolates
(100%) shown resistance to a minimum of two of the
evaluated antimicrobials.  Salmonella isolates
exhibited resistance to the evaluated antimicrobials at
the following rates: penicillin G (100%), oxacillin
(100%), vancomycin (90%), tetracycline (70%),
amikacin (55%), linezolid (50%), cefotaxime (45%),
daptomycin (40%), ciprofloxacin (38%), neomycin
(23%), colistin  (23%), gentamicin  (23%),
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azithromycin  (15%), and

ceftriaxone (7%).

The computed MAR index for the isolated
Salmonella spp. varied from 0.125 to 1 with a mean
of 0.466 (Table3). These results corroborate the
findings of Bayomi et al. [28]. The extensive
application of antibiotics for growth promotion and
disease management has led to the development of
drug-resistant Salmonella strains against numerous
antibiotics, including penicillin and oxacillin.

meropenem  (7%),

It is common and well-known technique to apply
organic acids to fish surfaces, primarily by dipping or
spraying. Numerous studies have demonstrated that
organic acids and the salts they contain may prevent
bacteria from growing in certain fish species.
Because of its antibacterial properties, a unique icing
system including 800 mg/kg of citric, ascorbic, and
lactic acid was found to be a beneficial mixture for
fish preservation [29].  Experiments aimed at
decreasing Salmonella contamination using 1% and
2% acetic acid and 1% and 2% ascorbic acid yielded
reduction percentages of 30.4%, 54.3%, 21.7%, and
39.1%, respectively. These results are remarkably
identical to those recorded before [30].

Conclusion

This investigation isolated Salmonella spp. from
catfish, tilapia, and mullet, showing inadequate
sanitary standards in fish production, management,
and handling. Acetic acid and ascorbic acid may
serve as a novel approach to diminish Salmonella
contamination levels. Consequently, meticulous
attention to sanitation is essential when processing
and preparing fish, necessitating the implementation
of stringent hygienic measures.
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TABLE 1. Primer sequences of virulence-associated genes used in this study

Target Oligonucleotide sequence (5’ — 3') Product size (bp) References
gene
invA (F) 5' TATCGCCACGTTCGGCAA "3 [31]
invA (R) 5' TCGCACCGTCAAAGGAACC "3 275
stn (F) 5'TTGTGTCGCTATCACTGGCAACC '3 [32]
stn (R) 5" ATTCGTAACCCGCTCTCGTCC '3 617
hilA (F) 5'CGGAAGCTTATTTGCGCCATGCTGAGGTAG"3 [33]
hilA (R) 5' GCATGGATCCCCGCCGGCGAGATTGTG '3 854
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Fig. 1. Prevalence rate (%) of Salmonella spp in the examined catfish, tilapia, and mullet (n = 20/each).
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Fig. 2. Percentages of samples exceeding permissible limits of Salmonellae in the examined catfish, tilapia, and mullet
(n=20/each).

TABLE 2: Incidence of Salmonellae isolated from the examined samples of fish in El Behira governorate (n=20).

Speci'e:;Sh (EI;ng: Orﬁﬁg?ig:w Mugil cephalus s Antigenic structure
roup

S. enteritidis 1 5 2 10 - - D1 1,9,12 gm:-
S. muenster - - 1 5 - - E1l 3,10,15,34 eh:15
S. parathphi A 1 5 - - - - A 12,12 i:15
S. rissen 2 10 - - - - C1l 6,7,14 fg:-
S. saintpaul - - - - 1 5 B 4512 eh:1,2
S. shangani - - 1 5 - - El 3,10 d:15
S. typhimurium 3 15 - - 1 5 B 1,45,12 i:1.2
Total 7 35 4 20 2 10

Fig. 3. Agarose gel electrophoresis of multiplex PCR of invA (275 bp), stn (617 bp) and hilA (854 bp) as virulence genes
for characterization of Salmonella species.
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TABLE 3. Antimicrobial resistance profile of Salmonella strains isolated from the examined fish samples (n=13).

No Salmonella strains Antimicrobial resistance profile MAR index
1 S. typhimurium |\F/)|’, ((D:)é V, T, AK, LZ, SXT, CF, DA, CP, N, G, CO, AZ, 1

2 S. typhimurium P, OX,V, T, AK, LZ, SXT, CF, DA, CP, N, G, CO 0.813
3 S. typhimurium P, OX,V, T, AK, LZ, SXT 0.437
4 S. typhimurium P, OX,V 0.188
5 S. enteritidis P,OX,V, T, AK, LZ, SXT, CF, DA, CP, N, G, CO, AZ 0.875
6 S. enteritidis P, OX,V, T, AK, LZ, SXT, CF 0.500
7 S. enteritidis P,OX,V, T 0.250
8 S. rissen P, OX,V, T, AK, LZ, SXT, CF, DA, CP 0.625
9 S. rissen P, OX 0.125
10 S. paratyphi A P, OX, V, T, AK, LZ, SXT, CF, DA, CP 0.625
11 S. shangani P,OX,V, T 0.250
12 S. muenster P, OX, V 0.188
13 S. saintpaul P, OX,V 0.188

Average 0.466

N: Neomycin P: Penicillin-G CF: Cefotaxime SXT: Sulfamethoxazole CO: Colistin AZ:Azithromycin

CR: Ceftriaxone

T: Tetracycline G: Gentamicin CP: Ciprofloxacin AK: Amikacin M: Meropenem OX: Oxacillin LZ: Linezolid V:

Vancomycin DA: Daptomycin

Reduction (%)

60

50

40

54.3
39.1
304
30
21.7
20
10
0

Acetic acid1% Acetic acid 2% Ascorbic acid 1%

Ascorbic acid 2%

Fig. 4. Effect of organic acid treatments on S. typhimurium counts/g in the examined Oreochromis niloticus samples.

References

1.

Alkhalaf, A.A., EI-Ghareeb, W.R., Raheem, SM.A.,,
Seliem, M.M., Shosha, A.M. and Elzawahry, R.R. A
study on the prevalence of multidrug resistant food
poisoning Salmonella spp. in camel meat and offal
with a reduction trial using organic acids. Journal of
Advanced Veterinary Research, 14(3), 526-530
(2024).

Egypt. J. Vet. Sci. Vol. 56, (Special issue) (2025)

Aberle, E.D. Principles of Meat Science: Kendall
(Hunt) (2001).

European Food Safety Authority and European
Centre for Disease Prevention and Control (EFSA
and ECDC) The European Union One Health 2018
Zoonoses Report. EFSA journal. European Food
Safety Authority, 17(12), 05926 (2019).



salmonella IN NILE TILAPIA, MULLET, AND CATFISH, MOLECULAR AND ANTIMICROBIAL ... 627

10.

11.

12.

13.

14.

15.

Morshdy, A.E., Nahla, B.M., Shafik, S. and Hussein,
M.A. Antimicrobial Effect of Essential Oils on
Multidrug-Resistant Salmonella typhimurium in
Chicken Fillets. Pakistan Veterinary

Journal, 41(4),55 (2021).

Ibrahim, A.F., Ammar, A., El-dosoky, |.E., Ahmed,
H.A. and Nasef, S.A. Phenotypic characterization of
virulent and antimicrobial resistant Salmonella
species  isolated  from  poultry. Kafrelsheikh
Veterinary Medical Journal, 13(1), 87-101 (2015).

Gupta, R., Chauhan, S.L., Kumar, S., Jindal, N,
Mahajan, N.K., and Joshi, V.G. Carriage of Class 1
integrons and molecular characterization of intll
gene in multidrug-resistant Salmonella spp. isolates
from broilers. Veterinary World, 12(4), 609 (2019).

Frye, J.G. and Jackson, C.R. Genetic mechanisms of
antimicrobial resistance identified in Salmonella
enterica, Escherichia coli, and Enteroccocus spp.
isolated from US food animals. Frontiers in
Microbiology, 4, 135 (2013).

Morshdy, A.E.M., Hussein, M.A., Mohamed,
M.A.A., Hamed, E., EI-Murr, A.E. and Darwish,
W.S. Tetracycline residues in tilapia and catfish
tissue and the effect of different cooking methods on
oxytetracycline and doxycycline residues. Journal of
Consumer Protection and Food Safety, 17(4), 387-
393 (2022).

El Bialy, S., Bker, N., lbrahim, H., Saber, S.A. and
Ali, E. Efficacy of parsley oil on bacteriological
quality and their deteriorative changes of retail
tilapia fillets. Advances in Animal and Veterinary
Sciences, 12(s1), 211-219 (2024).

Przekwas, J., Wiktorczyk, N., Budzynska, A.,
Watecka-Zacharska, E. and Gospodarek-
Komkowska, E. Ascorbic acid changes growth of
food-borne pathogens in the early stage of biofilm
formation. Microorganisms, 8(4), 553 (2020).

ISO “International Organization of Standardization”
6579/2017. Microbiology of food and animal feeding
stuffs Horizontal standard for detection of
Salmonella. Food Microbiology, 71, 27 (2017).

Daka, D., Gsilassie, S. and Yihdego, D. Antibiotic-
resistance Staphylococcus aureus isolated from
cow’s milk in the Hawassa area, South
Ethiopia. Annals of Clinical Microbiology and
Antimicrobials, 11, 1-6 (2012).

White, D.G., Acar, J., Anthony, F., Franklin, A.,
Gupta, R., Nicholls, T. and Costarrica, M.L.
Antimicrobial  resistance:  standardisation and
harmonisation of laboratory methodologies for the
detection and quantification of antimicrobial
resistance. Revue Scientifique et Technique-Office
International des Epizooties, 20(3), 849-858 (2001).

Singh, A., Yadav, S., Singh, S. and Bharti, P.
Prevalence of Salmonella in chicken eggs collected
from poultry farms and marketing channels and their
antimicrobial resistance. Food Research
International, 43, 2027-2030 (2010).

Sambrook, J. Fritsch, E.F. and Maniatis, T.
Molecular cloning: Laboratory Manual. 2™ ed., Cold
spring, Harbor, New York, USA. (1989).

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Thung, T., Radu, S., Mahyudin, N., Rukayadi, Y.,
Zunita, Z., Mazlan, N., Tan, B., Lee, E.,, Youh, S.,
Chin, Y., Tan, C., Kuan, C., Basri, D. and Radzi, C.
Prevalence, virulence genes and antimicrobial
resistance profiles of Salmonella serovars from retail
beef in Selangor, Malaysia. Frontiers in
Microbiology, 8, 1-8 (2018).

Abbasi, P. A., Lazarovits, G. and Jabaji-Hare, S.
Detection of high concentrations of organic acids in
fish emulsion and their role in pathogen or disease
suppression. Phytopathology, 99(3), 274-281 (2009).

Feldman, D., Ganon, J., Haffman, R. and Simpson, J.
The solution for data analysis and presentation
graphics. 2" Ed., Abacus Lancripts, Inc., Berkeley,
USA (2003).

Center of Disease Control (CDC). Salmonellosis.
URL: Auvailable from:.gov/nczved/dfbmd/
http://www.cdc disease_listing/
salmonellosis_gi.htmlb (2008).

Deka, D., Das, M. and Bayan, H. Molecular
detection of Salmonella Typhimurium and its
antibiogram from marketed raw fish of inland
fisheries sold in Aizawl, Mizoram, India. Journal of
Entomology and Zoology Studies, 8, 301-305 (2020).

Cabral, J.P. Water microbiology. Bacterial pathogens
and water. International Journal of Environmental
Research and Public Health, 7(10), 3657-3703
(2010).

E.S " Egyptian Standards " (2005). Reports related to
No. 3494/2005 for chilled fish. Egyptian Standards,
Ministry of Industry, Egypt.

Elsisy, A. and Elzanatey, S. Incidence of Salmonella
spp. in animal derived-protein in Egypt. Benha
Veterinary Medical Journal, 36(2),199-209 (2019).

Saad, S.M., Hassnien, F.S., Abdel-Aal, M.M., Zakar,
A.H. and Elshfey, S.A. Enterobacteriaceae in some
fresh and marine fish. Benha Veterinary Medical
Journal, 34(1), 261-268 (2018).

Morshdy, A.E., Mahmoud, A.F., Khalifa, S.M., EI-
Dien, W.M.S., Darwish, W.S. and El Bayomi, R.
Prevalence of Staphylococcus aureus and Salmonella
species in chicken meat products retailed in
Egypt. Slovenian ~ Veterinary ~ Research, 60(25-
Suppl), 425-432 (2023).

Dar, G.H., Bhat, R.A., Kamili, A.N., Chishti, M.Z.,
Qadri, H., Dar, R. and Mehmood, M.A. Correlation
between pollution trends of freshwater bodies and

bacterial disease of fish fauna. Fresh Water
Pollution Dynamics and  (Remediation), 51-67
(2020).

Alsayegh, A.F., Baz, AH.A. and Darwish, W.S.
Antimicrobial-resistant foodborne pathogens in the
Middle East: A systematic review. Environmental
Science and Pollution Research, 28(48), 68111-
68133 (2021).

El Bayomi, R.M., Darwish, W.S., EI-Moaty,
AM.A. and Gad, T.M. Prevalence, antibiogram,
molecular characterization and reduction trial of
Salmonella typhimurium isolated from different fish

Egypt. J. Vet. Sci. Vol. 56, (Special issue) (2025)



628

HOSNY A. ELSAADY et al.

29.

30.

species. Japanese Journal of
Research, 64(2), S181-S186 (2016).

Fernandez-Segovia, I., Escriche, I., Fuentes, A. and
Serra, J. A. Microbial and sensory changes during
refrigerated storage of desalted cod (Gadus morhua)
preserved by combined methods. International
Journal of Food Microbiology, 116(1), 64-72
(2007).

Pierozan, M.B., Alves, J.D.S., Horn, L.D., Santos,
P.A.D., Silva, M.A., Egea, M.B. and Costa, A.C.
Inactivation of  Salmonella  Typhimurium,
Escherichia Coli, and Staphylococcus Aureus in
Tilapia Fillets (Oreochromis Niloticus) with Lactic
and Peracetic Acid through Fogging and
Immersion. Foods, 13(10), 1520 (2024).

Veterinary

31.

32.

33.

Nayak, R., Stewart, T., Wang, R., Lin, J., Cerniglia,
C. and Kenney, P. Genetic diversity and virulence
gene determinants of antibiotic-
resistance Salmonella isolated ~ from  preharvest
turkey production sources. International Journal of
Food Microbiology, 91, 51-62 (2004).

Murugkar, H., Rahman, H. and Dutta, P. Distribution
of virulence genes in Salmonella serovars isolated
from man and animals. Indian Journal of Medical
Research, 117, 6670 (2003).

Cardona-Castro, N., Restrepo-Pineda, E. and Correa-
Ochoa, M. Detection of hilA gene sequences in
serovars of Salmonella enterica sufigbspecies
enterica. Memorias do Instituto Oswaldo Cruz, 97,
1153-1156 (2002).

Ll clilal) s g ey aldl s slud) dlland (b D galladd) g g i)
Caen aladialy Gl G5 4 e ge dygal) clabaall daglial) Llaifg

s 55ual) Gaan g il

fe s gl 5300 Ame A ¢ S e T pselud) ldllae lua
@J’J\H%)%‘J‘}@_\AJQMIA‘LﬁJM\uH\a:\E‘c\dd\aa)w}@\,};}yﬁjejaﬂ\a“?uﬂl
oAl eae i) sean ¢ sgied Aaala gkl Clall LS - dpseal) il el a2

Al eae ) sean (Gl Arala g bl Calall 4 o l3ad) L o 535 5 AaDlas 5 An i
iyl jema ) seen ) seiad Anala o5 bl calall A dlgilatia s QYT e dpaaall 405 ) i ¢

uaddall

d))ﬂ\) G.LL\”}s(la}c)s.“))}u\d\,uﬂ@Mﬂu\u})&h\ywmmﬁh\Jﬂ\aM uAuaJﬁJ\
Ao sliall Jaad G5 Aliaall Jalai¥l g 68 5) pually Aasi yall lisally umn byl Aailas 8wl Gua g yeal)
e 5 bl sapan 28y 5l IS 5 LS A5l Jae e 1l DUt sallad) Ly 560 &y gl Clalimal) mnd
e (e %35 ol Alall Al ol il @ jelal ol ) KUY (aea s i) paes aladiuly S sadldl s
ad 5 Mﬂ@\b)ﬂ%y@ﬁ&.d\#\ Glue (3 %205 Gdj}dl‘umud%z()})}lud‘dm\

& hila g « Y 32l (e

Paat) sie %39,15 %21,7 5 ¢ %2 5 %1 Sk

%10()&‘3}3}4‘}5 inva o u\ a5 28 Jualdial) 3 yelll Jelss Hlisl c_q\_ul
Bz M}M \A.AA‘} U:m.a ).u}dLHJI uyjc u‘)g_la\ MSL_\\}{),J\

% 57,14 8 stn (e «%85,71
ua\.s:.'\ [Even} JM ?J a8 ‘UALQAY\ ?‘ML' );.u}du\ &_1\..').\.‘.“ uas; ‘LU;J 4_u4u.“_1j 4..1}4;.“ Cfalicaall

Y\ume\m\m;%543)%304 el

gﬁubsﬂ\oééa)usdhﬂx_kaw6#\?&.\”&4\.\.\9@&3)%2}%1 ).\S).ud.u))s-ul\)“um

A.\\ 4alas uL«AX 4..19\55\ M\ u\;\p‘)f\ u):u.u M s ‘_‘,ﬁ u.mLuaX\ u\ ‘51\ C_Lul\

LS g)uS.\l\.L.\.uA\

u‘y)SLJ\ @)}.\) ‘)*;_1} (ua ;Lu\ M)La@mauyﬁy})tuh@aﬁ “Jhl} 'JWY\@JAA_M ;Lu\

L raa B Ay il

e ¢ «ﬂéu\ U@ ¢ ‘L,PJ\ Calalizal) :\.AJG.A 3 Lﬁ)}‘” 3 GL\L\&\ ‘Jju\sﬂm 3 ).u_ydLm.“ :3\.“41\ Calalsly

Egypt. J. Vet. Sci. Vol. 56, (Special issue) (2025)

) KUY



