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Salmonellosis is a zoonotic disease, hence Salmonella is considered 

as one of the dangerous foodborne pathogens among chickens that 

causing a worldwide public health disaster (Punchihewage-Don et 

al., 2024). Salmonella enterica serovars are a varied group of 

pathogens which have the ability to live in an environment with low 

pH (including; cecum (of poultry), colon, and small intestine) so 

that Salmonella is able to colonize multiple host species including 

chickens. In which poultry and poultry products are regarded as an 

important source of Salmonellosis outbreaks in the human 

populations (Foley et al., 2013; Talukder et al., 2021). Salmonella 

harbors Salmonella pathogenicity islands (SPIs) in which SPI1 is 

responsible for the invasion of host cells (Peng, 2016). Salmonella 

Enteritidis is one of the foodborne pathogens that threaten the safety 

of broiler chickens whereas it's harboring a diversity of virulence 

factors that participate in the pathogenicity (Foley et al., 2008).  

 

The frequent usage of antimicrobial agents for (the treatment in sub-

therapeutic doses, the prevention of diseases, and as a growth 

promoter), it has an important role in the rapid spreading of MDR 

Salmonella strains (Lamichhane et al., 2024). Salmonella is 

harboring the anti-microbial resistance genes on mobile genetic 

elements (MGEs) including (plasmids, transposons, and phages) 

through conjugation, transformation, and transduction mechanisms 

which contribute in the rapid distribution of MDR among 

Salmonella serotypes or other different bacterial genera (Frost et 

al., 2005; Nazari Moghadam et al., 2023). 

 

Salmonella frequently present in nature as planktonic and sessile 

forms that have the ability for biofilm formation on biotic and 

abiotic surfaces that are embedded in extracellular matrix of 

polymeric substances (EPS) that result in prevention of the passage 

of physical and chemical substances into the bacterial cells and also 

resist the host immune system (Peng, 2016; Karygianni et al., 

2020). 

 

Great exertions have been made through the usage of antibiotic 

alternatives due to the swift dissemination of MDR Salmonella 

including; organic acids, essential oils, prebiotics, probiotics, 

quorum sensing (QS)/virulence inhibitors, phage therapy, 

antimicrobial peptides, and small molecule growth inhibitors that 

may be used separately or in combination (Lamichhane et al., 

2024).  

 

Vitamin C (ascorbic acid) is a necessary micronutrient which 

composed of two isomers; the ascorbic acid (reduced form) and the 

dehydroascorbic acid (oxidized form). It has antimicrobial activities 

alternative to antibiotics, decreasing the threat of the infection, anti-

biofilm, and anti-oxidant effects and also it has immunomodulatory 

role. It is accessible, cheap, and has a little or no side-effects. The 

antibacterial activity of vitamin C was attributable to the lowering 

effect of pH (Mousavi et al., 2019; Abdelraheem et al., 2022). 

Vitamin C was also found to inhibit the injurious impact S. 

Enteritidis (Sharma et al., 2018). 
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There is a great exertion to look for the alternative therapeutic methods that assist in controlling 
the antibacterial resistance of Salmonellae. The aim of this study was to evaluate the antibacterial 
effect of vitamin C (ascorbic acid) different formulations at different concentrations. Serotyping of 
the isolates revealed that 10 belonged to S. Enteritidis 1,9,12:g,m, 7 S. Virchow 6,7,14:r:1,2, and 3 
S. Montevideo 6,7,14:g,m[p],s :[1,2,7]. The isolates were highly resistant (100%) to amoxicillin-
clavulanic acid, streptomycin, erythromycin, clindamycin, and doxycycline, and 90% of the isolates 
were susceptible to amikacin. PCR revealed that 10 S. Enteriditis isolates harbored 3 virulence-
associated genes invA, sefA, and fimH, while 7 isolates harbored stn gene. Also, 10 S. Enteriditis 
isolates harbored sul1 and blaTEM genes. Biofilm formation was 100%, 50%, and 42.8% in S. 
Montevideo, S. Enteritidis, and S. Virchow respectively. Vit C (formulation 1) completely inhibited 
the growth of all isolates at concentrations 0.3%, 0.5% and 1%. Formulation 2 inhibited the growth 
of the tested isolates at concentration 0.3%. While, concentration 0.1% inhibited only the growth 
of S. Virchow. Formulation 3 inhibited the growth of S. Enteritidis and S. Virchow at concentrations 
0.3 and 0.5%. Formulation 4 inhibited the growth S. Enteritidis, S. Virchow and S. Montevideo at 
concentration 1%. Formulation 5 inhibited the growth of S. Enteritidis and S. Virchow at 
concentrations 0.1%, 0.5% and 1%. Formulations 4 and 1 inhibited effectively the biofilm-forming 
ability of S. Enteritidis (80% and 100%) and S. Virchow (60% and 66.6%). 
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Organic acids are organic carboxylic acid (amino acids and fatty 

acids) comprising; carboxylic acids bearing a hydroxyl group such 

as (lactic, citric, tartaric, and malic acids) and simple 

monocarboxylic acids such as (acetic, butyric, propionic, and formic 

acids) which have antimicrobial property depending on pH (Al-

Kassi and Mohssen,  2009). This study aimed to inspect the effect 

of vitamin C (ascorbic acid) in combination with (organic acids, 

EOs, astragalus oil) on the growth and anti-biofilm formation of 

Salmonella serovars isolated from broiler chickens in vitro. Also the 

effect of vitamin C in combination with astragalus oil (formulation 

5) on antimicrobial susceptibility of some isolates was studied.  

 

Animal care and experimental protocols were approved by the 

Institutional Animal Care and Use Committee of Beni-Suef 

University (BSU-IACUC), Egypt. The ethical approval number 

was BSU-IACUC-022-246.  

 

All isolates were completely identified according to (Koneman et 

al., 1992; Collee et al., 1996; Quinn et al., 2011). 

 

Biochemically identified Salmonella isolates were serotyped using 

Kauffmann-White complete plate agglutination test (Kauffmann, 

1974) at the Serology Unit, Animal Health Research Institute, 

Dokki, Giza, according to Grimont and Weill, (2007) for the 

determination of somatic antigen (O) and flagellar antigen (H). 

 

In vitro antimicrobial susceptibility testing of 20 Salmonella isolates 

including (10 S. Enteritidis, 7 S. Virchow and 3 S. Montevideo) to 

fourteen different antimicrobials from seven different classes 

(Oxoid, England) was estimated using the disc diffusion method 

on Mueller-Hinton agar (MHA) according to the Clinical and 

Laboratory Standards Institute guidelines (CLSI, 2021) were as 

follow; amoxicillin-clavulanic acid (30µg), ceftriaxone (30µg), 

amikacin (30µg), apramycin (15µg), gentamycin (10µg), 

streptomycin (10µg), ciprofloxacin (5µg), doxycycline (30µg), 

fosfomycin (200µg), ofloxacin (5µg), colistin-sulphate (10µg), 

erythromycin (15µg), clindamycin (2µg), and sulfamethoxazole-

trimethoprim (25µg). Zone of inhibition results were interpreted 

according to (CLSI, 2021).  

 

Deoxyribonucleic acid (DNA) from 10 Salmonella Enteritidis 

isolates was extracted using the QIAamp DNA mini kit (Qiagen, 

Hilden, Germany) from overnight tryptone soya broth cultures 

according to the manufacturer's instructions. The polymerase chain 

reaction (PCR) amplification of Salmonella isolates using specific 

primers (Table, 1) was conducted using 25μl Volume/reaction 

mixture including 12.5μl Emerald Amp GT PCR master mix (2x 

premix) (Takara, Japan), 5.5μl PCR grade water, 1μl forward primer 

(20pmol), 1μl reverse primer  (20pmol), and 5μl template DNA. The 

cycling conditions of the PCR protocol were 35 cycles for each: 

primary denaturation at 94˚C for 5min, secondary denaturation at 

94˚C for 30sec, Annealing at 52-60˚C for 30-40sec (depending on 

the primer), extension at 72˚C for 30 sec and finally final extension 

at 72˚C for 7min. A 1.5% gel was prepared and electrophoresed and 

then photographed using a gel documentation system. 

 

Table1. Oligonucleotide primer sequences were used for the identification of virulence and resistance genes used in this study. 
Gene Sequence Amplified product Reference 

invA 
GTGAAATTATCGCCACGTTCGGGCAA 

284 bp Oliveira et al., (2003) 
TCATCGCACCGTCAAAGGAACC 

sefA 
GCAGCGGTTACTATTGCAGC 

310 bp Akbarmehr et al., (2010) 
TGTGACAGGGACATTTAGCG 

fimH 
TGTGACAGGGACATTTAGCG 

164 bp Hojati et al., (2015) 
GTGCCAATTCCTCTTACCGTT 

stn 
TTG TGT CGC TAT CAC TGG CAA CC 

617 bp Murugkar et al., (2003) 
ATT CGT AAC CCG CTC TCG TCC 

blaTEM 
ATCAGCAATAAACCAGC 

516 bp Colom et al., (2003) 
CCCCGAAGAACGTTTTC 

sul1 
CGGCGTGGGCTACCTGAACG 

433 bp Ibekwe et al., (2011) 
GCCGATCGCGTGAAGTTCCG 

By using Congo red (CR) assay to evaluate curli production (Zhou 

et al., 2013). The pure colonies of 20 Salmonella isolates including 

(10 S. Enteritidis, 7 S. Virchow and 3 S. Montevideo) were streaked 

onto Luria bertani (LB) agar plates and incubated for 48hr at 37°C. 

Single colonies were picked and streaked onto YESCA CR agar 

plates and incubated at 25°C for 48-72hr. The red colonies were 

positive for biofilm formation and the pink or white colonies were 

negative for biofilm formation. 

The antimicrobial activity of vitamin C formulations (Table, 2) 

against 20 Salmonella isolates were performed by using the agar 

dilution method (Koneman et al., 1992; Mekonnen et al., 2016) as 

follow; the tested Salmonella isolates were streaked onto tryptone 

soya agar (Oxoid) at 37˚C for 24 hours. Colonies were suspended 

in saline, and the suspension was adjusted to a turbidity equivalent 

to 0.5 McFarland (1.5×108CFU/ml). A stock solution of ascorbic 

acid was prepared by dissolving commercially purchased ascorbic 

acid (L-ascorbic acid, sigma) (Fisher Science Education, Hanover 

Park, IL) in sterile distilled water and sterilized through cellulose 

filter membrane (0.45µm). Concentrations (0.1, 0.3, 0.5 and 1%) of 

vitamin C formulations (1), concentrations (0.05, 0.1, and 0.3%) of 

vitamin C formulation (2), concentrations (0.1, 0.3, and 0.5%) of 

vitamin C formulation (3), concentrations (0.5 and 1%) of vitamin 

C formulation (4), and  concentrations (0.05, 0.1, 0.5 and 1%) of 

vitamin C formulation (5),  were added to the sterilized cooled 

tryptone soya agar (~55°C) separately, then poured in Petri dishes 

and left to solidify. The suspended colonies in saline streaked onto 

the agar plates and incubated at 37 c for 24 hours and then examined 

for the bacterial growth. 
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Table2. Vitamin C formulations. 
 Formulation 1 Formulation 2 Formulation 3 Formulation 4 Formulation 5 

Vitamin C 20% 20% 20% 20% 20% 
Citric acid 10% 10% - 10% - 
Lactic acid - 10% - 10% - 

Eucalptys oil 1% 1% 1% - - 
Saccharomyces Cerevisae (1×106 cfu/ml) - - 5% - - 

Astragalus oil - - - - 10% 

Six Salmonella isolates including (2 S. Enteritidis, 2 S. Virchow, and 

2 S. Montevideo) from highly resistant bacteria that could grow in 

the presence of vitamin C formulation 5 at concentration of 0.5% 

were selected to investigate the potential effect on the antimicrobial 

resistance profile. The test was conducted using the method already 

described (Collee et al., 1996; CLSI., 2021). 

Salmonella isolates which were positive for biofilm formation (5 S. 

Enteritidis, 3 S. Virchow and 3 S. Montevideo) were selected to 

evaluate their ability for forming biofilm post exposure to vitamin 

C at conc (0.1%, 0.05%, 0.1%, 0.5, and 0.05%) of formulations (1, 

2, 3, 4, and 5) respectively (Radwan et al., 2022). 

Twenty Salmonella isolates were serotyped as ten S. Enteritidis 

1,9,12:g,m , seven S. Virchow 6,7,14:r:1,2, and three S. Montevideo 

6,7,14:g,m[p],s :[1,2,7]. 

In vitro antimicrobial susceptibility of the 20 Salmonella isolates 

from broiler chickens to 14 antimicrobial agents. The results 

revealed that the Salmonella isolates were highly resistant to 

amoxicillin-clavulanic acid, streptomycin, erythromycin, 

clindamycin, and doxycycline with an incidence of (100%), 

followed by 85% for fosfomycin and sulfamethoxazole-

trimethoprim, 80% for ceftriaxone and ofloxacin, apramycin (75%), 

respectively. Whereas the isolates were sensitive to amikacin (90%) 

followed by 55% and 50% for colistin-sulphate and ciprofloxacin, 

respectively as indicated in Table (3). The antimicrobial resistance 

rates of S. Montevideo were higher than those S. Enteritidis and S. 

Virchow. Among Salmonella isolates 35% were MDR; the 

proportion of MDR isolates among S. Montevideo isolates was the 

highest (78%), followed by S. Enteritidis (50%) and S. Virchow 

(35%). Concerning the antimicrobial resistance rates based on the 

serovars; all isolates were highly resistant to amoxicillin-clavulanic 

acid, streptomycin, erythromycin, clindamycin, and doxycycline 

with an incidence (100%). While S. Montevideo was also resistant 

to sulfamethoxazole/trimethoprim, ofloxacin, fosfomycin, ciproflo-

xacin, ceftriaxone, and gentamycin with an incidence (100%). 
 

All S. Enteritidis isolates were investigated for four virulence genes: 

invA, sefA fimH, and stn by PCR. In S. Enteritidis isolates the most 

commonly detected virulence genes were invA, sefA, and fimH with 

an incidence of 100%, followed by stn (70%) arranged as (6 out of 

8 from cecum) and (1 out of 2 from liver). The isolates were 

investigated for two antimicrobial resistance genes; sul1 gene and 

ESBL-producing gene (blaTEM) and the results revealed that the 

isolates 100% were positive for each one, as shown in (Table, 4 and 

Fig. 1). 

The biofilm formation on YESCA CR agar, 11 (5 S. Enteritidis, 3 

S. Virchow, and 3 S. Montevideo) isolates were positive biofilm 

formation with a percentage of 50%, 42.8%, and 100%, 

respectively. The strong biofilm formation was 40%, 66.6%, 33.3%, 

respectively. As shown in (Table, 5). 

 

 

 

Table 3. Antimicrobial sensitivity testing results of 20 Salmonella isolates. 

Antimicrobial agent Concentrations(µg) 
Salmonella isolates 

Resistance Susceptible 
No. % No. % 

Amoxicillin-Clavulanic acid (AMC) 30 20 100 0 0 
Ceftriaxone (CTR) 30 16 80 4 20 

Amikacin (AK) 30 2 10 18 90 
Apramycin (APR) 15 15 75 5 25 

Gentamycin (Gen) 10 13 65 7 35 
Streptomycin (S) 10 20 100 0 0 

Ciprofloxacin (Cip) 5 10 50 10 50 
Ofloxacin (OF) 5 16 80 4 20 

Erythromycin (E) 15 20 100 0 0 
Clindamycin (DA) 2 20 100 0 0 
Doxycycline (Do) 30 20 100 0 0 

Colistin sulphate (CL) 10 9 45 11 55 
Fosfomycin (Fo) 200 17 85 3 15 

Sulfamethoxazole- Trimethoprim (sxt) 25 17 85 3 15 
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Table 4. Virulence and antimicrobial resistance genes of S. Enteritidis isolates 
Isolate no. (origin) invA sefA stn fimH Sul1 blaTEM 

1 

Cecum 

+ + + + + + 
2 + + + + + + 
3 + + - + + + 
4 + + + + + + 
5 + + + + + + 
6 + + - + + + 
7 + + + + + + 
8 + + + + + + 
9 

Liver 
+ + + + + + 

10 + + - + + + 

 

Table 5. Results of biofilm formation. 

Examined serovars 
Positive biofilm producers 

NO. of Positive biofilm isolates % of Positive biofilm 
Strong Moderate 

S. Enteritidis (n=10) 2 3 5 50 
S. Virchow (n=7) 2 1 3 42.8 

S. Montevideo (n=3) 1 2 3 100 

 

Fig 1A. PCR results of invA gene at amplicon of 284 bp.  N: Negative control, P: 

Positive control (S. Enteritidis ATCC American type culture collection), L: (100-

1000 bp) DNA ladder. Lanes (1-10): tested S. Enteritidis isolates for invA.                                                                                                                

Fig 1B. PCR results of stn gene at amplicon617bp. N: Negative control, P: 

Positive control (S. Enteritidis ATCC American type culture collection), L: 

(100-1000 bp) DNA ladder. Lanes (1, 2, 4, 5, 7, 8, and 9): tested S. Enteritidis 

isolates for stn. 

 

Fig 1C. PCR results of sefA gene at amplicon of 310 at bp. N: Negative control, P: 

Positive control (S. Enteritidis ATCC American type culture collection), L: (100-1000 

bp) DNA ladder. Lanes (1-10): tested S. Enteritidis isolates for sefA.                                                                                            

 

Fig 1D. PCR results of fimH gene at amplicon of 164 bp. N: Negative control, 

P: Positive control (S. Enteritidis ATCC American type culture collection), L: 

(100-1000 bp) DNA ladder. Lanes (1-10): tested S. Enteritidis isolates for 

fimH. 
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The antimicrobial effects of five different vitamin C formulations 

against 20 Salmonella isolates were assessed using agar dilution 

assay are summarized in Table (6). Vitamin C formulation 1 at 

concentration of 0.1% didn’t inhibit the growth of all Salmonella 

isolates, while at concentrations of 0.3, 0.5, and 1% effectively 

inhibited the growth of all isolates (100%). Vitamin C formulation 

2 at concentration of 0.3% inhibited the growth of (80% S. 

Enteritidis, 71.4% S. Virchow, and 100% S. Montevideo), only at 

concentration of 0.1% inhibited the growth of S. Virchow (42.8%), 

while at concentration of 0.05% didn’t inhibit the growth. Vitamin 

C formulation 3 inhibited the growth of (20%, 30% S. Enteritidis 

and 14.2%, 14.2% S. Virchow) at concentrations of 0.3 and 0.5%, 

respectively although at concentration of 0.1% didn’t inhibit the 

growth. Vitamin C formulation 4 at conc 1% effectively inhibited 

the growth 100% of all Salmonella isolates but the growth of all 

isolates didn't inhibit at concentration of 0.5%. Vitamin C 

formulation 5 at concentration of 0.05% didn’t inhibit the growth of 

all isolates while at concentrations of 0.1, 0.5 and 1% inhibited the 

growth of S. Enteritidis (30%) and S. Virchow (42.8%) but didn’t 

inhibit the growth of S. Montevideo. 

 

Table 6. Antimicrobial effect of vitamin C formulations against multidrug resistant Salmonella serovars. 
 

Formulations 
 

Conc. 
NO growth 
                        Growth 

S. Enteritidis (n=10) S. Virchow (n=7) S. Montevideo (n=3) 

Formulation 1 

0.1 
NO growth 0 0 0 

Growth 10 7 3 

0.3 
NO growth 10 7 3 

Growth 0 0 0 

0.5 
NO growth 10 7 3 

Growth 0 0 0 

1 
NO growth 10 7 3 

Growth 0 0 0 

Formulation 2 

0.05 
NO growth 0 0 0 

Growth 10 7 3 

0.1 
NO growth 0 3 0 

Growth 10 4 3 

0.3 
NO growth 8 5 3 

Growth 2 2 0 

Formulation 3 

0.1 
NO growth 0 0 0 

Growth 10 7 3 

0.3 
NO growth 2 1 0 

Growth 8 6 3 

0.5 
NO growth 3 1 0 

Growth 7 6 3 

Formulation 4 
0.5 

NO growth 0 0 0 
Growth 10 7 3 

1 
NO growth 10 7 3 

Growth 0 0 0 

Formulation 
5 

0.05 
NO growth 0 0 0 

Growth 10 7 3 

0.1 
NO growth 3 3 0 

Growth 7 4 3 

0.5 
NO growth 3 3 0 

Growth 7 4 3 

1 
NO growth 3 3 0 

Growth 7 4 3 

Fig 1E. PCR results of sul1 gene at amplicon of 433 bp.  N: Negative control, P: 

Positive control (S. Enteritidis ATCC American type culture collection), L: (100-1000 

bp) DNA ladder. Lanes (1-10): tested S. Enteritidis isolates for sul1.                                                                            

 

Fig 1F. PCR results of blaTEM gene at amplicon of   516 bp. N: Negative control, 

P: Positive control (S. Enteritidis ATCC American type culture collection), L: 

(100-1000 bp) DNA Ladder.  Lanes (1-10): tested S. Enteritidis isolates for 

blaTEM.                         
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Post exposure to vitamin C formulation 5, 2 S. Enteritidis changed 

to be susceptible to amikacin, apramycin, streptomycin, colistin-

sulfate, ciprofloxacin, and ofloxacin. 2 S. Virchow changed to be 

susceptible to streptomycin, ciprofloxacin, and ofloxacin. 2 S. 

Montevideo isolate changed to be susceptible to streptomycin and 

ciprofloxacin (Table, 7). 

The results of vitamin C effect at non-bactericidal concentrations 

(0.1%, 0.05%, 0.1%, 0.5, and 0.05%) of formulations (1, 2, 3, 4, and 

5), respectively revealed that vitamin C formulation 4 effectively 

inhibited biofilm formation of 4 S. Enteritidis and 3 S. Virchow 

isolates with a percentage of 80% and 100%, respectively, followed 

by vitamin C formulation 1 inhibited biofilm formation of 3 S. 

Enteritidis and 2 S. Virchow isolates with a percentage of 60% and 

66.6%, respectively and there was no effect on biofilm formation of 

S. Montevideo isolates of both formulations. No significant effect 

vitamin C formulations (2, 3, 5) on all tested isolates (Table, 8). 

  

Table 7. Antimicrobial susceptibility of some isolates post treatment with vitamin C formulation 5. 
Pre- exposure 

                                      Post- exposure 
                    

Antimicrobial Agents 

AMC CTR AK APR GEN S CL E DA CIP DO FO OF SXT 

Pre-exposure 
S. Enteritidis (n=2) 

R R R R R R R R R R R R R R 
Post exposure (Vitamin C Formulation 5) R R S S R S S R R S R R S R 

Pre-exposure 
S. Virchow (n=2) 

R R S R S R S R R R R R R R 
Post exposure (Vitamin C Formulation 5) R R S R S S S R R S R R S R 

Pre-exposure 
S. Montevideo (n=2) 

R R S R R R S R R R R R R R 
Post exposure (Vitamin C Formulation 5) R R S R R S S R R S R R R R 

 

Table 8. Effect of vitamin C formulations on biofilm formation. 
Formulations NO. of Positive biofilm producers % of Positive biofilm NO. of Negative biofilm % of Negative biofilm 

 
Post- exposure to  vitamin C 

Formulations 
 

 S. Enteritidis (n=5) 
1 2 40 3 60 

2 5 100 0 0 

3 5 100 0 0 

4 1 20 4 80 

5 5 100 0 0 

 S. Virchow (n=3) 
1 1 33.3 2 66.6 
2 3 100 0 0 
3 3 100 0 0 
4 0 0 3 100 
5 3 100 0 0 
 S. Montevideo (n=3) 

1 3 100 0 0 
2 3 100 0 0 
3 3 100 0 0 
4 3 100 0 0 
5 3 100 0 0 

 

Avian Salmonellosis is the main menace for each of poultry sector 

and human health through the consumption of the undercooked 

contaminated poultry meat and poultry products that may be 

transmitted to human populations (Talukder et al., 2021). 

 

In the present study, serotyping of the isolated Salmonella spp. 

revealed the presence of three different serovars among 20 

Salmonella isolates, 10 S. Enteritidis 1,9,12:g,m, 7 S. Virchow 

6,7,14:r:1,2, and 3 S. Montevideo 6,7,14:g,m[p],s :[1,2,7]. This 

result was compatible with Saad et al., (2017) who recovered S. 

Enteritidis 1,9,12:g,m, S. Virchow 6,7,14:r:1,2 and S. Montevideo 

7, 6, 14; 9,m,{p},s; (1,27) from broiler chickens. S. Enteritidis was 

the most commonly isolated serovar from cecum and liver and this 

result contrasts with the previous study which reported that S. 

Montevideo and S. Virchow are the most prevalent Salmonella 

serotypes in chickens in Korea (Lee et al., 2019). 

 

The usage of antimicrobial agents for the purpose of enhancing 

growth performance, prophylactic, and treatment of chickens lead 

to increase the incidence of multi-drug resistance among the enteric 

bacteria (Oguttu, 2008). Antimicrobial resistance may be attributed 

to the mutation of various chromosomal loci which are a portion of 

a core set of genes, such as genomic islands. Genomic islands are 

preserved zones in the accessory districts in the genome of 

Salmonella. They are essential for the evolution of this genus as they 

have granted a number of advantages to their host via virulence and 

multi-drug resistance genes (Seth-Smith et al., 2012; Castro-

Vargas et al., 2020). 

 

The antimicrobial susceptibility of Salmonella isolates were 

examined against some antimicrobial agents that usually used in the 

farms of poultry. The current study revealed that Salmonella isolates 

recovered from broiler chickens were highly resistant to 

amoxicillin-clavulanic acid, streptomycin, erythromycin, 

clindamycin, and doxycycline, while S. Montevideo is also highly 

resistant to sulfamethoxazole-trimethoprim, ofloxacin, fosfomycin, 

ciprofloxacin, ceftriaxone, and gentamycin. In contrast, they were 

highly susceptible to amikacin. The antimicrobial resistance rates of 

S. Montevideo were higher than those S. Enteritidis and S. Virchow. 

This result was in agreement with Hassan et al., (2018) who 

reported high resistance of Salmonella isolates against 
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erythromycin (100%) followed by streptomycin. The highest 

antimicrobial resistance to amoxicillin/clavulanic acid was reported 

by Ammar et al., (2016). Radwan et al., (2022) and Raheel et al., 

(2023) recorded the susceptibility to amikacin with 75% and 90% 

respectively. 

 

In the present study, the isolates carried the virulence-associated 

genes invA, sefA and fimH with a percentage of 100% of each, 

followed by stn (70%). It has been reported that all Salmonella 

serovars approximately harboring the invA gene that comprising 

specific DNA sequence (Yanestria et al., 2019; Tawyabur et al., 

2020). stn and sefA virulence genes are responsible for Salmonella 

enterotoxin and S. Enteritidis fimbriae, respectively (Prager et al., 

2000; Skyberg et al., 2006). The prevalence of sefA and stn genes 

among the Salmonella isolates was similar to the findings of Mir et 

al., (2010) who reported the presence of sefA and stn genes in all of 

S. Enteritidis isolated from poultry. In accordance with the 

resistance genes, all isolates were harbored sul1 and blaTEM genes 

(100%), which is similar to 97.8% and 97.3% that reported by Zhu 

et al., (2017) respectively. 

 

The bacterial biofilm production through promoting symbiotic with 

other organisms that renders a steady environment for the bacteria 

(Harrell et al., 2021). Our results showed that the highest biofilm 

formation was in S. Montevideo (100%), followed by S. Enteritidis 

(50%) and S. Virchow (42.8%). The highest prevalence of biofilm 

production was 70.6% in S. Enteritidis isolates reported by Borges 

et al., (2017) from avian origin. Abd El-basit et al., (2019) reported 

that 52.6% of Salmonella isolates from chickens were able to 

produce biofilm on CRA. 

 

Vitamin C has antibacterial effect that depended on (bacterial strain 

and vit C concentration), antifungal, antiviral, and anti-parasitic 

effects. Several bacteria can ferment vitamin C in which the 

presence of vit C exposes the bacteria to oxidative stress that may 

lead to bacterial growth inhibition. In which the combination of 

natural products is appropriate way to overcome the multi-drug 

resistance of bacteria (Mousavi et al., 2019). In the current study, 

formulation 1; inhibited the growth of all isolates (100%) at 

concentrations of 0.3, 0.5, and 1%, but at concentration of 0.1% 

didn't inhibit the growth. Formulation 2; inhibited the growth of the 

tested serovars (80% S. Enteritidis, 71.4% S. Virchow, and 100% S. 

Montevideo) at concentration of 0.3%, at concentration of 0.1% 

inhibited only the growth of S. Virchow (42.8%) but at 

concentration of 0.05% there was no effect on the growth. 

Formulation 3; inhibited the growth of 20%, 30% S. Enteritidis and 

14.2%, 14.2% S. Virchow at concentrations of 0.3 and 0.5%, 

respectively while at concentration of 0.1% didn’t inhibit the 

growth. Formulation 4; effectively inhibited the growth 100% of all 

Salmonella isolates at concentration of 1% but at concentration of 

0.5% the growth of all Salmonella isolates didn't inhibit. 

Formulation 5; inhibited the growth of 30% S. Enteritidis and 42.8% 

S. Virchow at concentrations of at concentrations of 0.1, 0.5 and 1% 

but didn't inhibit the growth of S. Montevideo although at 

concentration of 0.05% there was no effect on the growth of all 

Salmonella isolates. Hernandez-Patlan et al., (2018) recorded that 

vitamin C has antibacterial effect against S.  Enteritidis using a 

model of broiler-digestive in vitro. Decreasing S. Enteritidis count 

in the crop of broiler chickens post dietary supplementation of 

ascorbic acid at concentration of 0.1% into the feed as a result of the 

ability of ascorbic acid to lower pH in the crop by releasing of 

protons (Hernandez-Patlan et al., 2019). Sharma et al., (2018) 

reported a significant inhibition effect of vit C on S. Enteritidis. The 

variation of high, low or no antimicrobial effect of vitamin C may 

be attributed to the differences of the methodology that applied 

during the study including; the concentration of vitamin C, bacterial 

cell density, and culture media composition. 

 

The present study focusing on the effect of antimicrobial 

susceptibility on multiple antibiotic-resistances of some isolates 

post treatment with vitamin C formulation 5. The treated resistant 

S. Enteritidis, S. Virchow and S. Montevideo isolates were changed 

to be susceptible to some antimicrobial agents. 

 

Vitamin C formulation 4 followed by formulation 1 inhibited the 

biofilm-forming ability of the tested S. Enteritidis and  S. Virchow 

isolates with a percentage of 80%, 100% and 60%, 66.6%, 

respectively; however, both have no significant effect on S. 

Montevideo biofilm-forming ability. 

 

The current study showed that vitamin C formulations at different 

concentrations exert an inhibitory effect on S. Enteritidis, S. 

Virchow, and S. Montevideo. On the other hand, the combined 

vitamin C with (citric acid and eucalptys oil) and organic acids were 

effective on the biofilm formation of S. Enteritidis and S. Virchow, 

but ineffective on S. Montevideo.  

All authors participated equally to the design of the research, 

methodology, and writing of the manuscript. 

The authors declare no conflict of interest. 

 

Abd El-basit MR, Abd El-Azeem MW, Sultan S, Nasef SA (2019). Molecular 
characterization of biofilm producing genes in Salmonellae Isolated from chicken. 
J Adv Vet Res., 9(2): 39-44. 

Abdelraheem WM, Refaie MM, Yousef RKM, Abd El Fatah AS, Mousa YM, Rashwan 
R (2022). Assessment of antibacterial and anti-biofilm effects of vitamin C against 
Pseudomonas aeruginosa clinical isolates. Frontiers in Microbiol., 13: 847449. 
https://doi.org/10.3389/fmicb.2022.847449 

Akbarmehr J, Salehi TZ, Brujeni GHN (2010). Identification of Salmonella isolated 
from poultry by MPCR technique and evaluation of their hsp groEL gene diversity 
based on the PCR-RFLP analysis. African J Microbiol Res., 4(15): 1594-1598. 

Al-Kassi AG, Mohssen MA (2009). Comparative study between single organic acid 
effect and synergistic organic acid effect on broiler performance. Pakistan J 
Nutrit., 8(6): 896-899. https://doi.org/10.3923/pjn.2009.896.899 

Ammar AM, Mohamed AA, Abd El-Hamid MI, El-Azzouny MM (2016).Virulence 
genotypes of clinical Salmonella Serovars from broilers in Egypt. J Infection in 
Developing Countries, 10(04): 337-346. https://doi.org/10.3855/jidc.7437 

Borges KA, Furian TQ, de Souza SN, Menezes R, Salle CTP, de Souza Moraes HL, 
Tondo EC, do Nascimento VP (2017). Phenotypic and molecular characterization 
of Salmonella enteritidis SE86 isolated from poultry and salmonellosis outbreaks. 
Foodborne Path Dis., 14(12): 742-754.  https://doi.org/10.1089/fpd.2017.2327 

Castro-Vargas RE, Herrera-Sánchez MP, Rodríguez-Hernández R, Rondón-Barragán 
IS (2020). Antibiotic resistance in Salmonella spp. isolated from poultry: A global 
overview. Vet World, 13(10): 2070. https://doi.org/10.14202/vetworld.2020. 
2070-2084 

CLSI (2021). Performance standards for antimicrobial susceptibility testing, M100, 
31st ed. Clinical and Laboratory Standards Institute, Wayne, PA. 

Collee JG, Miles RS, Watt B (1996). Tests for identification of bacteria. In Mackie and 
MacCartney's practical medical microbiology, 14 Collee JG, Mackie TJ, McCartney 
JE, New York, USA. Elsvier (A Division of Reed Elsvier India Pvt Limited). 

Colom K, Pèrez J, Alonso R, Fernández-Aranguiz A, Lariňo E, Cisterna R (2003). Simple 
and reliable multiplex PCR assay for detection of blaTEM, blaSHV and blaOXA-1 genes 
in Enterobacteriaceae. FEMS Microbiol Letters, 223(2): 147-151. 
https://doi.org/10.1016/S0378-1097(03)00306-9 

Foley SL, Johnson TJ, Ricke, SC, Nayak R, Danzeisen J (2013). Salmonella pathogenicity 
and host adaptation in chicken-associated serovars. Microbiol Molecular Biol 
Rev., 77(4): 582-607. https://doi.org/10.1128/mmbr.00015-13 

https://doi.org/10.3389/fmicb.2022.847449
https://doi.org/10.14202%2Fvetworld.2020.2070-2084
https://doi.org/10.14202%2Fvetworld.2020.2070-2084
https://doi.org/10.1016/S0378-1097(03)00306-9
https://doi.org/10.1128/mmbr.00015-13


8                                                                                                                                                                                                                Raheel et al., 2024 

 

Foley SL, Lynne AM, Nayak R (2008). Salmonella challenges: prevalence in swine and 
poultry and potential pathogenicity of such isolates. J Anim Sci., 86(14): E149-
E162. https://doi.org/10.2527/jas.2007-0464 

Frost LS, Leplae R, Summers AO, Toussaint A (2005). Mobile genetic elements: the 
agents of open source evolution. Nature Rev Microbiol., 3(9): 722-732. 
https://doi.org/10.10 38/nrmicro1235 

Grimont PA, Weill F (2007). Antigenic formulas of the Salmonella serovars. 9th ed., 
WHO, Collaborating Centre for Reference and Research on Salmonella, Paris, 
France.  

Harrell JE, Hahn MM, D’Souza SJ, Vasicek EM, Sandala JL, Gunn JS, McLachlan JB 
(2021). Salmonella biofilm formation, chronic infection, and immunity within the 
intestine and hepatobiliary tract. Frontiers in Cellular and Infection Microbiol., 
10: 624622. https://doi.org/10.3389/fcimb.2020.624622 

Hassan WH, Abed AH, Thabet AER, El Nady EAM (2018). Genetic analysis of multidrug 
resistant Salmonella isolated from broiler chickens. JVMR, 25(1):121-131. 
https://doi.org/10.21608/jvmr.2018.43309 

Hernandez-Patlan D, Solis-Cruz B, Méndez-Albores A, Latorre JD, Hernandez-Velasco 
X, Tellez G, López-Arellano R (2018). Comparison of PrestoBlue® and plating 
method to evaluate antimicrobial activity of ascorbic acid, boric acid and 
curcumin in an in vitro gastrointestinal model. J Applied Microbiol., 124(2): 423-
430. https://doi.org/10.1111/jam.13659 

Hernandez-Patlan D, Solis-Cruz B, Pontin KP, Latorre JD, Hernandez-Velasco X, 
Merino-Guzman R, Tellez-Isaias G (2019).  Evaluation of ascorbic acid or 
curcumin formulated in a solid dispersion on Salmonella Enteritidis infection and 
intestinal integrity in broiler chickens. Path., 8(4): 229. https://doi.org/10.3390/ 
pathogens8040229 

Hojati Z, Zamanzad B, Hashemzadeh M, Molaie R, Gholipour A (2015). The FimH 
Gene in Uropathogenic Escherichia coli Strains Isolated From Patients With 
Urinary Tract Infection. Jundishapur J Microbiol, 8(2): e17520. 
https://doi.org/10.5812%2Fjjm.17520 

Ibekwe AM, Murinda SE, Graves AK (2011). Genetic Diversity and Antimicrobial 
Resistance of Escherichia coli from Human and Animal Sources Uncovers Multiple 
Resistances from Human Sources. PLoS ONE, 6(6): e20819. https://doi.org/ 
10.1371/journal.pone.0020819 

Karygianni L, Ren Z, Koo H, Thurnheer T (2020). Biofilm matrixome: extracellular 
components in structured microbial communities. Trends in Microbiol., 28(8): 
668-681. https://doi.org/10.1016/j.tim.2020.03.016 

Kauffmann F (1974). Kauffmann-White Scheme. Annales de Microbiol., 125: 427–432.  
Koneman EW, Allen SD, Janda WM, Schreckenberger PC, Winn WC (1992). Colour 

atlas and textbook of diagnostic microbiology (4th ed.): Lippincott Company, 
Philadelphia. 

Lamichhane B, Mawad AMM, Saleh M, Kelley WG, Harrington PJ, Lovestad CW, 
Amezcua J, Sarhan MM, El Zowalaty ME, Ramadan H, Morgan M, Helmy YA 
(2024). Salmonellosis: An Overview of Epidemiology, Pathogenesis, and 
Innovative Approaches to Mitigate the Antimicrobial Resistant Infections. 
Antibiotics, 13(1): 76. https://doi.org/10. 3390/antibiotics13010076 

Lee HJ, Youn SY, Jeong OM, Kim JH, Kim DW, Jeong JY, Kang MS (2019). Sequential 
transmission of Salmonella in the slaughtering process of chicken in Korea. J Food 
Sci., 84(4): 871-876. https://doi.org/10.1111/1750-3841.14493 

Mekonnen A, Yitayew B, Tesema A, Taddese S (2016). In vitro antimicrobial activity 
of essential oil of Thymus schimperi, Matricaria chamomilla, Eucalyptus globulus, 
and Rosmarinus officinalis. Int J Microbiol., 9545693. https://doi. 
org/10.1155/2016/9545693 

Mir IA, Wani SA, Hussain I, Qureshi SD, Bhat MA, Nishikawa Y (2010). Molecular 
epidemiology and in vitro antimicrobial susceptibility of Salmonella isolated from 
poultry in Kashmir. Revue Sci et Techniq., 29(3): 677. https://doi.org/ 
10.20506/rst.29.3.2011 

Mousavi S, Bereswill S, Heimesaat MM (2019). Immunomodulatory and antimicrobial 
effects of vitamin C. European J Microbiol Immunol., 9(3): 73-79. 
https://doi.org/10.1556%2F1886.2019.00016 

Murugkar HV,   Rahman H, Dutta PK (2003). Distribution of virulence genes in 
Salmonella serovars isolated from man & animals. Indian J Med Res., 117: 66-70. 

Nazari Moghadam M, Rahimi E, Shakerian A, Momtaz H (2023). Prevalence of 
Salmonella Typhimurium and Salmonella Enteritidis isolated from poultry meat: 
virulence and antimicrobial-resistant genes. BMC Microbiol., 23(1): 168. 
https://doi.org/10.1186/s12866-023-02908-8 

Oguttu JW (2008). Antimicrobial Drug Resistance of Enteric Bacteria from broilers fed 
antimicrobial growth enhancers and exposed poultry abattoir workers (PhD 
dissertation, University of Pretoria). 

Olivera SD, Rodenbusch CR, Ce MC, Rocha SLS, Canal CW (2003). Evaluation of 
selective and nonselective enrichment PCR procedures for Salmonella de-tection. 
Lett Appl Microbiol., 36: 217-221. https://doi.org/10.1046/j.1472-765x.2003 
.01294.x 

Peng D (2016). Biofilm formation of Salmonella. Microbial biofilms-importance and 
applications, 556. https://doi.org/10.5772/62905 

Prager R, Mirold S, Tietze E, Strutz U, Knüppel B, Rabsch W, Hardt WD, Tschäpe H 
(2000). Prevalence and polymorphism of genes encoding translocated effector 
proteins among clinical isolates of Salmonella enterica. Int J Med Microbiol., 
290(7): 605-617. https://doi.org /10.1016/s1438-4221 (00)80009-0 

Punchihewage-Don AJ, Schwarz J, Diria A, Bowers J, Parveen S (2024). Prevalence 
and Antibiotic Resistance of Salmonella in Organic and Non-organic Chickens on 
the Eastern Shore of Maryland, USA. Frontiers Microbiol., 14: 1272892. 
https://doi.org/10.3389/ fmicb.2023.1272892 

Quinn PJ, Markey BK, Leonard FC, Hartigan P, Fanning S, Fitzpatrick ES (2011). 
Manual of Veterinary Microbiology. 2nd ed., University of Toronto Libraries. 

Radwan IA, Moustafa MMM, Abdel-Wahab SH, Ali A, Abed AH (2022). Effect of 
essential oils on biological criteria of gram-negative bacterial pathogens isolated 
from diseased broiler chickens. Int J Vet Sci., 11(1): 59-67. 
http://doi.org/10.47278 /journal.ijvs/2021.078 

Raheel IA, Abed AH, Mahmoud MM, Elbestawy AR, Abdel-Latif MA, El-Shemy AA, 
Orabi A (2023). Molecular characterization, antimicrobial sensitivity testing of 
Salmonella Enteritidis and its immune compromising effect on Newcastle disease 
vaccinated broilers. Ger J Vet Res., 3(4): 25-32. https://doi.org/10.51585/gjvr. 
2023.4.0067 

Saad EAK, Yonis AY, El-Meslemany RI (2017). Virulence factors of Salmonella isolated 
from some broiler farms in Bohera province with its associated pathological 
changes. Anim Health Res J., 5(4): 420-432. 

Seth-Smith HM, Fookes MC, Okoro CK, Baker S, Harris SR, Scott P, Thomson NR 
(2012). Structure, diversity, and mobility of the Salmonella pathogenicity island 
7 family of integrative and conjugative elements within Enterobacteriaceae. J 
Macteriol., 194(6): 1494-1504. https://doi.org/10.1128/jb.06403-11 

Sharma S, Azmi S, Sharma S, Rahman S, Nashiruddullah N (2018). Effect of Vitamin C 
on Experimental Inoculation with Salmonella enteritidis in Broiler Chickens with 
Reference to Haemato-Biochemical Profile. Int J Curr Microbiol App Sci., 7(9): 88-
96. http://dx.doi. org/10.20546/ijcmas.2018.709.012 

Skyberg JA, Logue CM, Nolan LK (2006). Virulence genotyping of Salmonella spp. with 
multiplex PCR. Avian Dis., 50(1): 77-81. https://doi.org/10.1637/7417.1 

Talukder, M., Islam, M.S., Ievy, S., Sobur, M.A., Ballah, F.M., Najibullah, M., and 
Khan, M.F.R. (2021): Detection of multidrug resistant Salmonella spp. from 
healthy and diseased broilers having potential public health significance. J Adv 
Biotechnol Exp Ther., 4(2): 248-255. https://doi.org/10.5455/jabet.2021.d125 

Tawyabur M, Islam M, Sobur M, Hossain M, Mahmud M, Paul S, Hossain MT, Ashour 
HM, Rahman M (2020). Isolation and Characterization of Multidrug-Resistant 
Escherichia coli and Salmonella spp. from Healthy and Diseased Turkeys. 
Antibiotics, 9(11):770. https://doi.org/10.3390/antibiotics9110770 

Yanestria SM, Rahmaniar RP, Wibisono FJ, Effendi MH (2019). Detection of invA gene 
of Salmonella from milkfish (Chanos chanos) at Sidoarjo wet fish market, 
Indonesia, using polymerase chain reaction technique. Vet World, 12(1): 170-
175. https://doi.org/10. 14202%2Fvetworld.2019.170-175  

Zhou Y, Smith DR, Hufnagel DA, Chapman MR (2013). Experimental manipulation of 
the microbial functional amyloid called curli. Bacterial cell surfaces: Methods and 
protocols, 966: 53-75. https://doi.org/10.1007%2F978-1-62703-245-2_4 

Zhu Y, Lai H, Zou L, Yin S, Wang C, Han X, Xia X, Hu K, He L, Zhou K, Chen S, Ao X, Liu 
S (2017). Antimicrobial resistance and resistance genes in Salmonella strains 
isolated from broiler chickens along the slaughtering process in China. Int j food 
Microbiol., 259: 43- 51. https://doi.org/10.1016/j.ijfoodmicro.2017.07.023 

  

 
 

 

 

https://doi.org/10.2527/jas.2007-0464
https://doi.org/10.21608/jvmr.2018.43309
https://doi.org/10.3390/
https://doi.org/10.5812%2Fjjm.17520
https://doi.org/
https://sciprofiles.com/profile/1166847?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://doi.org/10.%203390/antibiotics13010076
https://doi/
https://doi.org/
https://doi.org/10.1046/j.1472-765x.2003
https://doi.org/
https://doi.org/
https://doi.org/10.47278/journal.ijvs/2021.078
https://doi.org/10.51585/gjvr

	Animal care and experimental protocols were approved by the Institutional Animal Care and Use Committee of Beni-Suef University (BSU-IACUC), Egypt. The ethical approval number was BSU-IACUC-022-246.



