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ABSTRACT
Undoubtedly, poultry is not the only possible source of salmonellosis, but it is known to be a major global reservoir of salmonella. Herein,
three hundred tissue specimens of chicken origin were used for isolation and identification of salmonella, and determination of the most
frequent serotypes implicated. Further, an experimental infection of commercial broiler chicks with a Salmonella Enteritidis strain followed
by therapeutic treatment was set up for determination of maximum residue level (MRL) of the antibiotic in edible chicken muscle tissues by
high-performance liquid chromatography (HPLC). The results showed that 32 salmonella isolates were detected belonging to four different
serotypes, the most frequently encountered serotype was Salmonella Enteritidis (56.25%), other serotypes as Salmonella Typhimurium
(18.75%), Salmonella Kentucky and Salmonella Labadi (12.5% for each) were also recorded. Antimicrobial susceptibilities of recovered
isolates revealed that all Salmonella serotypes were sensitive to ciprofloxacin and gentamicin, while multidrug resistance was reported in 28.1% of
tested salmonella isolates. Importantly, the concentration of ciprofloxacin residues in edible muscle tissues of experimentally infected and
treated chickens was 38 µg/kg two weeks post administration, which requires a withdrawal time of 4 days based on the European Union
MRL (100 µg/kg) and more than 15 days based on Japan MRL (10 µg /kg). In conclusion, proper usage and monitoring of fluoroquinolones
in meat animals should be encouraged in developing countries in order to tackle fluoroquinolone resistance from a food safety perspective.
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INTRODUCTION
Salmonellosis is a significant public health concern in both developed and developing countries [30].
Poultry are possible sources of non-typhoidal Salmonella serovars which may cause food-borne human diseases
[2]. National epidemiological registries continue to underscore the importance of Salmonella species as a
leading cause of bacterial food-borne zoonosis in humans [6]. The most frequently incriminated serovars in
human illness were Salmonella Enteritidis and Salmonella Typhimurium [7]. Many other Salmonella enterica
serovars have been associated with food poisoning incidents due to the consumption of contaminated poultry
meat [10,28].
Examining the antibiotic susceptibilities of pathogens is important toward tailoring treatment to the ever
changing resistance patterns and distribution of pathogenic bacteria. During the last decade, antibiotic resistance
of Salmonella species has increased a great deal, especially in developing countries with an increased and
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indiscriminate use of antibiotics in the treatment of humans and animals [13]. Antimicrobial agents are used in
food producing animals not only for treatment of diseases but also for maintenance of health and growth
promotion. Concerns have been increased as tissues of food animals contaminated with antimicrobial residues
may cause adverse effects on human health [20] including allergy, cancer effect [26], or developing of
antimicrobial resistance and so therapeutic failure [11]. Simple, rapid and applicable HPLC method with
fluorescence was used for determination of antibiotic residues in chicken muscles with special reference to quinolones
[26].
Hence, this study was conducted to investigate the occurrence of Salmonella serovars implicated in chicken
infections and their susceptibilities to antimicrobial agents. In addition, estimation of antibiotic residues in
edible chicken muscle tissues by HPLC after treatment of induced salmonellosis in broilers.
MATERIALS AND METHODS
Sampling:
Three hundred chicken related specimens enclosing liver, heart, spleen and ceca (75 each) were collected
from various retail markets and slaughter houses in Dakahlia province, Egypt during a two-year period from
2011 to 2013. A convenience sampling was employed to standard procedures [23]. The samples were collected
in sterile containers and transferred to the bacteriology laboratory in a cool box with a minimum delay.
Isolation and identification of salmonella:
It was conducted adopting the standard microbiological procedures described previously [12]. Briefly, preenrichment of each tissue specimen was applied in buffered peptone water (Oxoid, Hampshire, England, UK)
(1:10) followed by incubation aerobically at 37ºC ± 1ºC for 18 ± 2 h. One tenth ml of pre-enrichment culture
was transferred to 10 ml Rappaport Vassiliadis soy broth (Oxoid, UK) and incubated at 41.5ºC ± 1ºC for 24 ± 2
h. Another one ml was also transferred to 10 ml Muller–Kauffmann tetrathionate/novobiocin broth (Oxoid, UK)
and incubated at 37ºC for 24 ± 2 h. From the enrichment culture, 10 µl were inoculated separately onto the
surface of xylose lysine deoxycholate agar, Hektoen enteric agar, salmonella shigella agar and brilliant green
agar (Oxoid, UK) media then incubated at 37ºC ± 1ºC for 24 ± 2 h. For biotyping, fresh colonies of presumptive
bacterial growths were further identified with analytical profile index (API-20) identification kits (BioMérieux,
Mary l'Etoile, France). Serotyping of salmonella isolates was performed in the Serology Unit, Animal Health
Research Institute, Giza, Egypt, using commercially available antisera (Denka Seiken Co., Ltd and Pro-lab
diagnostic, U.K) in accordance with the antigenic profile as described by Kauffman [14].
Antimicrobial susceptibility testing:
Antimicrobial susceptibility testing for salmonella isolates was applied by Kirby-Bauer standard disk
diffusion method as described previously [21]. The following antimicrobial discs were tested (Oxoid, UK):
ampicillin (10 μg), amoxycillin-clavulanic acid (20/10 μg), ceftriaxone (30 μg), gentamicin (10 μg), neomycin
(10 μg), ciprofloxacin (5 μg), chloramphenicol (30 μg), doxycycline hydrochloride (5 μg) and
trimethoprim/sulfamethoxazole (1.25/23.75 μg). The inhibition zone diameter around each disc was measured
and the isolates were categorized as susceptible or resistant based upon the interpretative criteria developed by
Clinical and Laboratory Standards Institute (CLSI) [5].
Experimental infection:
For this study, sixty (one-day-old) broiler chicks were obtained from the specific-pathogen-free flock of the
Reference Laboratory for Quality Control on Poultry Production (RLQP), Animal Health Research Institute,
Giza, Egypt. These were randomly divided into 3 groups of twenty individuals, housed separately in climate
controlled bio-containment building and provided with water and antibiotic free diet. After two weeks, one
group was challenged orally with a dose of 1×108 colony forming units (cfu) of Salmonella Enteritidis originally
isolated from chickens during the study [3] then received orally 50 ppm ciprofloxacin (intensively used in our
country in poultry farms for preventive and therapeutic purposes) in their drinking water for 5 days [22] as per
the manufacturer’s instructions. A second group was orally inoculated with the same Salmonella Enteritidis
strain and served as positive control, while the remaining group act as the uninfected negative control one.
Further, chickens of infected treated group were then examined at1st, 2nd, 3rd, 4th, 7th, 9th and 15th days post
treatment for estimation of ciprofloxacin residues in their muscles by HPLC along with the negative control
group with every estimate [25]. Handling of birds was conducted in strict accordance with the recommendations
set up by the Canadian Council on Animal Care [4]. The protocol was approved by the Committee on the Ethics
of Animal Experiments of the Faculty of Veterinary Medicine, Zagazig University, Egypt.
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HPLC analysis of ciprofloxacin residues in chicken muscles [27]:
Extraction procedure:
Two grams of chicken raw meat were homogenized with 8 ml of trichloroacetic acid HPLC grade (Lab
scan, Poland) (5%), vortexed well for 1 minute then centrifuged at 14000 rpm for 5 minutes. The supernatant
was filtrated through 0.45 µm nylon filter (Corrigtwohill Company, cork, Ireland) and the filtrate was then
analyzed using HPLC apparatus (Surveyor, Thermo Scientific Company, USA).
Chromatography conditions:
The mobile phase consisting of 1ml ortho phosphoric acid (Lab scan, Poland), 100 ml water HPLC grade
(Poch SA, Poland) plus acitonitril HPLC grade (Poch SA, Poland), 87:13 (v/v) then pH was adjusted to 3.0 with
triethylamine HPLC grade (Lab scan, Poland). Isocratic separation was achieved using a Hypersil gold C18 (10
µm, 100×4.6 mm) column. The detection limit was performed with photo diode array (PDA) detector set at 278
nm and the data were analyzed automatically by Chromo Quest 5 software.
Standard curve and linearity:
Calibration standards were prepared using ciprofloxacin concentrations of 0.01, 0.08, 0.16, 0.31, 0.63 and
1.25 mg/kg homogenized muscle. These standards were prepared from the stock solution which treated by
dissolving 100 mg of ciprofloxacin in 100 ml of water HPLC grade to make a stock solution of 1,000 ppm. The
results expressed as peak area of ciprofloxacin versus the correspondent concentrations were analyzed for
linearity. The detection limit for ciprofloxacin was 0.01 ppm while the retention time was 4.8 minutes.
Results:
Out of 300 examined specimens collected from different organs of chicken carcasses, only 32 were positive
for Salmonella (10.67%). The higher percentage of Salmonella was isolated from chicken caecum (20%)
followed by liver and spleen (9.33% each) and heart (4%). Overall, four different serotypes were identified, the
most common one was Salmonella Enteritidis (56.25%) followed by Salmonella Typhimurium (18.75%) and
Salmonella Kentucky and Salmonella Labadi (12.5% each) (Table 1).
Antibiogram analysis of 32 salmonella isolates recovered from chicken organs displayed variable
antimicrobial susceptibility patterns (Table 2). Overall, all isolates were susceptible to ciprofloxacin and
gentamycin followed by neomycin (84.38%) and ceftriaxone (65.6%). Conversely, salmonella isolates
demonstrated a high rate of resistance to ampicillin (81.25%), followed by amoxycillin-clavulanic acid (62.5%),
chloramphenicol (34.38%), doxycyclin hydrochloride (25%) and Sulfamethoxazole-Trimethoprime (21.88%). It
is worth noting that 9 (28.1%) salmonella isolates (4 Salmonella typhimurium, 3 Salmonella Enteritidis and 2
Salmonella Kentucky) exhibited multidrug resistance (resistant to three antibiotics or more).
Experimentally infected broilers with Salmonella Enteritidis strain showed vent staining with accumulations of
faecal material around the vent, anorexia, disinclination to drink, lethargy, emaciation and death (mortality
rate=16.67%) two days post challenge. On post mortem examination, typical picture of septicaemia and a
polyserositis were evident, involving a characteristic pericarditis with a distended pericardial sac and
perihepatitis. Within few days of oral inoculation, Salmonella Enteritidis strain was isolated from each
inoculated chicken and confluent growth of the inoculated organism was obtained following plating out the fluid
from the pericardial sac, while no bacteria were isolated from negative control group.
The determination of antibiotic residues in food-producing animals has received enormous worldwide
attention by international regulatory and public health agencies. Herein, ciprofloxacin residues in chicken
muscles were estimated by HPLC. Our results revealed that ciprofloxacin residues showed highest concentration
at 1st day post treatment (0.397mg/kg) and decreased gradually but still within detectable levels at 7th, 9th and
15th days post-administration (Table 3) and (Fig. 1-4). A withholding period must be observed until the residues
are negligible or no longer detected to avoid public health hazards.
Table 1: Incidence of Salmonella serotypes in chicken organs
Chicken organ
(n=300)

No. (%) of salmonella
positive samples

Cecum (75)
Liver (75)
Spleen (75)
Heart (75)

15 (20)
7 (9.33)
7 (9.33)
3 (4)

S. Enteritidis
(18)
10
3
3
2

Serotypes detected (32)
S. Typhimurium
S. Kentucky
(6)
(4)
1
2
2
1
3
1
0
0

S. Labadi
(4)
2
1
0
1
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Table 2: Antimicrobial susceptibility patterns of salmonella isolates
Salmonella species
S. Enteritidis (18)
S. Typhimurium (6)
S. Kentucky (4)
S. Labadi (4)
S
I
R
S
I
R
S
I
R
S
I
R
AM
2
1
15
1
0
5
1
0
3
1
0
3
AMC
3
0
13
2
0
4
0
2
2
1
2
1
CRO
13
3
2
3
1
2
2
1
1
3
0
1
CN
18
0
0
6
0
0
4
0
0
4
0
0
N
17
0
1
5
1
0
2
1
1
3
0
1
CIP
18
0
0
6
0
0
4
0
0
4
0
0
SXT
11
5
2
3
1
2
3
0
1
2
0
2
DO
13
4
1
2
0
4
1
1
2
3
0
1
C
9
4
5
1
1
4
2
1
1
2
1
1
AM, Ampicillin; AMC, amoxycillin-clavulanic acid; CRO, ceftriaxone; CN, Gentamicin; N, Neomycin; CIP, Ciprofloxacin; SXT,
Trimethoprim/Sulfamethoxazole; DO, Doxycyclin hydrochloride; C, Chloramphenicol; S, sensitive; R, resistant; I, intermediate.
Antimicrobial
agent

Table 3: Concentration of ciprofloxacin residues in chicken muscle post treatment
Mean of concentration
Day post treatment
Standard Error (SE)
(mg / kg)
st
1
0.397
0.03
2nd
0.182
0.01
0.114
0.01
3rd
4th
0.081
0
7th
0.060
0.01
9th
0.044
0.01
0.038
0
15th

Final concentration
(mg / kg)
0.397 ± 0.03
0.182 ± 0.01
0.114 ± 0.01
0.081 ± 0
0.06 ± 0.01
0.044 ± 0.01
0.038 ± 0

Fig. 1: HPLC chromatogram of ciprofloxacin standard show a retention time of 4.7 minutes. mAU: milli
Absorbance Unit, RT: Retention Time.

Fig. 2: HPLC chromatogram of ciprofloxacin residues in chicken muscles of negative control group. mAU:
milli Absorbance Unit, RT: Retention Time.
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Fig. 3: HPLC chromatogram of ciprofloxacin residues in chicken muscles of experimentally infected chicken 1st
(a), 2nd (b), 3rd (c) and 4th (d) days post treatment. mAU: milli Absorbance Unit, RT: Retention Time.

Fig. 4: HPLC chromatogram of ciprofloxacin residues in chicken muscles of experimentally infected chicken 7th
(a), 9th (b) and 15th (c) days post treatment. mAU: milli Absorbance Unit, RT: Retention Time.
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Discussion:
Salmonellosis is a significant public health concern around the world; it can be transmitted from food
animals to humans through the food chain [9].
Herein, the overall incidence level of salmonella (10.67%) from internal organs of chicken carcasses was
close to that obtained from French commercial broiler chicken flocks (8.6%) [15] and liver and yolk sac
contents from young chicks (11.9%) [24]. However, many studies showed different prevalence rates of
salmonella isolates in chickens; in Egypt, it was recently recorded with percentages of 17% [1] and 16.5% [9],
while a low rate (2.1%) was reported in another study [19]. These differences in the prevalence rates could
reflect the considerable disparity in sampling scheme, sample types, isolation protocol, and geographic area.
Serotyping is an important tool for understanding the epidemiology of salmonella infections, and is
frequently used to trace back the contamination sources during an outbreak [18]. Poultry are commonly infected
by a wide variety of Salmonella serovars; However, Salmonella Typhimurium and Salmonella Enteritidis were
known as the most common serovars reported worldwide [29].
In this study, the most prominent serovar identified was Salmonella Enteritidis (56.25%) followed by
Salmonella Typhimurium (18.75%). Similarly, in Egypt, a predominance of Salmonella Enteritidis and
Salmonella Typhimurium in chicken was recorded with percentages of 58.33% and 41.66%, respectively (Rabie
et al., 2012). While in another recent study, Salmonella Typhimurium dominated among the recovered
Salmonella serovars (52.94%), followed by Salmonella Enteritidis (11.76%) [1].
Results of antibiotic sensitivity test showed that all of salmonella isolates were sensitive to gentamicin and
ciprofloxacin, high percentages were resistant to ampicillin, amoxycillin-clavulanic acid, chloramphenicol,
doxycyclin hydrochloride and Sulfamethoxazole-Trimethoprime, while multidrug resistance was recorded in
28.1% of tested salmonella isolates. Similar results were recorded previously in Salmonella enterica serovars
from chickens in eastern china [16].
Antimicrobial residues in foodstuffs of animal origin have adverse effects on public health and hinder the
international foodstuffs trade managed by the World Trade Organization standards [8]. Ciprofloxacin residues
in chicken muscles was estimated by HPLC. The highest concentration of ciprofloxacin residues in chicken
muscles was recorded 24 hours post-administration [17]. However, the concentration of ciprofloxacin residues
in chicken muscles was 38 µg/kg two weeks post administration, so, it is recommended a withdrawal time of 4
days based on European Union MRL (100 µg/kg) and more than 15 days based on Japan MRL (10 µg/kg) [25].
In conclusion, the current study showed the importance of implementation of recommended withdrawal times to
control antibiotic residues in animal derived foods which could be as an important alert for military personnel
and soldier's health.
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