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Abstract

Amaç: Bu çalışmanın amacı, yumurta ve yumurta ürünlerinde Salmonella spp

Aim: The aim of this study was to determine the presence of Salmonella spp.

minimum inhibitör konsantrasyon (MİK) değerlerini belirlemektir.

minimum inhibitory concentration (MIC) values of isolates.

varlığını belirlemek ve elde edilen izolatların antibiyotik direnç profilleri ve

Gereç ve Yöntem: Çalışmada 100 yumurta (35 köy yumurtası, 35 konvansiyonel yumurta ve 30 organik yumurta) ve 100 yumurta ürünü (30 yumurta

tozu, 70 pastörize sıvı yumurta) olmak üzere toplam 200 numune Samsun,
Türkiye’den toplandı. Yumurta kabuğu ve yumurta içi örnekleri üç yumurta

bir araya getirilecek ayrı ayrı analiz edidi. Salmonella spp. izolasyon ve identi-

fikasyonu ISO 6579 tarafından önerilen yönteme göre yapıldı. Elde edilen Sal-

monella spp. izolatlarının çeşitli antibiyotiklere karşı antimikrobiyal duyarlılığı ve MİK değerleri VITEK 2 AST-GN38 kartları kullanılarak VITEK 2 kompakt
sistemi ile gerçekleştirildi.

in egg and egg products and to determine antibiotic resistance profiles and

Materials and Methods: A total of 200 samples including 100 eggs (35 village

eggs, 35 conventional eggs and 30 organic eggs) and 100 egg products (30
egg powders, 70 pasteurized liquid eggs) were collected from Samsun, Turkey.
Eggshell and egg contents samples were processed separately by pooling three

eggs together. The isolation and identification of Salmonella spp. was done according to the method proposed by ISO 6579. The antimicrobial susceptibility

of Salmonella spp. isolates to various antibiotics and MIC values was performed by VITEK 2 compact system using VITEK 2 AST-GN38 cards.

Bulgular: İncelenen 100 yumurtanın (organik yumurta içi) ikisinde (%2) ve

Results: Salmonella spp. were found in two of 100 (2%) eggs (organic egg

niğiyle Salmonella spp. olarak doğrulandı. Antibiyotik direnç testleri sonucun-

presence of oriC gene.  The highest resistance was against amikacin, enroflo-

100 yumurta ürününün (pastörize likit yumurta) birinde (%1) Salmonella
spp. pozitif bulundu. Toplam 11 izolat oriC geninin varlığı yönünden PCR tekda en yüksek direnç amikasin, enrofloksasin, gentamisin, tobramisin, sefaleksine (%100), ardından nitrofurantoin (%81,8), tetrasiklin (%63.6), ampisilin

(%54,5), piperasilin (%54,5), sefpodoksim (%54,5), ve imipeneme (%9,09)
karşı bulundu. Bununla birlikte amoksisilin, marbofloksasin ve trimetoprim/

sülfametoksazole karşı direnç tespit edilemedi. Sonuçta üç numuneden elde
edilen 11 Salmonella spp. izolatının 11’inin (11/11, %100) üç veya daha fazla
antimikrobiyal ajana karşı çoklu direnç gösterdiği görüldü.

contents) and one of 100 (1%) egg products (pasteurized liquid egg). A total

of 11 isolates were confirmed by PCR techniques as Salmonella spp. with the
xacin, gentamicin, tobramycin, cephalexin (100%), followed by nitrofurantoin

(81.8%), tetracycline (63.6%), ampicillin (54.5%), piperacillin (54.5%), cefpo-

doxime (54.5%), and imipenem (9.09%). However, there was no resistance to
amoxicillin, marbofloxacin and trimethoprim/sulfamethoxazole. The results

showed that 11/11 (100%) of Salmonella spp. from three sample showed
multi-drug resistance against three or more antibiotic agents.

Öneri: Yumurta ve yumurta ürünlerinin tüketimine bağlı Salmonelloz riskini

Conclusion: It is recommended to implement good hygiene practices, good

rizasyon tekniklerinin uygulanması önerilmektedir.

Salmonellosis due to the consumption of eggs and egg products.

en aza indirmek için iyi hijyen uygulamaları, iyi üretim uygulamaları ve pastö-

Anahtar kelimeler: Salmonella spp, yumurta, yumurta ürünleri, moleküler
doğrulama.

production practices and pasteurization techniques to minimize the risk of
Keywords: Salmonella spp, egg, egg products, molecular confirmation
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Introduction
Eggs are an important source of easily digestible, highly
nutrient protein besides they contain many trace elements,
essential amino acids, fats, water-soluble vitamins and minerals needed by different human organism (Joel et al 2010).  
Eggs and egg products are primarily utilized in the food industry sector, especially in products like cakes, pasta, mayonnaise, salad dressing, confectionery, and ice cream, in which
eggs are used for the purposes of coagulating, emulsifying,
yeasting, thickening, softening, moisture retention, flavour
and colour adding as well as increasing the nutritional value
of products (Asgar and Abbas 2012). Liquid, frozen and dry
eggs, which are among egg products, are widely used in the
food industry. In Turkey, chicken egg production was reported to be 19 billion 800 million units in 2020 (TUIK 2020),
and the average number of egg consumption per person was
224 pieces in 2018 (Yumbir 2018).
Salmonella species are gram-negative bacteria that classified
within the Enterobacteriaceae family, they appear to be 2-5
μm long, 0.5-1.5 μm wide, rod-shaped, non-spore, unencapsulated (including microcapsule), active with most peritric
flagellas, facultative anaerobe, fermentative, catalase-positive and oxidase negative (Andino and Hanning 2015). Salmonella causes food-borne infections as a result of consumption
the raw or undercooked eggs, poultry, red meat, and its products. Some foods such as homemade sauces, tiramisu, homemade ice cream, mayonnaise, cookie dough are also risky
sources for Salmonella since raw eggs can be used (De Knegt
et al 2015). According to CDC data, it was reported that each
year 1.2 million salmonellosis induced diseases occur in the
United States, of this number, 23.000 people are hospitalized.
From them, 450 are dying and the annual medical expenses
are estimated to be 365 million dollars (CDC 2021).
Antimicrobial agents are used in the prevention and treatment of bacterial infections in poultry. Antibiotic resistance is a major problem worldwide. Unconscious antibiotic
use in poultry causes the emergence of antibiotic-resistant
bacteria. Antibiotics used in poultry include beta-lactams
(penicillin G, amoxicillin, ampicillin, ceftiofur), polypeptides (bacitracin), aminoglycosides (gentamicin, neomycin,
streptomycin), macrolides (erythromycin, tylosin, tilmicosin,
tiamulin), lincosamides (lincomycin), tetracyclines (chlortetracycline, tetracycline, oxytetracycline), sulphonamides,
fluoroquinolones and ionophores (Diaz-Sanchez et al 2015,
Landoli and Albarellos 2015).
The aim of this study was to investigate the presence of Salmonella spp. in eggs and egg products (egg powder, pasteurized liquid egg) obtained from various markets, supermarkets and businesses in the province of Samsun, Turkey, also
to confirm the obtained isolates with PCR and to find out the
resistance and minimum inhibitor concentrations (MIC) aga-

inst various antibiotics with VITEK 2 compact system.  
Material and Methods

Sample collection

A total of 200 samples including 100 eggs and 100 egg products were collected in Samsun province, Turkey between
October 2017 and May 2019. 35 village egg samples were collected from seven different village, 35 traditional eggs were
collected from seven different market, 30 organic eggs were
collected from four different brands of three markets as well
as 100 egg products (30 egg powders, 70 pasteurized liquid
eggs) were collected from three different brands of three different companies. After all the samples were brought to the
laboratory as soon as possible in the cold chain. Three eggs
were pooled and accepted as one sample. Pooled sampling is
an efficient method for detecting Salmonella especially when
prevalence and contamination level risks are low. In addition
pooling can also increase efficiency in time and labor and reduce overall testing costs (Pasquali et al 2014). The presence
of Salmonella spp. was researched on both the eggshell and
egg contents. The eggshell was disinfected with 70% alcohol
to determine the contamination of eggs (egg contents), then
the eggs were broken into a sterile container.

Isolation and identification of Salmonella spp.

All samples were analyzed for the presence of Salmonella
spp. in eggs and egg products using the standard bacteriological method recommended by ISO 6579 (The International
Organization for Standardization (ISO 2017). Briefly, 25 g of
samples were taken into sterile stomacher bags and 225 mL
of Buffered Peptone Water (BPW) (Merck, Germany) was added and homogenized by stomacher (Interscience Bagmixer
400, StNom, France) for 2-3 minutes.   In order to determine the contamination on the eggshell, eggs were placed in a
sterile sample bag and 225 ml BPW was added and washed
for 2-3 minutes. The eggs were taken out and incubated in
rinsed liquid for 24 hours at 37 °C. Obtained suspect colonies with smooth edges and black centres from Xylose-Lysine
Deoxycholate Agar (XLD) (Merck, Germany) were confirmed
by biochemical tests (Triple Sugar Iron Agar, Lysine Iron
Agar, Indol, Methyl Red–Voges-Proskauer and urea test) (ISO
2017).

PCR method

Genomic DNA was extracted by using the boiling method
(Seel et al 2016). The primer pairs (oriC) described by Widjojoatmodjo et al (1991) were used to detect Salmonella spp.
(Table 1). PCR reactions were performed in a 25 µl volume
containing 1X PCR buffer (500 mM KCl, 200mM TrisHCl), 0.1
mM dNTPs, 1.5 mM MgCl2, 2 U Taq DNA polymerase, 0.5 µM
oriC-R primer, 0.5 µM oriC-F primer and 3 µl template DNA.
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Reactions were performed in a thermal cycler (Bio-Rad, USA)
with initial denaturation for 5 min at 94 °C, which was followed by 35 cycles for 1 min at 94 °C, annealing for 1 min
at 53 °C, extension for 1 min at 72 °C and final extension at
72 °C for 10 min. The amplified product was electrophoresed
on a 1.5% (w/v) agarose gel containing 10 mg/ml ethidium
bromide (Merck, Germany) at 80 V for 45 min. OriC gene
positive isolates were visualized by UV transillumination
(Wise-UVWuv-L50, Daihan Scientific, Seoul, Korea) at 163
bp. S. Enteritidis ATCC 13076 was used as a reference strain
(Figure 1).

were incubated at Tryptone Soy Agar (TSA) at 37 °C for 24
hours.
Then, suspected Salmonella spp colonies were selected and
suspended in sterile tubes containing 3 ml of 0.45% physiological saline (PSS) and its density was adjusted to 0.5 McFarland (1.5 x 108 CFU/ml) (Biosan, Latvia). Bacterial suspensions and AST-GN38 test cards were loaded in a cassette, and
then loaded into the VITEK 2 Compact system and turbidity
was automatically measured. The obtained results were evaluated according to the Clinical and Laboratory Standards
Institute (CLSI 2021).

Antimicrobial susceptibility testing

Results

The antibiotic susceptibility test against the Salmonella spp.
isolates was carried out using AST-GN38 (bioMérieux, Fransa) cards with VITEK 2 Compact (bioMérieux, France) according to the manufacturer’s instructions. The antibiotics and
concentrations used in this study are presented in Table 3.
For this purpose, Salmonella spp. isolates were subcultured
in Tryptic Soy Broth (TSB) at 37 °C for 24 hours. Then, they

Target gene

In this study, a total of 20 suspicious colonies were detected
from 200 samples by the conventional method established
by ISO 6579. Eleven of the 20 suspicious colonies were found
to be positive for Salmonella spp. by the PCR method. Of the
obtained 11 isolates, six were from organic egg contents and
five from the pasteurized liquid eggs.

Table 1. The sequences of primers used in this study

oriC primer 1
oriC primer 2

Primer sequence

5'-TTA TTA GGA TCG CGC CAG GC-3'

5'-AAA GAA TAA CCG TTG TTC AC-3'

PCR product
(bp)
163 bp

Reference

Widjojoatmodjo
et al (1991)

Table 2. Prevalence of Salmonella spp. isolates in egg and egg products

Type of samples

Classical culture technique (ISO
6579)

Sample

PCR
(oriC gene)

Isolate

Sample

Isolate

Conventional egg content (n=35)

-

-

-

-

Village egg content (n=35)

-

-

-

-

Egg samples

Conventional eggshell (n=35)
Village eggshell (n=35)

Organic egg content (n=30)
Organic eggshell (n=30)

Egg product samples

Egg powder (n=30)

Pasteurized liquid egg (n=70)

Total (n=200)

-

3
1
-

1
5
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-

11
4
-

5

20

-

-

2

6

1

5

-

3

-
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According to this, two of 100 (2%) egg samples and one of
70 (1.4%) pasteurized liquid egg samples were positive for
Salmonella spp. None of the egg powder and eggshell samples were found to be positive for Salmonella spp. while egg
content samples were positive by 2%. Although one of the 35
conventional and 35 village egg samples were contaminated
by Salmonella spp., two of the 30 (6.6%) organic egg samples
were positive for Salmonella spp. (Table 2).

In our study, Salmonella spp. was found in one (1.4%) of
the 70 pasteurized liquid eggs. As a result of antibiotic resistance tests, it was found that 11 isolates were resistant
to at least one antibiotic. The highest resistance was against
amikacin, enrofloxacin, gentamicin, tobramycin, cephalexin
(100%), followed by nitrofurantoin (81.8%), tetracycline
(63.6%), ampicillin (54.5%), piperacillin (54.5%), cefpodoxime (54.5%) and imipenem (9.09%).

Figure 1. Electrophorese image of oriC gene (163 bp) of Salmonella spp by PCR.

M: 50 bp DNA ladder, Lane 1-2: Positive control (S. Enteritidis ATCC 13076), Lane 3-13: oriC gene positive isolates,
Lane 14: Negative control (deionized water)

Antibiotics (dose, μg/ml)

Table 3. Antimicrobial resistance profiles of Salmonella spp. isolates

Amikacin (AMK)(8, 16, 64)

Amoxicillin(AMX)(4/2,16/8, 32/16)
Ampicillin (AMP)(4, 8, 32)

Enrofloxacin (ENR)(0.25, 1, 4)
Gentamicin (GEN)(4, 16, 32)
Imipenem (IPM)(2, 4, 16)

Marbofloxacin (MFX)(1, 2)

Nitrofurantoin (NIT)(16, 32, 64)
Piperacillin (PIP)(4, 16, 32, 64)
Cefalexin (LEX)(8, 32, 64)

Cefpodoxime (CPD)(0.5, 1, 4)
Ceftiofur (CEF)(1, 2)

Cefpirome (CPR)(2, 8, 64)

Tetracycline (TET)(2, 4, 8)

Tobramycin (TOB)(8, 16, 64)

Trimethoprim/sulfamethoxazole
(TMP/SMX)(1/19, 4/76, 16/304)
Chloramphenicol (CHL)(4, 16, 32)

R: Resistant,

I: Intermediate, S: Susceptible

MIC value
(μg/ml)

R (%)

No. of isolates (%)
I (%)

2

11(100%)

0(0%)

2-4

6 (54.5%)

0(0%)

2

0(0%)

S (%)

0(0%)

0(0%)

11(100%)

0(0%)

0(0%)

5(45.5%)

0.12 - 1

11(100%)

1 - 16

1(9.09%)

2(18.18%)

64- 512

9(81.8%)

2(18.18%)

4 -16

11(100%)

0(0%)

1-4

0(0%)

1(9,09%)

10(90,9%)

7(63.6%)

0(0%)

4(36.4%)

1

0.5 - 1
4 -16

0.25 - 2
1

1- 16

11(100%)
0(0%)

6(54.5%)
6(54.5%)
0(0%)

1

11(100%)

4 - 16

0(0%)

20

0(0%)
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0(0%)

0(0%)

8(72.7%)

0(0%)

11(100%)

0(0%)

5 (45.5%)

0(0%)

5(45.5%)

6(54.5%)
0(0%)
0(0%)

6(54.5%)

0(0%)
0(0%)

5(45.5%)
0(0%)

11(100%)
5(45.5%)
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Table 4 Antimicrobial resistance patterns of the Salmonella spp isolates and MIC values

1.

Organic chicken egg content

2.

Organic chicken egg content

3.

Organic chicken egg content

4.

Organic chicken egg content

5.

Organic chicken egg content

6.

Organic chicken egg content

7.

Pasteurized liquid egg

8.

Pasteurized liquid egg

9.

Pasteurized liquid egg

10. Pasteurized liquid egg
11. Pasteurized liquid egg

AMP

AMX

PIP

LEX

CPD

CEF

CPR

IPM

AMK

GEN

TOB

ENR

MFX

˂=2
(R)

˂=2
(S)

8
(R)

16
(R)

2
(R)

2
(S)

˂=1
(I)

˂=1
(S)

˂=2
(R)

˂=1
(R)

˂=1
(R)

1
(R)

1
(S)

2
(R)

2
(S)

˂=2
(R)

4
(R)

˂=2
(R)
˂=2
(R)
4
(R)

˂=2
(S)
˂=2
(S)
˂=2
(S)
˂=2
(S)
˂=2
(S)

˂=2
(S)

˂=2
(S)
˂=2
(S)
˂=2
(S)
˂=2
(S)

16
(R)

16
(R)
8
(R)
16
(R)
16
(R)

16
(R)

16
(R)
8
(R)
16
(R)
8
(R)

˂=2
(S)

˂=4
(S)

˂=4
(R)

˂=2
(S)

˂=4
(S)

16
(R)

˂=2
(S)

˂=2
(S)
˂=2
(S)

˂=4
(S)

˂=4
(S)
˂=4
(S)

2
(R)

2
(R)

2
(R)
2
(R)

2
(S)

2
(S)
2
(S)

0,5
(S)

˂=1
(S)

0,5
(S)

˂=1
(S)

16
(R)

˂=0,25
(S)

8
(R)

˂=0,25
(S)

8
(R)

4
(I)

˂=0,25
(S)

˂=1
(S)

˂=1
(S)
˂=1
(S)

˂=1
(I)

˂=1
(I)
˂=1
(I)
˂=1
(I)

˂=1
(S)

˂=1
(S)
˂=1
(S)
2
(I)

˂=1
(I)

˂=1
(S)

˂=1
(S)

>=16
(R)

˂=1
(S)

˂=1
(S)

˂=1
(S)

˂=1
(S)
˂=1
(S)

2
(I)

˂=1
(S)
˂=1
(S)

˂=2
(R)

˂=2
(R)
˂=2
(R)
˂=2
(R)
˂=2
(R)
˂=2
(R)
˂=2
(R)
˂=2
(R)
˂=2
(R)
˂=2
(R)

˂=1
(R)

˂=1
(R)
˂=1
(R)
˂=1
(R)
˂=1
(R)
˂=1
(R)
˂=1
(R)
˂=1
(R)
˂=1
(R)
˂=1
(R)

˂=1
(R)

˂=1
(R)
˂=1
(R)
˂=1
(R)
˂=1
(R)

1
(R)

1
(R)
1
(R)
1
(R)
1
(R)

TET

1
(S)

>=16 >=512
(R)
(R)

1
(S)

>=16 >=512
(R)
(R)

1
(S)
1
(S)
1
(S)

>=16 >=512
(R)
(R)

>=16 >=512
(R)
(R)

16
(I)

˂=20
(S)

16
(I)

16
(I)
16
(I)

˂=1
(S)

64
(I)

4
(S)

128
(R)

4
(S)

>=16 >=512
(R)
(R)

˂=1
(R)

˂=0,12 ˂=0,5
(R)
(S)

˂=1
(S)

˂=0,12 ˂=0,5
(R)
(S)

˂=1
(S)

˂=1
(R)

TMP/
SMX

256
(R)

˂=0,12 ˂=0,5
(R)
(S)

˂=1
(R)

CHL

>=16
(R)

˂=1
(R)
˂=1
(R)

NIT

˂=0,12 ˂=0,5 >=16
(R)
(S)
(R)

128
(R)

˂=0,12 ˂=0,5
(R)
(S)

128
(R)

˂=1
(S)

64
(I)

16
(I)
16
(I)

8
(S)

4
(S)
4
(S)

˂=20
(S)

˂=20
(S)
˂=20
(S)
˂=20
(S)
˂=20
(S)
˂=20
(S)
˂=20
(S)
˂=20
(S)
˂=20
(S)
˂=20
(S)

Ampicillin (AMP), Amoxicillin (AMX), Piperacillin (PIP), Cefalexin (LEX), Cefpodoxime (CPD), Ceftiofur (CEF), Cefpirome (CPR), Imipenem (IPM), Amikacin (AMK), Gentamicin (GEN), Tobramycin (TOB), Enrofloxacin (ENR),
Marbofloxacin (MFX), Tetracycline (TET), Nitrofurantoin (NIT), Chloramphenicol (CHL), Trimethoprim/sulfamethoxazole (TMP/SMX)

However, there was no resistance to amoxicillin, marbofloxacin, and trimethoprim/sulfamethoxazole.  All of the isolates
(100%) showed multiple drug resistance to three or more
antibiotic agents. Antimicrobial resistance profiles of Salmonella spp. isolates and MIC values were shown in Table 3 and
Table 4.
Discussion

28

In this study, the incidence of Salmonella spp. in eggs was found at 2%. In studies conducted by different researchers, the
incidence of Salmonella spp. was found varied from 0% to
28% in eggs (Karim et al 2017, Pesavento et al 2017, Karadal
et al 2018). This difference occurs due to many factors including environmental conditions of the poultry habitat, quality
of feed, used litters, and hygienic criteria of the poultry housing. In particular, animal feeds used in poultry that contains
fish powder additives, can cause Salmonella infections. Additionally, the contamination resulting from packaging may cause the cold chain to break during transportation and a small
crack in the egg can also lead the bacterial agents to enter the
egg (Cardoso et al 2021).

While Salmonella spp. was not isolated on the shells of the
eggs in our study, however in other studies Salmonella spp.
positivity rates were detected in the eggshells from many
countries. Most of these conducted studies have reported
Salmonella contamination to be higher on eggshell (Karim et
al 2017). On the contrary, some studies reported no Salmonella spp. positivity rates in the eggshells similar to our study
(Harsha et al 2011).
The contamination of eggs with Salmonella species bacteria
occurs in two ways. The first of these is the transmission of
the egg with contaminated feces during or after ovulation
and it is called horizontal transmission. The second one is the
contamination of egg contents as a sequel to poultry reproductive organs infection, which could happen before eggshell
formation, and this is called direct contamination (vertical
transmission) (Gantois et al 2009). Some researchers have
reported horizontal transmission as the most important way
to contaminate eggshells (Bichler et al. 1996). Whereas, other researchers have stated that vertical transmission is also
very important and plays a critical role in this matter (GuardPetter 2001).
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In this study, while Salmonella spp. was not isolated in conventional and village eggs, 2 of the organic eggs (egg contents) (2/30, 6.6%) were found to be Salmonella spp. positive. In organic production, chicken has open walking and
closed areas, so they can easily walk around without being
given any chemicals, hormones, or antibiotics (Hoogenboom et al 2008). Consumers prefer organic products since
this poultry is grown in appropriate breeding systems and
no synthetic feed additives and genetically modified feed are
used. While some researchers stated that organic products
are healthier, other researchers emphasize that there are no
important differences in quality between organic and conventional production methods (Konca et al 2010). Similar to
the results of our study, Salmonella spp. incidence was found
to be higher in organic eggs when compared with conventional eggs in a study conducted in South Korea (Lee et al 2013).
The worrying results we had by finding Salmonella spp. in
organic eggs of our study point to the fact that contamination
may have occurred possibly due to feeding system, transportation, or cross-contamination.

Today egg products are widely used in the pastry industry
in various forms, especially as frozen, dried, and pasteurized
liquid eggs. Egg products are often preferred due to their
practical use in industry and their long-term preservation.   
In our study, Salmonella spp. was found in one (1.4%) of the
70 pasteurized liquid eggs. Similar to the results of our research, Hara-Kudo and Takatori (2009) found Salmonella spp.
in 1.7% of the pasteurized liquid eggs they examined in Japan. On the other hand, Dogruer et al (2015) did not find Salmonella spp. in 40 pasteurized liquid eggs they examined in
Konya. In liquid eggs, pasteurization is made against microbial contamination, especially Salmonella spp. Previously, it
has been reported that no Salmonella spp. was found in liquid eggs following an efficient pasteurization process (Board
2000). On the contrary, Salmonella spp. was found in pasteurized liquid eggs in our study. This can be due to insufficient
pasteurization, cross-contamination after pasteurization, or
breakage of cold chain during transportation.
In our study, Salmonella spp. was not found in the analysed
egg powder samples. This result shows that heat treatment
applied during egg powder production is sufficient and that
cross-contamination did not occur after production. Unlike
to results of our study, some researchers found Salmonella
spp. in egg powder samples (Sidik et al 2015). Researchers
reported that Salmonella could enter the egg from unwashed
eggshells, and stay alive during production as a result of insufficient heat application, also Salmonella spp. could be detected as a result of cross-contamination (Jones et al 2012).  
Moreover there are also studies that washing eggshell may
increase the entry of bacteria from eggshell due to damage to
the cuticle layer and opening of pore plug (Wang and Slavik
1998, Samiullah et al 2013).

Antimicrobial agents are generally used to protect and treat
bacterial infections in the poultry industry (Landoni and Albarellos 2015). In the present study, high resistance against
amikacin, enrofloxacin, gentamicin, tobramycin, cephalexin,
nitrofurantoin, and tetracycline could happen as a negative
result stemming from the fact that these antibiotics are generally used by veterinaries for treatment. Similar to the results
of our study, Tessema et al (2017) reported that 8 (72%) of
the 11 isolates obtained from chicken eggs in Ethiopia were
resistant against more than one antibiotic type, besides
that the most common resistance was against tetracycline
(72.7%) and ampicillin (72.7%). Gentamicin is an aminoglycoside antibiotic frequently used in veterinary medicine
against gram-negative and some gram-positive bacteria. The
main use of gentamicin in poultry is through SC injection, and
it's applied daily sometimes for different broilers and layers
of chickens. When gentamicin is applied in poultry via IM or
SC, it leaves residue in egg yolk and albumen (Goetting et al
2011). In our study, all of the Salmonella spp. isolates (100%)
were found to be resistant against gentamicin. Lower than
the results of our study, Maka et al (2015) reported that 1.6%
of their Salmonella spp. isolates were resistant to gentamicin.

One of the most widely used antibiotics in poultry production is tetracyclines. Tetracyclines are bacteriostatic antibiotics that inhibit the protein synthesis of bacteria (Landoni
and Albarellos 2015). In this study, Salmonella spp. isolates
were found to be highly (63.6%) resistant to tetracycline. As
a result of using tetracycline in chickens, these agents could
accumulate in the egg and so the residues of the antibiotics
may appear in egg albumen faster than the yolk (Goetting et
al 2011). Our results are in agree with Harsha et al (2001)
who reported that 63.63% of Salmonella spp. isolates obtained from eggs were resistant to tetracycline. However, it is
different from our study that Telli et al (2018) found 37.2%
of Salmonella spp. isolates were resistant to tetracycline in
chicken meat.
Antibiotic resistance is a major problem threaten public health concern worldwide (Ventola 2015). In this study, our
results showed that 100% of the isolates were multi-drug
resistant by showing resistance to three or more antibiotics.
Yildirim et al (2011) reported that 97% of their Salmonella isolates were multi-drug resistant. The high resistance of
our Salmonella spp. isolates to amikacin, enrofloxacin, gentamicin, tobramycin, cephalexin nitrofurantoin, tetracycline,
ampicillin, piperacillin, and cefpodoxime may indicate that
most of these antimicrobial agents are used unconsciously to
support growth and are also used as a treatment in poultry.
Moreover there are many complicated antibiotic resistance
ways for the transfer of the resistance, and some of them still
remain unknown (Sultan et al 2018). Some studies have proven that the resistance of the pathogens is present even after
20 years of restriction (Birkegård et al 2019).
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In our country, with the "Regulation on the Control of Salmonella and Other Identified Foodborne Zoonotic Factors" in order to reduce the risks and incidence of Salmonella and other
foodborne zoonotic agents to public health in poultry, procedures and principles that will take appropriate and effective
measures for the detection and control of the food pathogens
during production, processing and distribution stages, including feed, are being arranged. With this regulation, the use of
antimicrobials in poultry is subjected to government control
by the appropriate ministry. So to check the antimicrobial resistance of Salmonella in poultry, Salmonella isolates are being collected and monitored from selected different animal
populations (Official Journal 2014).
Conclusion

As a conclusion of this study, Salmonella spp. detection is a
significant public health problem. At the same time, the presence of Salmonella spp. indicates post-production crosscontamination of heat-treated foods, given the fact that our
detected Salmonella spp. isolates show multiple resistance to
most of the antimicrobial agents used in veterinary and clinical medicine, causing delays in treatment and loss of workforce. For this reason, the use of antibiotics in poultry farms
should be under control with strict rules and inspections.
Also, it is recommended to apply good production and hygiene practices, as well as pasteurization techniques, during the
preparation of eggs and egg products.
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