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Abstract 

Salmonellas are wide-range organisms which can cause disease in human and other 

organisms. They can invade the intestinal and extra-intestinal tissues. The Salmonellosis is 

one of the main world health challenges. Salmonellas are usually detected in milk by 

conventional methods of bacterial culture. However, this method is time consuming and lacks 

the desired specificity. So, the objective of this study was to develop and evaluate a SYBR 

Green real-time PCR method for the specific detection of Salmonella Entiritidis in cow milk 

farm samples. In this article, we present a real-time PCR assay for quantitative detection of 

Salmonella Entiritidis in100 samples milk. The standard curve correlation coefficient for the 

threshold cycle versus the copy number of initial Salmonella Entiritidis cells was 0.996. To 

test the PCR system, a set of 100 milk samples were screened for the presence of Salmonella 

Entiritidis. 17% (17/100) of milk samples, tested positive for Salmonella Entiritidis. This 

result indicated that the real-time PCR assay provides a specific, sensitive and rapid method 

for quantitative detection of Salmonella Entiritidis. Moreover, it is concluded cow milk is 

commonly contaminated with Salmonella Entiritidis and could serve as a potential risk for 

consumers in Iran, especially if proper hygienic and cooking conditions are not maintained. 
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Introduction 

Salmonellosis is common cause mortality due to food and water borne diseases in developed 

and developing countries that causes gastroenteritis and typhoid in humans [1]. Foods of 

animal origin are frequently implicated in human salmonellosis owing to the high 

prevalence of Salmonella strains in animals [2]. Dairy cows and their environment harbor 

pathogens that pose a potential human health hazard. Salmonellosis is commonly diagnosed 

in dairy cows and calves, and the presence of Salmonella on dairy farms has been well 

documented [3]. Recently, it has been demonstrated that countries in Asia exhibit high 

burden of Salmonellosis [4]. Most Salmonella serovars are potential pathogens and standard 

methods for detection of these pathogens in complex biological samples are time consuming. 

Moreover, Low numbers of Salmonella in food may pose a public health risk given that their 

infective dose can be as low as 15-100 CFU [5, 6]. Only higher levels of Salmonella (10
2
 - 

10
3
 CFUg

1
 or 10

2
-10

3
 CFUml

1
) are detectable by conventional culturable methods [1]. Further, 

conventional bacteriological detection and quantitative enumeration of Salmonella in foods 

is costly, laborious, and time-consuming, requiring up to 5 days obtaining a confirmed result 

1, 7]. Thus, PCR-based and real-time PCR (RT-PCR)-based diagnostic methods have been 

developed in the last two decades to detect Salmonella DNA in samples [8-17]. The main 

benefits of real-time PCR are high speed, high sensitivity, high specificity, reduced amplicon 
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size and no post-PCR steps that reduce risks of cross-contamination [18]. Many researchers 

use simple and less expensive SYBR Green dye for real-time PCR studies. A number of 

SYBR Green real-time PCR assays for detection of microbial pathogens such as Escherichia 

coli, Campylobacter and Vibrio have been reported [19-21]. Four SYBR Green real-time PCR 

methods for detection of Salmonella from various types of samples have been described. 

Medici et al. and Bhagwat et al. reported SYBR Green based PCR assays with poultry 

samples and vegetable rinse-water, respectively [22, 23]. Additionally, multiplex real-time 

PCR using SYBR Green for simultaneous detection of Salmonella in milk samples have been 

reported [24]. Although a few real-time PCR assays in are available for quantification of 

Salmonella in food, vegetables and clinical samples in developed countries [25-27], but 

also a simple and fast method for detection of Salmonella spp was not elucidated in 

developing countries such as Iran. Therefore, the objective of the present study was to 

establish a simple real-time PCR method using SYBR Green that would be suitable for routine 

analysis of Salmonella spp. in cow milk samples. To determine the method's effectiveness, 

experiments were conducted with different types of both artificially and naturally 

contaminated milk samples. 

 

Material and Methods 

Sample collection 

100 cow milk farm samples were collected from two dairy farm following methods described 

previously [28, 29]. Samples were collected using aseptic techniques, transported to the 

laboratory on ice, and stored overnight at 58C before analysis. 
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Microscopic analysis of cell morphology and biochemical tests for isolation and 

identification of Salmonella Entiritidis 

Cow milk samples were tested at the collection site. Aliquots of 50 g were centrifuged at 

20,000×g for 40 min. The supernatant was discarded and the pellet (not fat layer) suspended 

in 10 ml enrichment broth. It was then transferred to 90 ml enrichment broth. This was 

followed by a 24-h enrichment step in which the cultures were transferred to a 42°C 

microaerobic incubator and incubated statically. All the enriched samples were linearly 

cultured in plates containing S.S and B.G.A culture media and incubated at 37±1°C for 24 

hours. Absence of colony in S.S and B.G.A media was the result of lack of Salmonella 

contamination but in the presence of contamination the suspicious colonies in S.S agar media 

(Salmonella Shigela) were transparent and colorless with a dark center and in B.G.A media 

(Brilliant green agar) were pink. To prove the Salmonella contamination, the colonies were 

transferred to a test tube containing 0.5 ml distilled water and OPNG disk and were incubated 

at 37±1°C for 2-6 hours. Any change in the color of OPNG solution was due to Salmonella 

contamination and lack of color change was the proof for the lack of Salmonella 

contamination. Biochemical and serological tests such as; TSI tests (triple sugar iron agar), 

LIA (lysine decarboxylase), Simon citrate, Urea an SIM (Solphite Endol Motility) and VIP 

test (Voges-Proskave) can also be used to detect Salmonella Entiritidisin primary milk 

samples or milks undergoing test. 

 

Sensitivity studies with pure cultures  

Sensitivity studies were performed with Salmonella Enteritidis ATCC 13076 (American 

Type Culture Collection, Manassas, VA) pure cultures in broth and in sterilized milk sample 

to determine the lower detection limit of the real-time PCR assay. DNA was prepared from a 

dilution series with a concentration range of 100 to 108 CFU/ml in 10-fold dilutions of 
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Salmonella Enteritidis grown overnight in Trypticsoy broth (TSB; Difco, Detroit, MI) and in 

ultra high temperature (UHT) sterilized whole milk. The number of CFU for each dilution was 

obtained by the standard plate count method using Xylose Lysine Deoxycholate (XLD; Difco) 

agar plates. To rule out false positives, one uninoculated aliquot was used as a negative control 

in every experiment. These experi- ments were conducted in triplicate. Standard curves were 

constructed by plotting CFU versus threshold cycle (CT) produced for the target gene. For a 

comparison of PCR amplification efficiencies and detection sensitivities among different 

experiments, slopes of standard curves were calculated by performing a linear regression 

analysis with iCycle iQ software (version 3.0; Bio-Rad). 

 

Detection studies with milk farm samples  

Twenty-five grams or 25 ml of each sample were homogenized in 225 ml of UPB in a 

Stomacher filter bag. Filtrates were transferred to sterile bottles and incubated at 37 8C for 

18-24 h. After incubation, enrichment cultures were subdivided into two aliquots: one 

aliquot was analyzed by the standard culture method (FDA/BAM, 2001), and the other 

aliquot was subjected to DNA extraction and purification for SYBR Green real-time PCR and 

melting curve analysis. For isolation of Salmonella, one ml of pre-enriched broth was 

transferred into 9 ml of Tetrathionate broth (TTB, Difco) and incubated at 37 8C for 18-24 h. 

Enriched cultures were sub-cultured onto XLD and novobiocin (Sigma, St. Louis, MO) 

supplemented Brilliant Green (BG, Difco) agar medium, and culture plates were incubated 

as described previously.  

 

Identification of Salmonella isolates  

More than 5 presumptive Salmonella colonies per duplicate plates were used for 

biochemical and serological reactions, and the identities of Salmonella isolates were 
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confirmed by the API 20E system (bioMerieux, Hazelwood, MO).  

 

Extraction of DNA from pure culture and enrichment broth cultures  

Total bacterial DNA was extracted from pure cultured strains using InstaGene Matrix 

(Bio-Rad Laboratories) according to manufacturer's instruc tions. For extraction and 

purification of bacterial DNA from broth cultures of samples, PrepMank Ultra (Applied 

Biosystems, Foster City, CA) sample preparation reagent was used according to 

manufacturer's directions.  

 

SYBR Green real time PCR assay 

Real-time PCR and data analysis were performed in the ABI 7500 Sequence Detection 

System (Applied Biosystems) using SYBR Green PCR Master Mix (Qiagen, Valencia, CA). 

The specific Salmonella primer sequences were: left-5' TCGTCATTCCATTACCTACC-3' and 

right 5'AAACGTTGAAAAACTGAGGA3' that were chosen to amplify a 119-base pair 

fragment of the invasion (invA) gene that previously described by Hoorfar et al. [30]. The 

PCR mixture contained 25 µl QuantiTectk SYBR Green PCR Master Mix (SYBR Green PCR 

Buffer, Hot Start Taq DNA Polymerase, dNTP mix including dUTP, SYBR Green 1, passive 

reference dye ROX, and 5mM MgCl2); 0.3 µl of each primer; 1.5 µl of DNA template; and 

0.1 µl of dilute fluorescein solution for the collection of dynamic well factors as specified in 

the iCycler iQ manual. To reach a total volume of 50 µl per well, RNase-free distilled water 

was added. All runs included a negative control without target DNA and Salmonella 

Enteritidis ATCC 13076 as the positive control. Thermal cycling conditions were as follows: 

95 8C for 15 min, followed by 40 cycles of 95 8C for 15 s, 55 8C for 15 s, and 72 8C for 30 s. 

A final extension of 72 8C for 5 min was employed. All PCR reactions were performed in 

triplicate. Reproducibility of SYBR Green real-time PCR was assessed by running samples 
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independently on different days.  

 

Results 

Sensitivity of real-time PCR 

Sensitivity and detection limits in pure cultures Serial dilutions of purified DNA were 

prepared and a CFU standard curve was constructed. DNA isolated Salmonella Entiritidis 

cells were serially 10-fold diluted in 1×TE buffer and subjected to PCR. As shown in Fig. 1, 

there were ranging from 100 to 105 CFU/ml in the application curve for these serial dilutions 

of Salmonella Entiritidis DNA. Standard curves were constructed using mean CT and 

resulted in a linear relationship between CT and log input DNA. Correlation coefficients of 

standard curves were R2=0.996 (y = 2.178x + 36.17) and the minimum levels of detection 

were 102 CFU/ml, respectively (Fig. 1). Real-time PCR amplification of Salmonella 

Entiritidis DNA and melting curve analysis of SYBR Green real-time PCR product of 

Salmonella Enteritidis after 40 cycles were shown in figure 2. 

 

Detection of Salmonella from milk farm samples by real-time PCR and conventional 

culture methods 

As an application of the real-time PCR system and conventional culture methods , a set of 

100 milk samples were screened for the presence of Salmonella Entiritidis. As shown 

in Table 1, for real-time PCR detection, 17% (17/100) of milk samples were found to be 

positive for Salmonella Entiritidis. Using the conventional culture methods 11% (11/100) of 

milk samples was found to be positive for Salmonella Entiritidis. The results for Salmonella 

Entiritidis detection in milk by real-time PCR and culture methods showed significant 

statistical differences (r=0.62, P<0.05). All culture-positive samples were real-time PCR-

positive as well; however, 6 samples positive by PCR were culture-negative. Quantitative 
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results for Salmonella Entiritidis in milk by real-time PCR are presented in Table 2 and 3. 

Table 1: Detection for Salmonella Entiritidis in milk by real-time PCR and culture 
method 

Number of positive Positive ratio (percent) Number of sample 
Real-Time PCR 

method 
Culture 
method 

Real-Time PCR 
method 

Culture 
method 

Milk (100) 17 11 17% 11% 
 

Figure 1 A 

 

Figure 1 B 

 

Fig 1: A: Application curve for serial 10-fold dilutions of Salmonella Entiritidis DNA in 

LightCycler. Reactions contained ranging from 100 to 105 CFU/ml. B: Standard curve 
for serial 10-fold dilutions of Salmonella Entiritidis DNA. Quantification was performed 
by determining the threshold cycle (Ct). Linear regression coefficients were R2=0.996 (y 
= 2.178x + 36.17).  
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Figure 2A 

 

                                                    Figure 2B 

 

Fig 2: (A) Real-time PCR amplification of Salmonella Entiritidis DNA. (B) Melting 
curve analysis of SYBR Green real-time PCR product of Salmonella Enteritidis after 40 
cycles. 

 

Table 2: Detection of Salmonella Entiritidis in milk Samples by real-time PCR 

sample Number of positive Amount (CFU ml -1) 
Milk 17 5.8 × 106 ± 4.1 × 104 
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Table 3: Comparisons between culture-negative and culture-positive samples among 
real-time PCR-positive samples for detection of Salmonella Entiritidis 

Amount  of detected using real-time PCR (CFU ml -1) sample 
Culture-negative sample Culture-positive sample 

Milk 4.9 × 103 ± 2.3 × 102 6.1 × 106 ± 3.1 × 105 
 

 

Discussion 

Salmonella is one of the main causes of food toxicity. Salmonella enters the intestine of 

animals and human through mouth and result in food toxicities such as; Septisemy and 

intestinal fever (Tiphoid). So, controlling germs in foods has a great importance [31, 32]. The 

milk of animals such as cow may be full of Salmonella which can be infectious for human 

[33]. One of the most common species of Salmonella that can contaminate milk is entiritidis 

[34]. Therefore, early detection of Salmonella contamination is critically important.  

In the present study, a simple and reproducible real-time PCR method based on SYBR 

Green fluorescence for detection of Salmonella from milk farm samples is reported. 

Experiments carried out on milk farm samples showed that real-time PCR could detect 

Salmonella in <10 CFU/ml of Salmonella contaminated samples. These results agree with 

those of other reports, which described samples had improved detection limits of the real-time 

PCR assay [24, 35]. Fukushima et al. also recommended duplex real-time SYBR Green PCR 

assays to achieve adequate sensitivity in samples that contained low levels of target pathogens 

[36].  

The R2 after the linear regression indicated a good correlation between the amount of 

template (log CFU) and Ct in the standard curves (R2=0.996). The linearity of the standard 

curves and the fact that the PCR operates with constant efficiency confirmed that the assay 

was well suited to quantitative measurements of Salmonella Entiritidis. The detection limit of 

the present PCR assay was estimated to be approximately 1 CFU per PCR from bacterial 
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culture. However, the sensitivity for detecting Salmonella Entiritidis in milk was 6–15 CFU 

per PCR. These indicated the possible presence of inhibitory substances in these samples. 

Our limit of detection is similar to those reported by others using a fluorogenic 5′-nuclease 

PCR assay for endpoint detection. Bassler et al. obtained a detection level for Listeria 

monocytogenes of approximately 50 CFU per PCR [37], while Chen et al. showed a detection 

limit of as low as 2 CFU per PCR from a pure culture of Salmonella enterica serovar 

Typhimurium [38]. 

Real-time PCR and culture methods were screened for the presence of Salmonella Entiritidis 

in 100 milk samples. The results from the two methods of study supported the fact that cow 

milk is commonly contaminated with Salmonella Entiritidis in IRAN. Our reported positive 

ratio of detection was similar to those of other reports in China [39, 40], But the positive ratio 

of real-time PCR detection was higher than for the culture method. All culture-positive 

samples were real-time PCR-positive; however, 7 samples that were PCR-positive were 

culture-negative. DNA extracted from samples was used as template in the PCR assay. These 

samples may have contained dead or sublethally damaged cells, which were present at a high 

enough concentration for the Salmonella Entiritidis DNA to be detected in the real-time PCR 

assay, although they could not be recovered by enrichment culture methods.  

As shown in Table 2, an apparently high number of Salmonella Entiritidis was detected by 

the real-time PCR method in the samples examined. These numbers refer to the concentrated 

suspensions obtained after centrifugation. As shown in Table 3, comparison of the numbers 

of Salmonella Entiritidis detected by PCR in the culture-negative compared to the cultural-

positive samples indicates that the very high numbers of Salmonella Entiritidis detected by 

real-time PCR were probably either non-viable or VNC cells. These dead cells could not pose 

a risk to human health, but do indicate that this milk was previously contaminated 

with Salmonella Entiritidis. Therefore, quantitative detection systems are crucial to estimate 
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the possibility of Salmonella Entiritidis contamination in milk samples, and such risk 

assessments are important for future legislative work. 

The real-time quantitative PCR assay demonstrates several advantages over other 

conventional PCR approaches. The fluorogenic assay is a convenient, self-contained process. 

The only necessary steps are the reaction set-up and the tube sealing. Unlike other 

quantitative PCR methods, real-time PCR does not require post-PCR sample handling, thus 

avoiding potential PCR product carryover contamination. This enables the assays to be 

conducted much faster and in a high-throughput format. The real-time PCR method has a 

very large dynamic range of starting target molecule determination. Moreover, this real-time 

method is extremely accurate and is less labor-intensive than methods such as the 

immunocapture PCR assay [41]. 

Adaptation of real-time PCR for quantification of Salmonella Entiritidis in milk is feasible 

[42]. Choosing proper protocols for the isolation of bacterial DNA/cells is an important 

factor. A possible approach may be the use of magnetic beads for specific isolation of the 

bacteria, followed by DNA isolation while the bacteria are still attached to the beads [43]. 

Real-time PCR may be particularly useful both for routine screening for Salmonella 

Entiritidis contamination and for large-scale screening during outbreaks. 

In summary, the data presented here showed that the real-time PCR assay was suitable for 

identification of Salmonella Entiritidis. A set of 100 milk samples were screened for the 

presence of Salmonella Entiritidis. The results indicated that cow milk is commonly 

contaminated with Salmonella Entiritidis and could serve as a potential risk for consumers in 

Iran. The real-time PCR assay provides a specific, sensitive and rapid method for quantitative 

detection of Salmonella Entiritidis in milk samples. 
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