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The aim of this study was to follow contamination of ready to eat milk and meat products with Salmonella spp. by using the StepOne
real-time polymerase chain reaction (PCR). Classical microbiological methods for detection of foodborne bacteria involve the use of
pre-enrichment and/or specific enrichment, following isolation of bacteria in solid media and the final confirmation by biochemical
and/or serological tests. We used the PrepSEQ Rapid Spin Sample Preparation Kit for isolation of DNA and MicroSEQ R© Salmonella
spp. Detection Kit for pursuance of the real-time PCR (Applied Biosystems). In samples without incubation we detected strain of
Salmonella sp. in 5 out of 25 samples (swabs), as well as in the internal positive control (IPC), which was positive in all samples. This
StepOne real-time PCR assay is extremely useful for any laboratory equipped by real-time PCR. It is a fast, reproducible, simple,
specific and sensitive way to detect nucleic acids, which could be used in clinical diagnostic tests in the future. Our results indicated
that real-time PCR assay developed in this study could sensitively detect Salmonella spp. in ready-to-eat food. This could prevent
infection caused by Salmonella, and also could benefit food manufacturing companies by extending their product’s shelf-life as well
as saving the cost of warehousing their food products while awaiting pathogen testing results.
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Introduction

Classical microbiological methods for detection of food-
borne bacteria involve the use of pre-enrichment and/or
specific enrichment, followed by the isolation of bacteria
in solid media and a final confirmation by biochemical
and/or serological tests.[1] Determining of bacterial viabil-
ity is a key issue for the application of food risk manage-
ment; thus a rational approach for detecting only viable
bacterial cells by using molecular-based methods is neces-
sary. However, the PCR does not distinguish among viable
and dead bacterial cells. DNA from bacterial dead cells can
serve as a template for the PCR many days after cell viabil-
ity has been lost.[2–3] Raw (unpasteurized) milk is an impor-
tant vehicle of transmission of pathogenic microorganisms
such as Salmonella spp., and Listeria monocytogenes. Sev-
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eral outbreaks of foodborne illnesses following consump-
tion of raw milk and milk-based products caused by Shiga
toxin-producing Salmonella spp.,[4–5] have been reported
in recent years, indicating the importance of this problem
in safeguarding public health. In recent years, PCR-based
methods have been reported as a rapid, specific and sen-
sitive alternative, and have been increasingly used to iden-
tify several microbial species from food,[6–7] and clinical
samples.[8–9] In addition, the multiplex PCR (mPCR) tech-
nique can conveniently detect multiple targets in the same
amplification reaction.[10] Conventional multiplex PCR as-
says currently available for the detection of three target
pathogens,[11] require agarose gel analysis, thus amplicon
manipulations, leading to laboratory contamination and
the consequent risk of false positive results. Several real-
time PCR assays for single reaction are available for the
detection of our target species.[12–15] The m-PCR allows
the simultaneous amplification of more than one target se-
quence in a single PCR reaction, saving considerable time
and effort, and decreasing the number of reactions to be
performed in order to assess the possible presence of food-
borne pathogens in a food sample.[10] Since its introduction,
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m-PCR has been successfully applied to many areas, includ-
ing detection of foodborne pathogens.[16] However, some
components of food and chemicals required for selective
enrichment of cells may influence the effectiveness of the
PCR and cause inhibitory effects.[17] Thus, the implemen-
tation of PCR-based assays as routine microbiology diag-
nostic tools, especially in testing laboratories with quality
assurance programs, requires proper controls to verify the
accuracy of the results obtained. An adequate strategy to
assess the validity of the PCR results is the use of an internal
amplification control (IAC), a non-target DNA sequence
which is coamplified with the target sequence by the same
set of primers.[18–19] Real-time PCR methods are often used
for quantification of initial target DNA. Unfortunately,
amplification efficiencies can be different from sample to
sample due to the effects caused by inhibition of amplifica-
tion, human failures or preparation errors. This implies that
quantification, even with external controls, does not always
represent a correct calculation of initial amount of target in
each sample. To eliminate part of these drawbacks, different
approaches of using an internal amplification control (IAC)
in each real-time PCR have been described recently.[20–21]

Especially real-time PCR methods such as 5′ nuclease Taq-
man PCR,[22–23] and PCR combined with molecular bea-
cons,[16] have shown promising results due to the rapid,
sensitive and specific detection of pathogens.[24] To de-
tect Salmonella spp. and E. coli O157:H7, real-time PCR
methods have been reported based on the amplification
of species-specific genes, or genes related to pathogenicity
or virulence. Recently, the detection of Salmonella enterica
was accomplished by real-time Taqman PCR methods di-
rected to the spaQ-gene,[25] the invA-gene,[20] and a molec-
ular beacon-based method directed to the himA-gene.[20]

To validate PCR results, both internal and external con-
trols should be included with each assay to monitor assay
performance. External controls monitor the use of instru-
mentation, the assay reagents, and ensure no DNA cross-
contamination has occurred. External controls comprise
the same reagents as used in the detection assay, but instead
of a test sample, contain either known positive nucleic acid,
that should always produce a PCR product, or no nucleic
acid template, that should produce no PCR product. In-
ternal controls (ICs) often involve the use of a separate
PCR assay that is included in the same tube as well as the
detection assay,[8,26] which amplifies a nucleic acid target
sequence invariably present, such as an endogenous house-
keeping gene, or an exogenous target sequence added with
the PCR reagents. Examples of exogenous targets used for
ICs are a fragment of the neomycin phosphotransferase
gene or bacteriophage λ DNA.[27] The IC can be used to
monitor the efficiency of each reaction,[28] providing assur-
ance that amplification and detection are working effec-
tively, with insufficient PCR inhibition to adversely affect
the final result.[8,29] In a detection assay the IC should al-
ways give a positive PCR result and indicate that a negative
test result is a true negative and not due to the inhibition of

PCR. When introduced into an unprocessed food sample,
an internal control can also serve to monitor the reliabil-
ity of the complete procedure of nucleic acid extraction,
amplification and PCR product detection.

The aim of this study was to detect Salmonella spp.
by StepOne real-time PCR in ready-to-eat milk and meat
products.

Materials and methods

Food samples

A total of 25 food samples were used in this study. Samples
were obtained by taking of swabs from the inside of the
food (Table 1). Observed milk and meat products were the
aim of investigation. After sampling, procedure shown in
Figure 1 was used.

Bacterial strains and DNA extraction

As a pre-preparation step for the StepOne real-time PCR,
DNA extraction was performed using DNA extraction
method: PrepSEQ Rapid Spin Sample Preparation Kit
(Applied Biosystems, USA).

General sample preparation protocol

Sample of 750 µL was loaded onto the spin column and
microcentrifuged for 3 minutes at maximum speed. Super-
natant was discarded and 50 µL of Lysis Buffer was added
to the pellet. Samples were incubated for 10 minutes at
95◦C.

MicroSEQ R© Salmonella spp. detection kit

An assay to amplify the polymerase chain reaction (PCR),
a unique microorganism-specific DNA target sequence and
a TaqMan R© probe to detect the amplified sequence were
used. Strips of eight tubes each, containing assay beads
compatible with StepOneTMSystems were used. Samples of
30 µL to the lyophilized beads were loaded. MicroAmp R©
48-Well Base and the MicroAmp R© Cap Installing Tool were
added to the tubes. A MicroAmp R© Fast 48-Well Tray on
the sample block of the StepOne System was used.

Real-time PCR

TaqMan R© probes labeled with both a fluorophore and a
quencher dye were used in real-time PCR assays to de-
tect amplification of specific DNA targets. FAMTM, which
has an emission of 520 nm, has become the most com-
monly used fluorophore for singleplex qPCR reactions.
TAMRATM will efficiently quench the fluorescence of
FAMTM, until the probe hybridizes to the target and is
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Table 1. Source of ready-to-eat food samples used in this study.

Ct (threshhold cycle)

Sample
number

Source of
food

Salmonella
spp. IPC

Functional
foods group

1 Čingovská
salami

Negative 17.89 Meat product

2 Negative 18.90
3 24.99 25.03
4 Inovecká

salami
Negative 22.47 Meat product

5 16.99 17.87
6 16.49 22.49
7 Tourist

salami
Negative 19.06 Meat product

8 17.62 18.91
9 Negative 22.51

10 17.99 19.04
11 Ipeľ sausage Negative 17.87 Meat product
12 Negative 25.01
13 Negative 24.99
14 Sour cream Negative 22.49 Milk product
15 Negative 22.53
16 Negative 18.89
17 Yogurt

cream with
vanilla
Zvolen

Negative 18.91 Milk product

18 Negative 25.03
19 Negative 17.90
20 Strawberry

yogurt
cream with
low fat

Negative 22.49 Milk product

21 Negative 18.88
22 Negative 22.46
23 Creamy

yogurt
quality
Albert

Negative 25.02 Milk product

24 Negative 17.86
25 Negative 19.07

cleaved by the 5′ exonuclease activity of the polymerase. We
used three fluorophore detection chemistries that include
FAMTM and VIC R© dye-labeled TaqMan R© MGB probe-
based assays, VIC R© and TAMRATM dye-labeled probe-
based assays and ROXTM as passive reference dye. Thermal
cycling conditions were as follows: 2 minutes of incubation
at 95◦C, followed by 40 cycles of 1 sec. denaturation at
95◦C and 20 sec. annealing and elongation at 60◦C. Data
were collected during each elongation step. PCR products
were detected by monitoring of the increase in fluorescence
of the reporter dye at each PCR cycle. Applied Biosys-
tems software plots the normalized reporter signal, �Rn,
(reporter signal minus background) against the number of
amplification cycles and also determines the threshold cycle

Sample 

(swabs from the inside of samples) 

Isolation of DNA 

(PrepSEQTM Rapid Spin Sample Preparation Kit) 

Pursuance Real Time PCR 

(MicroSEQ Salmonella spp. Detection Kit) 

Fig. 1. Procedure used for processing the samples.

(Ct) value; i.e. the PCR cycle number at which fluorescence
increases above a defined threshold level was used.

Results and discussion

The most sensitive detection of Salmonella spp. was ob-
tained using PrepSEQTM Rapid Spin Sample Preparation
Kit and MicroSEQ R© Salmonella spp. A detection kitcom-
patible with StepOneTMSystems was less time-consuming
than the other methods and relatively easy to use. Thus, the
PCR-based detection of bacteria depends on the efficiency
of DNA extraction procedure used to prepare the template
DNA. In our samples without incubation we could detect
strain of Salmonella spp. in 5 out of 25 samples (swabs), as
it is shown in Figure 2, as well as in internal positive con-
trol (IPC), which was positive in all samples, as it is shown
in Figure 3. The threshold value was 1.00 by salmonella
samples and 0.05 by internal positive control (IPC). The
(Ct) value of positive salmonella samples was on average
18.81 and IPC (Ct) value was on average 20.67, whereby
the lowest value of positive salmonella samples was found
at 16.49 and the highest value was at 24.99. The lowest
IPC value was detected at 17.87 and the highest accom-
plish value was 25.02. Higgins et al.[24] noted that Ct values
are generally a good indicator of the contamination level
of the target organism, as well as the efficiency of the PCR
assay. The Ct values observed for the Instagel protocol
(27.2+1.4) are in agreement with the notion that it pro-
vided cleaner templates for PCR than the Bax-lysis buffer
(30.5+1.1). The IPC was correctly amplified in PCR reac-
tions containing colonies from both Salmonella spp. and
non-Salmonella strains, being overall TET �Rn values of
1.33 (0.35 S.D.) and 0.49 (0.12 S.D.), respectively. More-
over, non-template controls did not produce any FAMTM

or TET-positive signal. The �Rn results are in agreement
with results of Hoorfar et al. [20] and indicate that the opti-
mized PCR system is suitable to be used to specifically iden-
tify Salmonella spp. colonies. The multiplex real-time PCR
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Fig. 2. Real-time PCR detection of Salmonella spp. (Ct- threshold cycle).

Fig. 3. Real-time PCR detection of internal positive control (Ct- threshold cycle).
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developed in this study was the first technique to detect all
Salmonella spp. possibly related with meats and to differen-
tiate simultaneously S. Typhimurium from S. Enteritidis in
meats. Previously, real-time PCR assays had been applied
for Salmonella spp. and other food-borne pathogens.[15,

30–31] In the multiplex real-time PCR, Salmonella spp., S. Ty-
phimurium and S. Enteritidis produced mean CT values of
13.00 ± 0.94, 18.29 ± 2.23 and 16.39 ± 3.38, respectively for
the specificity of the multiplex real-time PCR. When 0.54
± 0.09 log10 CFU/mL of S. Typhimurium and 0.65 ± 0.07
log10 CFU/mL of S. Enteritidis were spiked into meats,
the multiplex real-time PCR assay could detect bacteria in
the spiked beef but not in the spiked pork, both from a pre-
enrichment condition. The multiplex real-time PCR assay
detected bacteria that underwent a post-enrichment condi-
tion. Pre-enriched meats had CT values of 35.32 or more,
while post-enriched meats had CT values of 14.41 to 22.23.
When 1.45 ± 0.21 log10 CFU/mL of S. Typhimurium
and 1.65 ± 0.07 log10 CFU/mL of S. Enteritidis were
spiked into meats, the multiplex real-time PCR assay de-
tected bacteria in all conditions (beef, pork, pre-enriched,
and post-enriched). However, pre-enriched meats had CT
values from 30.94 to 36.94, while post-enriched meats had
CT values ranging from 14.52 to 22.06.[32] Coloured sub-
stances originally present in samples might interfere with
the fluorescence signal detection of the PCR system. How-
ever, the procedure of re-growing the cultures in BHI and
preparing cell lysates as DNA templates for BAX analysis
can significantly dilute the effect of substances in sample
matrices that might interfere with signal detection. Bennett
et al.[33] reported that food constituents, such as organic
and phenolic compounds, and fats might inhibit DNA am-
plification. In this study, Salmonella spp. could be detected
by BAX-PCR from these particular food samples without
difficulties. Our results were incongruent with the study by
Bennett et al.[33] which demonstrated that the BAX system
was optimized for the detection of meat and poultry prod-
ucts without any inhibition. In their study, Salmonella spp.
could also be isolated from the BHI cultures of samples
tested negatively by conventional culture method.

Conclusion

The rapid real-time PCR-based method performed very
well compared to the conventional method. It is a fast, re-
producible, simple, specific and sensitive way to detect nu-
cleic acids, which could be used in clinical diagnostic tests in
the future. Conventional PCR methods need amplification
product separation by gel electrophoresis following by hy-
bridization with a probe. These time-consuming protocols
are replaced nowadays by more convenient and rapid real-
time PCR assays. Our results indicate that the StepOne real-
time PCR assay developed in this study could sensitively
detect Salmonella spp. in ready-to-eat food. This could pre-
vent many people from becoming infected with Salmonella.

It could benefit food manufacturing companies by extend-
ing their product’s shelf-life by several days and saving them
the cost of warehousing their food products while awaiting
pathogen testing results.
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