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samples. The sample in this study consisted of 15 types of bacterial product
samples spiked with Salmonella typhimurium ATCC 14028 cultures that had
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1. INTRODUCTION

Molecular analysis techniques using PCR were first developed by Mullis in 1986, and since
then this technique has become very popular in the world of molecular biology (Mullis et al.,
1992). DNA-based molecular analysis techniques are the most reliable DNA species
identification techniques in recent times. This method has developed rapidly and is becoming a
highly used method in molecular biology. Apart from being a method in species DNA research,
this method has also been widely applied in the world of disease diagnosis, forensic applications
and detection of pathogenic bacteria in clinical, food and environmental samples. This method
works specifically through analyzing specific DNA sequences in the genome of the target
organism (Lockley & Bardsley, 2000).

The application of molecular analysis techniques to detect pathogenic bacteria from food and
beverage products has been growing rapidly recently. Even though conventional identification
techniques are still very much needed to detect pathogenic bacteria from food and beverage
products, because this technique is quite tiring and takes relatively more time than molecular
techniques, the application of this molecular technique needs to be a balanced material in its
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application to produce data. and test results that are faster, sensitive, and more accurate. In general,
the principle of DNA extraction is composed of three stages which include cell lysis, DNA
extraction and DNA purification, however, the boiling technique is the simplest DNA isolation
technique which is widely used in the isolation of microorganisms (Martins et al., 2015; Ribeiro
Junior et al., 2016).

With the development of molecular technology, extraction techniques have also developed,
giving birth to various types of DNA isolation techniques, including using enzymatic, chemical,
heating or thermal, or mechanical lysis techniques, or a combination of the two (Van Tongeren et
al., 2011). Several studies using boiling isolation techniques have been carried out on several
bacteria (Ahmed & Dablool, 2017; Dimitrakopoulou et al., 2020), Salmonella (Alves et al., 2016),
Clostridium perfringen (Ahsani & Shamsaddini, 2013), yeast (Silva et al., 2012) and human DNA
(Swa, 2011) . Therefore, this research can be a reference source in testing the quality of food
products from pathogenic bacterial contamination that is harmful to public health. Besides, this
method is also expected to be a reference method in similar studies to advance molecular biology
testing techniques in detecting species DNA.

2. METHODS

2.1. Materials
The ingredients in this study were meatballs, Buffered Peptone Water (BPW) catalogue

CMO0505 Oxoid, Tris HCI 0.1%, 50 Molal NaOH, and QuantiNova SYBR Green (Qiagen) PCR
Kit.
2.2. Sample Preparation

The samples consisted of 15 samples of bakery products which were spiked with positive
cultures of Salmonella typhimurium ATCC 14028 phase 2. Phase 2 bacterial cultures were made
by culturing positive cultures of Salmonella typhimurium ATCC 14028 from parent standards to
produce working standards. The sample was weighed 25 g and then put in a stomacher bag that
has a filter, after which 225 mL of Buffered Peptone Water (BPW) and 1 mL of positive
Salmonella typhimurium ATCC 14028 phase 2 spike were added and then homogenized by
shaking using a stomacher. The results of the homogenization will then be incubated in an
incubator with a temperature of 35-37 °C for 44-48 hours without shaking. After that, remove it
from the incubator and proceed to the DNA isolation stage.

2.3. DNA isolation
Samples that have been incubated are then pipetted as much as 1 mL, then put ina 2 mL

centrifuge tube and centrifuged for 5 minutes at a speed of 14,000 rpm. Discard the supernatant,
then the pellet formed at the bottom of the tube was added with 1 mL of 50 molal NaOH then
vortexed for 1-2 minutes to dissolve the pellet formed at the bottom of the tube. The sample was
then boiled at 100 °C for 10-15 minutes. After boiling, remove and cool at room temperature for
10-15 minutes. The sample was then centrifuged again for 5 minutes at a speed of 14,000 rpm.
Pipette the supernatant and discard, the pellet contained in the bottom of the tube was then
dissolved by adding 100 uL of 0.1% tris HCL. This solution will then be used for the real-time
PCR analysis process.

2.4. Real-Time PCR Analysis
Cycling and melt curve analysis was carried out using gPCR (QIAGEN 5 Plex) with the 2-

step cycling method: Denaturation 95 °C for 45 seconds and Annealing / Extention 60 °C for 45
seconds. The primer used to detect Salmonella typhimurium was using InvA Forward primer (5'-
ATC AGT ACCAGT CGT CTT ATC TTG AT-3"), reverse (5-TCT GTT TAC CGG GCATAC
CAT-3).
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2.5. Reaction Setup Mix
The master mix with a total volume of 10 pL. master mix consisting of 5 uL. Sybr green

master mix, 1 pL forward primer, 1 pL reverse primer, 1 pL. water-free RNase and 2 pL. DNA
template (Sophian et al., 2021a, 2021b).

2.6. Negative Control
The negative control is NTC (No Template Control), namely master mix combined with

primer and nucleic acid-free water. Total negative control volume was 10 pL consisting of; master
mix Sybr green, 1 puL forward primer, 1 puL reverse primer, 3 uL RNase free water (Sapiun et al.,
2020; Sophian et al., 2021a, 2021b).

2.7. Data Analysis
Data analysis was carried out based on 2 main criteria which include: (1) Ct analysis (Cycle

threshold), which is to see the Ct value of the sample (2) analysis of melting temperature (Tm),
which is at what temperature the melt occurs (Purwaningsih et al., 2020; Sapiun et al., 2020;
Sophian et al., 2021b).

3. RESULTS AND DISCUSSION

3.1. Enrichment Results on Media Enrichment Broth
The enrichment process of the enrichment media after incubation for 48 hours at 35-37 ° C

using an incubator with the results as presented in (Table 1) below.

Table 1. Enrichment result data on enrichment media

Sample Enrichment Media After incubation
1-15 BPW Cloudy

From (Table 1) above it can be seen that all the results of the pre-enrichment on the
enrichment medium showed 100% turbid results, which means that all the target bacteria spiked
on the 20 meatball samples experienced enrichment or growth. This is in line with BAM (2007)
which states that the successful pre-enrichment process is marked by the occurrence of turbidity
on the BPW media.

3.2. Real-Time PCR Analysis
Real-time PCR analysis was performed using the qualitative method SYBR green and the

results were obtained as presented in (Table 2). In the Ct analysis, the average Ct value was 8.28,
while the Tm analysis obtained an average Tm value of 85.77.

Table 2. Real-Time PCR Data Analysis

Sample Tm value Ct value
1 86.00 7.92
2 85.70 7.62
3 86.20 7.95
4 86.00 7.55
5 86.00 8.48
6 85.50 7.94
7 86.00 8.91
8 86.00 7.55
9 85.50 7.55
10 85.50 7.95
11 85.50 7.95
12 86.00 8.91
13 86.00 8.91
14 86.00 8.48
15 85.50 8.48

Average 85.77 8.28
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Molecular analysis using real-time PCR was initiated by isolating the template DNA using
the boiling isolation technique. This technique uses the principle of boiling so that the bacterial
cell wall breaks and releases DNA which will then be separated using a centrifuge. The advantage
of this technique over the centrifuge column or magnetic beads extraction technique is that the
cost used is much cheaper and the test time required is less. Meanwhile, when compared to the
direct PCR technique, this technique has advantages in the DNA template used, where if using
the direct inhibitor technique, it will affect the master mix when reading with real-time PCR while
in the boiling technique, DNA has undergone separation with inhibiting factors. in real-time PCR
analysis.
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Figure 1. The results of CT analysis of Salmonella typhimurium using the boiling isolation method

The results of cycling analysis by looking at the Ct value, show that in the gPCR analysis
using the direct method, Salmonella Typhimurium ATCC 14028 was detected at Ct 7.55 - 8.91
as shown in (Figure 1). In contrast to analyzing the melt curve, in cycling analysis, the
concentration of template DNA used greatly influenced the detected Ct value, while for melt it
did not depend on the concentration of template DNA. The amount of concentration can be
indicated by the lower value of Ct, or it can also be seen from the smaller the value of Ct, which
means the higher the template DNA. Ct analysis cannot be used to see species variation because
the Ct value is a cycle value that indicates an amplification.

80 8s 90 95
oC

Figure 2. The results of Tm analysis for Salmonella Typhimurium used the boiling isolation method

The results of melt curve analysis by looking at the Tm value show that in the real-time PCR
analysis using the direct Salmonella typhimurium ATCC 14028 method was detected at Tm 85.50
- 86.20 as shown in (Figure 2). Analysis of Tm or melt curve is associated in a temperature range
of 50 °C to 92 °C. In the melt analysis process, when the temperature is low, the DNA will form
a double camel by absorbing SYBR green dye. When heating occurs with increasing heating
temperature, the double strands will denature. The temperature at which 50% of the double strands

Page | 277
JFSP Vol.8, No.3, November 2022, Page: 274-280



Sophian et al, 2022

are hybridized is known as the melting temperature (Tm). This temperature has specific
characteristics between each species or between each type of primer used because this temperature
point is influenced by the length of the primary sequence and the GC content of its nucleotide
constituents.

The bacterial DNA extraction technique using the boiling method does not experience
significant problems, but this technique will have difficulties when the concentration of targeted
bacteria in the sample is very small or because of inhibiting factors for the analysis process using
real-time PCR, namely food matrices such as fat, protein, polysaccharides, and calcium. Or it can
also be concluded that the characteristics of the samples used also influence the selection of DNA
extraction techniques, for example physical, chemical, or biological characteristics of the sample
to be used (Giacomazzi et al., 2005; Wilson, 1997). Therefore, in this test stage, a pre-enrichment
was carried out on the Buffered Peptone Water (BPW) media of the CM0505 Oxoid catalogue.
This stage aims to revive bacteria that are in a dormant state in a sample or to increase bacteria
with small concentrations. In the DNA isolation technique, which is carried out by boiling, cell
lysis occurs during heating where the nucleic acid from the target will accumulate at the bottom
of the tube during centrifugation. This technique has an advantage when compared to the direct
PCR technique in which the direct technique does not carry out the extraction or DNA isolation
steps so that the amplification process is not as good as if it is done using the boiling technique.

The sample used in this study was the bakery product. The selection of this type of sample
is because one of the parameters of FDA supervision in this food category is the identification of
Salmonella sp. So, it is hoped that in the future this analysis technique can be used to monitor
food products in circulation using molecular analysis techniques using real-time PCR with boiling
isolation techniques. In bakery products, the process of making unhygienic products can be a
source of contamination with pathogenic bacteria. Bacteria are a type of foodborne disease
bacteria that can grow and reproduce at a temperature of 15-14 °C and the optimum growth
temperature is 37 °C. If the processing of bakery products is carried out properly, the
contamination of pathogenic bacteria will not occur because this product is made using high
heating so that the pathogenic bacteria can die during the roasting process.

The primer Salmonella spp. target gene used was the invA gene with the Forward sequence
(5-ATC AGT ACC AGT CGT CTT ATC TTG AT-3"), reverse (5'-TCT GTT TAC CGG GCA
TAC CAT-3"). The selection of the invA gene as a specific gene for Salmonella detection was
based on a study conducted by (Guerra et al., 2003), where they validated the specificity of the
invA target gene for detection of Salmonella. In real-time PCR analysis, primary design
techniques play an important role in determining the success of real-time PCR analysis and in
increasing the accuracy of the detection process. There are several factors that can be considered
in making the primary design, including Length = 18 - 24, Tm = 58 -60, GC content% = 48 -60,
Self-complementary = 0.00 - 4.00, Self 3 ‘complementary = 0.00 - 4.00 and initial base. and Final
Bases are not pairable Bases (A/ T - G/ C). The real-time PCR kit used is the Quantinova SYBR
Green kit. The choice of this type of kit is because this kit is much cheaper if we use a kit with a
probe system. This SYBR Gree kit works with the principle of 2 step cycling methods:
Denaturation 95 °C for 45 seconds and Annealing / Extention 60 °C for 45 seconds (Sophian et
al., 2021a).

In the DNA amplification process using real-time PCR, at least several materials are
mandatory for the successful amplification process, including DNA polymerase, dNTP, Buffer
and MgClI2 enzymes as well as forward primers and reverse primers. Primers have a role in the
amplification initiation process when entering the annealing phase. If in the annealing stage, the
primer does not attach to the target DNA, the amplification process will not take place. To increase
the success of amplification, a specific primer is needed. DNA polymerase is an enzyme that has
arole in catalyzing reactions to DNA formation. DNTP is Deoxynucleoside triphosphates, which
is a mixture consisting of dATP (deoxyadenosine triphosphate), dTTP (deoxythymidine
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triphosphate), dCTP (deoxycytidine triphosphate) and dGTP (deoxyguanosine triphosphate)
which function as DNA building blocks needed in the process of DNA extension. Buffer is a
solution that functions to maintain the pH of the medium, helps stabilize the DNA polymerase
enzyme, affects the work of the enzyme, and/or DNA melting temperature (Tm). MgCI2 is a metal
ion that functions as an enzymatic cofactor, without MgCl2 DNA polymerase cannot work in the
PCR amplification process.

4. CONCLUSION

Based on the results of the research conducted, it was found that Salmonella typhimurium
was detected, so the method used in this study can be used as a source of information in similar
studies. Suggestions for further research is that it is necessary to validate the method used so that
the reliability of this method can be tested to be used as a standard method in testing the detection
of Salmonella typhimurium in samples of bakery products.
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