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According to the World Health Organization (WHO), harmful agents such as Bacillus
cereus and Listeria monocytogenes are responsible for 600 million cases of disease and
420,000 deaths annually. This research aims to test the effectiveness of the real-time
PCR method for developing a prototype kit to detect pathogenic bacteria in processed
meat. As a comparison, the and conventional PCR methods were used to obtain the
accuracy, specificity, sensitivity, and effectiveness of the real-time PCR method. All the
samples were cultured in solid media agar, performed amplification using specific
primers cyt-K 2 and hly using PCR and real-time PCR. Meatballs, nuggets, and sausages,
five samples each, were found to be positive positively contaminated with all targeted
bacteria. However, they did not provide specific results using solid media culture and
the PCR method. In addition, the real-time PCR method using prototype kit formulas
accomplished that all contaminated samples had a Ct value smaller than the negative
control, NTC (No Template Control), and had a similar melting curve to the positive
control. This establishes that the real-time PCR method clarifies that all samples were
contaminated with target bacteria. A formula was developed in the prototype kit with
real-time PCR methods that can be used and applied on a commercial scale efficiently
and precisely.
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1. INTRODUCTION

Food safety is directly and indirectly related to
many of the Sustainable Development Goals (SDGs),
especially on the issues of alleviating hunger, poverty,
and improving health and well-being. Anything that
can be harmful to consumers' health in food is a food
safety concern, one of the causes is foodborne
disease'. Contamination of food systems by foodborne
pathogenic bacteria is a severe problem that can result
in various illnesses and even death. According to
WHO estimates, every year, at least 33 million years
of healthy life are lost worldwide due to eating
contaminated food. About 31 different pathogens are
recorded as organisms that cause foodborne diseases,
including  Bacillus cereus and  Listeria
monocytogenes®.

Meat products are increasingly popular among
the public because they provide an easy-to-prepare
meat presentation quickly, as well as a form of
problem-solving regarding the high price of fresh
meat. Although the price of meat products is low, it
does not exclude the possibility that the source of fresh
meat raw materials used can be contaminated in the
manufacturing process, transportation, or from the
equipment used, causing cross-contamination **.
Apart from the processing process, unhygienic
conditions when meat products pass through the
packaging, storage, and distribution process can also
cause the growth and proliferation of various bacteria.
Thus, meat products are not suitable for consumption
and may be harmful to health °.

Considering the enormous number of people
who consume ready-to-eat products, it is crucial to be
aware of BPOM Regulation No. 13 of 2019 ¢
regarding the Maximum Limit of Microbiological
Contaminants in processed foods such as sausages,
meatballs, nuggets, and other processed products.
Therefore, the maximum number of pathogens in a
processed meat product that is safe to consume must
be determined using a feasible detection method.

Many methods have been developed to detect
and identify pathogenic bacteria in food, including the
agar media culture method, which is recognized as the
gold standard. However, this method is time-
consuming and unable to analyze specific organisms.
It takes at least 2-3 days to determine the results and it
needs to be followed by other biochemical tests 7%,
Other identification methods have been used as an
approach for rapid detection of bacteria in food
samples using nucleic acid-based techniques, such as
PCR *!°, Real-time PCR, as one of the development of
the PCR method, is considered an effective method for
detecting pathogenic *'°,

Nurjayadi et al. has successfully developed a
prototype kit formula using the real-time PCR to
detect foodborne pathogenic bacteria '!. This method
was carried out using primer specificity testing to

detect and validate the presence of pathogenic bacteria
in intentionally contaminated food. The study
successfully proved the specificity of primers on food
intentionally contaminated by specific bacteria,
namely Bacillus cereus and Listeria monocytogenes.
This study was conducted to test the ability of the
prototype formula using the real-time PCR method on
direct food samples in the market by comparing the
use of traditional culture methods and conventional
PCR methods to assess the efficacy of the prototype
detection kit on food samples and prove the accuracy
and potential of the real-time PCR method to identify
suspected contaminated food samples in the market.

2. RESEARCH METHODS
Instruments and Materials

The materials used in this study were meat
processing products such as, nuggets; sausage; and
beef meatball, bacteria Bacillus cereus ATCC 10876
and  Listeria  monocytogenes ATCC 13932
(KwikStick, Microbiologics, USA); Primers Bacillus
cereus cyt-K 2 and Listeria monocytogenes hly gene
(Macrogen); Mannitol Yolk Polymyxin Agar (MYPA)
(Merck, US) for Bacillus cereus and Listeria Selective
Agar (Oxford Agar) (Oxoid, UK) for Listeria
monocytogenes; Brain Heart Infusion Broth (BHIB)
(Merck, US), 0.85% glycerol, dry ice, GRS Genomic
DNA Kit — Bacteria (Grisp, Portugal), GRS Genomic
DNA Kit — Food (Grisp, Portugal); ExcelTaq 2X Q-
PCR Master Mix (Smobio, Taiwan), Nuclease Free
Water (Qiagen, Germany), NZYTaq II 2x Green
Master Mix (NZYTech, Portugal), AgarOse (GRS,
Portugal), 6x Loading Dye (Smobio, Taiwan), 50x
TAE Buffer (Promega, US), greensafe (NZYTech,
Portugal), 1 kb and 100 bp DNA ladder (Smobio,
Taiwan), 96% ethanol, disinfectant, and distilled
water.

The tools used in this study are 25 mL and 100
mL measuring cups; 250 mL and 500 mL beakers, 250
mL erlenmeyer, spatula, stirring rod, test tube, test
tube rack, micropipette, micropipette tip, 0.2 mL and
1.5 mL microtube; mictube; Petri dish, analytical
balance, bunsen, lighter, Ose wire, spreader, label,
mask, latex gloves, tissue, parafilm paper, hot plate
(Stuart SD 300, UK), 22 vortex (Type 37600 DAAD,
Germany), centrifuge (Sorvall Legend Micro 17 R,
Thermo Fisher Scientific, US), incubator (Memmert
Type INB 400, Taiwan), shaking incubator (Yihder
LM-400 D, China), autoclave (Hirayama HVE-50,
Japan), Mic qPCR Cycler (Bio Molecular System,
Australia), PCR Thermal Cycler (X960 Heal Force,
Taiwan), freezer, showcase, shaking water bath
(Stuart SBS-40, UK), Bio Safety Cabinet (Bio Base,
China), UV Transilluminator (DAAD, Germany),
nanodrop spectrophotometer (Nanovue Plus, Thermo
Fisher Scientific, US), parafilm paper, and DNA
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electrophoresis/Mini sub cell GT Power (BioRad,
us).

The methods used in this study are bacterial
culture, preparation of artificially contaminated
samples, DNA isolation of Bacillus cereus & Listeria
monocytogenes  and  artificially = contaminated
processed meat products, confirmation for positive
controls, and efficacy test for processed meat product
samples.

Bacterial culture media

Culture of Bacillus cereus ATCC 10876 and
Listeria monocytogenes ATCC 13932 bacteria was
carried out by resuspending the culture on an
inoculating swab (kwik Stick with hydrating liquid,
then the bacterial culture was taken by the swab
method using an Ose needle. Then, the inoculated
bacterial suspensions were incubated on selective
media for each bacterium. Selective media for Bacillus
cereus is Mannitol Yolk Polymyxin Agar, and
selective media for Listeria monocytogenes is Listeria
Selective Agar (LSA). Then, a single colony that grew
was taken using a sterile Ose needle and dipped the
Ose needle into 10 mL of Brain Heart Infusion Agar
liquid media. Furthermore, incubation was carried out
at 37 °C for 18-24 hours (overnight culture) with
shaker aeration.

Preparation of Artificially Contaminated Sample

The processed meat samples used in this study
were bought from traditional markets; the samples
were processed meat products; nuggets, meatballs,
and sausages. Measured and then roughly chopped
each sample. In a 2:1 ratio, distilled water was used to
dissolve the crushed sample. The sample was briefly
heated to ensure sterilized results. In traditional
sterilizing, the product is heated between 110 °C and
125 °C for a briefly, equilibration at a lower
temperature comes after this stage '2. Then, a 1:1 ratio
of 5 mL of a previously cultured targeted bacteria
(Bacillus cereus and Listeria monocytogenes) was
inoculated into the samples. The artificial food sample
suspension was then incubated using orbital shaking
incubation (YIHDER LM400D) for an entire night at
37 °C with a speed of 150 rpm. The artificially
cultured samples were then subjected to DNA
isolation to target bacterial DNA from artificially
contaminated food samples.

DNA Isolation of Targeted Bacteria and
Artificially Contaminated Samples

DNA isolation for targeted bacteria samples
from previous steps was performed using the GRS
Genomic Bacteria Kit (GRiSP) commercial kit and for
artificially contaminated nugget samples using the
GRS Genomic Food (GRiSP) commercial kit. 1.5 mL
of cultured bacterial suspension was transferred to an

Eppendorf tube and centrifuged at 14,000-16,000 x g
for 1 min until a pellet was formed. The pellet formed
was suspended with G+ buffer (Tris HCI; EDTA;
Triton X-100; Lysozyme). For artificially
contaminated food samples, 200 mg of artificial
processed meat product suspension was put into an
Eppendorf tube, and a Food lysis buffer was added.
Both DNA isolations followed the DNA isolation
protocol for Gram-positive bacteria. The extracted
DNA isolates were placed in a freezer at -20 °C and
used as DNA templates for PCR and real-time PCR.

Efficacy test for Processed Meat Products

The efficacy test conducted in this study aims to
determine whether the food samples suspected of
being contaminated are contaminated by specific
genes of the target bacteria. The efficacy test was
carried out by comparing three different pathogenic
bacteria detection methods, were conventional culture
methods, PCR, and real-time PCR.

The culture methods were performed with the
solid media agar technique. The surface of the food
sample was swabbed using a sterile swab. Then the
sterile cotton bud was streaked on selective agar
media, Mannitol Egg-Yolk Polymixin Agar for
specific identification of B. cereus bacteria and
Listeria Selective Agar (Oxford Agar) for specific
identification of L. monocytogenes bacteria, and
incubation was carried out at 37 °C for 18-24 hours
(overnight culture). PCR methods were performed
using DNA from DNA isolation each sample
(sausage, meatballs, and nuggets), DNA from each
sample were amplified using specific primer cyt-K 2
and hly. The PCR product result was characterized
with agarose gel electrophoresis. For the efficacy test,
the pure culture of B. cereus and L. monocytogenes
bacteria and artificially contaminated samples were
used as positive controls for PCR and real-time PCR
methods. The thermal cycling procedure began with
an initial denaturation phase, followed by 40 cycles of
amplification that included denaturation, primer
annealing, and extension steps. NTC (No Template
Control), NFW (Nuclease Free Water)+ MM (Master
Mix) were used as negative controls.

3. RESULTS AND DISCUSSION
Growth of Bacillus cereus and Listeria
monocytogenes
Pure cultures of Bacillus cereus and Listeria
monocytogenes bacteria were cultured using two types
of growth media: solid and liquid. Both bacteria were
grown in the same liquid media, namely BHI (Brain
Heart Infusion) Broth. Meanwhile, the solid media
used is selective media for each bacterium. The
selective media used to grow Bacillus cereus bacteria
is Mannitol Yolk Polymyxin Agar, while Listeria
monocytogenes bacteria use Listeria Selective Agar
Nurjayadietal. | 52
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(Oxford Agar). The results of culture on agar media
can be seen in Figure 1, showing that Bacillus cereus
bacterial colonies with pink edge zones (a) and

Listeria monocytogenes bacterial colonies with black
edge zones (b).

Figure 1. Bacterial culture results on selective media agar (a) Bacillus cereus colonies on MYPA are pink; (b) Listeria

monocytogenes colonies on LSA are black

B. cereus could not ferment mannitol and thus
produced pink colonies, colonies of Bacillus spp.
Other than B. cereus caused the phenol red indicator
to turn the colonies yellow. The lecithinase produced
by B. cereus metabolizes lecithin and produces an
opaque white precipitation zone. Meanwhile,
polymyxin B is a selective agent that inhibits gram-
negative bacilli and gram-positive cocci. Colonies that
grow large, dry, pink in color, with a zone of egg yolk
precipitate >4,

Differentiation of Listeria spp. The colony is
based on the hydrolysis of agglucon and produces a
black zone around the colony due to the formation of
iron(Il) ammonium citrate compounds derived from
agglucon. Gram-negative bacteria are completely
inhibited, and some other gram-positive bacteria, such
as Staphylococcus produce a negative aesculin
reaction '°,

After culturing bacteria on agar media,
inoculation is carried out on liquid media or broth.
Making inoculum is done by inoculating using a sterile
wire Ose as many as 2 times bacterial colonies into
Brain Heart Infusion Broth (BHIB) media for Bacillus
cereus and Listeria monocytogenes bacteria and then
incubating for 18 hours with 150 rpm shaker aeration
at 37 °C. Bacterial culture on BHI broth media
produces a cloudy color, indicating that bacterial
growth is good '&17.

Qualitative and Quantitative Characterization
DNA Sample

Isolation of pure culture DNA of B. cereus and
L. monocytogenes using the GRS Genomic DNA Kit -
Bacteria with additional lysis buffer, while isolation of
DNA of processed meat samples, which are nuggets,
meatballs, and sausages artificially contaminated by
test bacteria, was isolated using the GRS Genomic
DNA Kit - Food protocol. DNA isolation aims to
obtain pure DNA without protein, RNA, or other
matrix contamination''. The results of each isolation,

including pure cultures of test bacteria (1), processed
meat samples artificially contaminated with test
bacteria (2), and meat product samples (3) were then
analyzed qualitatively and quantitatively.

Quantitative analysis was conducted to
determine the purity and concentration of DNA
produced from the isolation process. An absorbance
ratio of 1.8-2.0 measured at 260 and 280 nm
wavelengths was used to assess DNA purity '*. Values
<1.8 indicate the presence of RNA and DNA
contaminants that cannot be distinguished, while the
opposite value indicates the presence of protein
contaminants that absorb strongly in the 280 nm
region '°. The purity value of culture and sample DNA
is shown in Table 1.

Qualitative analysis of pure cultures of B.
cereus and L. monocytogenes was performed by
characterization with 0.7% agarose gel electrophoresis
in 1X TAE buffer solution and agarose gel added with
fluorescent dyes, aiming to read the size of DNA
bands resulting from the isolation process. Based on
Figure 2, it shows that B. cereus bacteria have a
genome size of 5.4 Mbp while L. monocytogenes is 2.9
Mbp.

Confirmation Test of cyr-K 2 and hly primer by
PCR

In previous studies, primer pairs cyt-K 2 of B.
cereus bacteria and hly of L. monocytogenes bacteria
have been confirmed and validated '°. The bacterial
confirmation test on food samples aims to detect the
presence of  Bacillus cereus and Listeria
monocytogenes bacteria in the test food samples, as
well as to determine the ability of the cyt-K 2 and hly
gene primers as a component of the detection kit in
recognizing target bacteria in food samples as
evidenced by the production of appropriate amplicons.
The food samples used in this study were processed
meat: nuggets, meatballs, and sausages.
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Table 1. Table of DNA Concentration and Purity of Pure culture and Artificially Contaminated Samples

Samples Concentration (ng/pL)  Purity (A260/280)
Bacillus cereus pure culture 24,4 1,82
Listeria monocytogenes pure culture 70,4 1,83
Artificial contaminated meatball sample by Bacillus cereus 32,5 2,09
Artificial contaminated meatball sample by Listeria monocytogenes 152,1 1,85
Artificial contaminated sausage sample by Bacillus cereus 27,2 1,87
Atrtificial contaminated sausage sample by Listeria monocytogenes 12,4 1,80
Artificial contaminated nugget sample by Bacillus cereus 42,7 1,92
Atrtificial contaminated nugget sample by Listeria monocytogenes 23,4 1,80

3000 bp

1000 bp

250 bp

Figure 2. DNA electrophoresis of Bacillus cereus and Listeria monocytogenes. Notes: (1) 1 kB DNA Ladder (Smobio); (2) and
(3) Bacillus cereus pure culture DNA isolate; (4) and (5) Listeria monocytogenes pure culture DNA isolate.

Figure 3. Characterization of Bacillus cereus and Listeria monocytogenes DNA fragments by agarose gel electrophoresis. [A]
PCR electrophoresis results of pure culture [B] PCR electrophoresis results of artificially contaminated samples of B. cereus [C]
PCR electrophoresis results of artificially contaminated samples of L. monocytogenes Lane: [A] (1) DNA Ladder 100 bp (2)
cytk-2 gene NTC; (3) hly gene NTC; (4) NFW+MM (Negative control); (5) Positive control fim-C Salmonella typhi 95 bp; (6)
DNA Fragment cytk-2 B. cereus 114 bp at 60°C; (7) L. monocytogenes hly Fragment DNA 158 bp at 60°C; [B] (1) DNA Ladder
100 bp (2) cytk-2 gene NTC; (3) NFW+MM (Negative control); (4-5) B. cereus cytk-2 Fragment DNA 114 bp at 60°C and
artificially contaminated samples 114 bp at 60°C. [C] (1) DNA Ladder 100 bp (2) Aly NTC gene; (3) NFW+MM (Negative
control); (4-5) 158 bp L. monocytogenes hly Fragment DNA and 158 bp artificially contaminated samples at 60 °C

Data from the confirmation of annealing
temperature by the PCR method was further
characterized by 2% agarose gel electrophoresis.
Based on the results of data obtained from pure culture
DNA isolates and samples artificially contaminated by

the target bacteria, it shows that the cy#-K 2 genes of
B. cereus and hly L. monocytogenes can be well
amplified during the PCR process with the optimum
annealing temperature, which is at 60°C. The results
of the bands formed on characterization with agarose
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gel electrophoresis showed that the DNA fragments
produced specific ¢yt-K 2 gene amplicons with a
product size of 114 bp and A/y gene with a product size
of 158 bp. The data shown at Figure 3.

Effication test for processed meat products

The efficacy test in this study aims to evaluate
the accuracy and effectiveness of the prototype kit in
directly detecting food samples suspected of being
contaminated by B. cereus and L. monocytogenes
bacteria. This study identified the differences between
conventional culture, PCR, and rt-PCR methods in
detecting test bacteria in food samples directly. The
conventional culture method is carried out by
swabbing food samples using sterile cotton buds and
the results obtained are shown in Figure 4.

The conventional culture method efficacy test
on 15 processed meat samples (5 nuggets, 5 meatballs,
dan 5 sausages), gave positive results for
contamination with the test bacteria. The left side
shows MYPA media for identification of B. cereus
bacteria. Samples a, b, c, d, e, h, k, and n showed the
growth of pink bacterial colonies, while samples f, g,
I, j, 1, m, and o grew yellow colonies of other bacteria.
The corresponding positive results are evidenced by
the formation of pink colonies with large and dry
characteristics. This is because B. cereus cannot
ferment mannitol (mannitol negative) and can
metabolize lecithin (lecithinase positive)'>. Based on
conventional culture methods, 15 processed meat
samples were positive for bacterial contamination, but
not specifically only B. cereus.

Figure 4. Agar culture efficacy tests on 15 food samples, left side MYPA for detect B. cereus, right side LSA for detect L.

monocytogenes

In addition, Figure 4 on the right side, which
shows LSA media for identifying L. monocytogenes
bacteria, shows 15 processed meat samples confirmed
to be positively contaminated by bacteria. Samples a,
b,c,d, f,h, Lk, j, 1, m, nand o showed positive results
as evidenced by the growth of black bacterial colonies,
while sample g produced other bacterial colonies. The
positive result is evidenced by the formation of black
colonies caused by the formation of iron(ii)
ammonium citrate compounds that produce a black
zone around the colonies '¢. Based on the conventional
culture method, the 15 processed meat samples were
positive for amplicons, each sample was then
compared with the results of the positive control
amplicons. The positive control is a DNA template of
a pure culture of test bacteria and processed meat
artificially contaminated by test bacteria. The
following presents the efficacy test results using the
cyt-K 2 and hly genes to determine bacterial
contamination of B. cereus and L. monocytogenes.

Based on the data results shown in Figure 5,
a single amplicon band was formed on the DNA of 15
samples with a 114 bp size, corresponding to the
positive control amplicons. This shows that the B.
cereus cyt-K 2 gene primer can amplify DNA isolates
in processed meat samples using the PCR method at
the optimum annealing temperature of 60°C?%. In
addition, this shows that the primer can amplify
specifically and produce amplicons that match the
target size. Thus, based on the efficacy results of the
PCR method, 15 samples were positively
contaminated by B. cereus bacteria with the specific
gene cyt-K 21,

The same thing was also done to determine the
presence of L. monocytogenes in processed meat
samples using the hly specific gene, which will
produce an amplicons product size of 158 bp (Figure
6).
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Figure 5. Characterization of cyt-K 2 gene efficacy test of B. cereus bacteria in processed meat samples [A] a-e; nugget, [B] {-j;

meatball, and [C] k-o; sausage
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Figure 6. Characterization of L. monocytogenes bacterial hly gene efficacy test in processed meat samples [A] a-e; nugget, [B]

f-j; meatball, and [C] k-o; sausage

Based on the data results shown in Figure 6, a
single amplicon band was formed on the DNA of 15
samples with a size of 158 bp, corresponding to the
positive control amplicons. This shows that the L.
monocytogenes hly gene primer can amplify DNA
isolates in processed meat samples using the PCR
method at the optimum annealing temperature of 60
°C %, In addition, this shows that the primer can
amplify specifically and produce amplicons that
match the target size. Thus, based on the efficacy
results of the PCR method, 15 samples were positively
contaminated.

The efficacy test of the real-time PCR method
on 15 processed meat samples was proven by looking
at the Ct value formed and the melting temperature
peak of the sample, and then comparing it with the
positive control. The positive control used was a pure
culture of B. cereus and a sample of processed meat
artificially contaminated with B. cereus . cereus

artificially. The reaction composition of the prototype
detection kit used in the real-time PCR method with a
total reaction volume of 20 pL includes MM (Master
Mix), Forward and Reverse cyt-K 2 primers, NFW
(Nuclease Free Water), and Template DNA.

The following are the results of the
amplification and melting temperature curves of 15
processed meat samples amplified by the cyr-K 2
specific gene of B. cereus bacteria and L.
monocytogenes bacteria with the specific gene Aly.

The cyt-K 2 primer pair could amplify the DNA
template of the B. cereus pure culture positive control
at Ct 10.31 and 10.35 (duplo) while the DNA template
of the samples artificially contaminated by B. cereus
was amplified at 10.45 and 10.58 (duplo); the meatball
sample at 12.98 and 13.09; and the sausage sample at
14.63 and 14.64 The melting temperature curve of
each positive control had a similar peak at 79 + 1°C.
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Sample

oK 2

Ct

Tm (°C)

Sample Nugget &

22,24 & 22,24 (duplo)

79,84 & 79,50 (duplo)

Sample Nugget B

25,39 & 24,87 (duplo)

79,12 & 79,02 (duplo)

Sample Nugget C

28,20 & 29,20 (duplo)

80,06 & 79,86 (duplo)

Sample Nugest D

2937 & 29,32 (duplo)

79,72 & 79,53 (duplo)

Sample Nugzet E

28,84 & 28,49 (duplo)

79,60 & 79,60 (duplo)

Sample Meatballs F

25,51 & 25,87 (duplo)

79,50 & 79,59 (duple)

Bample Meatballs G

—

26,517 26,11 (duglc)

79,33 & 79,37 (duplo)

Sample Meathalls H

22,04 & 22,06 (duple)

78,53 & 78,39 (duplo)

Sample Meatballs T

26,67 & 27,06 (duplo)

79,55 & 79,28 (duplo)

Sample Meatballs J

2637 & 26,63 (duplo)

79,24 & 79,14 (duple)

Sample Sausage K

27,33 &27 46 (duple)

80,33 & 80,22 (duplo)

Sampls Sausage L

16,51 & 26,76 (duplo)

80,30 & 80,18 (duplo)

Sample Sausaga M

27,92 & 28,07 (duplo)

79,66 & 79,38 (duplo)

Sample Sausage N

27,30 & 27,40 (duplo)

81,25 & 81,34 (duplo)

Sample Sausage O

Al

2837 & 28,32 (duplo)

80,09 & 80,02 (duplo)

Figure 7. Efficacy Test of Samples A-E with B. cereus target gene cyt-K 2 using real-time PCR Method. (Left) Amplification

Curve and (Right) Melting Peak Curve of Efficacy Test Results of Primer Pair of B. cereus cyt-K 2 gene on Samples by real-

time-PCR. (A) Nugget (B) Meatballs (C) Sausage

The Ct and Tm values were used as positive
controls for the efficacy test of 15 samples (A-E
nugget samples, F-J meatball samples, and K-O
sausage samples) with the cyt-K 2 gene target of B.
cereus bacteria. Based on the results obtained, all
processed meat samples have a Ct value that is smaller
than the Ct of the negative control NTC (No Template
Control), which is 31.21. The smaller the Ct value
reached the more DNA template of the nugget sample
that was successfully amplified by the cyz-K 2 gene
primer pair.

In addition to the Ct value, a peak melting curve
was also generated to see the peak point of the Tm
value. The melting curve results are used to validate
the results of the Ct. The Tm value shows the specific
amplification of the bacterial DNA template; the
melting temperature peak will have the same Tm value
and peak point as the positive control. Based on the
melting temperature curves of fifteen samples, all
samples have the same Tm value as the positive
control at 79 £ 1 °C, except sample N, which has a TM
of 81 = 1°C. Samples that produced one specific Tm
peak with the Tm of the positive control indicated that
the primer pair cy-K 2 successfully amplified the
DNA template of samples suspected of being
contaminated by B. cereus . Meanwhile, the Tm of the
negative control NTC produced two peaks, indicating

that the difference in temperature indicated the
formation of non-target products.

Based on the results obtained, fifteen samples
have a Ct value smaller than the Ct of the negative
control NTC (No Template Control), which is at
27.59. The lower the Ct value reached the more Aly
gene DNA template that is successfully amplified, it
can be said that the hly specific primer can amplify the
DNA template from the suspected contaminated
nugget sample. In addition to the Ct value, a melting
peak curve was also generated to see the peak point
and Tm value. The melting curve results are used to
validate the results of the resulting Ct, this is because
the specific amplification of bacterial DNA templates
will have the same melting temperature peak as the
positive control.

Based on the Tm results of fifteen samples, it
can be seen that the Tm of all processed meat samples
has the same Tm value as the positive control, which
is at 80+ 1°C. In addition, the results of the peak point
of the sample have a point that is almost the same as
the positive control peak point. So, based on these
results, it can be proven that the processed meat
samples are specifically amplified with hly primers.
So, based on the results obtained, using the real-time
PCR method, it can be proven that L. monocytogenes
bacteria contaminate the positive sample in
amplification with the hly specific gene.
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Figure 8. Efficacy Test of Samples A-E with L. monocytogenes target gene hly using real-time PCR Method. (Left)
Amplification Curve and (Right) Melting Peak Curve of Efficacy Test Results of Primer Pair of L. monocytogenes hly gene on

Samples by real-time-PCR. (a) Nugget (b) Meatballs (¢) Sausage

4. CONCLUSIONS

Based on the results of this study, B. cereus and
L. monocytogenes bacteria have been successfully
detected in fifteen samples of processed meat, namely
nuggets, meatballs, and sausages directly, using three
methods: conventional culture, PCR, and real-time
PCR. The results of the efficacy test on the nugget
samples showed that the five samples were confirmed
positive for contamination with Bacillus cereus and
Listeria monocytogenes bacteria as evidenced by the
growth of specific colonies on selective media, with
the PCR method forming amplicons that match the
target B. cereus with primer cyt-K 2 114 bp and L.
monocytogenes with primer Aly 158 bp. The real-time
PCR method can prove that the target gene primer pair
is amplified and produces a Ct value lower than the
cutoff value, the resulting Tm value and a specific
peak. So based on the results obtained, it can be
concluded that the use of detection methods using real-
time PCR provides specific, sensitive, accurate, and
fast results for detecting food samples suspected of
being contaminated compared to the other two
methods. Therefore, the efficacy test for the prototype
kit was successful in detecting the presence of
pathogenic bacteria in processed meat samples.
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