= 000

= 0000

S 0000

< 000 APPLIED FOOD BIOTECHNOLOGY, 2023, 10 (3):165-176
FI_]I][I.. Journal homepage: www.journals.sbmu.ac.ir/afb
Biotechnology

Research Article

PISSN: 2345-5357

elSSN: 2423-4214

Development and Validation of a Direct qPCR Method for the Detection of

Pork Adulteration in Processed Meat Products

Joni Kusnadit*®, Mizi Aulia Saraswati 1@, Agustin Krisna Wardani '@ | Estri Laras Arumingtyas 2®,

Khotibul Umam Al-awwaly *®

1-Department of Food Science and Biotechnology, Faculty of Agricultural Technology, Universitas Brawijaya, Malang, Indonesia
2-Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Brawijaya, Malang, Indonesia
3-Departement of Animal Product Technology, Faculty of Animal Science, Universitas Brawijaya, Malang, Indonesia

Abstract

Background and Obijective: The number of Muslims in Indonesia is increasing; hence,
consumption of halal foods is increasing. This urges halal detection of foods as well. Direct qPCR
is a method for DNA-based halal detection using crude DNA samples. One factor that affects the
success of direct gPCR is the crude DNA. In this study, DNA extraction process was optimized by
modifying the lysis step to achieve high-quality crude DNA, optimizing the gPCR conditions and
validating the method.

Material and Methods: Materials used for DNA extraction from meats and meat products included
lysis buffer containing EDTA, NaCl, SDS, NaOH and tween-20. Materials used in gPCR assay
included crude DNA, ddH-0, primers and master mix. Genomes from meats and processed products
were extracted using lysis buffer by optimizing lysis conditions (temperature and incubation time).
The crude DNA was assayed for concentration and purity; then, results were compared to
chloroform: isoamyl and the commercial methods. The DNA extract from lysis buffer was
amplified using gPCR machine. Operational conditions such as DNA concentration, annealing
temperature and primer concentration were optimized. Results were validated using specificity,
repeatability, reproducibility, applicability, robustness and limit of detection assays.

Results and Conclusion: Temperature for optimum lysis in extraction lysis buffer method included
75 °C for 25 min. Concentrations of DNA from the lysis buffer, chloroform-isoamyl and
commercial methods did not significantly vary (p-value=0.094). The optimum conditions for qPCR
method were set at DNA concentration of 50 ng I, annealing temperature of 53 °C and primer
concentration of 10 pmol. For the validation result, specificity assay showed that the method could
be used to detect pork and wild boar in meats using ND4 primers. In addition, repeatability assay
included 1.06% and reproducibility assay included 1.57%. Direct gPCR method can be used for
various processed meat products and is resistant to inhibitors (alginate, calcium ions, EDTA and
cellulose), except for polysaccharides. The LOD value achieved from the PCR sensitivity, linearity
and efficiency assay were 0.001 ng pl, 0.996 and 110%, respectively. Results verify that the direct
gPCR method is easy, fast, applicable, accurate and precise for the pork detection.
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1. Introduction

Islam includes the second-largest population globally and
is predicted to increase by up to 6.5% by 2050 [1]. Increases
in the population increases consumption of halal foods as
well, foods that do not contain pork and its derivatives, which
is mandatory for Muslims [2,3]. Halal products can be
detected using several techniques. One of the halal detection
techniques is DNA-based, which includes advantages such

stability at high temperatures and DNA detection in all
organisms [4]. The gPCR technique is a DNA-based halal
detection assay that is fast, specific and highly sensitive [5-
7]. The gPCR detection results can be observed directly
without the electrophoresis step [8]. Halal detection in meat
using SYBR Green 1 gPCR has been carried out successfully
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[9,10]. Detection of pork contents in processed meat
products has been reported using real-time PCR [11-14].

A factor that affects gPCR detection method is the quality
of DNA extract [8]. Extraction of the DNA in meats and meat
products can be carried out using alkaline [15,16],
cetyltrimethylammonium bromide (CTAB) [17] and the
Phenol/chloroform/isoamyl [18,19] methods as well as
commercial kits, which are developed based on those
methods [20,21]. Technically, DNA extraction Kits usually
produce high concentrations and purity but are relatively
expensive [15,22]. Conventional DNA extraction methods
need a long processing time of approximately 24-48 h
[23,24]. In Indonesia, the number of products that have
received halal certificates is as little as 749,971 of all types
of products. The number of business actors engaged in the
food sector in the small micro-industries is nearly 4.21
million. This has yet to materialize, if the number of Halal
Inspection Agencies (LPH) is compared with business actors
or products that have not been halal inspected. Due to these
conditions, a DNA extraction method that is fast, easy-to-use
and inexpensive is needed.

Direct extraction methods using lysis buffer only can
solve this problem. Lysis buffer is a compound that used to
damage the cell wall; hence, DNA in the cell nucleus can be
released. Use of lysis buffer produces crude DNA. Studies
have been carried out to develop direct DNA extraction
methods. Direct gPCR methods for agricultural products
have been reported; however, no data are available using
wild boar samples with species-specific primers [25]. Meat
samples such as chicken, beef, mutton and pork were
assessed using direct method with an average DNA
concentration of 300 ng pl*; however, the resulting DNA
purity was very small of 1.11-1.24 and amplification process
was still carried out using conventional PCR methods [4].
Other researchers reported that three various lysis buffer
formulations were used to extract porcine DNA with
concentrations ranging 0.6-24.04 ng pl?' and extraction
process was carried out using sonication [26]. Of all the
researchers who have carried out studies linked to direct
PCR, the average concentration of DNA produced is still low
and extraction process is carried out with additional
equipment that not all the laboratories include. Furthermore,
none of the samples in this study used pork and its processed
products and have nor verified the pork detection process
using gPCR. In fact, SNI ISO/TS 20224-3:2020 states that
the detection of ingredients of animal origins in foods must
be carried out using gPCR. Therefore, this study was carried
out on the optimization and validation of pork detection
methods using direct qPCR.

In this study, a lysis buffer method was developed by
optimizing the lysis process at certain incubation time and
temperature. The aim of development of this method was to
increase success rate of the extraction process in various
processed meat products. The resulting DNA extraction was

amplified using ND4 primer designed in a previous study
[27]. This primer could detect pork and wild boar with a
detection limit (lowest DNA concentration 10 ng pl using
conventional PCR [27]. In addition, validation activities for
gPCR were carried out immediately, including specificity,
repeatability, reproducibility, applicability, robustness and
LoD assessments. The ultimate goal of this study was to
achieve a fast, inexpensive and accurate halal detection
method using direct gPCR method. Optimization of DNA
extraction conditions was investigated using lysis buffer,
optimization of gPCR conditions as well as method
validation.

2. Materials and Methods

2.1 Sample preparation

All samples were purchased from traditional markets in
Malang, Indonesia. Pork (Sus sucrofa domestica), wild boar,
beef, dog meat, rat meat, horse meat, chicken, rabbit meat,
lamb and all meat products containing pork based on their
labelling (ham, corned products, sausages, meatballs,
candies, dendeng, crackers and abon) were used in this study.
Each product was weighed as much as 5 mg and transferred
into a 1.5-ml tube. Samples were stored at -20 “C for further
use.

2.2 DNA extraction method

Three methods were used for DNA extraction, including
kit and CI methods, compared with the lysis buffer method.
The aim was to assess effectiveness of the lysis buffer
method in extracting DNA. In addition, DNA extracts from
all the methods were amplified using real-time PCR
techniques and results were compared.

2.2.1 DNA extraction kit (from product)

The DNA extraction kit was produced from Exgene Clinic
SV Mini (GeneAll, South Korea). Briefly, 50 mg of each
sample were weighed, extracted and purified based on the
manufacturer’s instructions. Kit method was used as a
comparative assay.

2.2.2 Chloroform-isoamyl (CI) method [28]

Chloroform-isoamyl method was carried out based on the
method used in previous studies [14]. First, 50 mg of the
sample were transferred into a 1.5-ml tube and mixed with
500 ul of STE buffer, 40 pl of 10% SDS and 20 ul of
proteinase-K. This was vortexed for 20 s and incubated
overnight at 55 °C and 800 rpm using thermomixer. Samples
were centrifuged at 14000 g for 10 min at 29 °C and 400 pl
of the supernatant were transferred into a fresh tube. A 1x
volume of chloroform:isoamyl (24:1) was added to the
mixture and agitated and then 40 pl of 5 M NaCl were added
to the mixture. This was centrifuged at 14000 g for 10 min at
29 °C and 300 pl of the supernatant were transferred into a
fresh tube. A 1x volume of chloroform:isoamyl (24:1) was
added to the tube, agitated and re-centrifuged (14000 g, 29
°C, 10 min). Then, 200 pl of the supernatant were transferred
into a fresh tube and mixed with 600 pl of cold absolute

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 4.0 License (CC BY-NC 4.0).
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/. 166



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Detection of pork DNA using direct gPCR

Appl Food Biotechnol, Vol. 10, No. 3 (2023)

ethanol and 400 ul of 5M NaCl. Tube was incubated at -20
°C for 2.5 h and centrifuged at 14000 g for 10 min at 4 °C.
Pellets were mixed with 500 pl of 70% ethanol and
centrifuged (14000 g, 4 “C, 5 min). Pellets were dried at 55
°C using thermomixer. Dried pellets were dissolved in 50 pl
of buffer TE, pH 7.6.

2.2.3 Lysis buffer method (this study)

This method was developed by the current authors.
Briefly, 5 mg of the sample were weighed and transferred
into a 1.5-ml tube and mixed with 200 pl of lysis buffer
(EDTA, SDS, NaOH, Tris-Cl and NaCl). Sample was
incubated based on its treatment. Then, 45 pl of tween-20
were added to the mixture and centrifuged at 12,000 g for 10
min at 4 ‘C (patent no. S00202109696). Then, supernatant
was transferred into a fresh tube.

2.3 Optimization of the lysis process (this study)

Optimization of the lysis process was carried out to
optimize performance of the lysis buffer method.
Optimization of the lysis process was carried out using a
combination of temperature and incubation time.
Combinations included A (95 °C, 5 min), B (85 °C, 15 min),
C (75 °C, 25 min) and D (65 ‘C, 35 min).

2.4 DNA concentration and purity assay

The DNA extracts from the samples were calculated using
NanoDrop Spectrophotometer ND-1000 (Thermo Fisher
Scientific, USA) to verify concentration and purity of the
DNA extractx.

2.5 gPCR assay (from the products)

The gPCR amplification was carried out using 10 ul of
reaction mixture consisting of 1 pl of forward primer (10
pmol pl), 1 pl of reverse primer (10 pmol pl?), 1 pl of
nuclease free water (Promega, USA), 5 pl of innuMIX gPCR
DSGreen Standard (Analytik Jena, Germany) and 2 pl of the
DNA extract. Primer was species-specific ND4 (patent no.
S00202102169) (Table 1). Assessments were carried out
using PCR program as follows: initial denaturation at 95 °C
(2 min) and denaturation at 95 ‘C (30 s) and
annealing/extension at 53 ‘C (1 min) for 40 cycles using
gPCR (QTOWERS3 G; Analytik Jena, Germany). Each assay
was repeated three times.

2.5.1 Optimization of the gPCR process (this study)

Optimization of qPCR conditions included annealing
temperature, DNA concentration and primer concentration.
The annealing temperature included 51-55 “C. The primary
concentrations consisted of 5, 7.5 and 10 pmol. The DNA
concentrations included 1, 25, 50 and 100 ng pl. The lowest
Ct value included the best condition for the qPCR process.
2.6 Validation method (modified from [29])

2.6.1 Specificity assay

The assay was used to investigate if the primer could
specifically recognize the target gene. Assessments were
carried out using two DNA targets (pork and wild boar) and
seven DNA non-targets (beef, dog, rat, horse, chicken, rabbit

and lamb). A primer was considered specific if it could
amplify the DNA target only.
2.6.2 Repeatability and reproducibility assays

Repeatability was carried out by an analyst to achieve
similar results on each repetition. Assessments were carried
out using samples of pork and wild boar extracts with seven
replications as positive control and beef as negative control.
Three analysts simultaneously carried out the reproducibility
assay using samples of pork and wild boar. Each assessment
was repeated five times. Results were analysed using t-assay
to achieve the p-value. This method was insignificant if the
p-value was greater than 0.05. The method was reported
appropriate if the RSDR value was < 25%.

2.6.3 Applicability assay

Ham, corned products, sausages, meatballs, candies,
dendeng, crackers and abon were used as samples. All
products included pork and sample extraction was carried out
using lysis buffer method. The DNA extract was amplified
using qPCR with three replications to assess its applicability.
2.6.4 Robustness assay

Assessments were carried out using several inhibitors,
including polysaccharides, cellulose, calcium ions, EDTA
and alginate. The inhibitory concentration was 1000 ng pl*
per 50 ng plt pork DNA. Amplification was carried out
using gPCR with three replications.

2.6.5 Limit of detection assay

This assessment included sensitivity, efficiency and
linearity assays. The aim of sensitivity assay was to
investigate the smallest DNA concentration that could still
be amplified. This assay was carried out by a concentration
of pork DNA in a series of dilutions up to 101° ng pl*. An
efficiency assay estimated the resulting amplicons, compared
to the theoretical number of amplicons. A good efficiency
value ranged 90-110% and a slope results from the standard
curve of -3.1 to -3.5.

The efficiency formula was E = 10¢2510¢) - 1 The aim of
linearity assay was to investigate if two variables included a
linear relationship. The best linearity assay results were
greater than 0.98 [29].

2.7 Statistical analysis

The Ct values were generated by gPCR Real-Time
Detection System Software v.4.1 (Analytic Jena, Germany).
Then, concentration, purity of DNA and Ct values were
analyzed using Minitab Software v.19 and Microsoft Excel
v.2013.

3. Results and Discussion

3.1 Optimization of the lysis process

Differences in temperature and incubation time in the lysis
process affected concentration and purity of the DNA
extracts. Treatment A in the lysis process produced the
highest DNA concentration of 386.11 +26.61 ng pl™*. High
temperatures can damage membranes and cell walls; thus,
further cell contents emerge [30]. The higher the DNA
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concentration, the higher the contaminants extracted. Hence,
the purity value decreases and the Ct value increases. The
boiling treatment for 15 min on the extraction of bacterial
DNA from milk produced as similar concentration and purity
as conventional and kit treatments [31]. Statistical analysis
showed that Treatment A significantly affected DNA
concentration, compared to other treatments. This result
indicated that three treatments of the cell lysis process did
not include significant effects on DNA concentration. It was
seen for the purity of DNA extract as well (Figure 1a). Purity
of the DNA produced in all types of treatments was in the
range of 1.50-1.56 or less than 1.80. It verified that the DNA
was contaminated with proteins because the DNA extraction
did not include a purification process. Protein contamination
could decrease the A260/A280 ratio; hence, the resulting
purity value was less than 1.70 [32]. Treatment C, including
incubation temperature of 75 °C and an incubation time of
25 min, showed the lowest Ct value (Figure 1b.). It showed
that the lower the Ct value, the more DNA was amplified.
Therefore, the lowest Ct was used as reference for the best
optimization treatment of DNA extraction [33]. Generally,
100% (ww1) pork mixed with beef included a Ct value of

Table 1: ND4 primer specifications

16.4, while 1% (ww™) pork mixed with beef included a Ct
value of 23.9 [20]. The DNA extract contaminants affected
the Ct value and could interfere with the real-time PCR
process. Contaminants could be detected in the sample
matrix. The higher the temperature, the more cells are
damaged. Thus, quantity of the contaminants is higher.
3.2 Comparison of various DNA extraction methods

The lysis buffer method included the lowest purity value
(1.53 %0.02), compared to the CI (2.01 #0.04) and
commercial kit (2.06 +0.02) methods (Table 2). The lysis
buffer method did not include purification steps; hence,
purity of the DNA sample was relatively low. However,
concentration achieved from the lysis buffer method was not
significantly different from that from the commercial kit and
Cl methods (p-value = 0.094). The resulting Ct value was
significantly affected by the DNA extraction methods (p-
value = 0.000). However, the resulting Ct value was low and
close to the kit and CI methods. The lysis buffer method can
be used as an alternative DNA extraction method, which is
faster, easier to use and inexpensive (Table 3).

Annealing %

; " i ; 0
Primer Sequence (5'-3") Size (bp)  Number of nitrogenous base temperature Tm (°C) GC
Forward CCCATCCATCAATCTAATCGG 120 20 540 62 47.6
Reverse ~ATGTAGAGAGAGTAGAGGGC 21 ¢ 60 50

Source- [14]

Table 2. Concentration, purity and Ct value of DNA from various extraction methods DNA

Methods Concentration DNA (ng pl?) Purity Ct value

- Kit 304.86 £18.312 2.06 £0.02? 11.55 +0.06?
- Cl 203.17 £86.172 2.01 +0.012 12.43 +0.33°
- Lysis buffer 294.34 £8.122 1.53 +0.02° 15.74 +0.23¢

Note: Ct value with different letters in the same column are significantly different from each other

Table 3. Comparison of various DNA extraction methods

Description Kit Method Chloroform: isoamyl method Lysis buffer method
Sample (mg) 50 5
Materials - Buffer CL Buffer STE - EDTA
- Proteinase-k SDS 10% - NaCl
- Buffer BL Proteinase-K - Tris-Cl
- Etanol absolute Chlorofom - NaOH
- Buffer BW - Isoamyl - Tween-20
- Buffer TW - NaCl - SDS 10%
- Buffer AE - Etanol absolute
- Etanol 70%
- Vortex - Buffer TE
Tools - Thermomix - Vortex - Thermomix
- Centrifuge - Thermomix - Centrifuge
- SV column - Centrifuge
- Mikropastle - Mikropastle
Time 18.5 hours 22 hours 50 minutes
Price Expensive Expensive Cheap
Easy to use Difficult Difficult Easy
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Figure 1b. Ct value at various lysis conditions

3.3 Optimization of the gPCR conditions

The lowest Ct value from the optimization process was
53°C (Table 4). The higher the temperature, the higher the
resulting Ct value. High temperature could break the
hydrogen bonds between the base pairs in DNA,; therefore,
primers could not anneal appropriately [34].

Table 4. Optimization of annealing temperature

Temperature (°C) Ct value
51 30.25
52 19.08
53 16.25
54 17.74
55 19.19

Note: Ct: cycle threshold

Lysis Condition

Low annealing temperatures caused the primer to anneal
to a less specific area and amplified a small quantity of the
target DNA, resulting in a high Ct value. The lowest Ct value
was achieved using DNA at a concentration of 50 ng ul*
(Figure 2). Dilution process could decrease the number of
inhibitors involved in DNA and the quantity of intact DNA.
As a result, quantity of DNA that could be amplified was
smaller than the DNA with higher concentrations. Therefore,
the resulting Ct value was high. In this study, the qPCR
machine could not amplify DNA extract with a concentration
of > 100 ng pl™t. The higher the DNA concentration, the
greater the failure of the primer attachment. This was because
inhibitors at high concentrations of DNA increased.
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Figure 2. Amplification curve from the results of DNA concentration optimization assay

The best concentration of DNA used in the gPCR process
was 50 ng plt. Primer concentration could affect qPCR
sensitivity. The ND4 primers produced the lowest Ct values
at a concentration of 10 pmol (Table 5)

Table 5. Effect of various primary concentrations on Ct
values

Primer concentration (pmol)  Average Ct value +std

10 14.33 +0.29
7.5 16.44 +0.12
5 16.96 +0.38

Note: Ct (cycle threshold)

The smaller the primer concentration, the higher the Ct
value at a similar concentration of DNA. The higher the
primer concentration, the more primers could attach to the
DNA target. As a result, further DNA target could be
amplified and hence the fluorescence could cross the
threshold with faster results. Therefore, the primer
concentration of 10 pmol was used as the best concentration
for the amplification process.

3.4 Validation of direct g°PCR

3.4.1 Primer specificity

One of the success factors of PCR was that the primer
could attach specifically to the DNA target. The ND4 primer
could amplify DNA targets, containing pork and wild boar
samples (Figure 3). The amplification result was expressed
in the Ct value, which could be read in the two samples.
Specificity assessment on ND4 primers via conventional
PCR method showed the presence of thick bands for pork
and wild boar and produced a 120-bp amplification product

of the DNA. Based on the results of in-silico analysis, the
ND4 primer included a sequence length of 144 bp (located at
12338 to 12453 bp). Length of the sequence was verified as
the sequence of ND4 in pigs (Sus scrofa domesticus). The
ND4 gene in pigs was located at 11236 to 12607 bp [27]. In
this study, the ND4 primer detected two DNA target types of
pork and wild boar. Wild boars included similar DNA
fragments of the pork DNA with 10% of their genomes [35].
Pork and wild boar included differences at the subspecies
level and their genomes were homologous [36].

3.4.2 Method repeatability and reproducibility
Repeatability assay determines consistency of the tools
and methods used to produce comparable data. This assay
assesses precision of a data. This assay was carried out on
two groups of samples, including positive samples (pork and
wild boar DNA) and negative samples (beef DNA extract).
All DNA samples (pork and wild boar) could be amplified
(Table 6). The Ct value of all sample were relatively similar,
with average values of 15.81 £0.17 (pork) and 14.56 +0.51
(wild boar). Results of statistical assays showed that each
replication did not significantly affect the Ct value. Whereas
in the negative control, all sample replications could not be
amplified. This assay resulted in RSD, values of 1.06%
(pork) and 3.51% (wild boar). It verified that this assay
included a high precision value since the RSD; value of <
25% was considered as high precision [29]. Several analysts
carried out reproducibility assessment to verify that the
resulting data were identical. The aim of the assay was to
show accuracy of the assay. Assays were carried out by three
analysts at the same time. All positive samples could be
amplified with ND4 primers by all analysts (Table 7).
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Figure 3. ND4 primer specificity curve
Table 6. Repeatability assay in the positive sample group using gPCR
Sample Ct value Tm value Sample Ct Value Tm Value
- Pork 15.782 74.10 - Wild boar 14.632 74.30
- Pork 16.092 74.00 - Wild boar 14.082 74.30
- Pork 15.792 74.00 - Wild boar 14.132 74.20
- Pork 15.65% 73.80 - Wild boar 14.45% 74.20
- Pork 15.542 73.60 - Wild boar 14.642 74.00
- Pork 15.882 73.60 - Wild boar 14.482 74.00
- Pork 15.932 73.80 - Wild boar 15.478 73.90
Average 15.81 73.84 Average 14.56 74.13
Std 0.17 0.18 Std 0.51 0.15
RSD: (%) 1.06 0.25 RSD; (%) 3.51 0.20

Note: Ct value with different letters in the same column are significantly different from each other

Table 7. Reproducibility assay in pork and wild boar sample by three analyses

Sample Analyst Replicate Average + std min —max Value P-value
Pork 1 5 16.64 + 0.09 16.52 — 16.75 0.064
2 5 16.19 + 0.27 15.69 — 16.93
3 5 16.64 + 0.46 16.21 - 16.92
Wild boar 1 5 14.32+£0.22 14.08 - 14.61 0.347
2 5 14.62 £ 0.39 14.26 — 15.26
3 5 14.65+0.79 14.12 - 15.11

Note: each analysis does not give a significant difference to the results (p-value > 0.05)

Based on the statistical assays, p-value of the pork sample
was 0.064, while the p-value of the wild boar sample was
0.347. The resulting p-value of greater than 0.05 on each
assay by all analysts included no significant effects on the Ct
value. This could be interpreted that the assays carried out by
all analysts were able to produce relatively similar data;
therefore, this method was accurate.

3.4.3 Method applicability

The lysis buffer method developed in this study
successfully extracted all the processed meat products (Table
8). These results were similar to those of other studies that
successfully extracted DNA from pork sausages, pork
burgers, corned beef and pork meatballs using lysis buffer
method (0.2 M Tris-HCI, 0.01 M EDTA, 0.5 M NaCl and 1%
SDS) [25]. All total DNA concentrations were greater than
100 ng plIt. The highest DNA concentration was achieved
from sausages with 685.21 ng plt. On the sausage packaging
label, the quantity of meat was 89%; therefore, it was

suggested that a high concentration of pig DNA was
produced. The higher the quantity of meat, the higher the
concentration of DNA. However, purity of the resulting
DNA was less than 1.80. This was because the DNA
extraction process was carried out in one step (cell lysis with
no purification steps). All DNA extracts could be amplified
by showing Ct values. The lowest and the highest Ct values
were achieved for ham (18.87 +£0.57) and abon, respectively.
Low Ct values indicated presence of intact (not damaged)
target DNA in the extracts with large quantities.
3.4.4 Method robustness

Efficiency of the gPCR method could decrease if inhibitor
were available. Inhibitors could originate from a food
product matrix such as alginate (emulsifier agent), EDTA
(chelating agent), potassium ion (hardening agent), cellulose
(stabilizer agent) and polysaccharides (stabilizer agenta).
Polysaccharides (xanthan gum) in DNA extract significantly
affected the Ct value from other samples (Table 9).
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Table 8. Concentration, purity, and Ct value of DNA extract from various food products

Products Concentration DNA (ng pl) Purity Ct value #std
- Corned 413.90 1.14 32.46 £0.14
- Meatball 263.08 1.61 32.79 £1.40
- Sausage 685.21 1.14 19.87 £0.30
- Crackers 264.88 1.70 32.88 £0.68
- Dendeng 237.03 1.76 26.29 £7.72
- Ham 482.96 1.73 18.87 £0.57
- Candy 573.12 1.34 27.47 £0.10
- Abon 549.86 1.43 33.70 £0.52

Table 9. Effect of inhibitor on Ct value

Inhibitor Sample Type of inhibition Ct value #std
- Positive control Pork DNA -Taq DNA polymerase 15.74 +0.182
- Alginate Alginate DNA 16.54 +0.692
- Cellulose CMC Taq DNA polymerase 16.02 +0.472
-EDTA Na:EDTA Taq DNA polymerase 15.66 £0.522
- Calcium CaCl2 Taq DNA polymerase 15.80 +0.162
- Polysaccharide Xanthan gum 17.78 +0.56°

Note: inhibitor with different letters in the same column are significantly different from each other

1004

| 10 ng/ul
1 ngul
75
= 10" ng/ul
c | 102 ng/ul
o -
$ = 10-3 ng/ul

254

Figure 4. Amplification curve of pork DNA sensitivity assay

It verified that polysaccharides acted as inhibitors in the
amplification process, resulting in a higher Ct value than that
of the control and other samples. Polysaccharides could
inhibit performance of Taq DNA polymerase [25].

3.4.5 Limit of Detection

The smallest DNA concentration that could be amplified
was 102 ng pl?* (Figure 4). Sensitivity value of the direct
gPCR method was higher than that of the conventional PCR
method. Concentration of DNA that could be amplified via
the conventional PCR method and ND4 primer was 10! ng
ult [27]. It showed that the direct gPCR method was more
sensitive than conventional method. The limit of detection
(LOD) value assessment was based on linearity and
efficiency calculations using standard curve. Acceptability of
the linearity value (R?) for quantitative assays was > 0.98,
with a range of slope values between -3.6 and -3.1 and PCR
efficiency values between 90 and 110% (37). In this study,
the resulting linearity value was 0.99, the slope were -3.1 and
the PCR efficiency was 110%.

4. Conclusion

Direct gPCR is a halal detection method based on crude
DNA, which is amplified in a gPCR machine. This method
includes the advantage of being faster and less expensive
than other methods [4]. However, this method includes the
disadvantage that the resulting DNA purity is low due to the
absence of a purification process [26]. In direct gPCR, lysis
buffer is used for the process of lysing cells. The lysis buffer
method includes EDTA (chelating agent), Tris-Cl (as a
buffer), NaOH (damaging cell membranes), NaCl
(precipitating  proteins) and SDS (dissolving cell
membranes) that can maximize DNA extraction [38].

The DNA concentration resulting from the lysis buffer
method included no significant effects on other extraction
methods of chloroform-isoamyl and commercial Kits.
However, the highest DNA concentration resulted from the
kit method with 304.86 +18.31 ng pl* (Table 2). The lysis
process of the kit method was carried out overnight; hence
DNA in the sample could be extracted optimally. In addition,
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the sample weight was 50 mg, which was much more than
that of the lysis buffer (5 mg) and the chloroform-isoamyl
(20 mg) method. The larger the sample, the greater the
surface area. Therefore, the extracted DNA was greater. As
a result, DNA concentration was high. In addition, long lysis
process allowed DNA extraction optimally. The cell lysis
process carried out for 12 h was better than the lysis process
for 2 hand 10 min as shown by the formation of thicker DNA
bands [39]. The lysis buffer method included a high
concentration of DNA of 294.34 +8.12 ng pl. This was
because the temperature used in the lysis process was higher
than that of the chloroform-isoamyl and commercial kit
methods. Use of higher temperatures could affect permeab-
ility of the cell membranes. When permeability of the cell
membrane was disturbed, molecules from outside the cell
could easily enter the cell. As a result, the lysis process in
cells could easily occur and DNA could be extracted appro-
priate [30]. In addition, high temperatures denatures proteins
bound to the cell membrane; thus, cell membrane cannot
function and was lysed [40]. The DNA extraction carried out
using the lysis buffer method on various raw meats could
produce DNA concentrations of 300-400 ng pl* [4].

The lysis buffer method included the smallest DNA purity
of 1.53, compared to other methods. This was seen because
this method did not carry out purification stages as in the
chloroform-isoamyl and commercial kit methods. DNA
purity achieved from the lysis buffer method was 1.20-1.28
[4]. In addition, the highest Ct value of 15.74 was achieved
from the DNA extract using the lysis buffer method. This
was occurred because purity of the resulting lysis buffer
method was low. Therefore, contaminants were still detected
in the resulting DNA extract. These contaminants could play
roles in inhibiting the gPCR process; hence, the resulting Ct
value was high (41). The Ct value produced from the pork
samples using DNA lysis buffer extract was 33.82 [26].

The crude DNA resulted from the lysis process was
successfully amplified using the gPCR method. Success of
the amplification shown by the Ct value indicated
effectiveness of the lysis process. The Ct value produced by
each food product was different because each food product
included different compositions and processing steps. The
more complex the composition of the ingredients for
processed meat products, the more inhibitors involved in the
DNA extraction process. The greater the number of
inhibitors, the more inhibition of the gPCR, making the Ct
value higher. For example, polysaccharides in meatballs
could bind to DNA polymerase and hence the elongation
process could not be carried out appropriately [41]. The
processing process could also affect DNA concentration and
value of Ct. The higher the processing temperature; the more
degrade of DNA. As a result, the resulting DNA was not
intact and thus it could not be maximally amplified [42].
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