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Abstract

In line with the implementation of Indonesian Act No. 33 year 2014 on Halal Products
Assurance, the detection of a non-halal component in food products is critical to confirm
the authenticity of halal products. The aim of this study was to employ real-time
polymerase chain reaction (real-time PCR) using species-specific primer targeting D-loop
mitochondria for analysis of pork DNA in meatballs. The real-time PCR technique was
evaluated for the primer specificity, amplification efficiency, and sensitivity as determined
by evaluating the limit of detection (LoD). The designed primer was specific to pork
DNA, with an amplification efficiency of 82.7%. The developed method could detect
DNA in meatballs as low as 10 ng DNA. The reproducibility of real-time PCR was
acceptable, as indicated by the low relative standard deviation (RSD) of 1.81%. The
developed method was successfully applied to analyze pork in meatballs available in the
commercial market. Real-time PCR wusing species-specific primer targeting D-loop
mitochondria offered a reliable method for the detection of pork DNA in meatball
products and can be proposed as a standard method for supporting the authenticity of halal

products.

1. Introduction

One of the favourite meat-based foods in Indonesia
is meatballs. As indicated by its name, the main
component composing meatballs is meat shaped into
balls. Meatball is typically made from meat (chicken or
beef) or fish which are the source of proteins needed for
human development (Guntarti et al., 2017). Due to the
difference in price between beef and pork, some
unethical producers try to substitute or add pork (non-
halal meats) in beef meatballs (halal meat) to reduce the
production cost with the main purpose of gaining
economic profits (Hossain et al., 2016). The presence of
pork in food products is problematic for the Muslim
community because Muslims are prohibited from
consuming any pig derivatives including pork (Mursyidi,
2013). As a consequence, some analytical methods were
introduced for the detection and confirmation of non-
halal components intended for halal authentication
analysis (Salihah et al., 2016).
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Numerous methods based on physicochemical
properties have been reported for the analysis of non-
halal components. The methods include molecular
spectroscopy (UV-Visible, Infrared, Raman and nuclear
magnetic resonance) in combination with multivariate
data analysis (Rohman and Windarsih, 2020), differential
scanning calorimetry (DSC) (Nurrulhidayah et al.,
2015), electronic nose (Nurjuliana et al., 2011) and
chromatographic techniques including gas
chromatography and liquid chromatography combined
with mass spectrometric (LC-MS) detection (Rohman et
al., 2020). Of these methods, DSC and electronic nose
lack specificity, while LC-MS involves complex sample
preparation for the identification of non-halal
components, especially in complex matrix. Therefore,
DNA-based methods using polymerase chain reaction
(PCR) are considered as method of choice for halal
authentication offering specific and sensitive results
(Erwanto et al., 2018). In addition, DNA-based methods
can be proposed as standard methods for the analysis of
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non-halal meats in food products (Erwanto et al., 2014).

DNA-based methods using PCR techniques have
some advantages over other methods. DNA is a stable
component even at high temperatures and is available in
most organisms. Moreover, exact information from the
identical source regardless of the tissue’s origin is
contained in the DNA (Thanakiatkrai et al., 2019). With
the development of real-time PCR along with species-
specific primers, multiplex, and Tagman probe, the
presence of non-halal meats, such as pork (Erwanto et
al., 2012), wild boar meat (Aina et al., 2020), dog meat
(Manalu et al., 2019), and rat meats (Ali et al., 2015), in
different types of food products has been identified
successfully. The aim of this study was to employ real-
time PCR using species-specific primers targeting D-
loop mitochondria for the identification of pork in
meatball formulations intended for halal authentication.
The use of D-loop mitochondria as the target is based on
its intrinsic ability to resist degradation and its high copy
number inside the cell compared to nuclear DNA
(Merheb et al., 2019).

2. Materials and methods

The meats, including pork, beef, chicken, and lamb,
as well as commercial meatballs, were purchased from
local markets in Yogyakarta. The materials used to
prepare meatballs, including spices and flour, were also
bought from local markets. The laboratory-prepared
meatballs were performed according to Rahmania et al.
(2015). The primer sequences of D-loop mitochondrial
for pork were designed using software from NCBI
(http://www.ncbi.nlm.nih.gov). =~ The primer was
synthesized by PT. Genetika (Jakarta, Indonesia). The
primer candidates obtained during this design were
compiled in Table 1, identified as DA, DB, and DC.

2.1 DNA isolation

The isolation of DNA in meat and meatballs was
carried out using Mitochondria DNA Isolation Kits from
Biovision (Waltham, USA) following the manufacturer's
instructions. The purity of isolated DNA was analyzed
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multiplied by an absorbance constant of 50 pg/mL. The
isolated DNA was considered pure if the purity index
obtained was between 1.8-2.0.

2.2 Real-time polymerase chain reaction

The condition of RT-PCR wused in this study
consisted of a reaction mixture (20 pL) comprising 10
pL SYBR Green® universal PCR master mix, 1 pL of
reverse and forward primer, 1 uL. DNA template (50 ng),
and 7 pL of water-free nuclease. The temperature
program used was 94°C for 30 s, followed by 30 cycles
at 94°C for 5 s for the denaturation stage. The annealing
temperature was optimized, while the elongation stage
was set at 72°C for 10 s. The melting curve was
performed at 60°C—90°C with a slope of 0.5°C/5 s
(Orbayinah et al., 2020).

2.3 Validation of real-time PCR

The primer previously designed was subjected to
some evaluations, including primer specificity,
amplification efficiency, determination of the limit of
detection, and evaluation of repeatability of the
developed method. Primer specificity was confirmed by
amplifying 50 ng/uL of extracted DNAs from pig, cow,
chicken, and goat along with No Template Control
(NTC) or negative control.

The efficiency of DNA amplification was evaluated
using laboratory-prepared meatballs with the proportions
of pork of 0%, 10%, 25%, 50%, 75%, and 100%. For the
evaluation of the efficiency value (E), the equation of
linear regression was obtained by correlating the levels
of DNA (x-axis) and Cycle threshold (Ct) value (y-axis).
The limit of detection (LoD) was determined based on
the results of amplification on 100% concentration of
pork meatballs by serial dilution in order to obtain a
concentration of DNA at levels of 0.1, 1, 10, 100, 1,000,
and 10,000 pg. The repeatability of the real-time PCR
method was evaluated by calculating the relative
standard deviation (RSD) of DNA amplification (Ct
value) from meatballs with 100% pork. Real-time PCR
methods were then used to analyze commercial meatball

using a UV spectrophotometer at 260 nm dan 280 nm. samples ~commercially available in the market
The concentration of isolated DNA was determined (Orbayinahetal.,2019).
based on the absorbance value at 260 nm (Asg)
Table 1. The primer candidates targeting D-Loop mitochondria for identification of DNA of Sus scrofa.
Primers Sequences 5° — 3’ Melting Temperature (Tm) %GC Amplicon (bp)
DA F: 5'-CAC TAG ATC ACG AGC TTA ATC ACC-3' 62 45.8 140
R: 5-TCC TGA AGT AAG AAC CAG ATG C-3' 62 45.5
DB F: 5'-AAA TCG CCC ACT CTTT TCC C-3' 62 52.6 153
R: 5-TGT GTT AGG GCC TTT GAC G -3' 62 52.6
bC F: 5-CTT ACT TCA GGA CCA TCT CAC C-3' 62 50 153
R: 5-GGC TGA GTC TAA GCA TCC C-3' 62 57.9
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2.4 Data analysis

The concentration of DNA in the samples was
calculated as follows (Kim ef al., 2018):

[DNA concentration] (ng/mL) = A260 x fp % 50 pg/mL

Purity index = A260/ A280

The efficiency value (E) was calculated as:

E = (10"51P)_1) x 100

%E=(E-1)x100%

The recommended value of E is 90-105% (Pratiwi et
al., 2018).

3. Results and discussion

In this study, real-time PCR using species-specific
targeting D-loop mitochondrial genes was used to
identify pork DNA in meatballs for halal authentication
analysis. DNA was isolated from fresh meats and
laboratory-prepared meatballs to get a DNA template
during PCR assay. DNA isolates were analyzed using
UV spectroscopy at wavelengths of 260 nm (A,q) and
280 nm (A,g) to know the DNA levels and DNA
purities. Table 2 and Table 3 compile the results of DNA
levels and DNA purities obtained from DNA extraction
in raw meats and meatball samples. The ratio (R) values
of Aye/Azgo Were in the range of 1.37-1.83. Pure DNA
typically had R-values of 1.8-2.0, and DNA isolates with
an R-value of lower than 1.8 indicated some
contaminations, including protein, while an R-value
higher than 2.0 indicated the presence of RNA as a
contaminant (Cheng et al., 2014).

Table 2. The levels and purity indexes of DNA isolated from
raw meats.

Purity indexes

Type of meats  Levels (ng/mL)

(Ratio Asgo/Ango)
Pork 2050 1.77
Chicken 1575 1.83
Lamb 1295 1.76
Beef 965 1.41

Table 3. The levels and purity indexes of DNA isolated from
meatball samples.

Samples Concentration ~ Ratio
p (ng/mL) A26O/A280

Meatballs with pork 0% 1510 1.56
Meatballs with pork 5% 1350 1.39
Meatballs with pork 10% 1455 1.37
Meatballs with pork 15% 1065 1.39
Meatballs with pork 25% 815 1.55
Meatballs with pork 50% 2095 1.47
Meatballs with pork 75% 2280 1.58
Meatballs with pork 100% 2780 1.69
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Among the primer candidates in Table 1, the primer
of DB targeting D-loop mitochondrial genes was used
because this primer offers better performance than
primers DA and DC. The primer of DB was subjected to
optimization of annealing temperature in the temperature
range of 48.8-54.6°C based on the predicted melting
temperature (Tm) of the designed primer. The
temperatures used for optimization were 48.8, 49.3, 50.2,
51.6, 53.3, and 54.6°C. The primer DB could amplify
DNA templates in all temperatures, and based on the
capability of primer DB to provide maximum
amplification and minimum Cq value (Hayati et al.,
2017), the selected Tm was 53.3°C. Figure 1 reveals the
amplification curve of primer DB at different annealing
temperatures.

Amplification
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Figure 1. The amplification curve of primer DB using DNA
template of pork DNA at different annealing temperatures:
(A) 54.6°C, (B) 53.3°C, (C) 51.6°C, (D) 50.2°C, (E) 49.3°C,
and (F) 48.8°C.

The primer specificity was evaluated by amplifying
DNA isolated from raw meats of pork, beef, chicken, and
lamb using the optimized annealing temperature of 53.3°
C. The amplification results showed that the fluorescence
intensity of pork DNA was increased, while DNAs of
beef, chicken, and lamb did not show any amplification
peaks (Figure 2). The results indicated that the selected
primer (primer DB) could amplify pork DNA
specifically, which is in agreement with the BLAST
results during in silico specificity study. Determination
of the limit of detection was carried out using meatballs
containing 100% pork. Figure 3 showed that DNA at a
concentration of 10 pg could be amplified. At lower
concentrations (DNA < 10 pg), no amplification peak
was observed until the thirtieth cycle, indicating that the
LoD value of real-time PCR using primer DM was 10

pg.

In order to determine the efficiency value of
amplification, meatballs were prepared using pork and
beef with the proportions of pork of 0, 50, 80, 90, 95 and
100%. The amplification curves, with the regression
equation correlating to log DNA concentration (x-axis),
and Cq values are shown in Figure 4. The R’*-value
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Figure 2. The specificity of primer DB to only amplify pork
DNA (A), while DNA extracted from chicken (B), lamb (C),
beef (D), and no template control (E) did not reveal the
amplification peak.
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Figure 3. The amplification curve of pork DNA isolated from
meatballs containing 100% pork with DNA levels of (A) 1000

pg, (B) 100 pg, (C) 10 pg and (D) 1 pg.
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Figure 4. The amplification curve of pork DNA extracted
from different concentration of pork in meatball (A) along
with regression equation correlating log DNA concentration
(x-axis) and Cq values (y-axis) (B).

obtained was 0.732 with an amplification efficiency (E)
of 82.7%. The recommended R value and E-value were
more than 0.98 and between 90-105%, respectively
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(Pratiwi et al., 2018). The repeatability of real-time PCR
using primer DB for analysis of pork DNA was
acceptable as indicated by the relative standard deviation
(RSD) value of 1.81%, lower than that required by
Codex Alimentarius Commission, i.e., RSD value < 25%
(G.Q. Aina et al., 2019). The developed method was then
applied to the analysis of commercial meatballs. The
results showed that the evaluated samples did not reveal
any amplification, so the studied samples did not contain
pork.

4. Conclusion

Real-time PCR using species-specific primer
targeting D-loop mitochondrial genes has been
successfully applied to detect and identify pork DNA in
meatballs. The method was specific and sensitive, with a
detection limit of as low as 10 ng DNA. Therefore, the
method can be proposed as a standard method for the
detection of pork DNA to support the implementation of
Indonesian Act No. 33, 2014 (Halal Product Assurance).
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