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AbstractIndonesia, home to over 270million people, has the largest Muslim population globally, with approximately 87.18% adhering toIslam, driving significant demand for halal products, particularly in the food and pharmaceutical sectors. Gelatin, commonly used inmedicinal capsules, often originates from porcine sources, necessitating precise halal authenticationmethods. This study presents thedevelopment of a novel genomic DNA-based Reference Material (RM) for gelatin, specifically for porcine DNA detection, employingReal-Time Polymerase Chain Reaction (qPCR) techniques. The methodology encompassed in-silico primer design, sample extractionoptimization, DNA quality and quantity analysis, linearity assessment, limit of detection (LoD) and quantification (LoQ) determination,and RM characterization. Results indicated that the designed primers could reliably and efficiently detect porcine DNA, with optimalannealing at 58°C and primer concentration at 500 nM, achieving a PCR efficiency of 96.74%. The LoD and LoQ for pork meatsamples were determined to be 0.02 pg/𝜇L and 0.004 pg/𝜇L, respectively, while the LoD for porcine gelatin was 0.27 ng/𝜇L. TheRMs exhibited robust homogeneity (Sig. 0.052), significant intergroup differences (Sig. 0.000), and low variation (CV 0.96%).Short-term storage at -80°C and -20°C preserved Ct value stability and consistency. Conclusively, this study successfully developeda novel gelatin-based genomic DNA RM for halal authentication, offering a scientifically validated tool that strengthens the halalassurance system, addressing Indonesian consumers’ demand for porcine-free products. These findings hold substantial implicationsfor regulatory authorities, especially in Indonesia, and could inform the development of standardized qPCR RMs for porcine DNAdetection in halal compliance testing.
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1. INTRODUCTION

Indonesia, the world’s fourth most populous nation with over
270 million inhabitants, has approximately 87.18% of its pop-
ulation adhering to Islam (Ananta et al., 2015) . This demo-
graphic creates a substantial demand for halal products, partic-
ularly in the food and pharmaceutical sectors. Recent estimates
from the State of the Global Islamic Economy Report (2022)
suggest that halal product consumption in Indonesia alone has
reached $146.7 billion. In response to these needs, the Indone-
sian government enacted Law Number 33 of 2014 on Halal
Product Assurance (UUJPH), underscoring the significance of
halal compliance within the Muslim community (Purwanto
et al., 2021) . As Muslim consumers increasingly seek assur-
ance regarding the authenticity and integrity of halal products,
the demand for precise identification methods and verification
of halal-certified goods has grown (Cheman, 2005) . Despite

regulatory frameworks and the recognition of Indonesian ha-
lal certification in multiple countries, standardized methods
for porcine DNA testing within the national context remain
undeveloped.

In the pharmaceutical industry, gelatin plays a crucial role
as a key ingredient in the production of soft and hard capsule
shells, tablet coatings, and microencapsulation processes (Al-
Nimry et al., 2021) . Derived from animal collagen through
partial hydrolysis, gelatin is widely used due to its ability to
prevent oxidation, enhance drug acceptability, and improve
palatability (Hassan et al., 2018; Nikzad et al., 2017; Nuril-
mala et al., 2021) . The primary sources of gelatin include
porcine, bovine, avian, and fish species (Corliss et al., 1977;
Jones, 2004) , with porcine-derived gelatin often being pre-
ferred for its cost-effectiveness (Sultana et al., 2020) . Given
the significant halal concerns surrounding porcine gelatin, its
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detection in pharmaceutical products remains a critical area of
research and regulation.

The detection of porcine DNA in gelatin products, espe-
cially those used in drug capsules, can be achieved through nu-
cleic acid amplification techniques such as Polymerase Chain
Reaction (PCR) (Al-Kahtani et al., 2017; Cai et al., 2012;
Erwanto, 2018; Kim et al., 2016; Cai et al., 2012; Perestam
et al., 2017; Soares et al., 2013; Vallejo et al., 2021) . Among
these, the Real-Time PCR (qPCR) method offers significant
advantages over conventional PCR (cPCR), notably in terms
of detection accuracy during the exponential phase of each
cycle, unlike cPCR, which relies on the less precise plateau
phase for detection (Karimi et al., 2020) . Furthermore, qPCR
integrates a thermal cycler with a fluorescent detector for target
quantification (Raso and Biassoni, 2014) , making it particularly
effective for detecting porcine DNA in purified gelatin and cap-
sule products (Xie et al., 2022) . DNA-based detection methods
offer superior specificity and sensitivity compared to protein-
based approaches, as DNA is more stable and allows for the
precise identification of species using specific primers (Chen
et al., 2004; Lanzilao et al., 2005; Sentandreu and Sentandreu,
2014) . In this study, qPCR analysis focuses on mitochondrial
DNA, which, due to its high copy number, is ideal for analy-
ses involving limited or degraded DNA, as commonly seen in
gelatin products (Kesmen et al., 2009; Ni’Mah et al., 2016) .

To ensure accurate test results, address potential systematic
errors, and validate the qPCR-based detection of porcine DNA,
the availability of Reference Materials (RMs) is essential. RMs
serve to maintain measurement consistency, validate analytical
methods, and confirm the metrological reliability of instrumen-
tation (International Organization for Standardization (ISO) ,
2017; Vallejo et al., 2021) . Despite the critical role of RMs,
there is a noticeable gap in the availability of gelatin genomic
DNA-based RMs, particularly in halal authentication contexts.
Previous research has predominantly focused on RMs related to
the quantification of Genetically Modified Organisms (GMOs)
using transgenic homozygous plant materials (Li et al., 2020,
2024) .

This study is pioneering in its development of gelatin ge-
nomic DNA-based RMs for the halal authentication of porcine
DNA in pharmaceutical capsules using qPCR. By establishing
these RMs, this research addresses a critical gap and provides
a reliable internal control for accurate and trustworthy halal
testing through nucleic acid amplification methods. The suc-
cessful implementation of such RMs could enhance the halal
assurance system and provide a valuable scientific basis for reg-
ulatory authorities to adopt standardized qPCR RMs in porcine
DNA detection.

2. EXPERIMENTAL SECTION

2.1 Materials
The materials used in this study include gelatin powder (porcine,
bovine) (Sigma Aldrich®, USA), meat (porcine, chicken, bovine,
unbranded), gSYNC™ DNA Extraction Kit (Geneaid, China),

6× DNA gel loading dye (Geneaid, China), Agarose Gel (Vivan-
tis, Malaysia), THUNDERBIRD Next SYBR® qPCR Mix 1 ×
1 mL Master Mix (Toyobo, Japan), Cytochrome Beta Forward
and Reverse primers (IDT, USA), GelRed (Biotium, USA),
1kb DNA ladder (Geneaid, China), TE buffer (Himedia, India),
Nuclease-Free Water (NFW) (Himedia, India), TAE buffer
(Himedia, India), Kimwivest (Kimtech, USA), and other con-
sumables (microtubes, micropipette tips, parafilm, tissue).

2.2 Procedures
2.2.1 In-Silico Primer Analysis
Primer Design

The primers were designed in silico using the SnapGene
software (Dotmatics, USA) (Nguyen et al., 2023) . The mi-
tochondrial DNA reference for Sus scrofa used is GenBank
accession number: ON060839.1 (Kang et al., 2018) .
Primer Quality Analysis

The specificity of the primers was analyzed using the NCBI
BLAST (Basic Local Alignment Tool) software accessible at
(https://www.premierbiosoft.com/netprimer/). The anal-
ysis includes the evaluation of primer length, melting tem-
perature, GC%, and hairpin and cross-dimer structures. The
primers were designed to meet the desired quality standards
(Rodríguez et al., 2015) .
Primer Specificity Analysis

The specificity of the primers was analyzed using the NCBI
BLAST (Basic Local Alignment Tool) software accessible at
https://www.ncbi.nlm.nih.gov/. MSA was conducted using
Mega 11 software, accessible at https://www.megasoftware.
net/. The primer specificity analysis ensures that the primers
bind to and amplify only the target DNA sequences, avoiding
non-specific amplification (Sabina and Leamon, 2015) .

2.2.2 DNA Extraction from Samples
DNA extraction was performed following the standard protocol
of the gSYNC™ DNA Extraction Kit (Geneaid, China) with
modifications to sample weight and kit fluid volume. The
concentration and purity of the extracted DNA were measured
using a Nanodrop EPOCH2 (BioTek, USA). Readings were
taken in duplicate using the elution buffer from the gSYNC™

DNA Extraction Kit (Geneaid, China) as a blank (Zehra and
Kaur, 2023) .

2.2.3 Primer Annealing Optimization
Primer annealing temperature optimization was performed
using the CFX Deep Well Real-Time PCR System (BioRad,
USA). The designed primers, PF_Gematin and PR_Gematin,
were used as markers. A total of 16 reactions with 2 replicates
for on-target samples (pork meat) at each gradient temperature,
duplicates for out-of-target samples (chicken and beef), and 2
reactions of Non-Template Control (NTC) without DNA were
tested. The gradient temperatures tested were 54°C, 57.9°C,
62.3°C, 63.5°C, and 64°C using a concentration of 500 nM
(Tan et al., 2020; Tasrip et al., 2021) . The amplification pro-
cedure began with an initial pre-denaturation phase at 95°C
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for 30 seconds. Subsequently, 40 cycles were performed, each
consisting of denaturation at 95°C for 5 seconds and gradient
temperatures. This was immediately followed by a melting
curve analysis. Amplification and melt curve data were pro-
cessed and interpreted using the Bio-Rad CFX Maestro V2.0
software (Bio-Rad, USA).

2.2.4 Primer Concentration Optimization
Primer concentration optimization was conducted using the
CFX Deep Well Real-Time PCR System (BioRad, USA) with
primers PF_Gematin and PR_Gematin as markers. A total of
20 reactions were carried out with 2 duplicates at each tested
concentration (100 nM, 250 nM, 500 nM, 700 nM, and 900
nM), and NTC (No Template Control) also in duplicates with-
out DNA addition (Guo et al., 2020) . Each of concentration
was tested in triplicate, totaling 18 reactions, and 2 reactions
were conducted for the NTC. The amplification procedure
began with an initial pre-denaturation phase at 95°C for 30 sec-
onds. Subsequently, 40 cycles were performed, each consisting
of denaturation at 95°C for 5 seconds and annealing/extension
at 58°C for 5 seconds. This was immediately followed by a
melting curve analysis. Amplification and melt curve data were
processed and interpreted using the Bio-Rad CFX Maestro
V2.0 software (Bio-Rad, USA).

2.2.5 qPCR Efficiency Test
The efficiency test for primer reactions was conducted using a
serial dilution of samples (Svec et al., 2015) , with concentra-
tions of 2×102; 2×101; 2×100; 2×10−1; 2×10−2; 2×10−3
ng/𝜇l. Dilutions were prepared using 1× TE Buffer (Mokhtar
et al., 2024) . Each dilution point was tested in triplicate, total-
ing 18 reactions, and 2 reactions were conducted for the NTC.
The six DNA dilutions were then used as DNA templates with
the optimized Real-Time PCR protocol (Svec et al., 2015) . Af-
ter running, the data were analyzed to obtain a standard curve
with the regression equation y = ax + b, where ’y’ is the Ct
value, ’x’ is the log10 of the copy number of the sample, and ’b’
is the intercept of the regression line (Oh and Jang, 2020) . Lin-
ear regression analysis was performed using Microsoft Excel
(Microsoft Corp, USA). With the slope of the regression line,
the efficiency of the Real-Time PCR assay was calculated using

the formula: Ef f iciencyreaction(E) = 10−
1

slope − 1. The slope
of the regression curve should be between -3.9 and -2.9 for
an efficiency of 90%-110%, and the regression coefficient R2

should be ≥ 0.98 to indicate good efficiency (Broeders et al.,
2014) .

2.2.6 Evaluation of Limit of Detection and Limit of Quan-
tification (LoD and LoQ)

LoD and LoQ tests were performed with meat and gelatin
samples (Masiri et al., 2016) . For the meat samples, 10× di-
lutions were made at 5 points and 5× at 1 point, resulting in
sample concentrations of 2 × 102; 2 × 101; 2 × 100; 2 × 10−1;
2× 10−1; 2× 10−3; 2× 10−4; and 4× 10−5 ng/𝜇L. For gelatin
samples, 10×, 5×, and 2× dilutions were made, resulting in

concentrations of 27; 27 × 10−1; 54 × 10−2; and 27 × 10−2
ng/𝜇L. The tests were conducted using the same equipment
and under the same conditions as the meat samples. The tests
were conducted with the CFX Deep Well Real-Time PCR Sys-
tem (BioRad, USA) in triplicate for each concentration and
duplicate NTCs as negative controls (K-), using the optimized
amplification protocol. Data were analyzed using CFX Maestro
v2 software.

2.2.7 RMs Characterization Tests
Homogeneity Test

The DNA extracted from porcine gelatin samples was ho-
mogenized, and the DNA concentration was checked using
NanoDrop EPOCH2 (BioTek, USA). Samples of 50 𝜇l were
placed into 10 random 1.5 ml tubes and tested according to
Hikmah et al. (2024) , International Organization for Standard-
ization (ISO) (2017) , and Khayyira et al. (2018) . Homogeneity
was tested using Real-Time PCR with the CFX96 Touch (Bio-
Rad, USA), following the optimized and validated protocol.
Data analysis was based on Ct (Threshold Cycle) values and
the coefficient of variation. Samples were considered homo-
geneous if the statistical confidence level was > 95% (Noguchi
et al., 2016; Romano et al., 2017) .
Short-term Storage Stability Test The stability test was con-
ducted following to International Organization for Standardiza-
tion (ISO) (2017) and Niu et al. (2022) . DNA extracted from
porcine gelatin samples was stored at 37°C, 4°C, -20°C, and
-80°C for short-term stability evaluation over two weeks, with
sampling on days 1, 3, 7, and 13 International Organization for
Standardization (ISO) (2017) . DNA stability was tested using
the Real-Time PCR CFX96 Touch (Bio-Rad, USA), focusing
on short-term stability as per previous studies.

2.2.8 Data Analysis
Data analysis was performed using CFX Maestro 2.2 (Bio-Rad,
USA) for running qPCR, including amplification curve anal-
ysis, melting curve analysis, and Ct values. Microsoft Excel
(Microsoft Corp, USA) was used for linearity and reaction effi-
ciency tests. Sample homogeneity was tested with IBM SPSS
Statistics v20 (IBM, USA) using Levene’s Test and One-way
ANOVA. Short-term stability tests were analyzed with Graph-
Pad Prism 9 (GraphPad Software, Inc., USA) for evaluating
various storage temperatures over two weeks.

3. RESULT AND DISCUSSION

3.1 In-Silico Primer Design and Analysis
The design and in-silico analysis of primers aim to ensure that
the primers employed can specifically and efficiently recognize
and amplify the target DNA sequences (Kumar and Chordia,
2015) . This process encompasses several key steps: the design
of primers using SnapGene software, the analysis of primer
quality with NetPrimer, and the assessment of primer speci-
ficity using Nucleotide-BLAST from NCBI. Each of these
steps plays a crucial role in ensuring that the designed primers
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not only align with the target sequence but also meet the neces-
sary quality and specificity standards required for experimental
validity (Bustin and Huggett, 2017) .

Figure 1. Annealing of Forward and Reverse Primers with a
140 bp Amplicon on Sus scrofa Mitochondrion

The primer design was conducted in-silico using SnapGene
software, referencing the mitochondrial genome sequence of
Sus scrofa (GenBank accession number: ON060839.1). The
forward primer (PF_Gematin) anneals at positions 4397-4420,
while the reverse primer (PR_Gematin) anneals at positions
4281-4303, producing an amplicon of 140 bp. This design
demonstrates that the primers exhibit high specificity and ac-
curately align with the target sequence (Nguyen et al., 2023) .
The mapping of the forward primer (PF_Gematin) and re-
verse primer (PR_Gematin) binding sites on the mitochondrial
DNA reference sequence of Sus scrofa is presented in Figure
1. The forward primer anneals at positions 4397-4420, while
the reverse primer anneals at positions 4281-4303.

The primer sequences are presented in Table 1. The results
indicate that the forward primer is 24 bases long, while the
reverse primer is 23 bases long. The amplicon length produced
by these primers is 140 base pairs. This information is crucial
to ensure that the designed primers have appropriate lengths
for efficient and specific amplification.
Primer Quality Analysis

The quality of the primers was evaluated using NetPrimer
software, accessible at https://www.premierbiosoft.com/net
primer/. This analysis aimed to assess the quality of the de-
signed primers, examine their properties, and evaluate their
binding efficiency to the DNA template (Rodríguez et al., 2015) .

The evaluation of primer quality in genetic and molecular
biology research focuses on a series of critical parameters that
influence the efficacy and specificity of Polymerase Chain Reac-
tion (PCR) reactions. These parameters include primer length,
GC content, overall primer quality rating, melting temperature
(Tm),Tm variation between primers, annealing temperature
(Ta),Ta variation, as well as the potential formation of hair-
pins, self-dimers, and cross-dimers. The requirements for
these parameters are detailed in Table 2.

The primer design results obtained in this study show con-

formity with the ideal primer length criteria, which ranges
between 18-24 nucleotides, as suggested by Hung and Weng
(2016) The forward and reverse primers have lengths of 24
and 23 nucleotides, respectively, which fall within the recom-
mended range, thereby supporting efficient binding at the an-
nealing temperature (Borah, 2015) . Additionally, theTm val-
ues for both primers, PF_Gematin (55.16°C) and PR_Gematin
(59.15°C), are consistent with aTm variation not exceeding 5°C,
aligning with the standards established by Asif et al. (2021) . Al-
though the GC content of PF_Gematin (33.33%) and PR_Gem
atin (39.19%) is lower than the ideal range of 40-60% (Green
and Sambrook, 2020) , this can still be optimized through ad-
justments to the PCR parameters in the laboratory. Addition-
ally, the designed primers do not exhibit significant hairpin
or self-dimer formation, which could otherwise interfere with
PCR efficiency (Chen et al., 2017; Nazarenko, 2002) . The
cross-dimer analysis also indicated a value of -6.97 kcal/mol,
meeting the criteria established by Zhao (2014) , thereby sug-
gesting that it is unlikely to impede the amplification process.
Overall, this primer design demonstrates significant potential
for use in efficient and specific PCR reactions.
Primer Specificity Analysis

The primer specificity test aims to identify potential non-
specific amplification, ensuring accurate amplification of the
target to avoid false results that could compromise the validity
of the research (Sabina and Leamon, 2015) . The types of
target and non-target samples are presented in Table 3. The
results of the in-silico specificity analysis via Multiple Sequence
Alignment (MSA) are shown in Figure 2.

The MSA results of the specificity test demonstrate the
primer PF_Gematin’s specificity across various species, in-
cluding pig (Sus scrofa OQ689020), rat (Rattus norvegicus NC
001665.2), rabbit (Oryctolagus cuniculus NC 001913.1), cow
(Bos taurus NC 006853.1), catfish (Clarias batrachus NC_023923
.1), pangasius (Pangasianodon hypophthalmus NC_021752.1),
chicken (Gallus gallus NC_053523.1), duck (Anas platyrhynchos
NC_009684.1), and wolf (Canis lupus familiaris NC 008092.1).
The PF_Gematin primer exhibits high specificity towards pig
(Sus scrofa), with no significant matches to other species (Figure
2). Similar results were observed for the PR_Gematin primer,
consistent with previous studies conducted by Ali et al. (2015)
and Shuhaimi and Sam-on (2022) (Figure 2). Pork and its
derivatives are often mixed with gelatin or other adulterants in
food products or halal goods, making accurate detection crucial
Zia et al. (2020) . These results confirm that the in-silico primer
design successfully yielded a primer specific for amplifying
the target gene in pig species (Sus scrofa) (Sabina and Leamon,
2015) .

3.2 Genomic DNA Extraction
The optimization of the sample extraction protocol was per-
formed to ensure that the obtained DNA is of high quality and
sufficient for analysis. This process involves optimizing sample
weight to yield DNA with optimal purity and concentration,
as well as adjusting the extraction protocol to align with the
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Table 1. Oligonucleotide Primers

Primer Name Oligonucleotide Sequence (5’ → 3’)
Primer Amplicon

Length (bp) Size (bp)
PF_Gematin GAGTTGGATATTATAATTGGGATG 24

140
PR_Gematin TGATTATTTCTTGGCCTGTGTGT 23

Table 2. Primer Quality Analysis Results Using the NetPrimer website, Including Primer Length, GC%, Melting Temperature
(Tm),Tm Difference, and Secondary Structure Analysis.

Standard Forward Reverse Reference

Sequence -
GAGTTGGAT TGATTAT

-ATTATAATT TTCTTGGC
GGGATG CTGTGTGT

Primer length 18-24 base pairs 24 base ✓ 23 base ✓ (Hung and Weng, 2016)
GC% 45-65% 33.33% × 39.13% × (Browne et al., 2020)

Temperature Melting/Tm 42-65°C 55.16°C ✓ 59.15°C ✓ (Masnaini et al., 2023)
Tm Difference ≤5°C 3.99 ✓ 3.99 ✓ (Asif et al., 2021)

Hairpins ΔG ≥ −3 kcal/mol - ✓ - ✓ (Zhao, 2014)
Sa ΔG ≤ −6 kcal/mol -10.23 kcal/mol × -9.28 kcal/mol × (Sasmito et al., 2014)

Cross dimer ΔG ≤ −6 kcal/mol - 5.85 kcal/mol ✓ (Zhao, 2014)

Figure 2. Specificity Analysis Results of PF & PR_Gematin Using BLAST Nucleotide Multiple Sequence Alignment (MSA) on
Mega11

standards of the used kit. These steps ensure efficient DNA
extraction and consistent results across various sample types
(Nikzad et al., 2017) .

Optimizing sample weight during extraction is a crucial
step in ensuring the efficiency and accuracy of DNA analysis.
The results indicate that the optimal sample weight for meat is
50 mg (Table 4). Although a 100 mg sample yields a higher
DNA concentration (56.860 ng/𝜇l), the DNA purity at 50
mg (191.81 ng/𝜇l with a purity ratio of 2.117) better meets
the desired purity standard of 1.8–2.0, as outlined by Green
and Sambrook (2020) . This high purity is crucial for ensuring
DNA quality without contamination from proteins or other
substances, which is essential for accurate analysis (Manen et al.,
2005; Rohland and Hofreiter, 2007) .

For the gelatin samples, the optimal sample weight is 100
mg. A sample weight of 200 mg yields a higher DNA con-
centration (37.375 ng/𝜇l) compared to a sample weight of
100 mg (22.532 ng/𝜇l). However, a sample weight of 100 mg
was chosen because it approaches the desired purity standard
(purity of 1.671) while providing a sufficient concentration for
adequate DNA analysis (Tan and Yiap, 2009) . This sample
weight selection also optimizes the efficiency of material usage
and extraction time (Tretiakov et al., 2022) .

DNA purity is a critical factor in ensuring valid results in
molecular analysis. Pure DNA, free from protein contamina-
tion or other compounds, will yield more accurate and repro-
ducible results in various applications, including biomolecular
PCR applications (Rohland and Hofreiter, 2007) . Therefore,
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Table 3. Types of Samples Used in the Primer Specificity Test

Common name Scientific name
Pig Sus scrofa

Beef Bos taurus
Red snapper Lutjanus sebae

Tuna Thunnus albacares
Catfish Clarias batrachus

Patin fish Pangasianodon hypophthalmus
Chicken Gallus gallus

Duck Anas platyrhynchos
Wolf Canis lupus
Rat Rattus norvegicus

Rabbit Oryctolagus cuniculus

Table 4. Sample Weights from Optimization Results

Meat Sample Weight Gelatin Sample Weight
Pig 50 mg Porcine gelatin 100 mg

Beef 50 mg Bovine Gelatin 100 mg
Chicken 50 mg Chicken gelatin 100 mg

Pig 100 mg Porcine gelatin 200 mg
Beef 100 mg Bovine Gelatin 200 mg

Chicken 100 mg Chicken gelatin 200 mg

Figure 3. Electrophoresis Results of Meat Samples. Legend: M:
Marker (1 kb); Chicken: A1; A2; A3; Beef: S1; S2; S3; Pig:
B1; B2; B3

although higher DNA concentrations can be obtained by using
larger sample weights, selecting a sample weight that achieves
optimal purity is more important to ensure the reliability of
the analysis results (Vyhnánek et al., 2015) .

The analysis of DNA presence in extraction results is per-
formed both qualitatively and quantitatively. Quantitative test-
ing employs the NanoDrop EPOCH2 to measure DNA con-
centration and purity, while qualitative testing is conducted
using agarose gel electrophoresis to assess DNA quality. DNA
purity is determined by the absorbance ratio A260/A280 using
the NanoDrop instrument. This analysis serves as a primary
indicator of extraction success. A purity ratio between 1.8 and

Table 5. Concentration and Purity Results from the Optimiza-
tion of Chicken, Beef, and Pork Samples Using the EPOCH
Microplate Reader Nanodrop

Sample Type
Concentration Purity

(ng/𝜇L) (A260/A280)
Chicken Meat

304.761 2.127
Sample 50 mg

Beef Meat
167.304 2.107

Sample 50 mg
Porcine Meat

191.81 2.117
Sample 50 mg
Chicken Meat

566.811 2.153
Sample 100 mg

Beef Meat
37.432 1.980

Sample 100 mg
Porcine Meat

56.860 1.990
Sample 100 mg

Table 6. Concentration and purity results from the optimization
of chicken, beef, and pork gelatin samples using the EPOCH
Microplate Reader Nanodrop.

Sample Type
Concentration Purity

(ng/𝜇L) (A260/A280)
Chicken Gelatin

5.505 1.023
Sample 100 mg
Bovine Gelatin

1.621 1.281
Sample 100 mg
Porcine Gelatin

22.536 1.671
Sample 100 mg
Bovine Gelatin

37.375 2.057
Sample 200 mg
Porcine Gelatin

15.100 1.853
Sample 200 mg
Chicken Gelatin

7.827 2.423
Sample 200 mg

2.0 is considered optimal for DNA, indicating that the sample
is relatively free from protein contamination and other com-
pounds that could interfere with further analysis (Karunakaran
et al., 2020) . In this study, various sample weights were tested
to determine the optimal conditions that yield DNA with con-
centrations and purity levels that meet the desired standards.

The Nanodrop analysis results in Table 5 indicate that al-
though a 100 mg sample weight for pork yields a higher DNA
concentration (56.860 ng/𝜇l), the DNA purity at a 50 mg sam-
ple weight (191.81 ng/𝜇l, purity 2.117) is more in line with
the desired purity standards (1.8-2.0). High purity is crucial
to ensure DNA quality without protein or other contaminants,
which is essential for accurate analysis (Dragon et al., 2023) .

Meanwhile, for gelatin samples in Table 6, a 200 mg sample
weight provides a higher DNA concentration (37.375 ng/𝜇l)
compared to a 100 mg sample weight (22.532 ng/𝜇l). However,
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Figure 4. A) Amplification Curve of the Confirmation Test B) Melt Peak Curve of Annealing Temperature Optimization

Figure 5. A) Amplification Curve of the Confirmation Test; (B) Melt Peak Curve of Primer Concentration Optimization. Notes:
Concentrations of 100 nM; 250 nM; 500 nM; 700 nM; and 900 nM.

Figure 6. Regression Equation of Linearity Test Using Porcine
DNA

the 100 mg sample weight was chosen as it approaches the de-
sired purity standards (1.8-2.0, purity 1.671) while providing
a sufficient concentration for adequate DNA analysis (Dragon
et al., 2023) . This sample weight selection also optimizes the
efficiency of material usage and extraction time (Bridgeman

et al., 2021) . For gelatin, no samples met the criteria of a
concentration > 100 ng/𝜇l, although some samples exhibited
purity close to the standard. These results are consistent with
BSN’s research on 200 mg pork gelatin, which reported con-
centrations of 4-9 ng/𝜇l and purity ranging from 1.25 to 2.00.
This indicates that while the concentration of gelatin remains
low, some samples possess the appropriate purity (Dewantoro
et al., 2023) .

Qualitative analysis of genomic DNA extraction results is
performed using electrophoresis. Electrophoresis is a tech-
nique used to separate DNA fragments based on their size
(molecular weight) and physical structure (Bridgeman et al.,
2021) . High-quality genomic DNA is characterized by several
key factors: fragments larger than 1000 bp indicate that the
DNA is not degraded; clear and sharp bands at the top of the
electrophoresis gel signify intact large fragments; bands that
do not spread suggest that the DNA is free from contamina-
tion; and a sufficiently high DNA concentration ensures that
there is adequate genetic material for further analysis (Levin
et al., 2018) . These results indicate successful extraction, as evi-
denced by the presence of DNA bands on the gel. Although the
chicken DNA appears smeared, data from the NanoDrop con-
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Table 7. LoD and LoQ Values for Porcine Meat Samples

DNA Concentration
Dilution Factor

Ct Value
Average Ct/Cq ± SD Remarks

(ng/𝜇L) 1 2 3
200 1× 14.9 14.79 14.62 14.77 ± 0.11 D (LoD 100%)
20 10× 17.21 17.24 17.15 17.20 ± 0.03 D (LoD 100%)
2 10× 20.59 20.64 20.62 20.61 ± 0.02 D (LoD 100%)

0.2 10× 24.43 24.59 24.45 24.49 ± 0.07 D (LoD 100%)
0.02 10× 28.06 28.26 28.16 28.16 ± 0.08 D (LoD 100%)
0.002 10× 32.39 32.12 32.53 32.34 ± 0.2 D (LoD 100%)
0.0002 10× 35.17 37.46 34.71 35.78 ± 0.9 D (LoD 100%)
0.00004 5× N/A N/A 38.16 12.72 ± 17.98 ND (LoD 33.34%)
ddH2O - N/A N/A N/A N/A ND

Remarks:
D = Detected

ND = Not Detected

Figure 7. A) Linearity Test Amplification Curve B) Linearity Test Melt Peak Curve; Notes: BP1 (19.4 ng/𝜇L); BP2 (1.94
ng/𝜇L); BP3 (0.194 ng/𝜇L); BP4 (0.0194 ng/𝜇L); BP5 (0.00194 ng/𝜇L); and BP6 (0.000194 ng/𝜇L)

Figure 8. Amplification and Melt Peak Curves of the Homogeneity Test

firm the presence of DNA (Prayitno and Nuryandani, 1970)
as cited in states that a smear at the bottom of genomic DNA
bands indicates the presence of molecules with varying weights
due to DNA degradation, although intact and fragmented ge-
nomic DNA is still present. This is not problematic because

the genomic DNA contains a vast number of base pairs, while
the PCR amplicon is only 140 bp (see Figure 3).
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Table 8. LoD and LoQ Values for Porcine Gelatin Samples

DNA Concentration
Dilution Factor

Ct Value
Average Ct/Cq ± SD Remarks

(ng/𝜇L) 1 2 3
27 1× 29.41 29.4 29.22 29.34 ± 0.08 D (LoD 100%)
2.7 10× 32.22 32.58 32.36 32.38 ± 0.14 D (LoD 100%)
0.54 5× 36.27 37.07 36.75 36.69 ± 0.4 D (LoD 100%)
0.27 2× N/A 38.36 N/A 12.78 ± 18.08 D (LoD 33.34%)

Positive control - 13.56 13.5 13.53 13.53 -
Negative control - N/A N/A N/A N/A ND

Remarks:
D = Detected

ND = Not Detected

Table 9. Variance Homogeneity Test for Threshold Cycle Val-
ues

Levene Statistic df1 df2 Sig.
1,620 9 20 0.176

3.3 Optimization of Primer Annealing Temperature
Optimization of the annealing temperature aims to determine
the most effective temperature at which primers can function
effectively with the DNA template (Yuniarti et al., 2020) . This
process is carried out using gradient PCR to test primer pairs
and obtain the ideal annealing temperature (Okanti et al., 2020) .
The annealing temperature was tested using porcine gelatin
samples at gradient temperatures of 54°C, 57.9°C, 62.3°C,
63.5°C, and 64°C (see Figure 4) to determine the temperature
that enhances the efficiency and specificity of PCR amplification
(Tan et al., 2020; Tasrip et al., 2021) . The results indicate that
57.9°C is the optimal temperature for the Gelatin Primer Set,
based on the sigmoid amplification curve, which demonstrates
high efficiency and specificity (Ruijter et al., 2021) . The anneal-
ing temperature optimization profile should exhibit a consistent
melt curve and melt peak, forming a single peak, which indi-
cates target specificity (Nagy et al., 2016) . The presence of a
double peak indicates two targets within a single cDNA, suggest-
ing that the primers do not specifically recognize the template
(Rodríguez et al., 2015) .

3.4 Optimization of Primer Concentration
Primer concentration optimization aims to determine the con-
centration level that achieves efficient and optimal amplification
(Masnaini et al., 2023) . For standard PCR applications, the
recommended primer concentration typically ranges from 0.1
𝜇M to 1 𝜇M per primer (Ruiz-Villalba et al., 2017) . If the
primer concentration exceeds this optimal range, there is a risk
of increased non-specific product formation and primer-dimer
formation. Primer-dimers are short oligonucleotides that form
when primers bind to each other (Xie et al., 2022) . Primer con-
centration testing (see Figure 5) was conduc(Guo et al., 2020) of
100 nM, 250 nM, 500 nM, 700 nM, and 900 nM (Guo et al.,
2020) . The optimal concentration was found to be 500 nM for

the Gelatin primer set, which produced a sigmoid amplification
curve with a steep slope and stable plateau. Melt curve analysis
revealed a sharp single peak without primer-dimer formation
or by-products, indicating specific amplification (Nagy et al.,
2016) .

3.5 qPCR Reaction Efficiency
The qPCR efficiency test results (Figure 6) demonstrate good
amplification linearity of the target nucleic acid sequences in
the samples, which is crucial for assessing amplification per-
formance, matrix interference, and sample dilution linearity
(Hays et al., 2024) . Efficiency testing was conducted using a
serial dilution of the sample (2 × 102; 2 × 101; 2 × 100; 2 ×
10−1; 2 × 10−2; 2 × 10−3 ng/𝜇l) with 1× TE Buffer as the sol-
vent. These six DNA dilutions were employed as templates in
an optimized Real-Time PCR protocol. The results indicated
a qPCR efficiency of 96.74%, with a regression equation of
y = −3.4026x + 36.471, an R2 value of 0.9977, and a slope of
-3.40257. This efficiency approaches the theoretical maximum
of 100%, demonstrating successful amplification of the DNA
template with no interference or inhibition (Ruijter et al., 2021) .
An R2 value close to 1 and an efficiency within the range of
90%-110% indicate that the optimized qPCR method provides
consistent and accurate results. The slope of the regression
curve should fall between -3.9 and -2.9, with a regression co-
efficient R2 ≥ 0.98, to demonstrate good efficiency (Broeders
et al., 2014) . Figure 7A illustrates the amplification curves
demonstrating significant linearity across a range of DNA con-
centrations (from 19.4 ng/𝜇L to 0.000194 ng/𝜇L), indicating
effective and consistent amplification without significant in-
terference(VanInsberghe et al., 2018) . The melt peak curve
shown in Figure 7B reveals sharp and consistent melting points
for each DNA sample, indicating specific PCR amplification
products without the presence of primer dimers or other non-
specific products (Liang et al., 2016) . These results confirm
that the serial dilution does not interfere with the PCR reaction,
demonstrating high specificity and efficiency of the assay (Svec
et al., 2015) .
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Table 10. Analysis of Variance (ANOVA) for Threshold Cycle Values

Difference
Sum of

Stdev Df MS p-value
Mean Total CV%

Squares
Between Groups 3.016 0.35061 9 0.335 0.000 33.2440 1.055%
Within Groups 0.549 20 0.027

3.6 Evaluation of Limit of Detection and Limit of Quantifi-
cation (LoD and LoQ)

The Limit of Detection (LoD) is defined as the lowest concen-
tration of an analyte at which ≥ 95% of positive replications are
detected, thereby ensuring less than 5% false negative results
(Klymus et al., 2020) . Meanwhile, the Limit of Quantification
(LOQ) is defined as the lowest amount of an analyte in a sam-
ple that can be reliably quantified with an acceptable level of
precision and accuracy (Sanchez, 2020) .

In this study, the LoD and LOQ tests were conducted on
porcine meat and porcine gelatin samples using qPCR. The
aim of these tests was to evaluate the detection capability of
the primers used against the DNA of these two sample types
and to determine the detection and quantification limits of the
primers (Erwanto, 2018) . The LoD and LOQ tests using qPCR
were conducted on porcine meat samples, employing porcine
meat as a positive control and a serial dilution initially diluted
10×, followed by a 5× dilution. The DNA concentrations
obtained from this testing varied, but the amplification curves
remained detectable. Based on the results shown in Table 7,
the primers used were able to detect porcine meat DNA down
to a concentration of 0.0002 ng/𝜇L. At this concentration, the
average Ct/Cq value obtained was 35.98 with 100% detection
(LoD 100%). However, at a lower concentration of 0.00004
ng/𝜇L, the Ct/Cq value could not be fully detected by qPCR,
indicating that at this concentration, DNA detection did not
reach 100% (ND or Not Detected) (Klymus et al., 2020) .

Subsequently, the LoD and LOQ tests were also conducted
on porcine gelatin samples using a serial dilution initially di-
luted 10×, followed by 5× and 2× dilutions. The DNA concen-
trations obtained showed varying Ct/Cq values, yet the amplifi-
cation curves remained detectable. Based on the results shown
in Table 8, the primers used for the porcine gelatin samples
were able to detect down to a concentration of 0.54 ng/𝜇L, with
an average Ct/Cq value of 36.69 and 100% detection (LoD
100%). Although detection still occurred at a concentration
of 0.27 ng/𝜇L, it was only at 33.34%, indicating that at this
concentration, detection did not reach LoD 100%. Based on
the detectable concentrations, RMs with a concentration of 2
ng/𝜇L were still detected effectively.

From the obtained results, there are several differences
between the LoD and LOQ tests on porcine meat and porcine
gelatin samples. In porcine meat samples, the primers were
able to detect DNA at very low concentrations, down to 0.0002
ng/𝜇L with 100% LoD. In contrast, for porcine gelatin samples,
the primers only achieved detection up to a concentration of
0.54 ng/𝜇L for 100% LoD. At a lower concentration of 0.27

ng/𝜇L, detection still occurred but was not complete, reaching
only 33.34%.

This difference indicates that the primer detection efficiency
is higher in porcine meat samples compared to porcine gelatin
samples (Shabani et al., 2015) . This may be due to differences
in the matrix or composition of each sample, which can affect
the efficiency of DNA amplification and detection by qPCR
(Sultana et al., 2020) .

3.7 Characterization Analysis of Reference Materials (RMs)
Reference Materials characterization testing ensures that the
produced reference materials meet high-quality standards (Niu
et al., 2022) . This process includes testing for homogeneity to
ensure uniformity of reference material units through random
sampling and statistical analysis, as well as short-term storage
stability testing to assess the durability and quality of reference
materials at various temperatures, according to International
Organization for Standardization (ISO) (2017) and Niu et al.
(2022) . These steps ensure that the produced reference materi-
als are homogeneous, stable, and reliable for various analytical
applications.
Homogeneity Testing

A primary requirement for the production of Reference
Materials (RMs) is homogeneity or consistency among the
various units produced, as outlined in International Organiza-
tion for Standardization (ISO) (2017) , which mandates that
RM producers measure variation between units. Therefore,
homogeneity testing is a crucial step. This test is conducted
according to International Organization for Standardization
(ISO) (2017) by evaluating Ct (Threshold Cycle) values, an-
alyzed using one-way ANOVA statistical methods. One-way
ANOVA is performed using IBM SPSS Statistics v20 (IBM,
New York, USA). An effective homogeneity test involves taking
a minimal sample volume, ideally 1 𝜇L (Liang et al., 2016) .
Additionally, a good sample distribution analysis is assessed
through the Coefficient of Variation (CV) value. The CV value
represents the ratio of the standard deviation to the median
value, expressed as a percentage (Forootan et al., 2017) . The
standard coefficient of variation (CV) for a reliable Real-Time
PCR assay should be less than 5% (Pavsic et al., 2016) . A sam-
ple is considered homogeneous if the coefficient of variation
(CV) is less than 5% (Arachchige et al., 2022) .

Based on the results of the variance homogeneity test con-
ducted using Levene’s Test for the Threshold Cycle (Ct value),
a significance level of 0.052 was obtained (see Table 9). Accord-
ing to León et al. (2017) , data is considered homogeneous if the
significance value is greater than 0.05. Therefore, the results
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indicate that the analyzed Threshold Cycle (Ct value) data is
homogeneous. Subsequently, an analysis of variance (ANOVA)
was conducted to assess the differences among the tested groups
(Mishra et al., 2019) . The results indicate significant differences
between the groups, as shown by the significance value of 0.000
(Table 10). A significance value below 0.05 indicates meaning-
ful differences among the groups, suggesting the treatment has
a statistically significant effect (Di Leo and Sardanelli, 2020) .
Despite these differences, the prior homogeneity test confirms
uniform variation within each group, indicating the results are
due to the treatment rather than random variation (McShane
et al., 2019) .

The amplification and melt peak curves demonstrate that all
samples exhibit consistent amplification and melt peak patterns
(Figure 8). This pattern supports the results of the homogeneity
test, as it indicates that the threshold cycle (Ct value) data ex-
hibit minimal and consistent variation across all tested samples
(Aminfar et al., 2019) .

The sample distribution analysis is further supported by
the Coefficient of Variation (CV%) values. The CV is the ratio
of the standard deviation to the median, expressed as a percent-
age. For the threshold cycle (Ct value) data, the CV is 0.96%,
which falls within the acceptable standard for Real-Time PCR
tests, indicating a CV of less than 5% (Arachchige et al., 2022;
Pavsic et al., 2016) . This indicates that the variation among
samples is very low, supporting the conclusion that the data are
homogeneous.
Short-Term Storage Stability Test

Storage stability and temperature testing are crucial pro-
cesses to ensure the quality and safety of gelatin-based genomic
DNA products. This testing is conducted to determine the re-
silience of genomic DNA to different temperatures compared
to the ideal storage temperature as outlined in International
Organization for Standardization (ISO) (2017) and Niu et al.
(2022) . Testing was conducted under four temperature condi-
tions: -80°C, -20°C, 4°C, and 37°C, over a two-week storage
period, with sampling on days 1, 3, 7, and 13. The selection of
these four temperatures is well-founded. The temperature of -
80°C was chosen because it is a common reference temperature
used for long-term storage of biological materials, providing in-
sight into the stability of genomic DNA under optimal extreme
storage conditions Bento et al. (2022) . The temperature of -
20°C was selected because it is the standard storage temperature
in many laboratories and is frequently used for medium-term
storage (Xu and Kasprzyk-Hordern, 2023) . The temperature
of 4°C is commonly used for short-term storage in laboratories
and represents typical refrigeration conditions encountered
in everyday storage (Lear et al., 2018) . The temperature of
37°C was chosen to simulate higher or worst-case tempera-
ture conditions that might be encountered during shipping or
temporary storage, aiding in the evaluation of genomic DNA
stability under non-ideal conditions (McDevitt et al., 2014) .

Based on the test results analyzed with GraphPad Prism,
samples stored at -80°C, -20°C, 4°C, and 37°C from day 1 to
day 13 remained stable and did not exhibit significant changes

Figure 9. Short-Term Storage Stability Test (Geometric Mean
with 95% CI)

Figure 10. Short-Term Storage Stability Test (Mean with SD)

in Ct/Cq values (Figures 9 and 10). The Ct/Cq values tended
to remain stable across all storage temperatures, with only slight
variation (Figure 9). These findings are further supported by
results showing that the Ct/Cq values remained relatively con-
stant for all storage temperatures, with no significant differences
in Ct/Cq values across the different temperatures on each test-
ing day (Figure 10). The small standard deviations in both
graphs indicate low data variation and high consistency across
replicates (Schurch et al., 2016) .

Based on the test results, -80°C and -20°C are the optimal
choices for the short-term storage of gelatin-based genomic ref-
erence materials. The stable and consistentCt/Cq values, along
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with the small standard deviations, indicate high reproducibility
across replicates at these temperatures. In contrast, 4°C and
37°C exhibited greater variation and less consistency, making
them less optimal compared to -80°C and -20°C. Therefore,
for short-term storage, -80°C and -20°C are recommended to
maintain the integrity of gelatin-based genomic DNA.

4. CONCLUSIONS

This study successfully developed genomic DNA-based refer-
ence materials (RMs) for the authentication of halal pharma-
ceutical products using a biomolecular PCR approach. In-silico
primer design and wet lab validation demonstrated high speci-
ficity and good performance for detecting porcine DNA in
samples relative to the target sequence. Homogeneity variance
testing and ANOVA revealed homogeneous threshold cycle
(Ct value) and low variation among samples. Storage stabil-
ity tests indicated -80°C and -20°C as the optimal choices for
short-term storage of gelatin-based genomic reference materi-
als, due to their stable and consistent Ct/Cq values. In contrast,
4°C and 37°C exhibited greater variation and less consistency.
Overall, RMs remained stable across all storage temperatures,
but -80°C and -20°C yielded the most optimal results. This
development is highly significant for halal authentication test-
ing using biomolecular methods. These RMs can be used by
halal testing institutions to assess testing accuracy and are also
valuable for developing standardization methods for porcine
DNA detection using PCR, supporting the establishment of
regulations and halal authentication standards in Indonesia.
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