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REAL-TIME PCR TO IDENTIFY PORCINE DNA IN PROSTHODONTIC 

MATERIALS 

 
 

ABSTRACT 

Objectives: This study aimed to identify porcine DNA in prosthodontic 

materials using Real-Time PCR. 

Materials and methods: Eighteen prosthodontic materials: three 

irreversible hydrocolloids, three elastomers, three denture adhesives, 

three soft denture linings, three temporary crowns, and three denture 

bases materials were used as the samples. It was conducted in two 

stages. First, extraction of dental material’s DNA and the second was 

Real-Time PCR analysis based on amplification curve and Ct score in 

yellow and green channel. 

Results: The sample analysis based on green channel demonstrated that 

all materials did not contain porcine DNA, however, 11 of 18 samples 

(DA-01, DA-02, DA-03, SDL-02, DB-01, DB-02, TC-03, IH-02, EM-

01, EM-02, and EM-03) contained vertebrate DNA.  

Conclusions: All prosthodontic materials tested were not containing 

porcine. The halal statues of the materials were still unclear. 

Keywords: Pcr, Porcine DNA, prosthodontic materials. 

 
 

 

 

 

 

 

 

 

 

 

 Ismail Hutasoit1 

 Fitri Ramadhani Munthe1 

 Masna Wiyah1 

*Hubban Nasution1 

 Agy Wirabudi Pranata2 
 

 

 
 

ORCID IDs of the authors: 

I.H. 0000-0002-5353-1994 

F.R.M. 0000-0002-0121-4014 

M.W. 0000-0001-5971-6511 

H.N. 0000-0002-0627-3523 

A.W.P. 0000-0002-9541-7209 

 

 

 

 
1 Department of Prosthodontics, Faculty of 

Dentistry, Universitas Sumatera Utara, 

Medan, Indonesia. 
2 Halal Science Center, Institut Pertanian 

Bogor, Bogor, Indonesia. 

 

 

 

 

Received : 26.02.2021 

Accepted : 15.05.2021 

 

 

https://orcid.org/0000-0002-5353-1994
https://orcid.org/0000-0002-0121-4014
https://orcid.org/0000-0001-5971-6511
https://orcid.org/0000-0002-0627-3523
https://orcid.org/0000-0002-9541-7209


Identification of Porcine DNA in Prosthodontic Materials 

217 

 

INTRODUCTION 

Indonesia is the biggest Muslim-populated country 

worldwide where more than 200 million 

Indonesian people are Muslims.1 Currently, halal 

product demands increase globally not only for 

food and beverages but also encompass 

pharmaceutical products such as vaccines, 

medicines, and dental materials.2 A positive 

response regarding halal problems, primarily 

regarding food, medicines, and cosmetics, has been 

projected by the Indonesian government by 

publishing several legislations, one of which is 

Law No. 33 of 2014 on Halal Product Guarantee 

(UUJPH).3,4 

  Halal Product Guarantee (UUJPH) underlines 

that all products entering, circulating, and traded in 

Indonesia should have halal certificates. However, 

these regulations were made partially, 

inconsistently, overlapping, and non-

systematically. Hence, technically, they could not 

be enforced as robust legal protection and 

specifically bound the halal product matter to 

producers (business actors) and provide a 

guarantee to customers. It contributed to the 

absence of legal certainty guarantee regulating 

halal products, whereas the need for halal product 

guarantee is urgent, particularly concerning 

customer protection and global trade scenes. Some 

of the products maybe contained non-halal product 

without listed by manufacturer, doesn’t have halal 

certificate, and unclear information about 

ingredients of the product.5,6 Halal status of dental 

materials traded in Indonesia remains to be 

doubtful if there is no guarantee from producers by 

the halal logo.7 

  Technological advances in the halal analysis 

field continued improving to detect halal materials 

contaminated by haram materials. Several 

plausible tests to distinguish various porcine 

content in a product are by identifying proteins, 

fats, and Deoxyribonucleic Acid (DNA).8,9 The 

DNA analysis based on DNA can use conventional 

polymerase chain reaction (PCR) and Real-Time 

PCR. Deoxyribonucleic acid is nucleic acid 

polymers systematically arranged, a stable 

molecule in the extraction process found in all cell 

types of animals with identical genetic information. 

Deoxyribonucleic acid analysis in a product can be 

performed using Real-Time PCR by amplification 

DNA.10,11,12 The advantages of Real-Time PCR are 

the samples can be analyzed in a small amount and 

produced rapidly and accurately.13,14,15 

  Studies concerning halal tests on dental 

materials have been conducted. In 2016, a study 

was conducted on periodontal materials. In the 

study, the researchers argued that medication and 

non-halal material usage were the requirements 

during emergency situations and only in particular 

conditions and limitations. As an alternative, 

BioGide®, Emdogain®, and Bio-Oss® products can 

be used in periodontal surgery treatments because 

they are halal medicines. However, the study 

suggested that periodontal specialists and fikh 

experts should improve their collaborations to 

understand fikh principles to be consulted in each 

legal issue, especially in modern dental 

treatments.16 In 2017, a study was carried out on 

gelatin rapid testing in dental materials using the 

Attenuated Total Reflection Fourier Transform 

Infrared Spectroscopy (ATR-FTIR). The study 

utilized 42 samples classified into homeostatic 

agents, restoration materials, prophylaxis 

materials, oral surgery materials, dental 

impressions, anesthetic agents, oral rinse, 

prosthodontic materials, and preventive materials. 

The study results asserted that none of the 42 

samples were identified containing gelatin, with 

most samples were categorized as homeostatic 

agents. Several homeostatic agents used in dental 

services were sourced from bovine and porcine 

gelatin.17 In 2017, a halal test on dental materials in 

orthodontics on 21 samples was performed. The 

results demonstrated no dental materials in 

orthodontics displaying a 100% resemblance with 

porcine gelatin spectrum tested. However, a further 

test should be employed for the halal test for these 

materials.18 In 2020, a study on porcine gelatin 

identification on dental materials using the 

combination of Attenuated Total Reflection-

Fourier Transform Infrared Spectroscopy (ATR-

FTIR) and Chemometrics showed that four of 49 

dental materials used in dental hospitals and clinics 

contained gelatin. One of them tended to resemble 

porcine gelatin, while the other three could not be 
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identified. The gelatin in the product acted as an 

emulsifier and added in a small amount.19 

  Dental materials are an integral part of every 

dental service.21 Dental material is a study 

regarding materials used in dentistry which can be 

categorized into four classes, i.e., metals, ceramics, 

composites, and polymers.21 Dental material 

studies, particularly in prosthodontics, have been 

studied vastly. However, to date, there are only 

limited identifications on porcine content in 

prosthodontic materials.21,22 Therefore, the purpose 

of this study was to identify the porcine DNA in 

prosthodontic materials using Real-Time PCR. 

MATERIALS AND METHODS  

The study was carried out in Halal Science Center 

of Institut Pertanian Bogor. Three irreversible 

hydrocolloids, three elastomers, three denture 

adhesives, three soft denture linings, three 

temporary crowns, and three denture bases 

materials (n=18) were examined (Table 1).  

Table 1. List of Samples 

No  Code Category Manufacturer Country 

1 DA-01 Denture adhesives United Kingdom 

2 DA-02 Denture adhesives Austria 

3 DA-03 Denture adhesives Singapore 

4 SDL-01 Soft denture lining Japan 

5 SDL-02 Soft denture lining Germany 

6 SDL-03 Soft denture lining Germany 

7 TC-01 Temporary crown USA 

8 TC-02 Temporary crown Korea 

9 TC-03 Temporary crown USA 

10 DB-01 Heat polymerized acrylic resin Brazil 

11 DB-02 Heat polymerized acrylic resin Japan 

12 DB-03 Heat polymerized acrylic resin China 

13 IH-01 Irreversible hydrocolloid Italy 

14 IH-02 Irreversible hydrocolloid Japan 

15 IH-03 Irreversible hydrocolloid USA 

16 EM-01 Elastomer Japan 

17 EM-02 Elastomer Korea 

18 EM-03 Elastomer USA 
  

Approval of the Scientific Research Committee of 

Universitas Sumatera Utara with ID: 

205/KEP/USU/2020. 

  Each sample consists of 20 milligram/ 

material. The sampling technique used was the 

purposive sampling based on predetermined 

inclusion and exclusion criteria. All samples were 

analyzed using Real-Time PCR (Rotor-Gene Q D-

40724, Qiagene, Hilden, Germany). The study was 

divided into two stages. First, extraction of dental 

material’s DNA and the second was Real-Time 

PCR analysis based on amplification curve and Ct 

score in yellow and green channel.23 

  Before entering the initial stage, pre-running 

was carried out. All samples were extracted using 

EasyFastTM Extra Pharma I (Ph.Ext1, Progenus s.a., 

Gembloux, Belgium). DNA extraction products 

were detected using Kit Progenus EasyFastTM 

Pharma Pig/Suidae detection & quantification kit 

(EFPig50/100, Progenus s.a., Gembloux, Belgium) 

and analyzed using Real-Time PCR.23 

  The initial DNA extraction stage aimed to obtain 

a DNA solution. After obtaining DNA solution, the 

samples were added with a buffer on 65°C for 10 

minutes, added with precipitation buffer in ice for 5 

minutes, centrifuged for 2 minutes at 12.000 rpm, 

added with binding buffer and centrifuged for 1 

minute at 12.000 rpm, added with washing buffer I at 

12.000 rpm, heated in elution buffer on 65°C, and 

incubated on 65°C at 12.000 rpm. The second stage 

after obtaining the DNA solution was analyzed with 

repetition of 40 cycles. This stage was carried out 

using MIX solution (EFPig50, Progenus s.a., 

Gembloux, Belgium), Nuclease free water (EFPig50, 

Progenus s.a., Gembloux, Belgium)  as the negative 

control, External Positive Control/EPC solution 

(EFPig50, Progenus s.a., Gembloux, Belgium)  as the 

positive control with an initial temperature of 95°C, 
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followed by denaturation temperature of 95°C, and 

annealing temperature of 60°C. Data analyses were 

then carried out based on VIC (yellow channel)/ 

vertebrate and FAM (green channel)/porcine 

reporters. The yellow channel was used to detect the 

presence or absence of vertebrate DNA in the sample 

while the green channel was used to detect the 

presence or absence of porcine DNA in the sample.23 

  The sample was tested positive for porcine 

DNA if there was a Ct value; the sample curve line 

was above the threshold line on the green channel 

amplification graph and follows the positive 

control line on the amplification curve. The 

program of Real-Time PCR was set and the tubes 

containing the sample and control were inserted 

into the machine then run according to the Real-

Time PCR program.23 (Table 2) 

Table 2. Set Program of RT – PCR 

Step Time Temperature Comment 

Initial PCR activation step  5 min 95°C 
Activation of HolStar Taq 

Plus DNA polymerase 

3 Step cycling: 

Denaturation 

Annealing 

Extension 

15 s 

15 s 

10 s 

95°C 

60°C 

72°C 

Data collection of 60°C 

Number of cycles 40   

Detection Reporter Excitation/ emission Channel 

Target FAM 495/520 nm Green 

Internal control MAX 524/ 557 nm Yellow 

* FAM (fluorescein amidets) 

   MAX (Master Mix) 

RESULT 

The study results demonstrated that no porcine 

DNA was identified in the samples, where DNA 

amplification results based on the FAM (green 

channel) reporter did not report curve elevation on 

all tested samples, and no Ct values with porcine 

primers were found on each sample (Table 3). 

However, several tested dental materials contained 

vertebrate DNA. 

Table 3. Ct value of sampels using yellow channel (identification of vertebrate DNA) 

No Flour Target Samples Ct Values 

1 VIC Vertebrate Negative Control 32,88 

2 VIC Vertebrate Positive Control 30,08 

3 VIC Vertebrate DA-01 39,53 

4 VIC Vertebrate DA-02 32,41 

5 VIC Vertebrate DA-03 35,17 

6 VIC Vertebrate SDL-02 37,62 

7 VIC Vertebrate DB-01 32,66 

8 VIC Vertebrate DB-02 34,33 

9 VIC Vertebrate TC-03 35,89 

10 VIC Vertebrate IH-02 35,66 

11 VIC Vertebrate EM-01 33,64 

12 VIC Vertebrate Negative Control  

13 VIC Vertebrate Positive Control 28,11 

14 VIC Vertebrate EM-02 34,08 

15 VIC Vertebrate EM-03 33,51 

* VIC (victoria) 
   FAM (fluorescein amidets) 
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The present study showed that 11 of 18 samples 

(DA-01, DA-02, DA-03, SDL-02, DB-01, DB-02, 

TC-03, IH-02, EM-01, EM-02, and EM-03) 

contained vertebrate DNA, as presented in Table 4. 

Table 4. Contents of Vertebrate DNA 

No Code Category VIC 

1 DA-01 Denture adhesives + 

2 DA-02 Denture adhesives + 

3 DA-03 Denture adhesives + 

4 SDL-01 Soft denture lining - 

5 SDL-02 Soft denture lining + 

6 SDL-03 Soft denture lining - 

7 TC-01 Temporary crown - 

8 TC-02 Temporary crown + 

9 TC-03 Temporary crown - 

10 DB-01 Heat polymerized acrylic resin + 

11 DB-02 Heat polymerized acrylic resin + 

12 DB-03 Heat polymerized acrylic resin - 

13 IH-01 Irreversible hydrocolloid - 

14 IH-02 Irreversible hydrocolloid + 

15 IH-03 Irreversible hydrocolloid - 

16 EM-01 Elastomer + 

17 EM-02 Elastomer + 

18 EM-03 Elastomer + 

* + (Vertebrate DNA) 

   - (No vertebrate DNA) 
  

Detection results based on the VIC reporter (yellow 

channel) showed  that DA-01 (Ct 39,53), DA-02 

(Ct 32,41), DA-03 (Ct 35,17), SDL-02 (Ct 37,62), 

DB-01 (Ct 32,66), DB-02 (Ct 34,33), TC-03 (Ct 

35,89), IH-02 (Ct 35,66), EM-01 (Ct 33,64), EM-

02 (Ct 34,08) and EM-03 (Ct 33,55) have 

significantly elevated curves over the threshold 

line (Figure 1).  

 
Figure 1. Sample amplification based on the VIC reporter (vertebrate 

detection) 
 

These Ct values were obtained from the control 

positive curve passing over the threshold line and 

the number of cycle. 

 

DISCUSSION 

The halal status of prosthodontics materials is a 

necessity for Muslim patient. In the present study, 

porcine DNA was not detected in all samples, 

where the DNA amplification based on FAM 

reporter (green channel) did not discover curve 

elevation and Ct values with a porcine primer on 

each sample. However, 11 samples were having 

vertebrate DNA.  

  Amplifications using PCR Real-Time in the 

study was conducted for 40 cycles to obtain 

accurate results. During the amplification, the 

probe's fluorescence signal increased, and 

therefore, the signal significantly increased over 

the threshold line. This value was recorded as Ct 

(cycle threshold), where the larger the target DNA 

initial quantity, the lower the Ct value, and vice 

versa. Ct values aimed to discover the PCR Real-

Time validity according to the detection parameter 
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and discovered whether study samples contain 

vertebrate or porcine DNA.23,24 

  Positive and negative controls demonstrated 

valid results according to the kit, where Cq FAM 

and VIC + 30 for the positive control and Cq FAM 

and VIC >38 for the negative control. Based on 

amplification results that shown in Figure 1, in 

sample tests conducted, 11 of 18 samples contained 

vertebrate DNA. The External Positive Control 

(EPC), as the study's positive control, experienced 

a significantly increased amplification curve over 

the threshold line. Besides EPC, there was the Non-

Template Control (NTC) as the negative control.31 

Negative control utilization showed that utilized 

reagents were not contaminated by target DNA to 

be amplified. Theoretically, the negative control 

curve did not show curve elevation; however, nine 

of 18 samples (DA-01, DA-02, DA-03, TC-02, TC-

3, DB-03, IH-01, IH-03, and EM-03) experienced 

curve elevation due to unknown external 

contaminations. Contaminations might be caused 

by incautious pipetting techniques or during tube 

insertion into the PCR Real-Time equipment, or 

from the analyst DNA adhering in the study site 

and carried by aerosols. Nevertheless, the study 

was declared valid because only the VIC reporter 

(yellow channel) experiencing contaminations 

while the FAM reporter (green channel) to detect 

porcine DNA had no Ct values indicating 

contaminations.23,24,25 

  Similar result were also obtained by Aziz in 

2017, a study was carried out to detect the presence 

of gelatin in orthodontic dental materials for halal 

authentication.7 The detection of gelatin was done 

using Fourier Transform Infrared Spectroscopy 

with Attenuated Total Reflectance (FTIR-ATR). In 

the study, 21 samples were included and the 

spectrums were generated by OMNIC software of 

Nicolet iS50 FTIR. All data were subjected to 

similarity match (SM) using TQ Analyst software. 

From the study, it was found that no samples 

exhibit similar spectra as the gelatin tested and SM 

found that no samples showed 100% similarities 

with porcine gelatin.7 On the other hand, present 

study was not in line with the research conducted 

by Dewi N (2020) where the examination of pork 

gelatin was carried out using Attenuated Total 

Reflection-Fourier Transform Infrared Spectroscopy 

(ATR-FTIR) and Chemometrics.19 The obtained 

results were four of the 49 dental materials used in 

hospitals and clinics contained gelatin, one of 

which was included in pork gelatin while the three 

could not be identified.19 

  There are many analysis methods currently 

used, including Enzyme-Linked Immunosorbent 

Assay (ELISA), Real-Time Polymerase Chain 

Reaction DNA (RT-PCR), Gas Chromatography 

(GC), Gas Chromatography-Mass Spectrophotometry 

(GC-MS), Fourier Transform-Infrared. Spectroscopy 

(FTIR). Several methods have been developed with 

many methods using protein, fat and DNA. Analysis 

based on protein content in porcine can use porcine 

detection kits with an immunochromatography 

method, i.e., a combination of enzyme-linked 

immunosorbent assay (ELISA) and 

chromatography.26,27 However; this method has a 

disadvantage because the protein will lose its 

biological activity after the animal dies. In addition, 

the ineffective nature of protein after meat undergoes 

high processing caused by denaturation at high 

temperatures and high pressures hinders the analysis 

process.28,29 Infrared spectroscopy, differential 

scanning calorimetric, gas chromatography, high-

performance liquid chromatography (HPLC), and 

electronic odor detector can be used for analysis 

based on fat content.10,11 While the PCR method has 

a target, namely DNA, this method that is considered 

the most valid at this time. PCR is one of the most 

studied and widely used in vitro nucleic acid 

amplification techniques. PCR is used to multiply the 

number of DNA molecules on a specific target by 

analyzing new DNA molecules that complement the 

target DNA molecule via enzymes and 

oligonucleotides as primers in a thermo cycle.10 

Molecular biology analysis, especially DNA by using 

PCR, has advantages compared to proteins or other 

molecules, because of the fact that DNA is more 

stable.10,11 

  In Real-Time PCR, the amount of DNA 

product formed can be monitored in real time, i.e., 

during the course of the reaction, with accuracy and 

high sensitivity over a dynamic range.9 This 

monitoring can be assisted by the use of fluorescent 

dyes or probes applied into the reaction. The 



Hutasoit I, et al. 

222 

 

fluorescence intensity of these probes will be 

proportional to the amount of DNA product 

formed.9 Moreover, in Real-Time PCR the number 

of amplification cycles required to obtain a 

particular amount of DNA molecules is 

recorded.10,11 Assuming a certain amplification 

efficiency, which is typically close to double the 

number of molecules per amplification cycle, the 

number of DNA molecules carrying the target 

sequence that were initially present in the sample 

can be calculated.11 A number of highly efficient 

chemistry detection, sensitive instrumentation, and 

optimized assays are now available that allow 

quantification of the number of DNA molecules of 

a particular sequence in a complex sample with 

unprecedented accuracy and sensitivity that can 

detect a single molecule.10,11 

  The study should be carried out with caution, 

and performed repetitively to ensure that the results 

were correct. The researchers only tested 18 

prosthodontic materials in the market, and thus, the 

study results could not represent prosthodontic 

materials in general. In this study, the species of the 

vertebrate DNAs were not known. Further study 

was required to examine the halal status of dental 

materials.28 

CONCLUSIONS 

The study concluded that no porcine DNA was 

detected in all samples. However, 11 of 18 samples 

were containing vertebrate DNA (non-porcine). 

The halal status of the materials tested remained 

unclear. 
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