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Abstract 

Adulteration or counterfeiting of food products raises public concerns about the halal 

issue. Many issues related to food products such as meatballs, sausages, and corned beef 

use pork for counterfeiting. This study aimed to determine a direct polymerase chain 

reaction (dPCR) technique for pork DNA detection in processed meat products such as 

meatballs, sausages, and corned beef in a short time and at a low cost using specific 

primers, ND4 and D-Loop. The study used a direct PCR technique with variations in the 

incubation time and temperature of the lysis process on the sample. The concentration of 

DNA obtained from the lysis results with variations in incubation time and temperature in 

fresh meat and processed meat products was 66.17-469.23 ng/µL, and the purity of DNA 

in fresh and processed meat products was 1.70-2.25. ND4 primer was more sensitive to 

DNA amplification than D-Loop in processed meat products using direct PCR. Meatballs, 

sausages, and corned beef products written on the packaging using beef did not detect any 

mixing or addition of pork. Direct PCR can detect pork DNA in processed meat products 

such as meatballs, sausages and corned beef.  

1. Introduction 

Adulteration or counterfeiting of food products is an 

unnecessary and dangerous ingredient mixing procedure 

in food products that leads to the product's quality 

reduction. The decrease in food product quality occurs 

due to substituting other cheaper ingredients to reduce 

production costs or sell price elevation so more profit 

can be obtained (Widyanto et al., 2021). This issue raises 

public concern against halal, such as the concern of pork 

substitution for meatballs, sausages, and corned beef 

with the aim of adulteration. Therefore, detecting food 

products to evaluate other unnecessary and dangerous 

ingredients in food products needs to be done (Sharma et 

al., 2017). 

Pork contamination detection is classified into 3 

techniques: DNA, protein, and fat-based techniques. This 

technique is done because every organism has a specific 

DNA, protein, and fat arrangement. Protein and fat-based 

detection were mostly done in fresh meat rather than 

processed food products. The production process can 

cause protein denaturation and fat modification by high 

temperature and high pressure. Otherwise, the DNA-

based technique is more stable and difficult to denature 

at high temperatures and pressure. Since then, DNA-

based detection can be done in processed food products. 

In addition, the existence of DNA can be found in almost 

all parts of the cell organism that can be detected easily 

on a tested sample (Rahmati et al., 2016). 

Generally, DNA detection is carried out using 

polymerase chain reaction (PCR), amplifying nucleic 

acid technique in vitro. This technique amplifies the 

number of DNA targets by analyzing new DNA 

molecules complementary to target DNA through 

enzymes and oligonucleotides as primers in a 

thermocycler (Widayat et al., 2019). One of the most 

important materials in DNA amplification is primer. In a 

previous study, several primers were used to detect 

processed food products (meatballs, sausages and corned 

beef), such as ND4 and D-loop primers, which have been 

proven to detect pork DNA in the products (Kusnadi et 

al., 2020). The previous study detected DNA in food 

products using the PCR technique, but it was time and 

cost-consuming. Therefore, improving the PCR 

technique, such as using direct polymerase chain reaction 

(dPCR) is necessary. The dPCR is a DNA amplification 

technique without DNA purification steps (Guan et al., 
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2018) with the following advantages: rapid process, less 

material needed, cheaper cost, and high DNA 

concentration can be obtained. Less material is required 

because this technique only needs lysis material for the 

cell membrane, so the cost is cheaper. However, the 

absence of a DNA purification step can become the 

source of RNA, protein, or other compound 

contamination. Besides, dPCR also allows PCR 

inhibitors because, in this technique, there is no material 

for PCR inhibitor removals such as protein and other 

materials (Li et al., 2011; Kitpipit et al., 2014; Guan et 

al., 2018; Mokhtar et al., 2020). 

In the previous study, dPCR was used along with 

centrifuge, proteinase-K addition, and long incubation 

time as the function of lysis buffer to lyse the cell 

membrane (Li et al., 2011). However, this study did not 

use centrifugation, proteinase-K, and long incubation 

time and expected to get similar results as the previous 

one. This study aimed to evaluate the dPCR technique 

for pork DNA detection on processed meat products in a 

short time and cheaper cost. The study also assessed the 

time and temperature of incubation used for the lysis 

process on pork DNA detection using the dPCR 

technique. 

 

2. Materials and methods 

The study was conducted in Laboratorium Sentral 

Ilmu Hayati, University of Brawijaya (LSIH). The study 

was a qualitative descriptive study. The samples used in 

this study were pork, meatballs, sausages, and corned 

beef. The time incubation used in this study was 5, 10, 

and 15 mins, while the temperature was 85°C and 95°C. 

ND4 and D-Loop were the primers designed by Haunshi 

et al. (2009) and Kusnadi et al. (2020), respectively.  

2.1 Lysis process with lysis buffer addition 

The samples were weighed at 2.5 mg, put into a 1.5 

mL tube, and added 200 µL lysis buffer to each sample. 

The samples were divided into several categories based 

on the temperature and time of incubation. Each sample 

was then incubated in a thermomix with a predetermined 

temperature and time. After that, 45 µL tween-20 (0.7%) 

was added to the tube. 

2.2 Polymerase Chain Reaction 

The amplification of the PCR process was done 

simultaneously in a PCR machine with 10 µL of solvent. 

The sample and PCR material were inserted into a sterile 

thin wall and put in a PCR machine. The temperature 

and time of the PCR were set according to the 

predetermined stage (denaturation, annealing, and 

extension). The temperature was used according to the 

primer ND4 and D-Loop. The pre-denaturation step was 

set at 95°C for 5 mins, which was then continued for 30 s 

denaturation. The annealing step was done at 54°C for 

ND4 primer and 55°C for D-Loop primer for 45 s. After 

that, the extension step was done at 72°C for 30 s, and 

the last step was at 72°C for 5 mins. The PCR process of 

ND4 primer was 32 cycles and 30 cycles for D-Loop. 

The storage process was done at 4°C for 5 mins. The 

result confirmation was obtained using electrophoresis 

(Guan et al., 2018). 

2.3 Purification and DNA concentration test 

The sample port was cleaned using tissue with sterile 

aquadest. An elution buffer was used as the blank. About 

1 µL DNA sample was added in the sample place and 

measured in spectrophotometry-UV with 260 nm and 

280 nm wavelengths. The DNA concentration data was 

obtained in µg/µL, and DNA purification data as the 

ratio of A280 per A260. 

2.4 Electrophoresis  

The electrophoresis in this study was done using 

agarose gel with a concentration of 1.5% (0.45 g of 

agarose with 30 mL TBE 1x solvent). The agarose was 

heated in a microwave until the agarose powder 

dissolved and became clear. The agarose solution was 

then waited and added with ethidium bromide (EtBr) 

carefully and homogenized. The agarose mixture was 

poured on the mold and a comb was placed to form a 

well or a hole for the sample placement. When it was 

cold, the comb was removed slowly and the agarose was 

soaked in TBE 1× until the agarose state was completely 

submerged. Besides, the sample was added by loading 

dye 1 µL, sample and DNA ladder were put into each 

well carefully. A 50-volt voltage was set up to start the 

electrophoresis process. The process was about 1 hr, and 

the electrophoresis result was visualized using Gel Doc 

Transilluminator (Magdeldin, 2012).  

2.5 Sampling test 

The sample used in this study was pork and 

processed meat products, such as meatballs, sausages, 

and corned beef, indicating mixed or no indication of 

mixed pork. The sample used three brands of each 

product which was obtained from peddlers, traditional 

and modern markets. The sample DNA was obtained 

from lysis buffer addition with the material 

concentration, time incubation, and temperature that had 

been optimized and predetermined. The time and 

temperature for incubation used in the lysis process of 

the sampling test were 5 mins and 95°C. 
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3. Results and discussion 

3.1 Lysis process with the addition of lysis buffer 

The lysis buffer components such as NaOH, EDTA 

(Ethylene Diamine Tetraacetic Acid), NaCl, SDS, and 

Tris:Cl have several functions. EDTA could inhibit DNA 

degradation by binding with divalent cation required by 

endogenous nuclease inactivation. SDS could release 

chromatin-bound DNA, while NaCl can provide Na+ 

ions, which form ionic bonds with negatively charged 

phosphates to neutralize the negative charges and allow 

DNA molecules to stick together. Besides, Tris-Cl was 

used to maintain pH conditions, while NaOH damaged 

cell walls if it was in contact with strong bases (Li et al., 

2011). The lysis process result from the DNA 

concentration and purification test is shown in Table 1. 

The results showed the similarity of DNA 

concentration between pork and processed meat 

products. Furthermore, sausages were found to have a 

higher DNA concentration compared to pork. Pork 

should have a higher DNA concentration than processed 

meat products. Processed food products have similar or 

even higher DNA concentrations than pork, caused by 

other DNA contamination in food production (Yudianto, 

2010; Saputro et al., 2015). 

DNA purity was obtained from the ratio of 260/280 

nm wavelength, where good purity (less or no 

contaminant) was found when the value was 1.80-2.00 

(Vesty et al., 2017; Dilhari et al., 2017; Uda et al., 

2020). Lucena-Aguilar et al. (2016) showed that the 

purity value <1.60 was a contaminant from protein, 

phenol, or another contaminant. A contaminated sample 

inhibits the PCR process and produces a poor shape of 

the DNA band (Hartawan et al., 2015). If the purity 

value >2.00, the sample is contaminated by RNA 

because 2.00-2.20 is the range for RNA purity (Lucena-

Aguilar et al., 2016).  

Based on the study, the purity of DNA of samples 

with incubation time and temperature variations showed 

no contaminant of protein or RNA, except the sausages 

sample that showed RNA contamination. The DNA 

isolation process did not use RNAse like other DNA 

isolation methods because the function of RNAse in the 

DNA isolation process was to degrade RNA in a sample 

(Sari et al., 2014).  

3.2 ND4 and D-Loop primer amplification 

 The pork ND4 primer and processed food products 

(meatballs, sausages, and corned beef) were amplified 

for 5 mins at 85°C and 95°C (A1, A3, A4, B1, B2, B3, 

dan B4). The DNA amplification of meatballs (A2) was 

done for 5 mins at 85°C and formed a thin DNA band. 

While in the D-Loop primer of pork, meatballs, and 

sausages, the DNA amplification was done for 5 min at 

85°C and 95°C (A1, A2, A3, B1, B2, and B3). However, 

in 5 min incubation at 85°C and 95°C, the DNA band of 

Sample Time (min) Temperature (°C) DNA concentration (µg/µL) DNA Purity 

Pork 

5 
85 124.27 1.81 
95 98.07 1.92 

10 
85 230.78 1.73 
95 213.79 1.84 

15 
85 118.07 1.70 
95 180.01 1.74 

Meatballs 

5 
85 121.94 1.94 
95 66.17 1.95 

10 
85 102.62 1.81 
95 101.41 1.83 

15 
85 85.95 1.73 
95 180.89 1.73 

Sausages 

5 
85 164.23 2.25 
95 469.23 2.11 

10 
85 417.02 2.14 
95 205.77 2.14 

15 
85 192.15 2.19 
95 407.79 2.14 

Corned Beef 

5 
85 191.53 1.81 
95 205.16 1.86 

10 
85 79.14 1.89 
95 215.81 1.81 

15 
85 193.51 1.83 
95 242.39 1.85 

Table 1. Concentration and purity of DNA in processed meat products at various incubation times (5, 10, 15 mins).  
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corned beef samples (A4 and B4) was not formed during 

electrophoresis (Figure 1). 

This study found that the ND4 primer of pork and 

processed food products such as meatballs, sausages, and 

corned beef were amplified at 10 mins and 85°C and 95°

C (C1, C3, D1, D2, D3, dan D4). However, the sample 

of meatballs and corned beef (C2 and C4) which were 

amplified at 10 mins and 85°C formed a thin DNA band. 

Besides, the corned beef sample with 10 mins incubation 

at 85°C and 95°C (C4 and D4) did not form a DNA band 

(Figure 1). 

The amplification of ND4 primer in samples using 

15 min incubation time and 85°C and 95°C incubation 

temperature (E1, E3, F1, F2, F3, F4) showed the DNA 

band formation during electrophoresis. In the corned 

beef sample with 15 mins and 85°C times and 

temperature of incubation (E4), the amplification 

occurred, but the DNA band was thin. However, in the 

sample of corned beef with the same time and 

temperature of incubation (E2), the amplification and the 

DNA band were not formed. Whereas the D-loop primer 

of pork, meatballs, and sausages was amplified in 15 

mins incubation with a temperature of 85°C and 95°C 

(E1, E3, F1, F2, F3, and F4). However, meatballs with 5 

mins incubation time and 85°C temperature (E2) and 

corned beef E4 and E5 (15 mins with 85°C and 95°C) 

were not amplified, and the DNA band was not formed 

during electrophoresis. 

A thin DNA band or no DNA band formation was 

caused by several factors, including primer with the 

shortest DNA target, which caused the primer to amplify 

the DNA effectively during PCR due to the higher 

sensitivity of the primer (Kusnadi et al., 2020). The other 

factor is the absence of DNA formation caused by the 

amplification that did not occur due to the incompatible 

primer against the DNA template (Sinaga et al., 2017). 

Furthermore, DNA degradation caused the primer not to 

attach and the existence of PCR inhibitor (Bartlett and 

Stirling, 2003; Saputro et al., 2015). Other factors that 

cause thin DNA or no band formation were the 

concentration and quality of the DNA, the annealing 

temperature of the primer (forward and reverse), 

Figure 1. Visualization of DNA bands based on ND4 and D-Loop primer amplification at incubation time of 5, 10, 15 mins and 

incubation temperature at 85°C and 95°C. Note: 5 mins treatment: K-/K+ = ddH2O/Pork isolation kit, A1 = Pork (5’, 85°C), A2 

= Meatballs (5’, 85°C), A3 = Sausages (5’, 85°C), A4 = Corned beef (5’, 85°C), B1 = Pork (5’, 95°C), B2 = Meatballs (5’, 95°

C), B3 = Sausages (5’, 95°C), B4 = Corned beef (5’, 95°C); 10 mins treatment: C1 = Pork (10’, 85°C), C2 = Meatballs (10’, 85°

C), C3 = Sausages (10’, 85°C), C4 = Corned beef (10’, 85°C), D1 = Pork (10’, 95°C), D2 = Meatballs (10’, 95°C), D3 = Sausag-

es (10’, 95°C), D4 = Corned beef (10’, 95°C). 15 mins treatment: E1 = Pork (15’, 85°C), E2 = Meatballs (15’, 85°C), E3 = Sau-

sages (15’, 85°C), E4 = Corned beef (15’, 85°C), F1 = Pork (15’, 95°C), F2 = Meatballs (15’, 95°C), F3 = Sausages (15’, 95°C), 

F4 = Corned beef (15’, 95°C). 
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concentration and quality of primer, the number of PCR 

cycles, and the material used in the PCR formulation 

(Setyawati and Zubaidah, 2021) and the condition or 

temperature used in the dPCR (Sunarno et al., 2014). 

The time and temperature of incubation used in dPCR 

were 5 mins and 95°C. Moreover, the study found that 5 

min and 95°C was the shortest time for DNA detection 

in processed food products using dPCR.  

3.3 Sampling test 

This study found meatballs B, sausages A, and 

sausages C were contaminated by RNA and showed a 

purity value of >2.00 (Table 2). This was because the 

DNA isolation process did not use RNAse, which has the 

function of RNA degradation in the sample (Sari et al., 

2014). 

Processed meat products such as meatballs A with 

pork contained on the packaging (A1, A2, and A3) were 

amplified, and the DNA band was formed in the 

electrophoresis. It showed that these products (A1, A2, 

and A3) contain pork. Besides, meatballs B and C that 

were obtained from the market and peddler showed no 

amplification of the DNA, and the DNA band was not 

formed in the electrophoresis. It can be concluded that 

this product is pork-free and can be consumed by 

Muslims. The amplification test result of meatball 

sampling is shown in Figure 2. 

Sausages as a processed meat product with pork that 

was written on the package showed DNA amplification 

(A1, A2, A3), so the DNA band also formed in the 

electrophoresis. The results confirmed the pork 

contained in the products. However, sausages B and C 

obtained from the traditional and modern markets were 

not amplified, and the DNA band was not formed, so it 

was pork-free and safe to consume by the Muslims. The 

Sample 
DNA concentration 

(µg/µL) 
DNA 

purity 
Meatballs A* 145.72 1.74 
Meatballs B 212.59 2.01 
Meatballs C 126.59 1.80 
Sausages A* 321.43 2.11 
Sausages B 192.54 1.95 
Sausages C 274.63 2.08 

Corned Beef A* 168.82 1.86 
Corned Beef B 223.29 1.62 
Corned Beef C 168.43 1.62 

Table 2. Concentration and purity of DNA in processed meat 

products. 

*Sample contained pork 

Figure 2. Visualization of DNA bands on 3 meatball brands, 3 sausage brands, 3 corned pork, for triplex, for both ND4 and D-

loop. Note: Meatball: K-/K+ = ddH2O/Pork isolation kit, A1-A3 = Meatball A (contains pork), B1-B3 = Meatball B, C1-C3 = 

Meatball C; Sausage: K-/K+ = ddH2O/Pork isolation kit, A1-A3 = Sausage A (contains pork), B1-B3 = Sausage B, C1-C3 = 

Sausage C; Corned: K-/K+ = ddH2O/Pork isolation kit, A1-A3 = Corned A (contains pork), B1-B3 = Corned B, C1-C3 = Corned 

C. 



240 Kusnadi et al. / Food Research 8 (3) (2024) 235 - 241 

 https://doi.org/10.26656/fr.2017.8(3).362 © 2024 The Authors. Published by Rynnye Lyan Resources 

M
E

T
H

O
D

 D
E

V
E

L
O

P
M

E
N

T
 

amplification test results are shown in Figure 2. 

The amplification of the ND4 primer of corned beef 

A (A1, A2, A3) and the formation of DNA band in 

electrophoresis showed pork contained in the products. 

The corned beef B and C obtained from the traditional 

and modern markets, the DNA was not amplified, and 

the DNA band was not formed. It can be concluded that 

corned beef B and C were pork-free and safe to be 

consumed by Muslims. However, the D-Loop primer of 

meatballs A did not show DNA amplification (A1, A2, 

and A3) with no DNA band formation in the 

electrophoresis. The literature stated that using D-Loop 

primer needs PCR optimization, especially against the 

corned beef sample test. The annealing temperature 

affects the primer attachment on the DNA template, so 

the optimum annealing temperature needs to be found 

(Prakoso et al., 2016; Rahmadhan et al., 2019). The too-

low annealing temperature can cause the primer 

attachment site to be not specific (low specificity), which 

then amplifies unwanted locus fragments, while the 

annealing temperature is too high, causing the primer to 

not adhere well to the template DNA (Pertiwi et al., 

2015; Zedta and Setyadji, 2019). Determining the factor 

of temperature and time for primer attachment to the 

DNA template so the amplification can occur was a non-

complementary primary sequence (Bucklin et al., 2011; 

Zedta and Setyadji, 2019).  

 

4. Conclusion  

ND4 primer was more sensitive to DNA 

amplification than D-Loop in processed meat products 

using direct PCR. Meatballs, sausages, and corned beef 

products written on the packaging using beef did not 

detect any mixing or addition of pork. Direct PCR can 

detect pork DNA in processed meat products such as 

meatballs, sausages, and corned beef. 
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