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Graphical abstract 
 

 
PCR product sizes of mitochondrial DNA 

cytochrome b gene for the investigated 

species. 
 
 
 

 
Species-specific simplex-PCR of 

cytochrome b gene fragments of chicken 

(227 bp) and pork (398 bp) from raw meat 

mixtures extracted using commercial 

extraction kit. 

Abstract 
 

Through the advancement of biotechnology, DNA-based methods are the most 

effective techniques in species identification, as they are rapid and have higher 

stability in harsh conditions compared to protein-based methods. This study was 

conducted to determine the efficiency of the traditional DNA extraction method, 

phenol/chloroform/isoamyl alcohol (PCIA), and comparing it with the 

commercially available kit by evaluating the purity, concentration, and suitability 

for amplification of porcine DNA in raw chicken and beef mixtures. The quantity 

and quality of the DNA extracts were assessed using a UV-Vis spectrophotometer. 

Polymerase chain reaction (PCR) was performed using species-specific primers 

targeting mitochondrial DNA cytochrome b (cyt b) gene of chicken (227-bp), beef 

(274-bp), and pork (398-bp), to confirm the template usability and quality of the 

DNA extracts. High DNA concentrations and purity were obtained from meat 

samples extracted using the PCIA method. The visualization of pork DNA on 2% 

agarose gel was able to detect pork contamination in raw meat mixtures up to 

minute proportion (1%). The existence of pork in chicken and beef was indicated 

with the presence of a specific 398-bp DNA band. Thus, the PCIA method can be 

recommended as a cost-effective and an excellent alternative to more expensive 

extraction kits in detecting pork DNA in raw meat mixtures. 

 

Keywords: Meat adulteration, PCIA extraction method, porcine DNA, PCR, 

cytochrome b 

 

Abstrak 
 

Melalui kemajuan bioteknologi, kaedah berasaskan DNA adalah teknik yang 

paling berkesan dalam pengenalpastian spesies, kerana ia sangat cepat dan 

mempunyai kestabilan yang lebih tinggi dalam keadaan yang bertekanan tinggi 

berbanding dengan kaedah berasaskan protein. Kajian ini dijalankan untuk 

menentukan kecekapan kaedah pengekstrakan DNA tradisional, 

phenol/chloroform/isoamyl alcohol (PCIA) dan membandingkannya dengan kit 

komersil dengan menilai ketulenan, kepekatan dan kesesuaian untuk proses 

amplifikasi DNA khinzir dalam ayam dan daging lembu mentah. Kuantiti and kualiti 

ekstrak DNA dinilai menggunakan UV-VIS spectrophotometer. Polymerase chain 

reaction (PCR) dilakukan dengan menggunakan species specific primers yang 

menyasarkan mitokondria DNA cytochrome b gen ayam, daging lembu dan 

daging khinzir, untuk mengesahkan kesesuaian template dan kualiti ekstrak DNA. 

Kepekatan dan ketulenan yang tinggi diperolehi daripada sampel yang diekstrak 

menggunakan kaedah PCIA. Visualisasi DNA khinzir menggunakan gel agarose 2% 

dapat mengesan pencemaran daging khinzir pada campuran daging mentah 
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Species-specific simplex-PCR of 

cytochrome b gene fragments of 

chicken (227 bp) and pork (398 bp) 

from raw meat mixtures extracted using 

the PCIA method. 

hingga pada takat 1%. Kewujudan DNA khinzir dalam ayam dan daging lembu 

ditunjukkan dengan kehadiran band DNA yang khusus 398-bp. Oleh itu, kaedah 

PCIA boleh disyorkan sebagai kaedah alternatif yang sesuai dan kos efektif 

berbanding kit pengekstrakan yang lebih mahal dalam mengesan DNA daging 

khinzir dalam campuran daging mentah. 

 

Kata kunci: Pencemaran daging, kaedah ekstraksi PCIA, DNA khinzir, PCR, sitokrom 

b 
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1.0 INTRODUCTION 
 

Due to the breath-taking development of 

technology and diversified global sources for food 

processing and production, varieties of food 

products from primary meats to processed goods in 

various brands are readily available in the market 

nowadays to meet consumer demands. The rapid 

economic and population growths in Malaysia over 

the last decades have fuelled the massive increase 

in demand-driven consumption for food of animal 

origin. The trend in consumption over the last years 

showed that there had been steady increases in the 

demand for meats in Malaysia.  

Based on the Malaysian National Agro-food Policy 

2011-2020 (NAP), the demand and production for 

meat are expected to increase. The demand is 

expected to increase from 1.4 million metric tons in 

2010 to 1.8 million metric tons in 2020 with a growth of 

2.4% per annum while meat production is forecast to 

increase from 1.6 million metric tons to 2.1 million 

metric tons respectively with a growth of 2.7% per 

annum in the same period [1]. Meat has become an 

essential component of the human diet as there are 

growing preferences towards meat as a source of 

protein. 

Nowadays, consumers are very concerned about 

issues related to food, especially on adulteration. 

There are increasing concerns among consumers as 

well as food quality and safety regulatory agencies 

regarding adulteration of meats with that of other 

usually less expensive species [2]. Besides economic, 

there are religious, cultural, and health and safety 

issues associated with the sale of raw, cooked, or 

processed meats that are accidentally or 

intentionally adulterated with other meats [3]. 
Through the advance of biotechnology and 

research, numerous identification methods for meat 

species identification have been developed, and to-

date, two main methods are recognized for meat 

species detection and identification in food, which 

are protein- and DNA-based methods [4, 5]. Protein-

based methods, however, have limitations in the 

detection of meat species from cooked or heat-

treated food products since proteins can be 

denatured during processing [6, 7, 8]. DNA-based 

methods such as Polymerase Chain Reaction (PCR) 

are the most precise and sensitive techniques for 

species identification, and they are comparatively 

quick compared to protein-based methods [9, 10]. 

Nevertheless, the prerequisite to a successful 

identification of species by PCR-based techniques is 

high-quality DNA; therefore, the selection of an 

appropriate DNA extraction method plays a crucial 

role in this regard [11]. It is indisputable that 

commercial extraction kits provide direct, faster, 

safer, rapid, and better efficiency in contrast with 

conventional methods such as phenol/chloroform 

method for extracting DNA from animal products. 

However, they are more expensive compared to the 

latter [12, 13]. Conventional methods also have been 

said to be time-consuming and may introduce 

inhibitors due to the use of certain chemicals during 

extraction, such as chloroform. It is crucial that in 

order to acquire high purity, amount, and intact 

DNA, the presence of inhibitors in food matrices must 

be eliminated prior to downstream applications [14]. 

In this paper, efficiency of the conventional 

phenol/chloroform/isoamyl alcohol (PCIA) extraction 

method as well as the commercially available 

extraction kit in PCR detection of chicken, beef, and 

pork in raw meat mixtures was compared by 

evaluating the yield and purity of DNA obtained. PCR 

amplification was performed using species-specific 

primers targeting the mitochondrial DNA cytochrome 

b (cyt b) gene to confirm the quality of the DNA 

extracts and the template usability. 

 

 

2.0 METHODOLOGY 
 

2.1 Samples Preparation to Evaluate the PCR 

Sensitivity 

 

Fresh raw meat muscles (pork, beef, and chicken) 

were randomly purchased from local wet markets 

around Kuching, Sarawak. The samples were cut into 
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small pieces and stored frozen at -20oC until used to 

prevent enzymatic degradation of DNA. 

Beef samples were contaminated with pork in the 

ratios of 100:0, 50:50, 90:10, and 99:1% (beef: pork). 

Each combination of meats were prepared in a total 

weight of 200 mg. These ratios were also applied for 

chicken samples (chicken: pork). 

 

2.2 Isolation of DNA 

 

Approximately 200 mg of minced meat mixtures were 

lysed in a buffer solution containing Tris-HCl, pH 7.5, 

EDTA, NaCl, and SDS with concentrations stated in 

Table 1. Proteinase K (10 mg/ml) was also added, 

and the mixtures were incubated overnight at 56oC. 

 
Table 1 Concentrations and reagents of the lysis buffer 

 

Reagent Concentration 

Tris-HCl, pH 7.5 10 mM 

EDTA 10 mM 

NaCl 50 mM 

SDS 20% 

 

 

The DNA solutions were extracted with 500 µl of 

PCIA (25:24:1). The solutions were then vortexed for 

15s and centrifuged at 13,000 rpm for 5 min. The 

aqueous phase was transferred to a fresh 

microcentrifuge tube, and 500 µl of PCIA (25:24:1) 

was again added. The solutions were again vortexed 

for 15s and centrifuged at 13,000 rpm for 5 min. The 

aqueous phase was transferred to a fresh 

microcentrifuge tube. 

Absolute alcohol (1 ml) was added and mixed by 

inverting the tube. The solution was placed in 4oC for 

at least 30 min and then centrifuged for 20 min at 

13,000 rpm. The DNA was recovered by decanting 

the supernatant and inverting the tubes on 

absorbent paper. After eliminating waste alcohol, 

DNA was solubilized by adding 60 µl of Tris-EDTA 

buffer (TE), mixed and incubated at 56oC overnight. 

DNA was also extracted using a commercially 

available DNA extraction kit, and isolated according 

to the manufacturer’s protocol. 

The purity and concentration of extracted DNA 

samples were determined using DR 6000™ UV-Vis 

spectrophotometer (Hach). The DNA samples with 

OD260:280 ratio in the range of 1.7 to 2.0 were 

considered good and were used for PCR 

amplification. 

 

2.3 PCR Protocol 

 

Four oligonucleotide primer sets (synthesized by 

Macrogen Inc. Korea) derived from the 

mitochondrial DNA cyt b gene sequences for the 

amplification of chicken, beef, and pork, as 

designed by Matsunaga et al. [15], were used for the 

PCR amplification. The primer sequences are as 

given in Table 2.  

 
Table 2 Cytochrome b primer sequences 

 

Primer 

Name 
Sequences (5’-3’) 

No. of 

bases 

Common 

forward 

5’-GAC CTC CCA GCT CCA 

TCA AAC ATC TCA TCT TGA 

TGA AA-3’ 

38bp 

Pig 

Reverse 

5’-GCT GAT AGT AGA TTT GTG 

ATG ACC GTA-3’ 
27bp 

Cattle 

Reverse 

5’-CTA GAA AAG TGT AAG 

ACC CGT AAT ATA AG-3’ 
29bp 

Chicken 

Reverse 

5’-AAG ATA CAG ATG AAG 

AAG AAT GAG GCG-3’ 
27bp 

 

 

Simplex PCR amplification was accomplished in a 

25 µl total volume containing 0.625U GoTaq Flexi DNA 

Polymerase (Promega, Madison, USA), 5 µl of 5X 

GoTaq Flexi Buffer, 200 µM each of dNTP, 1.5 mM 

MgCl2, 0.4 µM primers and 1 µl (30 ng/µl) of total DNA 

in thermal cycler GeneAmp® PCR System 9700 

(Applied Biosystems, Foster City, CA) and the cycling 

parameters were initial denaturation at 94oC for 3 

min following 35 cycles of denaturation at 94oC for 

30s, annealing at 60oC for 30s and elongation at 

72oC for 30s and final elongation at 72oC for 3 min.  

Five µl of the PCR products from each amplified 

product was electrophoresed along with a 100-bp 

DNA ladder marker (Promega) to confirm the 

targeted PCR amplification. The electrophoresis was 

performed on 2% agarose gel containing ethidium 

bromide (0.5 µg/ml) at constant 80 V for 60 min in 1X 

Tris-acetate EDTA (TAE) buffer. The bands in the gel 

were then visualized using PhotoDoc-It Imaging 

System (UVP) 

 

 

3.0 RESULTS AND DISCUSSION 
 

The concentrations and quality of the obtained DNA 

using conventional PCIA protocol and commercial 

DNA extraction kit are presented in Table 3. The 

results show that the highest concentration of DNA 

was obtained by the conventional PCIA extraction 

method. The purity (OD260/280 values) and 

concentrations of DNA from meat samples extracted 

using the PCIA extraction method ranged from 1.5 to 

1.9, and 1,437.5 to 5,285.0 ng/µl, respectively. The 

purity and concentrations of DNA from meat samples 

extracted using commercial kit ranged from 1.3 to 

2.2, and 7.5 to 142.5 ng/µl, respectively. Despite the 

low and high purity values of particular samples that 

were not within the ideal range, PCR amplifications 
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were still carried out, and the results still produced 

well-developed, high-intensity bands. 

 
Table 3 Concentrations and purity of the obtained DNA 

extracted using the conventional method 
 

Extraction 

Method 
Contents 

Purity 

(OD260/280) 

Concentration

s 

(ng/µl) 

PCIA 

100% raw 

chicken 
1.8 4,957.5 

100% raw 

beef 
1.7 5,285.0 

100% raw 

pork 
1.9 2,550.0 

50% pork in 

chicken 
1.9 4,092.5 

50% pork in 

beef 
1.7 1,437.5 

10% pork in 

chicken 
1.8 4,610.0 

10% pork in 

beef 
1.6 2,507.5 

1% pork in 

chicken 
1.9 4,395.0 

1% pork in 

beef 
1.5 1,485.0 

Commer

cial 

extraction 

kit 

100% raw 

chicken 
1.8 117.5 

100% raw 

beef 
2.0 105.0 

100% raw 

pork 
1.7 77.5 

50% pork in 

chicken 
2.2 97.5 

50% pork in 

beef 
1.3 7.5 

10% pork in 

chicken 
2.2 142.5 

10% pork in 

beef 
1.7 57.5 

1% pork in 

chicken 
1.9 102.5 

1% pork in 

beef 
1.8 65.0 

 

 

The result is in agreement with the study done by 

Djurkin Kusec et al. [12], who obtained the highest 

concentration of DNA by conventional 

phenol/chloroform extraction method. They 

evaluated ten samples of traditional dry/fermented 

sausage produced from pork, salt, garlic, red 

paprika, and pepper using commercially available 

DNA extraction kits and standard PCIA extraction 

protocol. The highest concentration of DNA was 

obtained by conventional phenol extraction method 

(2,123.5 ng/µl for samples homogenized using knife 

mill and 1,304.0 ng/µl for samples homogenized using 

mortar and pestle). However, the purity of DNA was 

rather unsatisfactory (1.149 for samples homogenized 

using knife mill and 1.137 for samples homogenized 

using mortar and pestle), implying a certain amount 

of phenol contamination. Among the commercial 

DNA extraction kits, DNeasy mericon Food Kit has 

produced the highest concentration and DNA purity 

(126.0 ng/µl and 1.780 respectively for samples 

homogenized using knife mill; 164.0 ng/µl and 1.777 

respectively for samples homogenized using mortar 

and pestle). 

A study by Özşensoy & Şahin [16], also concluded 

that the phenol/chloroform and commercial kit, 

gSYNC DNA Extraction Kit were found to be the most 

effective methods for obtaining high quantity DNA 

when they were comparing four different DNA 

isolation methods from several meat products such 

as sucuk, salami, sausage, braised meat, meatball, 

and pastrami. The methods included in their study 

were phenol/chloroform, DNA isolation kit, Cetyl 

Trimethyl Ammonium Bromide (CTAB), and Dodecyl 

Trimethyl Ammonium Bromide (DTAB). 

Successful amplification of cyt b gene fragments 

in chicken, cattle, and pig was shown in Figure 1. 

Lane 1, 3, and 5 are the samples extracted using a 

commercial extraction kit, whereas lane 2, 4, and 6 

are the samples extracted using the conventional 

PCIA extraction method. The PCR products showed 

species-specific DNA fragments of 227, 274, and 398 

bp from chicken, cattle, and pig, respectively, thus 

confirm the product size in each species [15].  

 

 

Figure 1 PCR product sizes of mitochondrial DNA cyt b gene 

for the investigated species. Lane 1 and 2: chicken (227 bp); 

Lane 3 and 4: beef (274 bp); and Lane 5 and 6: pork (398 

bp). Lane M, 100-bp DNA ladder 

 

 

Pork contamination in chicken is shown in Figure 2, 

in which DNA fragments of 227 bp (chicken) and 398 

bp (pig) were detected. Lane 1 and 2 in both Figures 

2(a) and 2(b) are chicken meat contaminated with 

50% pork, lane 3, and 4 with 10% pork contamination 

and lane 5 and 6 contaminated with 1% pork. 

Pork contamination can be detected in this study, 

up to 1% in the mixture without showing any 

significant decrease in band intensity. 
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Figure 2 Species-specific simplex-PCR of cyt b gene fragments of chicken (227 bp) and pork (398 bp) from raw meat mixtures 

extracted using 2(a) commercial extraction kit and 2(b) PCIA method. Lane 1 and 2 : 50% chicken: 50% pork; Lane 3 and 4: 90% 

chicken: 10% pork; Lane 5 and 6: 99% chicken: 1% pork. Lane M, 100-bp DNA ladder 

 

 

Pork contamination in beef is shown in Figure 3, in 

which DNA fragments of 274 bp (cattle) and 398 bp 

(pig) were detected. Lane 1 and 2 in both Figures 

3(a) and 3(b) are beef contaminated with 50% pork, 

lane 3, and 4 with 10% pork contamination and lane 

5 and 6 contaminated with 1% pork. 

Pork contamination can also be detected by up 

to 1% in the mixture without showing any significant 

decrease in band intensity. A study done by Ni’mah 

et al. [17] using commercial extraction kit, Genomic 

DNA Mini Kit, was also able to detect pork 

contamination in both fresh and cooked beef up to 

1% of contamination. A study by Novianty et al. [18] 

has successfully identified pork contamination until 

the level of 1% in meatball. Samples were extracted 

using Quick-DNA Universal Kit. Both studies have 

performed PCR using species-specific primers to 

isolate mitochondrial cyt b gene, and this showed 

that the cyt b gene using the PCR method has high 

sensitivity to detect pork DNA.  

 

  
 

Figure 3 Species-specific simplex-PCR of cyt b gene fragments of beef (274 bp) and pork (398 bp) from raw meat mixtures 

extracted using 3(a) commercial extraction kit and 3(b) PCIA method. Lane 1 and 2: 50% beef: 50% pork; Lane 3 and 4: 90% beef: 

10% pork; Lane 5 and 6: 99% beef: 1% pork. Lane M, 100-bp DNA ladder 

 

 

In this study, samples extracted using the 

conventional PCIA method have shown an equal 

quality of results as with samples extracted using 

commercial kits, where up to 1% of contamination 

can still be detected. With an estimated cost of 

USD1.5 to USD2.0 compared to USD5 to USD6 when 

using a commercial kit, the conventional PCIA 

method is recommended as a cheaper alternative 

for extracting adulterated raw meat as commercial 

kit cost two to three times higher than the 

conventional. 

According to Montowska & Pospiech [19], meat 

adulterations denote not just as replacement of 

ingredients but also to incorrect information 

concerning the origin of raw materials and most 

frequently by cheaper meat species. For instance, 

beef adulterated with pork is often done by butchers 

merely for the benefit of gaining extra profit because 

pork is cheaper than beef [20]. Differentiating these 

mixed meats just by visual inspection is no easy task; 

therefore, a very effective identification method for 
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meat species identification should be continuously 

developed and improved. 

 

 

4.0 CONCLUSION 
 

From this study, the conventional PCIA extraction 

method was confirmed to be able to produce high 

concentrations and purity DNA extracts. It can be 

recommended as a cost-effective alternative to 

extract meat products that are suspected to be 

adulterated as the porcine DNA can be detected as 

low as 1% in the beef and chicken mixtures. The 

application of species-specific primers consists of 

common forward, and one target species reverse 

primer has proven to be a reliable method in meat 

authentication. However, continuous improvement 

can be carried out by comparing the conventional 

PCIA method with more commercial kits available in 

the market. 
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