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Abstract: Adulterating meat products with several species, including non-halal species, is often found in 
commercial products. This study aims to design and validate the Cytochrome c oxidase subunit I (CO1) primers 
to detect the non-halal species. A pair of species-specific primers encoding the CO1 gene were designed to amplify 
bovine DNA, tested for specificity, and applied in multiplex polymerase chain reaction (PCR) technique with D-
loop primers for pigs, Cyt-b for rats, and 12S rRNA for dogs. The CO1 primers, along with D-loop primers for 
porcine, Cyt-b primers for rats, and 12S rRNA primers for dogs can be used to detect specific bovine DNA with a 
size of 279 bp and sequence similarity of 96%. In addition, dog, rat, and porcine DNA were amplified at 101, 603, 
and 951 bp, respectively. These four primers are specific and can amplify the target DNA to detect non-halal meat 
component contamination in a single reaction process. 
Keywords: bovine, CO1 primer, halal authentification, meat products, multiplex PCR 
 
1. Introduction 

Food adulteration is often found in food processing (Esteki et al., 2019; Huq et al., 2022; Tibola 
et al., 2018). Foodstuff is adulterated for various reasons, including increasing margin, carelessness, or 
covering up defects that might occur in the food (Banti, 2020; Choudhary et al., 2020; Sharma et al., 
2017). The meat mixed into the claimed food product is usually of poor quality and unfit for 
consumption or forbidden by certain religions, such as pork, rat, dog, or other non-halal meat (Manalu 
et al., 2019; Salahudin et al., 2018). Adulteration through the addition of non-halal ingredients is a major 
concern for Muslims. Every Muslim is forbidden from using non-halal ingredients or eating non-halal 
food (Denyingyhot et al., 2022; Halimi et al., 2021). Meanwhile, it is not easy to distinguish non-halal 
mixed meat from beef, so developing a reliable detection technique for mixing ingredients needs is 
necessary (Prachugsorn et al., 2022; Saputra et al., 2018). 

Several detection techniques for food adulteration have been developed based on the presence of 
protein, fat, and DNA responses (Ali et al., 2012; Chappalwar et al., 2020; Yalçınkaya et al., 2017). 
DNA-based analysis is widely used because it is stable even under extreme conditions (not easily 
denatured) (Astill et al., 2019; Članjak – Kudra et al., 2021). It is suitable for detecting food products 
undergoing a series of production processes. The PCR technique using species-specific primers has been 
widely applied to detect adulteration of processed meat products because it can amplify specific target 
sequences (Kang & Tanaka, 2018; Vaithiyanathan et al., 2021). The PCR technique using species-
specific primers has been widely applied to detect adulteration of processed meat products because it 
can amplify specific target sequences. Several species-specific mt-DNA primers that have been used to 
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detect species origin are ND2 (pork), ATPase8 (horse), ATPase6 (donkey) (Kesmen et al. (2007); as 
cited in Ai et al., 2019), Cyt-b (Matsunaga et al., 1999, as cited in Ni’mah et al., 2016), and 16S rRNA 
(Cai et al., 2021), ND1 (Raharjo et al., 2018). One of the developments of the PCR technique is the 
multiplex PCR technique which uses multiple primers and DNA samples in one reaction to amplify 
multiple target regions (Zhang et al., 2020). This technique detects multiple species in a single sample 
of each reaction. In multiplex PCR, each primer must be specific for a particular species, and the melting 
temperature (Tm) should be similar or nearly for the PCR to work properly (Kalendar et al., 2017). 

Previously, Kusnadi et al. (2020) successfully tested the specificity of mt-DNA D-loop primers 
to detect porcine in various meat (pork, beef, goat, chicken, and lamb) using conventional PCR 
techniques. Several mt-DNA primers have been developed, including D-loop for porcine (Kusnadi et 
al., 2020), Cyt-b for rats (Nuraini et al., 2012), and 12S rRNA for dogs (Chen et al., 2019). The CO1 
primers were designed and validated in this study using the multiplex PCR technique, allowing forgery 
detection to be done quickly and accurately in a single test. 
 
2. Materials and Methods 
2.1. Bovine Specific Primer Design 

A pair of bovine-specific primers targeting the CO1 gene in mt-DNA bovine were designed 
based on the sequence of CO1 gene obtained from the website of the National Center for Biotechnology 
Information (NCBI). The Bos taurus species with GenBank accession number MT576844.1 was 
selected as the nucleotide sequence reference for bovine. The bovine CO1 sequences were aligned with 
those of dog (Canis lupus familiaris, KJ522809.1), rat (Rattus norvegicus, NC 001665.2), and porcine 
(Sus scrofa domesticus, KJ789952.1) to obtain a specific and unique sequence. The selection of primer 
sequences is carried out by considering the size of the product amplification (100–500 bp), primer 
length 20–30 bp, GC 40–60%, melting temperature (Tm) 50–60°C, and annealing temperature (Ta) max 
5°C from Tm.  

2.2. DNA Isolation 
The chloroform isoamyl-alcohol method was used to isolate DNA from meat samples (beef, 

porcine, rats, and dogs) with some modifications, including the elimination of phenol, storage time, 
and centrifugation speed (× g) (Sambrook et al., 1989, as cited in Priyanka et al., 2021). The samples 
of beef and pork were obtained from Malang city supermarkets. In contrast, the samples of dog and rat 
meat were supplied by The Central Laboratory of Life Sciences (LSIH) of Brawijaya University. 

Each meat sample was weighed up to 20 mg and placed in a 1.5 mL Eppendorf tube containing 
500 µL of STE buffer (NaCl, Tris-Cl pH 8, EDTA pH 8). First, the samples were mashed with a micro 
pestle and mixed with 40 µL of 10% SDS and 20 µL of proteinase-K 20 mg/mL. Next, they were 
vortexed for 20 seconds before being incubated in a thermal mixer at 55°C and 800 rpm (MHR 13, 
HLC BioTech). Finally, they were centrifuged for 10 minutes at 29°C at 16.000 × g (Mikro 22R, 
Hettich). 

The amount of 400 µL of the supernatant was transferred to a new 1.5 mL Eppendorf tube and 
added with the same volume of chloroform and isoamyl alcohol with the 24:1 ratio. Then, 40 µL of 
5M NaCl was added and mixed slowly. The mixture was centrifuged for 10 and 5 minutes at a 
temperature of 29°C and a speed of 16.000 × g. The procedure was repeated the second time without 
adding 5M NaCl. The supernatant was then transferred into a new 1.5 mL Eppendorf tube along with 
800 µL of absolute cold ethanol and 40 µL of 5M NaCl. The samples were slowly mixed and incubated 
at -20°C for 2.5 hours before being centrifuged for 10 minutes at 4°C at 16.000 × g. Next, the pellet 
was added to 500 µL of 70% ethanol before being centrifuged for 5 minutes at 4°C at 16.000 x g. 
Finally, the pellets tube was placed in a Thermomix at 55°C until the ethanol evaporated. The pellet 
was then dissolved in 50 µL of pH 7.6 TE buffer. A NanoDrop™ spectrophotometer (NanoDrop/ND-
1000 UV/Vis) was used to analyze the samples for purity and concentration. 

2.3. PCR Amplification 
The multiplex PCR technique was used to test primer specificity. DNA isolates were amplified 

using 12S rRNA primers for dogs, Cyt-b primers for rats, D-loop primers for porcine, and CO1 
primers for bovine. In a 0.2 mL tube, the total volume of 20 µl PCR reaction mixture contained 10 µl 
My TaqTM HS Red Mix, 0.5 µl of forward and reverse primers (dogs, rat, porcine, and bovine), 3 µl 
of ddH2O, 0.5 µl of DNA beef, 0.5 µl porcine DNA, 1 µl rat DNA, and 1 µl dog DNA. Spin down 
was used to homogenize this PCR mixture. Thermal cycler (CR system 9700, Applied Biosystems) 
set to 95°C for 5 minutes for hot start, then 35 denaturation cycles at 95°C for 30 seconds, annealing 
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at 55°C for all primers in 30 seconds obtained through PCR optimization of annealing and extension 
temperatures at 72°C for 40 seconds. The last stage is the final extension at 72°C for 5 minutes. The 
PCR products were stored at -20°C before being used for further analysis. PCR products were 
visualized by electrophoresis (Mupid 2 plus) technique using 1.5% agarose concentration dissolved 
in 1× TBE buffer and run at 50 V for 45-50 minutes. Electrophoresis results were observed using a 
ChemiDoc gel imaging device (BR-200, Bio-Rad). Amplification samples with bovine primers were 
sequenced at 1st Base Malaysia and analyzed using bioinformatics programs (sequencer 4.1.4) and 
Basic Local Alignment Search Tool (BLAST). 
 
3. Results and Discussion 
3.1. Bovine Specific Primer Design CO1 

A pair of forward and reverse primers were designed manually based on the mt-DNA region of 
the bovine CO1 gene (Bos taurus) taken from the NCBI database with GenBank accession number 
MT576844.1. As a result, 1545 bp long bovine CO1 gene sequences were aligned with CO1 sequences 
from dogs, porcine, and rats, as shown in Figure 1. 

 
(a) 

 
(b) 

Figure 1. Alignment of CO1 Gene Sequences for Bovine, Horse, Pig, Mouse, Dog, and 
Chicken Species. (a) Primer Forward, (b) Primer Reverse. 

The higher phylogenetic group is related to the higher base variation in the nucleotide sequence 
(Hasibuan et al., 2017). The length of the primers was 20 bp, designed to amplify sequence targets of 
279 bp length. The length of this target corresponds to the amplification product of other primer targets 
used in multiplex PCR. Shorter target DNA will be more stable and easier to obtain from the 
amplification of degraded template DNA, such as DNA in processed meat product samples. In general, 
processed meat products have gone through a series of processes that can damage DNA, such as refining 
raw materials and heating. The characteristics of the designed forward and reverse CO1 primers and 
several other primers used in this multiplex PCR technique as shown in Table 1. 

Table 1. The Primer Pairs Used in Multiplex PCR Identification of Dog, Rat, Porcine, Bovine 
Species Sequence Gene Length 

(bp) 
% GC Ta (°C) Amplicon  

(bp) 
Reference 

Dog F:  AATTGAATCGGGCCATGAA 
R: CTCCTCTTTGTTTTAGTTAAGTTAA 
     TCTG 

12S rRNA 19 
30 

42 
30 

55 

101 (Martín et al., 2007) 

Rat F: GACCTCCCAGCTCCATCAAACATC 
     TCATCTTGA TGAAA 
R: GAATGGGATTTTGTCTGCGTTGGA  
     GTTT 

Cyt-b 38 
 

28 

44,7 
 

42,8 

603 (Matsunaga et al., 
1999, as cited in 

Nuraini et al., 2012) 

Porcine F: TACTTCAGGACCATCTCACC  
R: TATTCAGATTGTGGGCGTAT  

D-loop 20 
20 

50 
40 

120 (Haunshi & Saxena, 
2008, as cited in 

Kusnadi et al., 2020) 
Bovine F: CCGGTATAGTAGGAACAGCT 

R: CAACTATAGAGGATGCGAGG 
CO1 20 

20 
50 
50 

279 This study 
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The CO1 mt-DNA primers designed qualify as as good primers. The 20 bp primer length is 
sufficient for binding the template DNA at the appropriate annealing temperature and obtaining specific 
sequences (Borah, 2011, as cited in Cahyadi et al., 2018). Therefore, a primer size that is too long will 
affect the annealing process, but a primer size that is too short will affect the primer's specificity. In 
addition, the CO1 primer has a guanine-cytosine (GC) content of 50%. Therefore, the percentage of 
primary GC should be between 40% and 60%. A high percentage of GC causes the formation of a hairpin 
structure, whereas the low one reduces the efficiency of the PCR (Sasmito et al., 2014). 

3.2. DNA Isolation and Quantitative Measurement 
It is important to ensure the purity and adequate concentration of DNA before carrying out the 

DNA amplification process using the PCR technique. Sufficient DNA concentration is needed for the 
DNA amplification process to occur properly (Piskata et al., 2017). Therefore, DNA isolates from meat 
samples were tested quantitatively, as shown in Table 2. 

Table 2. The Results of DNA Isolation of Fresh Meat 
Sample Concentration (ng/µl) Purity (λ 260/280) 
Porcine 94.92 1.99 
Bovine 138.11 1.92 

Dog 41.88 2.06 
Rat 143.37 2.01 

The concentration of DNA templates required for the PCR process ranges from 10 to 100 ng/μl 
(Nugroho et al., 2017). It is the total concentration of DNA in the PCR mix. The DNA isolates obtained 
during the isolation process ranged from 41.88 ng/μl to 143.37 ng/μl. Therefore, the DNA concentration 
is adequate for use in the PCR reaction. The purity of dog and rat DNA is 2.06 and 2.01, respectively. 
It indicates little RNA contamination because the RNAse enzyme is not used in isolation (RNAse 
enzyme can degrade RNA). 

3.3. Bovine Primer Specificity Test 
3.3.1. Primer Specificity Test using single PCR 

Primers' specificity is critical in food authentication studies to avoid misidentification. Therefore, 
the specificity of the primers was tested in this study by amplifying DNA extracted from beef (positive 
control), dog, porcine, rat, and ddH2O (negative control). Figure 2a visualizes the CO1 single PCR 
primer specificity test. 

The results showed that the DNA band formed was a single band with a size of 279bp,  which 
corresponded to the target DNA (bovine), as shown in Figure 2a, line 2. The CO1 gene has several 
advantages over other genes in mt-DNA in high-level species identification and characterization studies. 
The CO1 gene's nucleotide sequence contains few deletions and insertions, indicating that many 
conserved regions can be used to identify species. Furthermore, the deletion or insertion of the 
nucleotide may result in point mutations, leading to silent mutations that do not result in amino acid 
changes. This nucleotide mutation may be sufficient to distinguish among species. As a result, the CO1 
gene can be used as a genetic marker for precise species identification (Luo et al., 2011; Wirdateti et al., 
2016). It was evidenced by the absence of DNA bands in non-target species and negative control. 

3.3.2. Primer Specificity Test using Multiplex PCR 
Multiplex PCR is a technique for detecting multiple DNAs in a single reaction. Therefore, specific 

primers are needed for each targeted DNA. Thus, it is critical to perform a primer specificity test to 
determine the specificity of the primer in amplifying each target DNA. Figure 2b visualizes the CO1 
multiplex PCR primer specificity test. 

Figure 2b shows that the primer can amplify the target DNA in each sample of singleplex PCR 
well. It is indicated by the formation of four bands corresponding to each size of the target species. DNA 
of dogs, bovine, rat, and porcine was successfully amplified at 101 bp, 279 bp, 603 bp, and 951 bp (line 
1-4), respectively, based on the results of Martín et al. (2007), Nuraini et al. (2012), and Kusnadi et al. 
(2020). These results indicate that the four primers are specific primers capable of amplifying the target 
DNA. In addition, using the multiplex PCR technique, the mixed DNA (lanes 5 and 6) was successfully 
amplified in one reaction. 
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Figure 2. (a).Visualization of Primer Specificity Test with Single PCR (M= DNA Ladder 100 bp, 1= 
ddH2O, 2= Bovine, 3= Dog, 4= Porcine, 5= Rat). (b) Visualization of Primer Specificity Test 
with Multiplex PCR Type: M=DNA Ladder 100 bp (1= Dog, 2= Bovine, 3= Rat, 4= Porcine, 
5 and 6= Mix DNA). 

3.4. Bovine DNA Sequence Analysis  
The amplification results with bovine-specific CO1 primers were analyzed using a bioinformatics 

program (sequencher 4.1.4) to see the target DNA sequences. Furthermore, the DNA sequences were 
analyzed using the BLAST program to find the homology of the primer sequence with DNA sequences 
published in the GenBank, as shown in Figure 3, resulting in similarity/identity values and query 
coverage. The DNA sequence amplified by CO1 primer has an amplicon length of 279 bp, matching the 
sequence located at 5764 - 6042 bp of 16339 bp of Bos taurus isolate YB6 mitochondrion with accession 
number MT576844.1. Based on the results of BLAST analysis, the primary sequence of CO1 gene 
amplification had 100% query cover, 96% identity, and a 3% total gap. The results demonstrated that 
the CO1 primer detected bovine DNA fragments with a high and specific match. 

Figure 3. Results of DNA Sequence Query Compared with Sequences in GenBank. 
 
4. Conclusion 

Species-specific primers designed based on the bovine mt-DNA CO1 gene sequence were 
confirmed to detect bovine DNA with a size of 279 bp and sequence similarity of 96%. Therefore, CO1 
primers can be applied for specific detection of bovine DNA along with D-loop primers for porcine, 
Cyt-b for rats, and 12S rRNA for dogs. Therefore, these four primers can be applied to detecting 
counterfeiting and halal authentication. 
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