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Abstract 

 

Background and Objective: Buffalo plays a role in providing animal protein in 

Indonesia. Their meat and skins are widely used as raw materials for processed foods. 

However, the high demand for buffalo products is not proportionate with the current 

supply; thus, creating chances for food fabricating. This practice is not only illegal but 

also causes serious risks to food safety and halal compliance. The detection of 

adulteration in food product can be carried out using polymerase chain reaction 

technique and specific primers that target buffalo DNA. This research aimed to 

develop primers that could accurately identify buffalo DNA. 

Material and Methods: The primers were designed based on the sequence of the 

buffalo cytochrome b gene. The effectiveness of these primers in recognizing and 

amplifying buffalo DNA was assessed using polymerase chain reaction technique. 

Specificity assessments were carried out to assess the primer capability to detect 

buffalo DNA, with comparative controls including cattle, goat, chicken, pig, dog and 

mouse DNA. Sensitivity assessments were carried out to assess the minimum DNA 

concentration detectable by polymerase chain reaction. Then, the ability of these 

primers in identifying buffalo skin crackers was assessed against controls of cow skin 

crackers, goat skin crackers, and crispy chicken skin and pork skin crackers. 

Results and Conclusion: The polymerase chain reaction results indicated that the 

Buffalo_5.1 primer pair (forward 5’-TTAGTACTATTCGCACCCGACCTC-3’ and 

reverse 5’-TCGTTGTTTGGATGTATGTAGCAG-3’) successfully amplified buffalo 

DNA specifically, with a detection limit of up to 10-3 ng μl-1 (assuming that the solution 

included a density of 1 g ml-1 equal to 10-⁷  % w/w), which could potentially increase 

to 10-5 ng μl-1 (10-⁷  % w/w) under optimal conditions. Furthermore, it was able to 

detect buffalo DNA in buffalo-skin cracker products even at low DNA purity levels. 

These results suggest that the Buffalo_5.1 primer includes the potential to serve as a 

reliable molecular marker in polymerase chain reaction-based food authentication 

studies. 
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 High demand for buffalo products that is not matched by sufficient production, 

creates opportunities for food fraud, so an authentication process is necessary.  

 Existing cytb-based primers for buffalo DNA detection are designed for raw or 

moderately processed meat, with amplicon sizes that are either too long or too short.  

 This study builds on previous research using mtDNA for species identification and 

cytb-based primers, addressing limitations in detecting DNA in highly processed 

buffalo products. 

What is “already known” on this 

topic: 
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 The Buffalo_5.1 primer pair demonstrated absolute species specificity, high 

reproducibility, and a high limit of detection (up to 10^-3 ng/μL) in processed 

products like buffalo skin crackers.  

 This research advances existing knowledge by developing a novel cytochrome b-

based primer pair for accurate identification of buffalo-derived ingredients in 

processed products.  

 The Buffalo_5.1 primer pair complements existing tools for food authentication, 

meat adulteration prevention, halal compliance, and conservation studies, enhancing 

molecular diagnostics in food safety. 

What this article adds: 

1. Introduction 

Indonesia, the fourth most populous country in the world, 

faces a high demand for animal protein, including buffalo 

meat. However, domestic production is insufficient to meet 

national needs. In 2023, buffalo meat production reached 

only 22,110 tons, while the total national demand for beef 

and buffalo meat was 680,019 tons and is projected to 

increase to 724,188 tons in 2024 (1,2). To overcome this 

problem, in 2023, Indonesia imported large quantities of 

buffalo products, nearly 100,000 tons, majorly from India 

(3). Other than serving as a protein source, buffalo 

commodities support the tourism sector through the 

production of local delicacies such as rambak crackers made 

from buffalo (Bubalus bubalis) skin. The increasing demand 

and limited supply, however, create opportunities for food 

fraud that threaten food safety and halal compliance. 

Reliable authentication is therefore essential. Molecular 

methods based on nucleic acid analysis, particularly 

polymerase chain reaction (PCR), are widely used for 

species identification because of their high sensitivity and 

the inherent stability of DNA molecules. In various 

research, the PCR technique targeting mitochondrial DNA 

has commonly been used for species identification in food 

products (4–7); however, specific molecular biomarkers for 

detecting adulteration in buffalo-derived and processed 

products are underdeveloped. 

Mitochondrial DNA offers greater effectiveness than 

nuclear DNA because it exists in thousands of copies per 

cell, enabling reliable detection even from limited or 

degraded samples. It yields higher amplification success in 

extensively processed food products where DNA 

fragmentation is severe (5). The mitochondrial cytochrome 

b (cytb) gene has long been used as a molecular marker for 

species identification in meat authentication (8). The cytb 

gene shows a lower mutation rate compared to other genes 

within mitochondrial DNA loci (9). In previous research, 

the cytb gene sequence has been used as a basis for 

designing species-specific primers for dogs, which have 

proven effective in detecting dog meat contamination in 

meatball products (10),  verifying that the leather garment 

material is from cowhide (11), as well as for halal 

authentication (4,12–17). 

Although previous studies have developed cytb-based 

primers for buffalo DNA detection, most studies were 

designed for raw or minimally processed meats, with 

reported amplicon sizes ranging from approximately 655 to 

106 bp (18, 19). Amplicon size critically affects detection 

performance in processed foods, where DNA degradation is 

extensive—larger fragments often fail to amplify, while 

overly short targets may decrease specificity. Therefore, 

current primers are inappropriate for highly processed non-

meat buffalo derivatives such as buffalo skin crackers 

(rambak), which include severe thermal and chemical 

treatments. 

Advanced molecular approaches such as real-time PCR 

and loop-mediated isothermal amplification (LAMP) have 

improved the sensitivity of buffalo DNA detection, 

achieving detection limits nearly 1% (20, 21). However, 

these techniques need costly reagents and specialized 

instrumentation, limiting their practicality for routine food 

inspection or field assessing. Despite these developments, a 

significant research gap persists that the current cytb-based 

primers are not optimized for detecting buffalo DNA in 

highly processed non-meat derivatives such as buffalo skin 

crackers (rambak) that include intense thermal and chemical 

treatments leading to severe DNA degradation. To address 

this limitation, the present study aimed to design and assess 

species-specific cytb primers with moderate amplicon 

lengths optimized for degraded DNA. This study provided 

a foundation for reliable authentication of processed buffalo 

products and contributed to the broader goal of establishing 

standardized molecular protocols for food authenticity 

verification and halal certification. 

2. Materials and Methods 

2.1. Primer Design Specific for Buffalo 

The primer was designed based on the cytb coding 

sequence from the National Center for Biotechnology 

Information (NCBI) database 

(https://www.ncbi.nlm.nih.gov/). The sequences were 

aligned with cytb nucleotide sequences from other species 

using BIOEDIT software to identify unique polymorphic 
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sequences that are specific for the buffalo species. The 

selected polymorphic sequences were then used as 

references in the design of specific primers. The primer 

design process was facilitated by the Primer3Plus software 

(https://primer3plus.com/). Once appropriate primer 

candidates were identified, an in-silico assessment was 

carried out using basic local alignment search tool 

(BLAST), available on the NCBI website  

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) to verify that the 

primers specifically amplify buffalo DNA. Then, in-silico 

analysis was carried out using NetPrimer, available on the 

Premier Biosoft website 

(https://www.premierbiosoft.com/netprimer/) to assess the 

melting temperature (Tm), GC percentage, GC clamp, 

potential secondary structure formation (hairpin, self-dimer, 

cross-dimer), repeats and runs. The primers were 

synthesized by Integrated DNA Technologies, Singapore. 

2.2. Sample Preparation 

 The sample included buffalo meat, beef, goat, chicken, 

pork, dog, rat, buffalo skin crackers, beef skin crackers, goat 

skin crackers, crispy chicken skin and pork skin crackers 

from various stores. Each sample was packaged in plastic 

containers and stored in a freezer at -20 °C to preserve its 

freshness and prevent cross contaminations.  

2.3. DNA Isolation using Chloroform-Isoamyl Alcohol 

(24:1) Method 

Briefly, DNA isolation was carried out under aseptic 

condition using 20 mg of the sample. Then, 500 μl of salt-

tris-EDTA (STE) buffer was added as the lysis buffer, with 

40 µl of 10% SDS and 20 µl of proteinase-K at a 

concentration of 20 mg ml-1. The mixture was vortexed and 

incubated at 55 °C and 800 rpm overnight until the cell 

membranes were lysed using thermo shaker (Biosan TS-

100, Latvia). Then, mixture was centrifuged (TOMY MDX-

310, Japan) at 12,000 rpm for 10 min at 29 °C. The 

supernatant, which contained the crude DNA components, 

was collected at 500 μl and transferred to a fresh microtube. 

Then, 500 μl of chloroform-isoamyl alcohol solution (24:1) 

and 40 μl of 5 M NaCl were added to the supertnatant. The 

microtube was shaked until the solution was homogenized 

and then centrifuged at 12,000 rpm for 10 min at 29 °C. The 

pellet was discarded and 400 μl of the supernatant were 

transferred to a fresh microtube. The supernatant was mixed 

with 400 μl of chloroform-isoamyl alcohol (24:1) and 

shaked until the mixrure was homogenized. The mixture 

was centrifuged at 12,000 rpm for 10 min at 29 °C. The 

pellet was discarded and the supernatant was transferred to 

a fresh microtube. Then, 40 μl of 5 M NaCl and 800 μl of 

cold absolute ethanol were added to the supernatant, 

followed by incubation at -20 °C for 2.5 h to precipitate the 

DNA. The mixture was centrifuged at 12,000 rpm for 10 

min at 4 °C to allow the DNA to settle into a pellet. The 

pellet was treated with 500 μl of 70% ethanol and 

recentrifuged at 12,000 rpm for 10 min at 4 °C. The 

supernatant was discarded and the pellet was dried at 55 °C 

for 30 min until the ethanol evaporated using thermomixer. 

Pellet was dissolved in 50 μl of TBE buffer at pH 7.6. This 

solution contained the DNA isolate from the sample, which 

could be analyzed for purity and concentration using 

nanodrop spectrophotometer. The concentration and purity 

of the DNA isolate were verifyed using Implen 

NanoPhotometer (Model NP 80, Germany) at 260/280 nm. 

2.4. Reaction Components and PCR Program Settings 

The PCR cocktails included 0.5 µl of forward and reverse 

primers (10 μM), 1 µl of 50 ng µl-1 DNA sample isolate, 5 

µl of MyTaq HS red mix (Bioline BIO-25048, Germany) 

and 3 µl of nuclease-free water (Invitrogen AM9932, USA) 

(22). The amplification steps consisted of initial 

denaturation (95 °C for 60 s); followed by denaturation (95 

°C for 15 s), annealing (63 °C for 15 s), elongation (72 °C 

for 10 s) and final elongation (72 °C for 60 s); as well as 

cooling (4 °C) (Bioline, 2014). The PCR instrument was 

PCR gradient thermocycler (SensoQuest, Germany). The 

PCR results were analyzed using gel electrophoresis system 

(Mupid-exU, Japan) with agarose gel concentration of 1.5% 

at 50 V for 55 min. 

2.5. Primer Specificity Assay 

The specificity assay was carried out using target DNA 

(buffalo) and non-target DNA (cattle, goats, chickens, pigs 

and rats) at a concentration of 50 ng µl-1. The assay was 

carried out in two repetitions. The specificity of the primers 

could be verifyed after analyzing the amplicon bands 

resulting from electrophoresis. A primer was considered 

specific if only the amplicon band from the target DNA was 

present; which in this research, context referred to the cytb 

gene fragment from the buffalo's mitochondria. 

2.6. Primer Sensitivity Assay 

The primer sensitivity assay was carried out involving a 

gradient of buffalo DNA concentrations, which included 

100, 10, 1, 10-1, 10-2, 10-3, 10-4 and 10-5 ng μl-1. The 

sensitivity of the primers was assessed based on the lowest 

concentration of buffalo mitochondrial DNA that could be 

amplified. The primer sensitivity assay was carried out in 

three repetitions. 

2.7. Primer Sampling Assay 

The primer sampling assay was carried out using 

processed food products in the form of crackers made from 

animal skin. The positive sample consisted of buffalo skin 

crackers, while the negative samples included cattle skin 

crackers, goat skin crackers, crispy chicken skin and pig 

skin crackers. The positive control consisted of pig DNA 

with a concentration of 100 ng μl-1 and negative control 

consisted of the nuclease free water (Invitrogen AM9932, 

USA) were used in this step to assess the validity of the 
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results. The primer sampling assay was carried out in two 

repetitions. 

3. Results and Discussion 

3.1. Cytochrome b (cytb) Primer Development  

The primer was designed using in-silico analysis. The 

designed primer candidates have met the ideal criteria for all 

parameters, with the exception of self-dimer formation. The 

Buffalo_5.1 reverse primer included a ∆G value of -8.76 

kcal mol-1. Primers with a ∆G value less than -6 kcal/mol 

were still used, despite the potential for secondary structure 

formation. This shortcoming was addressed through the 

optimization of the PCR procedure, as is commonly 

practiced in studies involving PCR techniques (23). Primer 

development based on in-silico analysis provides a 

predictive result but may differ from actual PCR conditions. 

In-silico analysis of primer specificity often cannot be used 

as a reference for identifying good primer specificity (24). 

Therefore, primer validation using the PCR process is 

essential to identify primers that have been developed to 

include good quality. 
 

Table 1. The property of Primer Buffalo_5.1 based on in Silico 

analysis 

Parameter Results Ideal 
Value 

Source 

Buffalo_5.1 

Forward 

Buffalo_5.1 

Reverse 

 

Primer length 

(bp) 

24 24 18-30 (25) 

Tm (°C) 61,97 59,89 50-65 (26) 

GC content (%) 50 42 40-60 (27) 

GC clamp 2 2 ≤ 3 (28) 
Hairpin 

(∆G=kcal/mol) 

-0,69 - > -3 (29) 

Self-Dimer 
(∆G=kcal/mol) 

-8,78* -36 > -6 

Cross-Dimer 
(∆G=kcal/mol) 

-3,56 -3,56 > -6 

Repeats - - ≤ 3 

Run 3 3 ≤ 4 (28) 

*: Not fulfil the ideal value 

3.2. Primer Specificity Validation 

Primer specificity was assessed via its ability to hybridize 

specifically with target DNA without producing DNA 

amplicon products from non-target species using PCR 

method. The PCR amplification product visualization 

showed that the Buffalo_5.1 primer pair specifically 

amplified buffalo DNA and did not amplify DNA from 

other samples (cattle, goats and mice). This demonstrated 

that the designed primer was specific and complementary to 

the buffalo DNA. The results showed consistency upon 

repetition. In the first and the second trials, the visible DNA 

amplicon band was a single band that corresponded to the 

target size of 216 bp (Figure 1).  

 

Figure 1. The Result of Specifity Test of The Buffalo_5.1 Primer. 

A. Repetition 1, B. Repetition 2, M: DNA Ladder 100 bp, 1. 

Buffalo meat, 2. Cow meat, 3. Goat meat, 4. Chicken meat, 5. Pork 

meat, 6. Dog meat, 7. Mice meat, - negative control. 

 

The specificity assay results for the Buffalo_5.1 primer 

pair verify that the 5.1 primer pair show good performance 

for specificity and amplification pattern consistency. The 

specificity of this primer is critical as it ensures reliability 

when used for assessment the presence of adulteration or the 

authentication of a material. Primer specificity is key in 

PCR-based adulteration assessment as it assesss the validity, 

accuracy and credibility of detection results. Specific 

primers accurately detect the target DNA because they only 

bind to the DNA sequence of the target species/product. 

This prevents the amplification of unwanted DNA from 

other organisms. Furthermore, the presence of specific 

primers helps avoid the generation of false positive data, as 

non-specific primers may bind to similar DNA from other 

species, leading to results that indicate adulteration when it 

does not actually exist. The level of specificity of 

Buffalo_5.1 primer pair was similar to that of cytb-based 

assay using duplex PCR by (18) that differentiated buffalo 

against cattle, which produced amplicons of 249 bp 

(buffalo) and 655 bp (cow) (18). In degraded or processed 

samples, universal cytb primers that produce shorter 

fragments (~148 bp) have been shown further effective in 

amplifying damaged or fragmented DNA (30). Similarly, 

primers developed from the cytb gene sequence successfully 

identified unprocessed ruminant skin (31). and could clearly 

separate four species (buffalo, cattle, sheep and goat) with 

various cytb fragment sizes (106–308 bp) for each species 

using blood samples (19). Compared with these primers, the 

primers developed in this study (single target 216 bp, 

buffalo specific) will complement the detection capabilities 

of the current primers. 

The high primer specificity enables the identification of 

complex mixed materials. Processed meat products 

typically undergo various processes that cause DNA 

fragmentation such as grinding, cooking and drying. If 

adulteration assessment uses primers with great specificity, 

even small targeted DNA fragments are still detected. The 

A 

B 
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cytb gene has widely been used as a marker for identifying 

specific species across mammals, birds and insects. The 

authentication of cattle leather has successfully been 

achieved using cytb gene sequence (12). Halal 

authentication using this gene has been reported by several 

researchers (12–17,32,33). 

3.3. Primer Sensitivity Assay 

  Sensitivity assessment was carried out to assess the 

lowest concentration of buffalo DNA that could be detected 

by Buffalo_5.1 primer during the PCR reaction. Based on 

the analysis of the DNA amplicon bands (Figure 2), 

variation in sensitivity levels between the two repetitions 

was detected. 

 

Figure 2. The Result of Sensitivity Test for Primer Buffalo_5.1 in 

Various Buffalo DNA Concentration (100 ng/µL-10-5 ng/µL) M. 

DNA Marker, A. Repetition 1, B. Repetition 2, C. Repetition 3 - 

negative control. 

 

From the three trials, two trials showed that the primer 

was able to detect buffalo DNA down to the lowest 

concentration of 10-3 ng µl-1. One trial, however, the 

sensitivity reached to 10-5 ng µl-1. The distinct results 

between the trials might be attributed to the quality of the 

DNA (34). The DNA degradation is one of the factors 

leading to the failure of DNA analysis using PCR (35). This 

issue can increase when the primer fails to bind to the 

severely degraded target DNA sequence. The DNA 

concentration and volume may vary between PCR reagent 

manufacturers. Referring to the manufacturer's 

recommendation, the recommended DNA template 

included 200 ng per reaction with a total volume of 50 µl. 

Furthermore, suspected EDTA residue from the extraction 

might cause primer inconsistency in amplifying DNA at 

concentrations of 10-3 to 10⁻ ⁵  ng µl-1 (36). Nevertheless, 

the Buffalo_5.1 primer designed in this research was quite 

reliable in detecting DNA at least until a concentration of 

10-3 ng µl-1. Assuming that the solution included a density 

of 1 g ml-1, 10-3 ng µl-1 equal to 10-7 % w/w  and the potential 

to reach 10-5 ng µl-1 equal to 10-9 % w/w  under optimal 

conditions.  

The sensitivity level of Buffalo_5.1 primer was still 

considered good when viewed from the perspective of its 

use for food fraud detection. In comparison, detection of 

adulteration using primers based on mitochondrial D-loop 

capable in detecting the contamination down to 1% and very 

faint/inconsistent results at 1% in autoclaved meat emulsion 

(37). Discrimation of beef and buffalo in Malaysian meat 

curry and burger products using primers developed based on 

mitochondrial genes showed sensitivity down to 1% meat in 

mixtures of 0/0.01 ng DNA (38). Other research which 

developed a detection method for meat fraud using 

multiplex PCR and 12S rRNA showed sensitivity of 10-1 ng 

µl-1 for pig species and 10-2 ng µl-1 for cattle, chicken and 

donkey species (39). Another study that developed a 

detection method for pig DNA using real-time PCR 

indicated that the smallest concentration of pig DNA that 

could be detected is 10-3 ng µl-1 (40). The article also 

explained that the sensitivity of real-time PCR was higher 

than that of conventional PCR. Identification of buffalo skin 

using universal cytb amplification and RFLP (RsaI enzyme) 

distinguished buffalo aganst cattle in skins down to ~10% 

buffalo skin in mixed hide samples (31). This finding 

strengthened that the Buffalo_5.1 primer included a good 

sensitivity result. 

3.4. The Efectivity Assay of The Primer in Processed 

Food Products 

Assessments were carried out to assess the reliability of 

the Buffalo_5.1 primer pair using PCR technique in 

detecting buffalo DNA in processed food products. The 

potential challenge during the DNA preparation from 

processed food products is the possibility of DNA 

degradation during the food processing. In this study, DNA 

was successfully isolated from several animal skin crackers 

which are commonly consumed in the community. Several 

samples were identified having protein contamination, 

which could be resolved by adding proteinase-K enzyme 

into the DNA sample. 

From the agarose gel electrophoresis visualization result 

(Figure 3), it was evident that the PCR amplicon band was 

only present in the positive control and the buffalo skin 

cracker sample.  
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Figure 3. The Result of Efectivity Test of Buffalo_5.1 Primer 

 

Description: 
      M        : DNA marker 

      +      : positive control (buffalo DNA isolate from fresh meat) 

    -      : Negative control (nuclease-free water) 
    1&2     : Buffalo skin crackers  

    3&4     : Cow skin crackers  

    5&6     : Goat skin crackers  
    7&8     : Crispy chicken skin  

    9&10     : Pork skin crackers 

 

Samples of cow skin crackers, goat skin crackers, crispy 

chicken skin and pork crackers did not show detectable 

amplicon bands. The positive control included DNA 

isolated from fresh meat of buffallo, while the negative 

control included nuclease-free water. Positive amplification 

indicated that Buffalo_5.1 primer was still capable of 

recognizing buffalo DNA sequences in the buffalo skin 

cracker sample, despite the potential for DNA degradation 

during food preparation process. 

The similar results from the repetitions verified that 

Buffalo_5.1 primer pair was not only specific but also 

demonstrated good performance in detecting the presence of 

buffalo DNA in processed food products derived from skin. 

The skin crackers have been boiled, dried and fried. Study 

of the effectivity of primers targeting the cytb was used to 

amplify DNA isolated from the skins of cattle, buffalo, goats 

and pigs (41) after putrefaction, heating or processing of 

mixed meats (42), beef curries, burger products under 

boiling, autoclaving, microwave cooking (37), minced 

meat, frozen rolls, boiled meat, meat balls, jerky  which 

processed in various ways (43), but none of them involved 

drying followed by frying The succes of Buffalo_5.1 

primers to amplify DNA from skin crackers demonstrated 

that this primers were capable in identifying bufallo DNA 

sequences even from products that have undergone drying 

and frying processes. 

 

 

Table 2. Comparison of cytochrome b-based assays for buffalo DNA detection and their applicability to processed products 

No. Technique Amplicon size 

(bp) 

Detection 

limit 

Key features / limitations Study / 

Reference 

1. Conventional 

PCR 

655 / 249 - Moderate specificity; large amplicon unsuitable for 

degraded DNA 

Duplex PCR 

(18) 

2. PCR 

(multiplex) 

106 – 308 - Very short fragments; improved degradation tolerance 

but lower specificity 

Multiplex PCR 

(19) 

3. qPCR < 200 ≈ 1 % 

(w/w) 

High sensitivity and quantification; costly 

instrumentation 

Real-Time PCR 

(20) 

4. Isothermal 

(LAMP) 

< 200 (multi-

region) 

≤ 0.01 % 

(w/w) 

Rapid detection; design and readout more complex LAMP (21) 

5. Conventional 

PCR 

Moderate 

(optimized) 

10⁻ ³ ng 

μL⁻ ¹ 

Absolute species specificity; reproducible single band; 

effective for degraded DNA in processed products 

(rambak) 

This study – 

Buffalo_5.1 
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The Buffalo_5.1 primer developed in this study 

combined moderate amplicon size and high species 

specificity, enabling reliable amplification of severely 

degraded DNA from processed buffalo products. Compared 

with previously reported Cyt b assays, this achieved a 

superior detection limit (10⁻ ³ ng μl⁻ ¹) while maintaining 

simplicity and cost-effectiveness for routine authentication 

and halal verification. The skin cracker products in the 

market generally include similar shapes and physical 

appearances, whether they made from cow, buffalo or pig 

skin. This morphological similarity makes it difficult for 

consumers to distinguish the source of the raw material, 

even though pork skin crackers are prohibited for 

consumption by the muslims community. With the largest 

muslim population worldwide, Indonesia includes a very 

high demand for reliable authentication methods to ensure 

the authenticity and halal status of these food products. In 

addition to being widely consumed as side dishes or snacks, 

the skin crackers are also popular as souvenir from various 

regions; thus, including important economic and cultural 

values. Therefore, several types of skin crackers were used 

in this study to assess the effectiveness of Buffalo_5.1 

primer pair. The development of specific molecular markers 

such as primers for authenticating buffalo skin crackers 

includes great potential to support the halal certification 

process, strengthen the integrity of the food industry and 

protect consumers from food adulteration product. 

Further research should focus on developing use of the 

Buffalo_5.1 primers to authenticate further complex and 

processed food matrices such as mixed meat products, 

cooked dishes or highly degraded DNA samples to assess 

their detection capabilities and meet real-world industry and 

market needs. Furthermore, integrating this primer system 

with emerging portable molecular technologies, including 

chip-based PCR with the recombinase polymerase 

amplification (RPA) LAMP technique, can enable the 

authentication of buffalo meat-derived products directly at 

the food production or distribution site. Such portable 

assessment increases the speed and accessibility of halal and 

authenticity verification, especially in regions with limited 

laboratory infrastructure. Furthermore, combining this 

approach with digital detection platforms or biosensor 

technologies can facilitate rapid quantitative readouts 

without the need of gel electrophoresis, supporting the 

development of easy-to-use and field-deployable diagnostic 

tools for further food authenticity monitoring. 

4. Conclusion 

The Buffalo_5.1 primer was successfully developed from 

the buffalo cytochrome b gene sequence. This primer pair 

has demonstrated its reliability as a molecular marker for 

detecting species-specific buffalo DNA. Its consistent 

success across multiple assessments demonstrates its 

robustness and reproducibility in PCR-based assessment. 

The short amplicon size allows its widespread application in 

processed and degraded samples such as processed meat 

samples and skin crackers that include boiling, drying and 

frying processes. In addition to its uses in direct 

identification of ingredients derived from buffalo, this 

primer provides a valuable tool for food authentication, 

meat adulteration prevention, halal compliance assurance 

and conservation-linked studies. Thus, the Buffalo_5.1 

primer pair represents a practical relevant contribution to 

molecular diagnostics in food safety, quality control and 

biodiversity monitoring. 
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در  (Bubalus bubalis) گاومیش b توسعه پرایمرهای اختصاصی برای شناسایی ژن سیتوکروم

 شدهمحصولات غذایی فرآوری

 1آرکانا گالوه ،1زکیه هالسیدعین ،2فاریزی ثوریق محمد ،*2کوسنادی جونی ،1ساستری لاراس آرمینگتیا

 شناسی، دانشکده ریاضیات و علوم طبیعی، دانشگاه براویجایا، اندونزیبخش زیست .1

 بخش علوم و فناوری غذا، دانشکده فناوری کشاورزی، دانشگاه براویجایا، اندونزی .2

 ریخچه مقالهتا

  2025 سپتامبر 23دریافت 

 2025 نوامبر 13داوری 

 2025 نوامبر 22پذیرش 

    2025 دسامبر 1چاپ 

  چکیده 

طور ها بهگاومیش نقش مهمی در تأمین پروتئین حیوانی در اندونزی دارد. گوشت و پوست آن سابقه و هدف:

شود. اما تقاضای زیاد برای محصولات گاومیش شده استفاده میگسترده به عنوان مواد اولیه برای غذاهای فرآوری

. این کار شودبنابراین فرصتی برای تقلب یا جعل در تولید غذا ایجاد می ،میزان عرضه فعلی متناسب نیستبا 

کند. شناسایی تقلب در تنها غیرقانونی است، بلکه خطرات جدی برای ایمنی غذا و رعایت حلال ایجاد مینه

 و پرایمرهای اختصاصی که (PCR) مرازای پلیتوان با استفاده از تکنیک واکنش زنجیرهمحصولات غذایی را می

DNA  گیرند انجام داد. هدف این پژوهش، توسعه پرایمرهایی بود که بتوانندگاومیش را هدف می DNA  گاومیش

 .را با دقت شناسایی کنند

گاومیش طراحی شدند. کارایی این پرایمرها در  b پرایمرها بر اساس توالی ژن سیتوکروم ا:مواد و روش ه

برای بررسی اختصاصیت پرایمر، توانایی . ارزیابی شد  PCRگاومیش با استفاده از تکنیک  DNA و تکثیر شناسایی

های عنوان کنترلگاو، بز، مرغ، خوک، سگ و موش به DNA گاومیش بررسی شد و از DNA ها در شناساییآن

شناسایی  PCR ت توسطتوانسکه می DNA برای بررسی حساسیت، حداقل غلظت. ای استفاده گردیدمقایسه

هایی پوست گاومیش در مقایسه با کنترل کراکرهایسپس توانایی این پرایمرها در شناسایی . گیری شدشود، اندازه

 .کرهای پوست خوک ارزیابی شداهای پوست بز، پوست مرغ ترد و کرکراهای پوست گاو، کرکراکرشامل 

 فوروارد)  Buffalo_5.1پرایمرنشان داد که جفت (PCR) پلیمراز اینتایج واکنش زنجیره گیری:و نتیجهها یافته

 5’-TTAGTACTATTCGCACCCGACCTC-3’  5 ریورسو’-TCGTTGTTTGGATGTATGTAGCAG-3’) 

نانوگرم بر میکرولیتر )با فرض 10-3 گاومیش را با موفقیت تکثیر کرد؛ با حد تشخیص تا   DNAطور اختصاصیبه

 در مقدار این و( است وزنی/وزنی درصد 10-7لیتر باشد که برابر با گرم بر میلی 1اینکه محلول دارای چگالی 

 .افزایش یابد ( w/wدرصد10-7)نانوگرم بر میکرولیتر  10-5 تا تواندمی بهینه شرایط

محصولات اسنک پوست گاومیش حتی در سطوح پایین گاومیش را در  DNA علاوه بر این، این پرایمر توانست

 .نیز تشخیص دهد DNA خلوص

عنوان یک نشانگر مولکولی قابل اعتماد پتانسیل آن را دارد که به  Buffalo_5.1دهد که پرایمر این نتایج نشان می

 .مورد استفاده قرار گیرد PCR در مطالعات تعیین هویت مواد غذایی مبتنی بر

 PCRگاومیش، تقلب غذایی، پرایمرهای فوروارد و ریورس،  :یدیواژگان کل
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