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ABSTRACT 

 

Meat and meat product fraud poses a serious threat to food safety and public health, as it may lead to metabolic disorders, allergic reactions, and 
infections. Beyond health concerns, such adulteration also violates market, ethical, and religious principles. To address this issue, multiplex PCR 
techniques targeting the mitochondrial cytochrome b gene were optimized to evaluate the authenticity of various meat and meat products in 
Bangladesh. Raw meat samples of bovine (Bos indicus), pig (Sus scrofa domesticus), and canine (Canis lupus familiaris) were collected, with some 
portions cooked, to establish and optimize multiplex-PCR protocols. 
The optimized multiplex-PCR method successfully detected pig and canine meat adulteration in bovine meat, even at varying proportions. Both raw 
and cooked samples demonstrated high sensitivity, being able to detect adulterants as low as 10%. To validate the PCR results, sequencing and 
analysis of the amplified products confirmed species-specific identification. Additionally, fried bovine meat samples (n = 5) collected from Bangladeshi 
restaurants were tested and found to be free of adulteration. 
This study highlights the effectiveness of multiplex-PCR as a reliable tool for detecting meat adulteration in both raw and cooked products. The 
method showed high sensitivity and accuracy, making it suitable for routine monitoring of meat authenticity. While continuous surveillance and strict 
regulatory enforcement remain essential, the optimized PCR-based techniques can play a vital role in strengthening food safety and ensuring 
consumer trust in Bangladesh. 
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Introduction 
Consumer awareness regarding the issue of meat adulteration is 

rising, and as a result, there is an increasing demand for 

transparent and reliable information regarding the meat 

contents of food products (Meira et al., 2017). Meat, as a source 

of animal protein, has always been an essential foodstuff across 

the globe, so ensuring its purity and authenticity is paramount 

(Kua et al., 2022). Meat is edible raw but, in most cases, is 

typically cooked or processed before consumption. Meat 

among the other products, are most susceptible to adulteration. 

Prevalent methods of meat product adulteration are the total 

replacement of less expensive species for more expensive ones 

and mixing the meat of less expensive species with more 

expensive ones (Momtaz et al., 2023). Meat adulteration in 

Bangladesh has emerged as a significant challenge in food 

supply chain with serious economic, regulatory and public 

health implications. In a diverse society where distinct 

communities following strict religious dietary laws—such as 

the prohibition of pork in Islam or beef in Hinduism—ensuring 

food authenticity is critical for maintaining consumer trust and 

cultural compliance. Beyond ethical and religious concerns, 

commercial meat adulteration presents critical health risks. The 

illegal introduction of different meat species can trigger severe 

food allergies in unaware consumers and bypass veterinary 

inspection protocols, potentially introducing foodborne 

pathogens into the market (Werfel et al., 1997; Chao et al., 

2005; Takachi et al., 2011; Montowska and Pospiech, 2010). A 

recent investigation revealed that 22.0% of analyzed meat 

products contained meat from species not declared on the label 

(Ayaz et al., 2006). Additionally, a study revealed that 60% of 

the examined samples included a substitution of a different 

variety of meat than the officially identified species (Szyłak et 

al., 2023). Similar instances of mislabeling have been 

extensively documented by Ballin (2010). Therefore, a reliable 
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and fast approach for the detection of meat adulteration is 

necessary.  

 

Several analytical approaches have been used for investigating 

meat authenticity based on anatomical, histological, chemical, 

microscopic, organoleptic, chromatographic, or immunological 

considerations. Most of these methods, however, have been 

replaced by more modern DNA-based molecular methods 

because the previous methods have numerous drawbacks 

(Kumar et al., 2013). Protein-based techniques have some 

limitations because they may involve challenges such as the 

denaturation of certain immunogenic proteins due to high 

cooking temperatures during food processing (Dooley et al., 

2004; Kesmen et al., 2009). Conversely, DNA exhibits high 

thermal stability, is ubiquitous in cells, and contains species-

specific sequences. Molecular techniques based on DNA 

analysis have demonstrated detection of target DNA present at 

very low levels (Ballin et al., 2009). These techniques, 

therefore, playing a central role in species identification in both 

raw and cooked meat blends (Dooley et al., 2004; Laube et al., 

2007; López-Andreo et al., 2005; Sawyer et al., 2003). 

Polymerase chain reaction (PCR) is a very quick, reliable and 

efficient DNA-based way to detect contamination in both raw 

and cooked meat samples. This is achieved by amplifying 

species-specific sequences present in the genome, such as a 

fragment of the mitochondrial DNA (mt-DNA) Cytochrome b 

(Cyt b) gene (Girish et al., 2005).  

 

The mitochondrial cytochrome b (cyt b) gene is frequently used 

for species identification because of its significant sequence 

variability across species and conserved regions that are 

suitable for primer design (Farias et al., 2001). Utilizing these 

features, multiplex PCR enables the simultaneous amplification 

of multiple distinct loci in a single reaction, thus making it a 

cost-effective and efficient option for food authentication 

(Elnifro et al., 2000). While several molecular assays have been 

developed around the world, there is still a significant gap in 

standardized, accessible molecular monitoring techniques 

targeted to the Bangladeshi commercial market. This study 

aims to address this gap by optimizing and validating a 

multiplex PCR assay targeting the cyt b gene to detect potential 

bovine meat adulteration with pig and canine meat. This study 

establishes the multiplex PCR framework for monitoring 

commercial meat authenticity in Bangladesh, offering a 

scalable tool for national food safety regulation. 

 

 

Materials and Methods 
Meat samples collection and processing 

Authentic meat samples of bovine (Bos indicus), pig (Sus 

scrofa), and canine (Canis lupus familiaris) species were 

collected from different regions in Bangladesh (n = 8 samples 

per species) to validate the specificity and robustness of the 

multiplex PCR assay (Table 1). Fresh bovine and pig meat 

samples were collected from local municipal slaughterhouses 

under veterinary inspection. Canine tissue samples (n = 8) were 

safely extracted from a deceased dog following a confirmed 

road accident in the Rajshahi area, with clear procurement 

permission issued by the local municipal administration. 

Bovine fried meat products (n=5) were also collected from 

some restaurants to observe the real scenario of adulteration. 

All samples were transported to the laboratory in sterile 

containers under refrigeration (4o C) and processed within 24 

hours of collection. Each biological sample was fully 

homogenized and divided into separate subgroups for raw and 

thermal processing procedures. 

A standardized heat treatment was used to mimic home and 

commercial cooking procedures in order to assess the 

performance of the assay on processed meats. For each species, 

50 g of homogenized meat was transferred to separate, closed 

glass containers. A homogeneous mixture of sterile distilled 

water and a standardized spice blend consisting of ground 

pepper, turmeric, and sodium chloride (1.5% w/w each) were 

added into the meats in order to replicate authentic regional 

culinary preparation. The sealed containers were subjected to 

thermal processing at 100o C for 45 minutes utilizing an 

induction thermal unit monitoring internal core temperatures. 

The cooked samples were cooled to room temperature (25o C) 

following thermal treatment and stored at -20o C prior to 

molecular analysis. 

 

Table 1. Collected meat samples used in this study. 

 

Species Sample type Sample size Collection area 

Bovine Raw meat 8 Dhaka, Bangladesh 

Pig Raw meat 8 Dhaka, Bangladesh 

Canine Raw meat 8 Rajshahi, Bangladesh 

Bovine Fried meat 5 Dhaka, Bangladesh 

 

DNA extraction 

Total genomic DNA was isolated from both raw, thermally 

processed and commercial meat samples (1 g starting material) 

using a modified organic phenol-chloroform-isoamyl alcohol 

(25:24:1) extraction protocol based on the standard 

methodology described Elkins (2012). Cellular lysis was 

achieved by incubating the homogenized tissues in a high-salt 

lysis buffer (10 mM Tris-HCl, 100 mM EDTA, and 0.5% SDS, 

pH 8.0) supplemented with Proteinase K (20 mg/mL) at 4o C 

overnight. Phase separation was executed via sequential 

organic extractions, and the genomic DNA was precipitated 

using ice-cold absolute ethanol. The resulting DNA pellets were 

air-dried, resuspended in sterile TE buffer (10 mM Tris-HCl, 1 

mM EDTA, pH 8.0). The purity (ratio of absorbance at 260 nm 
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and 280 nm) and concentration of extracted DNA samples were 

determined using a NanoDrop UV–Vis spectrophotometer 

(Thermo Fisher Scientific, NanoDrop 2000c, Waltham, MA, 

USA). DNA was stored at −20 °C before use in PCR 

amplification. 

 

Statistical analysis 

Data obtained from the spectrophotometric quantification of 

DNA yields were expressed as mean ± standard deviation (s.d.). 

To evaluate the impact of thermal processing on DNA 

concentrations, a two-tailed paired Student's t-test was 

performed to compare the DNA concentrations between the raw 

and cooked reference groups within each animal species. 

Statistical significance was set a priori at p < 0.05. All statistical 

computations were conducted utilizing GraphPad Prism 9.0 

(GraphPad Software, San Diego, CA, USA). 

 

Target gene selection and species-specific primers 

Cytochrome b gene was selected for the detection of all 3 

species because sequence variability of cytochrome b makes it 

most useful for the comparison of species (Castresana, 2001). 

To amplify species-specific cytochrome b gene, specific 

primers for bovine, pig and canine were used. Primer sequences 

were selected from reference studies (Table 2) and purchased 

from Integrated DNA Technologies, USA. 

 

Table 2. Species-specific Cyt b gene primer sequences and amplicon sizes used in this study. 

 

Species Primer Sequence (5’ to 3’) Target 

gene 

Amplicon Reference 

Bovine Uni-F GACCTCCCAGCTCCATCAAACAT

CTCATCTTGATGAAA 

Cyt b 274 bp Matsunaga et 

al. (1999) 

 Bov-R CTAGAAAAGTGTAAGACCCGTA

ATATAA 

Pig Uni-F GACCTCCCAGCTCCATCAAACAT

CTCATCTTGATGAAA 

Cyt b 398 bp Matsunaga et 

al. (1999) 

Pig-R GCTGATAGTAGATTTGTGATGAC

CGTA 

Canine Uni-F GACCTCCCAGCTCCATCAAACAT

CTCATCTTGATGAAA 

Cyt b 146 bp Matsunaga et 

al. (1999); 

Rahman et 

al. (2014) 

Can-R TGGGTGACTGATGAAAAAG 

 

 

Singleplex-PCR of raw and cooked bovine, pig and canine 

DNA 

The specificity of the three species-specific primer pairs was 

tested using DNA extracted from raw and cooked bovine, pig 

and canine. Single PCR reactions to determine the specificity 

of each primer set were carried out in ProFlex PCR System 

(Applied Biosystems, USA) in a total volume of 25 μL 

containing 2.5 µL of 10X PCR buffer, 2 µL of 0.25 mM 

deoxynucleotide triphosphate (dNTP), 1.5 µL of 25 mM 

MgCl2, 0.3 µL of 1 U Taq Polymerase (Applied Biosystems, 

USA), 0.5 µL of each primer (10 µM) and 1 µL of DNA (50 

ng/µL). PCR reactions were performed under the following 

thermal cycling conditions: initial denaturation at 95 oC for 3 

min; followed by 30 cycles of denaturation at 95 oC for 15 s, 

annealing at 60 oC for 30 s, and elongation at 72 oC for 30 s; and 

final extension at 72 oC for 3 min. PCR products were separated 

and analyzed in a gel electrophoresis system (FB3000, Fisher 

Scientific, USA) using 1% agarose gel (Promega, Promega 

Corporation, Madison, USA) containing ethidium bromide 

(EtBr) stain (Promega, Promega Corporation, Madison, USA) 

and 1X TAE buffer for 35 minutes at 100V. The agarose gels 

were visualized under a gel image documentation system (Bio-

Print, Vilber Gel Documentation, USA). 

 

Optimization of multiplex-PCR for detecting raw and cooked 

bovine, pig and canine DNA in different proportions 

Optimization of the multiplex system was achieved by 

systematically adjusting the ratios of individual primer pairs to 

eliminate primer-dimer formation and prevent preferential 

amplification of high-abundance targets. The optimized 

working concentration (10 µM) was balanced in a final 25 µL 

reaction volume by incorporating 0.9 µL Uni-F, 0.4 µL Bov-R, 

0.3 µL Pig-R, and 0.2 µL Can-R. The finalized reaction mixture 

consisted of 2.5 µL of 10X PCR buffer, 2.0 µL of 0.25 µL 
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dNTPs, 1.5 µL of 25 mM MgCl2, and 0.3 µL of 1 U Taq DNA 

Polymerase (Applied Biosystems, Foster City, CA, USA). To 

validate the assay's development and determine its detection 

sensitivity in adulterated mixture, separate multiplex reactions 

were performed for both raw and cooked DNA templates mixed 

in varying proportions. Tube 1 served as a non-template 

negative control (NTC) containing no genomic DNA. Tube 2 

evaluated equal ratios (50:50) of target and adulterant DNA. To 

evaluate the limit of detection (LOD) for low-level 

contamination, subsequent reactions (Tubes 3, 4, 5, and 6) were 

prepared with descending proportions of adulterant DNA (75%, 

50%, 20%, and 10%, respectively) relative to the bovine DNA. 

Thermal cycling was performed using a ProFlex PCR System 

(Applied Biosystems, USA) under optimized profile 

conditions: initial denaturation at 95 oC for 3 min; followed by 

30 cycles of denaturation at 95 oC for 15 s, annealing at 60 oC 

for 30 s, and elongation at 72 oC for 30 s; and final extension at 

72 oC for 3 min. PCR products were separated and analyzed in 

a gel electrophoresis system (FB3000, Fisher Scientific, USA) 

using 2% agarose gel (Promega, Promega Corporation, 

Madison, USA) containing ethidium bromide (EtBr) stain 

(Promega, Promega Corporation, Madison, USA) and 1X TAE 

buffer for 60 minutes at 90V. The agarose gels were visualized 

under a gel image documentation system (Bio-Print, Vilber Gel 

Documentation, USA).  

 

Sequencing of the PCR-amplified products 

PCR products were purified by ExoSAP-ITTM (Applied 

Biosystems, USA) following PCR. The purified PCR products 

were used as the templates for the cycle sequencing reaction 

with BigDye® Terminator v3.1 sequencing kit (Applied 

Biosystems, USA). Cycling condition of the sequencing PCR 

involved initial denaturation at 95 oC for 3 min; followed by 30 

cycles of 94 oC for 10 s, 55 oC for 5 s, and 60 oC for 4 min. After 

that, cycle sequencing products were purified by ethanol 

precipitation. Then the capillary electrophoresis was performed 

in the SeqStudioTM Genetic Analyzer (Applied Biosystems, 

USA). The chromatograms were visualized and fasta sequences 

were retrieved from Chromas v2.6.6 and DNA Baser 

Assembler v5.15.0 softwares. NCBI-Blast 

(https://blast.ncbi.nlm.nih.gov/) was performed to find out and 

cross check the desired species. Alignment with the reference 

sequence (Bovine Accession ID: OR576225, Pig Accession ID: 

KT965278, Canine Accession ID: MN699618) was also 

observed from the blast results for each species. 

 

Authenticity testing of bovine meat products of restaurants 

Meat products of restaurants have been frequently adulterated 

with other low-cost species. So, authenticity of some bovine 

meat products, such as fried meat of different restaurants of 

Dhaka city were evaluated using our optimized multiplex PCR 

protocol.  

 

Results and Discussion 
Quantitative Evaluation and Yield Analysis of Extracted 

Genomic DNA 

Genomic DNA extracted from both the reference validation 

cohorts (n = 8 per group) and commercial restaurant samples (n 

= 5) was quantitatively evaluated via spectrophotometry (Table 

3). The average DNA concentrations for raw samples ranged 

from 714.00 ng/µL to 940.20 ng/µL, whereas cooked samples 

resulted in relatively lower concentrations, ranging from 88.44 

ng/µL to 252.13 ng/µL. To evaluate the impact of thermal 

processing on DNA recovery, a student’s t-test was performed 

comparing raw and cooked cohorts within each species. The 

statistical analysis revealed a highly significant reduction in 

DNA concentration following cooking treatments across all 

three species (p < 0.001). This reduction in DNA yield 

following thermal processing is consistent with previous 

findings indicating that excessive heat degrades and denatures 

genomic DNA, leading to fragment cleavage and reduced 

template recovery (Musto, 2011; Buntjer et al., 1999; Camma 

et al., 2012). For the commercial field assessment, the 5 fried 

bovine meat samples collected from local restaurants yielded a 

mean DNA concentration of 280.96 ± 23.5. Despite the 

observed thermal degradation, the final DNA yields were 

adequate to support downstream multiplex PCR amplification. 

 

Table 3. Quantitative analysis and statistical comparison of extracted DNA from reference and commercial meat samples. 

 

Sample Type Sample Size Average DNA 

Concentration (ng/µL) 

p-value (Raw vs. 

Cooked) 

Bovine meat    

Raw bovine meat 

sample 

8 765.98 ± 44.56 < 0.001*** 

Cooked bovine meat 

sample 

8 177.25 ± 22.79  

Pig meat    

Raw pig meat sample 8 714 ± 41.74 < 0.001*** 

2118

https://blast.ncbi.nlm.nih.gov/


I Aminul. et.al.                                `    MOLECULAR DETECTION OF BOVINE MEAT ADULTERATION IN BANGLADESH USING … 

 
 

Cooked pig meat 

sample 

8 88.44 ± 15.43  

Canine meat    

Raw canine meat 

sample 

8 940.2 ± 45.61 < 0.001*** 

Cooked canine meat 

sample 

8 252.13 ± 26.71  

Commercial Field 

Samples  

   

Fried Bovine 

Restaurant Meat 

5 280.96 ± 23.5 N/A 

 *** Indicates a highly statistically significant difference ($p < 0.001$) based on a two-tailed paired Student's t-test. 

 

Specificity results of singleplex PCR of raw and cooked 

bovine, pig and canine DNA 

Species-specific primer pairs targeted mitochondrial genes that 

varied in sequence between closely related species, resulting in 

amplification of PCR products of 274 bp (Fig. 1A), 398 bp (Fig. 

1B) and 146 bp (Fig. 1C) in bovine, pig and canine respectively. 

Both raw and cooked samples showed specific amplification. 

Multiple raw and cooked samples were analyzed for each 

species to increase the specificity. PCR products amplified by 

specific primer sets were sequenced according to the procedure 

of Kim & Kim (2017) to verify the specific species and the 

specific species were confirmed (S1, S2 and S3). 

 

 
 

Figure 1. Gel electrophoresis of the singleplex PCR products of the cytochrome b gene of bovine (A), pig (B), and canine (C) DNA 

samples. Here, B1, B2, B3 are raw bovine DNA samples and CB1, CB2, CB3 are cooked bovine DNA samples; P1, P2, P3 are raw pig 

DNA samples and CP1, CP2, CP3 are cooked pig DNA samples; C1, C2, C3 are raw canine DNA samples and CC1, CC2, CC3 are 

cooked canine DNA samples. Clear bands were observed for all the singleplex products. 

 

Identification of raw and cooked bovine, pig and canine DNA by multiplex PCR when mixed in different proportions 

Adulteration of bovine meat or beef has been a serious concern. A prior investigation employing the PCR-RFLP technology found 

12% adulteration in Egyptian meat products labeled as 100% beef (Dalia & Sanaa, 2015). 
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Figure 2. Gel electrophoresis of the multiplex PCR products of the cytochrome b gene of raw (A) and cooked (B) bovine, pig and canine 

DNA samples in different proportions. Here, products of multiplex PCR with different proportions of the raw and cooked mixed DNA 

of three species were run for gel electrophoresis and three separate bands were observed in each case. 

 

The optimized multiplex PCR assay was performed using 

varying genomic DNA proportions to determine its specificity 

and establish the limit of detection (LOD) across both raw and 

cooked meat samples (Fig. 2). On the 2% agarose gel, the PCR 

products showed very clear and reproducible bands for each 

target animal. Specifically, Lane 1 contained the DNA ladder 

to confirm the exact sizes of our bands, while Lane 2 was the 

negative control with no DNA and showed no bands at all, 

confirming there was no contamination in our reaction. Lane 3 

contained equal amounts of DNA from all three species 

(bovine, pig, and canine), producing three sharp, distinct bands 

that matched the expected size for each animal. Subsequently, 

Lanes 4 through 7 tested the sensitivity of the assay using 

decreasing amounts of pig and canine DNA at 75%, 50%, 20%, 

and 10%, respectively, mixed with the bovine DNA baseline. 

Importantly, both the raw and cooked DNA samples 

consistently showed all three bands across all the tested mixing 

ratios. The specific band sizes for the cytochrome b (cyt b) gene 

were easy to identify at 274 bp for bovine, 398 bp for pig, and 

146 bp for canine. 

To identify bovine (Bos indicus) meat, a species-specific 

singleplex PCR was used in a study, focusing on a 381 bp 

region of the mitochondrial D-loop (Karabasanavar et al., 

2017).  In Bangladesh, a duplex PCR based study was 

performed to differentiate between cattle and buffalo (Elsheikh 

et al., 2022). But our optimized multiplex PCR protocol can be 

used to detect both raw and cooked pig and canine meat 

adulterants in raw and cooked bovine meat samples in a single 

PCR, even if they are mixed in different proportions.  

Assessment of the PCR amplified products by sequencing 

To further validate our findings, we conducted sequencing of 

the PCR products, focusing on the mitochondrial cytochrome b 

gene of bovine, pig and canine (supplementary). This additional 

step was crucial in confirming that the gel bands observed were 

specific to the intended species, reinforcing the accuracy of our 

results. The results of NCBI-Blast and alignment showed that 

our declared gel bands were species-specific (S1, S2 and S3).  

Multiple studies have reported that meat species could be 

accurately identified by sequencing (Cottenet et al., 2020; 

Chaora. et al., 2022; Mane et al., 2013). But meat species 

identification by sequencing would be expensive and it would 

also be very difficult to implement in a developing country like 

Bangladesh. So, we focused on easier and low-cost PCR based 

techniques which were also validated by sequencing.  

 

Authenticity testing of meat products of restaurants 

Our aims were to test whether the bovine meat samples of 

restaurants were adulterated by pig or canine meat samples 

using our optimized multiplex PCR techniques. After multiplex 

PCR of the restaurant bovine meat samples (fried meat) 

according to our optimized protocol, only bovine-specific clear 

bands were observed at 274 bp for all the samples (Fig. 3). It 

indicated that those bovine meat samples collected from 

restaurants were not adulterated with pig or canine meat 

samples, as there were no pig-specific 398 bp bands and canine-

specific 146 bp bands.

 

 
Figure 3. Gel electrophoresis of the PCR products of the cytochrome b gene of restaurant bovine samples. PCR products of all the 

restaurant bovine DNA samples (HB1, HB2, HB3, HB4 and HB5) showed bovine specific 274 bp bands and no adulteration was 

observed. 
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Authenticity assessment is an extremely vital step in the current 

world, where meat adulteration has been running rampant. 

Many reports have been published regarding meat adulteration 

worldwide (Kane & Hellberg, 2016; X. Li et al., 2023). 

Research conducted in Bangladesh also revealed that 

approximately 43.75% of slaughterhouses mixed low-quality 

meat with high-quality meat (M. Rahman & Hasibul, 2018). So, 

these incidents should be stopped. Some PCR protocols were 

suggested for the detection of canine meat, but those were not 

tested on commercially available meat products (Gao et al., 

2004; Ilhak & Arslan, 2007).   

 

Conclusion 
In recent years, the rising incidence of meat adulteration and 

deliberate mislabeling in Bangladesh has drawn attention of 

both consumers and regulatory authorities. Because meat fraud 

directly impacts religious compliance, public health, and 

general food safety, developing reliable verification methods is 

a critical priority. This study successfully optimized a multiplex 

PCR assay capable of accurately identifying target animal 

species, with species-specific amplification further validated 

through sequencing analysis. Ultimately, this multiplex 

molecular approach provides a rapid, efficient, and highly 

sensitive screening platform for detecting commercial meat 

substitution based on genomic DNA. The assay has the 

capability of simultaneous detection of multiple species and can 

be a practical and scalable tool towards improvement of market 

surveillance, protection of consumer rights and strengthening 

of food safety enforcement across Bangladesh. 
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