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ABSTRACT
Identification of meat and meat products is significant for economic, reli-
gious, or public health reasons. This study focused on the detection and 
differentiation of meat animal species. A total of sixty-four meat samples (10 
samples of each like beef, buffen, chevon, and mutton; twenty-four samples 
of pork) were analyzed for these purposes. PCR-RFLP of 12S rRNA gene with 
four restriction enzymes was performed on individual meat samples as well 
as mixture of different meat. Species specific primers as well as sequencing of 
DNA were also used to detect and verify the RFLP results. PCR amplification 
yielded a 456bp fragments from 100% samples. AluI digested beef DNA into 
359 and 97bp, chevon and mutton DNA into 246 and 210bp fragments and 
pork DNA into 290 and 166bp fragments. However, it cannot digest buffen 
DNA. On the other hand HhaI digested only buffen DNA into 247 and 209bp 
fragments but not others. ApoI restricts only mutton DNA and yielded 329 
and 127bp fragments but not others. Nevertheless, BspTI yielded 323 and 
133bp fragments only from chevon. Besides, mixed samples (1:1) of beef- 
buffen and chevon-mutton can be differentiated by AluI & HhaI and BspTI & 
ApoI, respectively. Chord analysis based on our sequence and respective 
sequences of studied animals from GenBank indicated that the cutting 
sites are conserved in these species of animals. Phylogenetically each of 
the species was clustered separately. This technique may be useful for 
meat animal species detection and differentiation either from individual 
meat and mixed meat samples.
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Introduction

Cattle meat (beef), buffalo meat (buffen), goat meat (chevon), and sheep meat (mutton) account for 
the largest share within the total meat consumption in Bangladesh. A major portion of meat is used as 
fresh meat for immediate consumption, while some portion is processed in different ways into a wide 
variety of processed meat products. Adulteration of meat products has become a serious issue in the 
past three decades in different countries of the world including Bangladesh.[1] Adulteration of meat 
may take in the form of substitution of costly meat with cheaper one.[2,3] Mixing of buffen with beef is 
a very old and common practice in many countries of the world.[4,5] In some countries, since the pork 
is cheaper than beef, it was often found that producers mix pork into beef, mainly in processed meat 
products such as meatballs for economic benefits.[6,7]
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Beef is the most popular red meat in the world preferred for its taste, flavor, and texture. 
Therefore, it is the most expensive meat, and consumers are ready to pay more prices for its 
delicacy. Whereas buffalo meat is relatively coarse and less popular compared to beef. Although 
a considerable number (1.49 million) of buffalo population is available in Bangladesh[8] and 
transportation of these species to the metropolitan cities is a common scenario of the country, 
but it is hard to find butcher shop or slaughterhouse in the market who sells buffalo meat. On the 
other hand, goat meat or chevon is also popular red meat in Bangladesh and stands second in 
position (goat population in Bangladesh is 26.21 million)[8] among the produced red meat. Sheep 
meat is generally not popular with consumers in Bangladesh due to its characteristic odor. Similar 
to buffalo, it is very hard to find sheep meat in the shop though 3.51 million sheep are available in 
Bangladesh[8] and they are also transported to the city areas. Bangladesh is now planning for large- 
scale exports of cattle meat (http://theindependentbd.com/post/212545). Hence, to support the 
livestock industry and protect from adulteration, meat species identification is significant.[9] 

Furthermore, from the perspective of religions, pork and diet or foods containing pork or pork 
derivatives are prohibited for Muslims. Besides, beef and diet or foods containing beef or beef 
derivatives are prohibited for Hindus. Besides consumer satisfaction, certain social and religious 
concerns, and possible health hazards associated with particular type of meat warrants honest 
labeling of the source of meat and meat products. The malpractice of fraudulent meat substitution 
or mislabeling is more common in countries with rather poor economy and high population with 
ever-increasing demand for meat and meat products and their high cost. In addition to socio- 
religious factors, food allergy due to consumption of particular type of meat or meat products has 
emerged as another major health concern implicating the beef (73%), pork (58%), and chicken 
(41%) as the most common cause.[10] Therefore, precise differentiation of the origin of meat has 
become a vital element in food quality control procedures.

Protection of consumers and producers from mislabeled meat products, fraudulent actions, and 
bad practices of meat adulterations through processing and marketing and the prevention of illegal 
sale of protected species were always critical concerns that enforce legal authorities as well as many 
researchers to develop different techniques and analytical methods for species identification present 
in meat or their products including a wide range of degraded and processed materials that were 
broadly based on measuring either DNA or protein.[11–17] DNA based techniques developed in the 
recent past have been found to be of potential value in the identification of meat animal species 
overcoming the disadvantages of conventional methods. DNA characterized by greater stability 
under intensive heating, pressure, and chemical processing, has conserved structure in whole body 
cells, has a great identification power since they are relied on the recognition of specific DNA 
segments sequence of a particular tissue or animal.[12,18–25] Some of the techniques employed for 
this purpose include dot blot,[26] PCR,[27] RAPD-PCR,[28,29] and PCR-RFLP,[30] nucleotide 
sequencing.[31]

The PCR-RFLP technique employed for differentiation of meat animal species consists of ampli-
fication of a conserved region of DNA sequence by PCR and subsequent digestion of the PCR product 
employing restriction enzymes that reveal the differences between species Partis et al.[32] PCR-RFLP 
has been reported as a trustworthy technique for DNA sequencing[33] Henceforward, it can be used as 
an alternative to DNA sequencing for meat species identification. This technique requires a low 
amount of DNA but produces co-dominant genetic markers.[34] The technique is simple, easy to 
perform, less time consuming, and indeed cheaper than DNA sequencing.[35] Additionally, it does not 
require sophisticated equipment or high technical skills. The technique has been successfully applied 
targeting different regions viz. cytochrome b gene,[36] 16S rRNA gene,[37] mitochondrial 12S rRNA 
gene.[22] PCR-RFLP is also used in wild and domestic small herbivores as an aid to wildlife forensic.[38] 

In the present study PCR-RFLP is used targeting the mitochondrial 12S rRNA gene for identification 
of beef, buffen, chevon, mutton, and pork from individual as well as from mixed meat samples.
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Materials and method

Instruments and reagents

Different instruments were used in this study such as centrifuge machine (Hitachi, CF16RX70, Japan), 
NanoDrop 2000 spectrophotometer (Thermo scientific, USA), Thermocycler (GeneAtlas, G-02, 
Japan), Gel Electrophoresis chamber with comb (MGU-402 T, CBS Scientific Company, USA), UV 
trans-illuminator (WUV-L50, Korea), high-performance gel documentation chamber (Major Science, 
UVDI-254.), and −20°C freezer (Sanyo, MDF-U5411, Japan). Reagents such as dNTPs, DNA marker, 
PCR grade water, agarose, and Taq polymerase were purchased from Bio Basic, Inc., Canada. 
Ethidium bromide was purchased from Sigma Aldrich, Germany. Restriction endonuclease (AluI, 
HhaI, ApoI, and BspTI) was acquired from New England Biolabs (NEB).

Collection of meat samples

A total of 40 meat samples, 10 from each species of cattle, buffalo, goat, and sheep were collected from 
butcher shops of different regions of the country. Besides, 24 meat samples of pig (12 from Jessore and 
12 derived from pig meat shop at Farmgate, Dhaka) were included in this study. Samples were 
transported to the laboratory of Animal Biotechnology Division (ABD), National Institute of 
Biotechnology (NIB) and stored at −20°C until processed. For every sample about 250 g meat was 
collected.

Isolation of genomic DNA

The genomic DNA of the meat samples was extracted as per the method described earlier [39] with 
some modifications. Briefly, about 0.5 g of meat was minced with pestle and mortar and taken into 
a microcentrifuge tube. About 600 μl of TNES buffer (50.0 mM Tris, 400 mM NaCl, 100.0 mM EDTA, 
0.5% SDS) and 35 μl of Proteinase-K (20 mg/ml) were added and mixed several times by inverting the 
tube. The mixture was incubated overnight at 50°C. About 166.7 μl of 6 M NaCl, 225 µl of chloroform 
was added and mixed well for 10 minutes by shaking the tube followed by centrifugation at 15,000 rpm 
for 10 minutes. The supernatant was collected in to a new microcentrifuge tube, and equal volume 
(~800 μl) of ice-cold 100% ethanol was added, gently mixed by inverting the tube and centrifuged at 
15,000 rpm for 15 minutes at 4°C. The supernatant was poured off, and DNA pellets were washed with 
700 μl of 100% ethanol. Then, 200 µl TE buffer was added and incubated at 37°C for overnight. The 
mixture was homogenized by pipetting about 30 times and stored at −20°C for future use.

Primers

Primers used in this study were reported earlier[40–42] and depicted in Table 1. All primers were 
obtained from IDTT, USA.

Table 1. List of primes used in the present study.

Sequence (5´-3´) PCR Product size (bp) Reference

Universal primers 
F- CAAACTGGGATTAGATACCCCACTAT

456 [40]

R- GAGGGTGACGGGCGGTGTGT
Species specific primers
Bovine F- GCCATATACTCTCCTTGGTGACA 271 [42]
Bovine R- GTAGGCTTGGGAATAGTACGA
Sheep F- TTAAAGACTGAGAGCATGATA 225 [41]
Sheep R- ATGAAAGAGGCAAATAGATTTTCG
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Polymerase chain reaction

Polymerase chain reaction was carried out in 25 µl volume containing 2.5 µl of 10x PCR buffer 
(50 mmol/L KCl, 10 mmol/L Tris-HCl [pH8.0], 0.1% Triton X-100), 1.8 µL of 25 mmol/L MgCl2, 2.5 µl 
of 2 mmol/L of each dNTP, 2.0 µl of 50 ng/µl genomic DNA, 2.5 µl of 5 µmol/L each primer, 1.0 U Taq 
DNA polymerase & the rest was ddH2O. Primers used in this study were reported earlier (Table 1). 
Thermal condition for universal primers were as follows: initial denaturation at 94°C for 5 minutes 
followed by 30 cycles of denaturation at 94°C for 45 seconds, annealing at 60°C for 45 seconds and 
extension at 72°C for 1 minute, and final extension at 72°C for 10 minutes as described earlier.[22,40] 

Thermal cycling was performed using GeneAtlas (Model: G02, Japan). The PCR product was analyzed 
by electrophoresis in 1.0% agarose gel staining with ethidium bromide.

Restriction fragment length polymorphism analysis

PCR amplicons of the mitochondrial 12S rRNA gene was subjected to restricted digestion as reported 
previously.[22,40] Four restriction enzymes viz. AluI, HhaI, ApoI, and BspTI were used. Digestion 
reaction consisted of 10X Buffer Tango 1 µl, respective restriction enzyme 0.5 µl, the sample (PCR 
product) 5 µl and nuclease free water 3.5 µl. Digested product was visualized by electrophoresis in 2% 
agarose gel.

Preparation of meat mixture, isolation of DNA and PCR-RFLP

Meat mixtures were prepared by mixing the meat samples of two different species. For this purpose, 
equal volume of beef & buffen (50:50) and chevon & mutton (50:50) was mixed. Then, DNA extraction 
and PCR-RFLP were performed as mentioned above.

Detection of meat samples by species specific primers

Only two sets of primers (Table 1) for detection of mutton and beef were employed. The reaction 
mixture was the same as mentioned above. The thermal conditions for specific primers consisted of 30 
cycles and each cycle included holding at 94°C for 45seconds, at 58°C for 45seconds, and at 72°C for 
90seconds.[41,42] The PCR product was analyzed by electrophoresis in 1.5% agarose gel staining with 
ethidium bromide.

Sequencing of genes and restriction site analysis

DNA from a total of nine samples (5 beef, 1 buffen, 1 mutton, 1 chevon, and 1 pork) were sequenced 
using Genetic Analyzer 3130 (Applied Biosystems) using dideoxy chain termination method.[43] 

Sequences were edited and analyzed by Molecular Evolutionary Genetics Analysis (MEGA-X) 
software.[44] Restriction sites for endonucleases those are used in this study were searched for in the 
obtained sequences. Phylogenetic trees were made using the neighbor joining method with 1000 
bootstrap replications.[45] The evolutionary distances were computed using the Maximum Composite 
Likelihood method and are in the units of the number of base substitutions per site.[46]

R plot: chord analysis

The best BLAST hit 500 sequences from GenBank were obtained, analyzed, and visualized by R using 
Circlize package.[47] Here, we developed a chord diagram, where the data were arranged radially 
around a circle to find out the relationships of tested restriction enzymes with the presence or absence 
of their cutting sites within the amplified 12S rRNA gene region of examined meat samples of five 
different animals.
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GenBank accession number

The nucleotide sequences were submitted to GenBank under the accession number MT253537, 
MT253538, MT253539, MT253540, and MT253541 for beef, MT253542 for buffen, MT253543 for 
mutton, MT253544 for chevon and MT253545 for pork.

Results

Amplification of genomic DNA

Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis of 12S 
rRNA gene was performed to determine and differentiate the animal species of meat. A total of 64 
samples were used in this analysis. About 456bp fragment from mitochondrial 12S rRNA gene of all 
samples (100%) of five species, viz. cattle, buffalo, sheep, goat, and pig meat samples were amplified 
(Table 2). A representative image of amplified 12S rRNA gene is presented in Figure 1.

Identification of different meats by RFLP

PCR amplicons obtained from meat samples of different animal species were digested with restriction 
enzymes. This digestion resulting in a pattern that could identify and differentiate each of the species 
employed in the study (Table 2 and Figure 2). The procedure was also employed for mixed meat 
samples (beef & buffen mixture and chevon & mutton mixture) to identify and differentiate meat 
species. It was clear that only AluI has a cutting site in amplified DNA of four species viz. mutton, beef, 
chevon, and pork. Each of the other three enzymes has a cutting site only in DNA from one species. 
Amplicons obtained from meat samples of different animal species were digested with AluI and the 
enzyme cuts the 456bp products of mutton DNA into two fragments of 246 and 210bp, beef DNA into 

Table 2. Identification of meat of different animal species by PCR-RFLP of 12s rRNA gene.

Species (meat) Number of sample tested Amplification of 456bp product

Restriction enzyme digestion 
(Fragment size in bp

AluI ApoI BspTI HhaI

Sheep 
(Mutton)

10 + 246 + 210 329 + 127 - -

Cattle 
(Beef)

10 + 359 + 97 - - -

Buffalo (Buffen) 10 + - - - 247 + 209
Goat (Chevon) 10 + 246 + 210 - 323 + 133 -
Pig 

(Pork)
24 + 290 + 166 - - -

Figure 1. Amplification of 456bp DNA fragments from mitochondrial 12S rRNA gene of sheep, cattle, buffalo, goat and pig meat 
samples. Lane M: 100 bp DNA marker, Lane Pc: positive control (known beef sample). Individual meat sample is marked in the figure.
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359 and 97bp, chevon DNA into 246 and 210 bp, pork DNA into 290 and 166 bp (Figure 2a). However, 
AluI could not cut the DNA from buffen. Digestion of PCR amplicons with ApoI restriction enzyme 
generated two fragments of 329 and 127bp from sheep meat sample. ApoI has no cutting site within 
the tested 456bp fragments of DNA from beef, buffen, chevon, and pork (Figure 2b). PCR products 
digested with BspTI restriction enzyme produced 323 and 133bp fragments from chevon but remain 
undigested DNA from mutton, beef, buffen and pork. (Figure 2c) HhaI cut buffen DNA into two 
fragments of 247 and 209bp (Figure 2d). However, HhaI could not cut the DNA from beef, mutton, 
chevon, and pork (Figure 2d).

PCR-RFLP of DNA from mixed meat samples

Results of detection and differentiation of mixed meat samples by PCR-RFLP are presented in Table 3. 
PCR amplicons derived from DNA from mixed meat samples of beef and buffen were digested with 
AluI and HhaI. Three types of bands were found in both cases. PCR amlplicons were digested with 
AluI that yielded fragments of 456, 359, and 97 bp, while 456, 247 and 209 bp fragments were found in 
the case of HhaI digestion. On the other hand, PCR amplicons of DNA from mutton and chevon 

Figure 2. RFLP of 456bp fragment of mitochondrial 12S rRNA gene for differentiation of meat from different species of animals. 
Digestion pattern of 456bp DNA fragments of different species by a) AluI, b) ApoI, c) BspTI, and d) HhaI. Different fragment sizes are 
indicated in the figure. Lane M: DNA marker.

Table 3. Detection and differentiation of mixed meat samples by PCR-RFLP.

Mixed meat
Number of sample 

tested
Sample mixing 

ratio
Amplification of 456bp 

product

Restriction enzyme digestion 
(Fragment size in bp)

AluI HhaI BspTI ApoI

Mutton+ 
Chevon

5 50:50 + NT NT 456, 323, 
133

456, 329, 
127

Beef + Buffen 5 50:50 + 456, 
359, 
97

456, 247, 
209

NT NT

NT: Not tested
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mixed samples were digested with BspTI and ApoI. BspTI generated fragments of 456, 323 and 133 bp 
and ApoI generated 456, 329, and 127 bp fragments.

Identification of mutton and beef by species specific primers

For further identification of mutton and beef PCR was performed with species specific primers, where 
a 225bp fragment of mitochondrial 12S rRNA gene from mutton (Figure 3a) and 271bp fragment from 
beef (Figure 3b) were amplified, respectively.

Restriction site analysis

To confirm the digestion results of DNA, it was sequenced from all the species tested. Obtained 
sequences were analyzed for restriction sites for the enzymes used in this study and found restriction 
sites and patterns are consistent for each animal with the digestion result of RFLP banding pattern of 
12S rRNA gene in the agarose gel. Phylogenetic analysis revealed the animal species of meat samples 
used in this study. Specifically, the sequences were clustered species wise and well separated from each 
species (Figure 4)

Chord analysis

In addition to analysis of sequences of samples from this study, the best BLAST hit 500 sequences from 
GenBank were analyzed and found to have identical restriction sites and positions for each animal 
type. From restriction digestion analysis and studying the chord diagram (Figure 5) we found that 
restriction enzyme AluI have the capability to cut the amplified 12S rRNA gene fragment of ship, pig, 
goat, and cattle but not buffalo DNA. In addition, ApoI, BspTI and HhaI have the cutting in amplified 
sheep, goat, and buffalo DNA, respectively.

Discussion

Identification of meat species is necessary for various purposes including the consumer preferences, 
religious beliefs, public health matters, regulatory purposes, and so on. Meat adulteration has become 
a hot topic for researchers as it is becoming a common illegal practice especially in under-developed 
countries.[48–50] Import of bone and meat meal in Bangladesh also requires laboratory confirmation 
regarding the content source that is the product is not preparing from swine origin materials. 
Although meat species identification is a burdensome and intricate process, nevertheless many DNA- 
based methods have been emerged as a potential tool in precise identification of animal meat species 
targeting highly conserved mitochondrial DNA sequence.[35,51,52] This method has been empowered 

Figure 3. Identification two different species of meat animal with species specific primers based on mitochondrial 12S rRNA gene. 
Amplification of a) 225bp DNA fragment from mutton (Sheep) and b) 271bp DNA fragment from beef (Cattle) sample. Lane M: DNA 
marker, Lane 1–4: tested samples.
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by exploring universal primers design for 12S rRNA gene,[40] and the difference in its sequences is 
sufficient to use it as a target for species identification.[22,53,54] In this study employed PCR-RFLP 
technique was used targeting mitochondrial 12S rRNA gene isolated from five meat species viz. beef, 
buffen, chevon, mutton, and pork that had been collected from different local markets in Bangladesh. 
The PCR products of all meat samples were produced 456bp fragment that suggested the reliability of 
universal primers made from 12S rRNA gene. Girish et al.[22] reported the identification and 
differentiation of beef, buffen, chevon, and mutton meat. However, the present study added pig 
meat in addition with previously published study.

Figure 4. Phylogenetic analysis of mitochondrial 12S rRNA gene of Cattle (Bos indicus), Buffalo (Bubalus bubalis), Sheep (Ovis aries), 
Goat (Capra hircus) and Pig (Sus scrofa). The tree was inferred using Neighbor-Joining method with 1000 bootstrap replication. 
Sequences generated in this study are marked with black circle in the tree. The percentage of replicate trees in which the associated 
taxa clustered together in the bootstrap test is shown next to the branches. The tree is drawn to scale, with branch lengths in the 
same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed 
using the Maximum Composite Likelihood method and are in the units of the number of base substitutions per site.
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The restriction mapping of mt12S rRNA gene exhibited a significant variation and produced 
distinct fragment size followed by digesting with AluI, HhaI, BspTI and ApoI to the PCR amplicons 
of different meat samples, thus, enabling PCR-RFLP to distinguish specific meat in the mixture. In 
a similar report, Partis et al.[32] generated DNA fingerprints for 22 animal species by amplifying 359bp 
regions within the cytochrome b gene and digesting the amplified product with HaeIII and HinfI. Our 
study used PCR-RFLP to differentiate between closely related meat species such as cattle-buffalo and 
goat-sheep. Here, AluI restriction enzyme produced two fragments 359 and 97bp from beef DNA, 
whereas 246 and 210bp fragment for mutton and chevon (Table 1). Therefore, AluI restriction enzyme 
can differentiate mutton and chevon from beef as per their generated fragment size. Furthermore, 
HhaI restriction enzyme has specific cutting site for buffen PCR amplicons and produce two fragments 
of 247 and 209bp (Table 1). Hence, the findings of this study are in agreement with those of Girish 
et al.[22] Furthermore, this study explored the specific cutting site of AluI in the pork and generated 290 
and 166bp fragments (Table 1). Moreover, the analyses of meat species were executed in the mixture of 
meats and found that this technique is suitable for detection and differentiation of meat in mixture 
(Table 3). However, the limitation of this experiment is that only two meats were mixed in a ratio/ 
proportion of 50:50. Variation in animal species and mixture ratio/proportion may yield different 
results. In this connection, Mahajan et al.[55] conducted an experiment with deliberately adulterated 54 
meat samples. They used six combinations of cattle, buffalo, goat, and sheep meats in three propor-
tions viz. 50:50, 75:25, and 90:10 of mixture. They identified and differentiated all samples of 50:50 and 
75:25 proportions. But in mixtures with proportion of 90:10 they could not confirm the identity of the 

Figure 5. Chord analysis of restriction enzymes in portion of 12S rRNA gene of cattle, buffalo, goat, sheep and pig. In the diagram all 
four different types of colored arcs are originates from four different restriction enzymes. Color of each type of arcs indicates their 
cutting or digestion capacity against amplified 12S rRNA DNA fragment of meat sample of five different animals tested. Here, red 
color indicates restriction enzyme AluI, green indicates ApoI, blue indicates BspTI, and gray indicates HhaI.
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species from all combination except cattle and buffalo meat mixture. Thus, PCR-RFLP analysis of 
mt12S rRNA gene is a technique of potential value in identification and differentiation of meat species. 
Besides, both sequences of our sample and chord analysis with the sequences from GenBank reveal the 
potentials of this technique for differentiation of meat animal species.

Conclusion

Identification of meat is important due to religious belief, social, forensic, and public health reasons. 
Here, we showed that PCR-RFLP is suitable for identification and differentiation of individual mutton, 
beef, buffen, chevon, and pork, as well as mixed meat samples. Therefore, this study can be applicable 
for both individual and mixture of meats for their authentication that could help in the investigation 
and protection of meat adulteration.
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