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 Meat adulteration is considered an important problem facing consumers, especially 

cooked and processed meat, which is difficult to detect through mere protein analysis 

because they are subjected to high temperature.Therefore targeting DNA,by applying 

PCR-RFLP technique to determine meat species represents an important alternative for 
determining the component of processed meats. In this study 13 different mammalian 

species (sheep, goat, cow, camel, buffalo, horse, donkey, rabbit, pig, cat, dog, mouse, 

rat) and one species of poultry (chicken) were closely investigated. Total DNA was 
extracted, and a segment of mt12S rDNA gene was amplified using universal 

primers.PCR amplification yielded ~480 bp and ~500 bp fragments in mammalian and 

poultry species respectively Raw meat species identification was achieved by applying 
five restriction enzymes of typeII (ApoI, AluI, HhaI, MspI, BspTI). Cooked meat 

samples (boiled, fried, grilled) were successfully analyzed using PCR-RFLP technique. 

The result shows effect of cooking temperature on the efficiency of DNA extraction, 
PCR amplification and restriction patterns. Processed meat samples (mortadella) were 

successfully analyzed using the same technique. High temperature with high pressure 

could affect DNA extraction and density of restriction patterns. The results 
demonstrated also that the analyzed samples contained cattle, buffalo and chicken 

meats. Therefore,PCR-RFLP technique proved to be a sensitive, highly reproducible, 

and comparatively unexpensive technique for meat source detection. 
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INTRODUCTION 

 

Meats are nutrient abundant foods [13]. Meat adulteration is considered an important issue facing 

consumers for many reasons [3]: public health and consumers fear of diseases spread and allergies to particular 

meat species) [28,25,23,8], meat products  must be accurately labeled as to animal species contained [15,18,2,3], 

environmental needs concering trade prohibition of protected animal species. [15], and religious customs (halal 

or kosher food) [11,15]. 

Various techniques have been used for meat species identification including: chromatography [4,22], 

protein-based methods such as antibody and electrophoresis techniques [21,5,26,19,7,15,3]. Unfortunately, these 

methods are not sensitive in processed materials and fail in differentiating closely related species.They are time-

consuming, andexpensive [9,2]. 

Developments in molecular biology have facilitated identification of meat species with high accuracy.PCR, 

RAPD-PCR, species-specific PCR, PCR-RFLP and Real-Time PCR have been currently used for identification 

of meat species [17,9,3,20,27]. 

In the PCR-RFLP technique, which is species selective,independent DNA sequence is amplified using PCR, 

followed by digestion with restriction enzymes, which reveal the sequence variations among species [9]. This 

technique is highly beneficial in meat species identification especially in terms of cost efficiency, detection 

power and applicability to large scale screening [24]. Both nuclear and mitochondrial genes may be used in 

meat species identification [9]. 

In the present study, species differentiation of raw and cooked meat of 14 different species was performed 

using PCR-RFLP of a sequence belonging to  mt12S rRNA gene and involving five restriction enzymes.The 

suitability of this method for heat processed meat (luncheon) is also examined. 
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MATERIALS AND METHODS 

 

1- Samples: The 14 animal species meat samples are listed in Table (1). They were collected from 

morphologically confirmed animals and stored at -20ºC. Meat samples were cooked according to traditional 

home cooking procedures. Commercially processed meat samples were collected from local markets. 

 
Table 1: Species studied. 

Sample source  Sample  

Lamb  

Meat 

Raw 

Goat  

Bovine  

Camel  

Buffalo  

Pig  

Horse  

Rabbit  

Rat  

Mouse  

chicken  

Donkey  

blood Dog  

Cat  

Boiled  

Cooked Fried  

grilled  

Autoclaved luncheon meat- peripheral position  

Processed 
Autoclaved luncheon meat- central position  

Non autoclaved luncheon meat- peripheral position  

Non autoclaved luncheon meat- central position  

 

2- DNA extraction: Total DNA was extracted from blood and meat tissue samples using the QIAamp 

Blood MiniKit (Qiagen, Germany) for DNA purification. Protocol described by manufacturer for whole blood 

samples was adhered to; whereas for meat tissue samples, DNA was extracted with some modifications: 

samples were triturated with liquid nitrogen. Proteinase K concentration was increased three times(6µg/µl),and 

the recommended amount of buffer AL was duplicated, also incubation time was extended to overnight.The 

extracted DNA yield was measured at OD260, purity was examined at OD260/OD280 using spectrophotometer 

(Hitachi U-2900, Japan).The extracted DNA was visualized by electrophoresis in 1% agarose gel at 100V for 

one hour usingethidium bromide staining. 

3- Polymerase Chain Reaction: The universal primer pair for the fragment of the mt 12SrRNA gene was 

used for PCR amplification [12,9]. Amplification was carried out in 0.2 ml tubes containing: 5µl 10X PCR 

buffer, 1.5 µl Mgcl2 (50mM), 5 µl dNTPs (2mM), 1.5 µl Taq polymerase 1U/ µl (Euroclone, Germany), 2.5 µl 

each primer (8 µM) (DNAalpha, Canada), 20 ng purified DNA and PCR water (Roth, Germany) to make a 

volume up to 50 µl. Thermal cycling Conditions were as follows: 5 min at 94ºC for initial denaturation, 

followed by 30 cycles of amplification (45s at 94ºC, 45s at 60ºC and 1 min at 72ºC) and final extension for 10 

min at 72ºC using a Master Cycler (Eppendorf, Germany). The PCR products were analyzed by electrophoresis 

in 2% agarose gel with ethidium bromide staining along with 50bp and 100bp ladders (Fermentase, Germany). 

4- Selectionof restriction enzymes:ApoI, AluI, HhaI, BspTI (fermentase, Germany) were applied 

according to Girish et al. [10]. MspI (fermentase, Germany) was selected based on the species-specific variation 

between horse’s DNA and donkey’s DNA, by exploiting software application on sequence data, available at 

NCBI(http://www.ncbi.nlm.nih.gov/).Mt12S rRNA gene sequences of horse and donkeyspecies
,
 DNA were 

determined and selected, digestion patterns of the species were predicted for various restriction enzymes using 

NEBcutter2 software(http://tools.neb.com/NEBcutter2). Finally, the enzyme MspI was chosen to achieve the 

best species-specific pattern. PCR amplicon of mt12S rRNA gene were subjected to suitable restriction enzyme 

digest according to supplier’s instructions with a slight modification on the respective buffer volume and on the 

incubation period. Restriction digestion was carried out in 0.2 ml PCR tubes containing: 1.5 µl restriction 

enzyme, 3 µl 10X respective buffer, 15.5 µl PCR water, 10 µl PCR product, and the final volume was incubated 

overnight at 37ºC. Digested PCR products were visualized by electrophoresis in 8% polyacrylamide gel at 100V 

for 3.5 hours. Fragment length was calculated using the migration pattern of 50 bp, 100 bp ladders. 

 

Results: 

Extracting DNA from blood tissue gave standard results. Our modifications on DNA extraction protocol 

from meat tissue significantly increased the DNA purity rate from (1.4-1.6) to (1.7-2) and DNA concentration 

from (40-60 ng/µl) to (70-900 ng/µl). 

http://www.ncbi.nlm.nih.gov/nuccore/NC_001640.1
http://tools.neb.com/NEBcutter2/
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PCR amplicon was observed at raw and cooked meat samples. Each sample gave a band of approximate 

length of 460bp as expected (Fig. 1 PCR Lane). Processed meat samples resulted two bands of approximate 

length of 460bp and 480bp (Fig. 2 Lane PCR). However, the intensity of the bands signals was reduced with 

processed meat samples, so we increased the amount of initial purified DNA for PCR 50 times to obtain a clear 

band (data not shown).All species could be discriminated using ApoI,AluI, HhaI, BspTI for PCR-RFLP. Horse 

and donkey species’ DNAwere distinguished using MspI. Restriction map of sequenced amplicons of the 

studied species of a partial sequence of mt12S rRNA gene along with selected restriction sites are in table (2). 

AluI enzyme has the major role in digesting; it can digest all DNA’s species except buffalo’s DNA. On the other 

hand HhaI enzyme can digest only buffalo’s DNA as well as BspTIenzyme can digest only goat’s DNA. ApoI 

enzyme can digest lamb, cat and mouse’s DNAs. MspIenzyme can digest lamb, goat, buffalo and horse’s DNAs. 

ApoIenzyme generated fragments of 365 and 130 bp in lamb, 400and 80 bp in cat, 460 and 50 bp in 

mouseand no fragments in the other species (Fig. 1 Lane 1). AluI enzyme generated fragments of 250 and 200 

bp in lamb, 250 and 215 bp in goat, 400 and 95 bp in bovine, 240 and 150 and 97 bp in camel, 300 and 170 bp 

in big, two fragments of 50 bp and one fragment of 375 bp in both horse and donkey, 215 and 155 and 100 bp in 

rabbit, 325 and 90 bp in dog, 200 and 125 and 90 bp in cat, 340 and 75 and 50 bp in rat, 375 and 75 bp in 

mouse, 250 and 170 and 50 bp in chicken and no fragments in buffalo (Fig. 1 Lane 2). HhaI enzyme generated 

fragments of 250 and 225 bp in buffalo and no fragments in the other species (Fig. 1 Lane 3). MspIenzyme 

generated fragments of 400 and 90 bp in lamb and goat, 420 and 90 bp in buffalo, 365 and 125 bp in horse and 

no fragments in the other species (Fig. 1 Lane 4). BsptI enzyme generated 360 and 135 bp in goat and no 

fragments in the other species (Fig. 1 Lane 5).Figure (1) represents PCR amplicon and RFLP patterns of mt12S 

rRNA gene of different meat species. 

 

(a) 

 

(b) 

 

© 

 

(d) 

 

(e) 

 

(f) 

 

Fig. 1: 8%Polyacrylamide gel electrophoresis (V= 100 for 3.5 hours) of amplified mt12S rRNA gene and PCR-

RFLP patterns of mt12S rRNA gene of different meat species: (a): lamb, (b): buffalo, (c): Bovine, (d): 

horse, (e): donkey, (f): chicken. (M1): 100 bp ladder, (M2): 50 bp ladder, (PCR): pcr amplicon. (1), (2), 

(3), (4), (5): pcr product subjected to ApoI, AluI, HhaI, MspI, BspTI enzyme respectively.   
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Table 2: PCR-RFLP patterns of mt12S rRNA gene of different meat species. 

5 4 3 2 1 Well  Meat species 

BspTI MspI HhaI AluI ApoI R.E  

- 400+90 -(2) 250+200 365+130(1) lamp  

360+135 400+90 - 250+215 - goat  

- - - 400+95 - Bovine  

- - - 240+150+97 - Camel  

- 420+90 - - - buffalo  

- - - 300+170 - big  

- 365+125 250+225 50+50+375 - horse  

- - - 50+50+375 - donkey  

- - - 215+155+100 - rabbit  

- - - 325+90 - dog  

- - - 200+125+90 400+80 cat  

- - - 340+75+50 - rat  

- - - 375+75 460+50 mouse  

- - - 250+170+50 - chicken  

 

Results were similar in both raw and cooked meat samples and were highly reproducible, different cooking 

temperatures did not affect the molecular weight and the intensity of PCR amplicon bands nor PCR patterns. 

Figure (2) represents the effect of different cooking methods on PCR amplicon and RFLP band patterns. 

 

 
Fig. 2: 8%Polyacrylamide gel electrophoresis (V= 100 for 3.5 hours) of amplified mt12S rRNA gene and PCR-

RFLP patterns of mt12S rRNA gene of lamb meat in different cooking methods (grilled, fried, boiled). 

(M1): 100 bp ladder, (M2): 50 bp ladder, (PCR): pcr amplicon. 1, 2, 3, 4, 5: pcr product subjected to 

ApoI, AluI, HhaI, MspI, BspTI enzyme respectively.   

 

Autoclaving meat process has a significant effect on molecular weight and intensity of PCR amplicon bands 

and PCR patterns. Samples from central position of autoclaved cans gave bands with higher intensity than the 

peripheral ones, whereas samples from central and peripheral positions of non-autoclaving cans gave bands with 

similar intensity. Figure (3) represents the effect of canning and sample location within the can on the intensity 

of PCR amplicons and RFLP patterns of mt12S rRNA gene.  
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Fig. 3: 8%Polyacrylamide gel electrophoresis (V= 100 for 3.5 hours) of amplified mt12S rRNA gene and PCR-

RFLP patterns of mt12S rRNA gene of processed luncheon meat. (M1): 100 bp ladder, (M2): 50 bp 

ladder, (PCR): pcr amplicon, (1), (2), (3), (4), (5): pcr product subjected to ApoI,  AluI, HhaI, MspI, 

BspTI enzyme respectively.   

 

The resulting restriction map of amplified mt12S rRNA gene of processed meat using the studied 

restriction enzymes; when compared with pure meat species PCR-RFLP patterns of the same restriction 

enzymes, demonstrated that the analyzed samples consist of a meat mixture containing cattle, buffalo and 

chicken meat. Results did not vary with the presence of other ingredients. Figure (4) represents PCR-RFLP 

patterns of mt12S rRNA gene of processed meat consist. 

 

 
Fig. 4: 8%Polyacrylamide gel electrophoresis (V= 100 for 3.5 hours) of amplified mt12S rRNA gene and PCR-

RFLP patterns of mt12S rRNA gene of processed meat consists. (M1): 100 bp ladder, (M2): 50 bp 

ladder, (PCR): pcr amplicon, (1), (2), (3), (4), (5): pcr product subjected to ApoI,  AluI, HhaI, MspI, 

BspTI enzyme respectively.     

 

Discussion: 

Mitochondrial DNA contains many conserved regions in a wide variety of organisms including birds and 

insects [1]. In the present study, mt 12S rRNA gene has been used as a molecular marker for meat species 

identification using PCR-RFLP technique [12,16]. Using a universal primer for a segment of mt12S rRNA gene 

can successfully amplify corresponding region in raw, cooked and processed meat samples [10].  
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Meat species identification is achieved by applying ApoI, AluI, HhaI, BspTI on PCR product [9]. For the 

best of our knowledge MspI is first used in our study for the purpose of meat species identification as it could 

digest PCR product, resulting two bands,  in horse’s DNA and not in donkey’s DNA. Proper selection of 

restriction endonuclease has the potential to correctly identify meat species, sufficient analysis of the available 

sequences may help to avoid this problem [6]. PCR-RFLP of a segment of mt12S rRNA gene could differentiate 

closely related meat species, such as cattle - buffalo and sheep – goat and horse – donkey [9]. 

There are many difficulties in DNA extraction and PCR amplification when dealing with processed meat 

samples which is also mentioned in Shi-Yi Chen report [6]. Since mitochondria are present in large numbers in 

each cell, even less amount of sample is sufficient to give detectable amplification [10]. Although, amplification 

was seen at all temperatures of cooking, band signal was weak for processed meat at 116º C / 1.2bar. This result 

is similar to previous reports of Matsunaga and Girish [14] and Girish [10], who observed weak amplification of 

mt DNA in meat samples processed at 120º C for 30 min. The presence of a high copy number of mt DNA in a 

cell may contribute to the survival of at least a few copies, when the tissue is subjected to extreme processing 

conditions of high temperature with high pressure) [10]. The amplicons of the same sizes were obtained from 

central and peripheral positions of the processed meat can, but with less intensity from peripheral parts. This 

may be due to severe processing conditions on peripheral position compared with central position. 

The limitations of this method are: its inapplicability to assess quantitatively meat mixtures, this may be due 

to the disparity in the quantity of PCR products amplified and the amount of target DNA present. Ballin used 

many analytical approaches to quantify the proportions of mixed meat products, but detection sensitivities were 

variable [3]. Using the PCR-RFLP method, Girish failed to detect mixed meat samples [9]. And its 

inapplicability to differentiate sex due to maternal inheritance of mitochondrial DNA [9]. 

All in all, PCR-RFLP is a sensitive, accurate and highly reproducible technique. 

 

REFERENCES 

 

[1] Antoinette, C.L., Van der kuyl Carla, J.T. Kuike and G.J. Dekker, 1995. Phyologeny of African monkeys 

based upon mitochondrial 12S r RNA sequences. Journal of Molecular Evolution. Journal of Molecular 

Evolution, 40: 173-180. 

[2] Bai, W., X. Wentao, H. Kunlun, Y. Yanfang, C. Sishuo and L. Yunbo, 2009. A novel common primer 

multiplex PCR (CP-M-PCR) method for the simultaneous detection of meat species. Food Control, 20: 366-

370. 

[3] Ballin, N.Z., F.K. Vogensen and A.H. Karlsson, 2009. Species determination-Can we detect and quantify 

meat adulteration?Meat Science, 83: 165-174. 

[4] Carnegie, P., M. Collins and M. Ilic, 1984. Use of histidine dipeptides to estimate the proportion of pig 

meat in processed meats. Meat science, 10: 145-154. 

[5] Chen, F.C. and Y. Hsieh, 2000. Detection of pork in heat-processed meat products by monoclonal antibody-

based ELISA.Journal of AOAC International., 83: 79-85. 

[6] Chen, S.Y., Y.P. Liu and Y.G. Yao, 2010. Species authentication of commercial beef jerky based on PCR-

RFLP analysis of the mitochondrial 12S rRNA gene. Journal of Genetics and Genomics., 37 769-763: . 

[7] Chi-Chung, 2006. 

[8] Fujimura, T., T. Matsumoto, S. Tanabe and F. Morimatsu, 2008. Specific discrimination of chicken DNA 

from other poultry DNA in processed foods using the polymerase chain reaction. Bioscience, 

biotechnology, and biochemistry, 802200788. 

[9] Girish, P.S., A.S.R. Anjaneyulu, K.N. Viswas, B.M. Shivakumar, M. Anand, M. Patel and S. Bhaskar, 

2005. Meat species identification by polymerase chain reaction-restriction fragment length polymorphisim 

(PCR-RFLP) of mitochondrial 12S r RNA gene. Meat Science, 70: 107-112. 

[10] Girish, P.S., A.S.R. Anjaneyulu, K.N. Viswas, M. Anand, N. Rajkumar, B.M. Shivakumar and S. Bhaskar, 

2004. Sequence analysis of mitochondrial 12S rRNA gene can identify meat species. Meat Science, 66: 

551-556. 

[11] Kesmen, Z., F. Sahin and H. Yetim, 2007. PCR assay for the identification of animal species in cooked 

sausages.Meat Science, 77: 649-653. 

[12] Kocher, T.D., W.K. Thomas, A. Meyer, S.V. Edwards, S. Paabo and F.X. Villablanca, 1989. Dynamics of 

mitochondrial DNA evolution inanimals: amplification and sequencing of conserved primers. Proceeding of 

National Academy Sciences of the United States of America, 86. 

[13] Mahajan, M.V., Y.P. Gadekar, V.D. Dighe, R.D. Kokane and A.S. Bannalikar, 2011. Molecular detection 

of meat animal species targeting MT 12 S rRNA gene.Meat Science, 88: 23-27.  

[14] Matsunga, T., K. Chikuni, R. Tanabe, H. Muroya, K. Shibata, J. Yamada and Y. Shinmura, 1998. 

Determination of mitochondrial cytochrome b gene sequence for red deer ( cervusalphus) and the 

differentiation of closely related deer meats. Meat Science, 49: 379-385. 



715                                                                     Banan Alshaikh et al, 2015 

Advances in Environmental Biology, 9(4) March 2015, Pages: 709-715 

 
[15] Montowska, M. and E. Pospiech, 2007. Species identification of meat by electrophoretic methods.ACTA 

ScientiarumPolonorum-TechnologiaAlimentaria. 6: 5-16. 

[16] Parakash, P.S., M.S. Ghumatkar, S.V. Nandode, S.K. Yogesh and S. Shouche, 2000. Mitochondrial 12S 

rRNA sequence analysis in wild life forensics.Current Science, 78: 1542-1551. 

[17] Partis, L., D. Croan, Z. Guo, R. Clark, T.Coldham and J. Murby, 2000. Evaluation of a DNA fingerprinting 

method for determining the species origin of meats. Meat Science, 54: 369-376. 

[18] Qinchun, R. and Peggy, H.Y.H., 2007. Evaluation of commercial lateral flow feed test for rapid detection of 

beef and sheep content in raw and cooked meats. Meat Science, 76: 489-494.  

[19] Rastogi, G., M. Dharne, A. Bharde, V. Pandav and S. Ghumatkar, 2004. Species determination and 

authentication of meat samples by mitochondrial 12S rRNA gene sequence analysis and conformation-

sensitive gel electrophoresis. Current science, 87: 1278. 

[20] Rojas, M., I. Gonzalez, V. Fajardo, I. Martin, P.E. Hernandez, T. Garcia and R. Martin, 2009. 

Authentication of meats from quail (Coturnixcoturnix), pheasant (Phasianuscolchicus), partridge (Alectoris 

spp.), and guinea fowl(Numidameleagris) using polymerase chain reaction targeting specific sequences 

from the mitochondrial 12S rRNA gene. Food Control., 20: 896-902. 

[21] Sawaya, W.N., M.S. Mameesh, E. El-Rayes, A. Husain and B. Dashti, 1990a. Detection of Pork in 

Processed Meat by anEnzyme linked Immunosorbent Assay Using Antiswine Antisera. Journal of food 

science, 55: 293-297. 

[22] Sawaya, W.N., T. Saeed, M. Mameesh, E. El-Rayes, A. Husain, S. Ali and H. Abdul Rahman, 1990b. 

Detection of pork in processed meat: experimental comparison of methodology. Food chemistry, 37: 201-

219. 

[23] Seller, R., J. Gloster, 2007. Foot-and- mouth disease: A review of intranasal infection of cattle, sheep and 

pigs. The veterinary Journal. Online Puplication.   

[24] Shi-Yi Chen, Yi-Ping Liu, Yong-gang Yao, 2010. Species uthentication of commercial beef jerky based on 

PCR-RFLP analysis of the mitochondrial 12S rRNA gene. Journal of Genetics nd Genomics, 37: 763-769. 

[25] Swayne, D.E. and J.R. Beck, 2005. Experimental study to determine if low pathogenicity and high 

pathogenicity avain influenza viruses can be present in chicken breast and thigh meat following intranasal 

virus inoculation. Avian Diseases, 49: 81-85. 

[26] Thumber, J.M., 2002. Meat speciation by molecular and serological techniques. Master of Veterinary 

Science Thesis.Veterinary Public Health Department, Anand Agricultural University. 

[27] Wang, Q., X. Zhang, H. Zhang, J. Zhang, G. Chen, D. Zhao, H. Ma and W. Lio, 2010. Identification of 12 

animal species meat by T-RFLP on the 12S rRNA gene. Meat Science, 85: 265-269. 

[28] Wells, G.A., A.C. Scott, C.T. Johnson, R.F. Gunning, R.D. Hancock and M. Jeffery, 1987. A novel 

progressive spongiform encephalopathy in cattle. TheVeterinary Record. 121: 419-420. 

[29] http://www.ncbi.nlm.nih.gov/blst/ accession date:8 December, 2011. 

[30] http://tools.neb.com/NEBcutter2/ accession date:8 December, 2011. 

 

 

http://tools.neb.com/NEBcutter2/

