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Abstract 

Many techniques were developed to detect and identify the type of meat used in industrial meat products. This issue is very important 

for many points of view including, health, religion and detection of adulteration. In the present study, we used a simple system for 

species identification. It is based on size variations of the amplified mitochondrial DNA hyper variable regions among species. DNA 

samples from meat products and fresh meat control for each species were extracted. Samples collected from market include 10 cow, 

10 sheep and 10 chicken products. Amplification of the hyper variable region was done using two primer sets specific for mammals 

and birds. The differences in the sizes of the polymerase chain reaction (PCR) products compared to a ladder for size identification 

permitted us to identify species. In case of second band appearance the identification is done by size and confirmed by sequencing. 

The extra band was cut from gel, purified and sequenced. The obtained sequences were submitted to GenBank sequences database 

(BLAST analysis) for species identification. The results showed the appearance of single band in case of samples collected from 

cows and chicken. In case of sheep samples, in addition of the normal sheep band in most samples, some showed an extra band. This 

band was identified as cow meat which reflects meat mixing. 
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Introduction 
There is no doubt that sheep, cow and chicken meat products are 

becoming more consumable products all over the world, 

especially in Kingdom of Saudi Arabia. The national companies 

were not able to provide and fulfill the increase in demand. In 

order to cover this shortage, it is important to import frozen 

sheep, cow and chicken and its derivatives [1]. For consumers, it 

is difficult to detect adulteration in these products like expired 

date of meat and adulterated constitutes. 

Recent food scares (e.g. bovine spongiform encephalopathy 

avian flu, foot-and-mouth disease), malpractices of some food 

producers, religious reasons, food allergies and genetically 

modified organisms (GMOS) have tremendously reinforced 

public awareness regarding the composition of food products [1]. 

As labels, do not provide enough guarantees about the true 

contents of a product, it is necessary to identify and authenticate 

the components of processed food, thus protecting consumers 

from illegal substitutions [2].  

Food authentication and protection of biodiversity both require 

reliable and accurate methods for determining without 

ambiguity, the animal species in a wide array of degraded and 

processed substrates. Additionally, the development of these 

methods should protect consumers from frauds, and protect 

animal species from over-exploitation of illegal trafficking [3,4]. 

With the recent progress in molecular biology, new methods 

have been developed on the basis of the genetic differences 

among species. The cytochrome b (CYB), cytochrome oxidase I 
[5], 12 S ribosomal RNA (rRNA) [6, 7], 16 S ribosomal RNA 

(rRNA) [8] and hypervariable regions (HVR) are genes in 

mitochondrial DNA (mt-DNA) have been widely used targets 

for animal species identification [9].  

Mitochondria are sub-cellular organelles containing an extra 

chromosomal genome that is separated and distinct from the 

nuclear genome [1]. Mitochondria have a critical role in oxidative 

phosphorylation process to produce ATP. Mitochondrial DNA 

(mt-DNA) contains 13 genes that encode 13 polypeptides, 22 t-

RNAs, and 2 r-RNAs. It is maternally inherited and does not 

undergo recombination. It is valuable DNA used for 

investigating phylogenetic relationship among populations, 

subspecies, and species [10]. 

The urgent need for accurate and reliable methods for animal 

species identification has steadily increased during past decades, 

particularly with the recent food scares and the overall crisis of 

biodiversity primarily resulting from the huge illegal traffic of 

endangered species [1]. A relatively new biotechnological field, 

known as species molecular identification which is based on the 

amplification and analysis of DNA offers promising solutions 
[3].  

The aim of this study was focused to identify meat, meat 

products and authentication in these products in order to protect 

consumers from illegal substitutions which occurs as a result of 

survival in the competitive market and make a profit excessive 
[4]. 

 

Materials and Methods 

The method used in this study is based on amplification of 

specific fragment of mitochondrial DNA (hypervariable region) 

of D-loop by PCR technique [11, 12, 13]. DNA sequencing and the 

obtained Blast search results are confirmed by using a set of 

suitable PCR primers [7, 14].  

 

Meat Samples 

Biological samples of frozen and canned meat were randomly 



 
International Journal of Food Science and Nutrition 

85 
 

collected from different markets in Makkah and Jeddah cites in 

Saudi Arabia. Ten samples were used from each species i.e., 

sheep, cows and chicken. For each species, fresh meat was used 

as a positive control. DNA was extracted from meat samples by 

using QIAamp DNA mini® Kit (250) (Qiagen, cat. Nos.51304 

and 51306, www.qiagen.com) following the manufacturers 

protocol. 

 

Conventional system for species identification 

A method was developed using primers and agarose gel 

electrophoresis. The sequences and priming position of the PCR 

primers used in this study are shown in Table 1. 

The PCR reaction for mammals and birds were carried out as 

follows (each species in separate reaction): the PCR reaction 

mixture (25 µl) contained 1 µl of extracted DNA(0.1-1 ng of 

DNA), 1 µl of each primer (forward and reverse), 9.5 µl of 

sterilize distal water, 12.5 µl of Master mix (DreamTaq Green 

PCR Master Mix (2X)- Catalog number: K1081) at 98°C for 30 

sec, followed by 35 cycles of 98 °C for 10 sec, 60 °C in 

mammals and 56 °C in birds for 30 sec, 72 °C for 1 min, and a 

final extension at 72 °C for 7 min (Table 2). The extraction 

reagent blank and a positive and negative PCR control were 

amplified in parallel. 

The amplification products were visualized by electrophoresis 

using 1% weight/volume agarose gel. This was prepared by 

weighing 1gm of Agarose powder (Agarose low EEO, CSL-

AG500, Cleaver Scientific Ltd.) dissolved in 100 ml 1X TBE 

buffer. The PCR products of mt- HVR were variable in size 

according to specific species (~550bp to ~850bp). The size of all 

products was estimated by comparison with 100bp DNA ladder 

(Thermo Scientific EU). 

 
Table 1: A summary of sequences and product size for all primers used in this research [15]. 

 

Primer Name* Sequence 5'-3 Size 

Mammal Primer 

mt-U1 

mt-U2 

mt-U1: CCA CCA TCA GCA CCC AAA GCT (21 bases) 

mt-U2: TGG CCC TGA AGT AAG AAC CAG (21 bases) 

Cow 

550bp 

Sheep 

850bp 

Birds Primer 

mt–Bd6F 

mt–Bd7F 

mt–Bd4R 

mt–Bd7F: AGA CCT ACG GCT CGA AAA GCC (21bases) 

mt–Bd4R: GAT GTG CCT GAC CGA GGA AC (20 bases) 

Chicken 

600bp 

bp: base pair 

 
Table 2: PCR conditions (35 cycles) which used for amplifying HV-regions of mt-DNA [15]. 

 

Birds (Chicken) Mammal (Sheep and Cow) 
Phase 

Duration Temperature (°C) Duration Temperature (°C) 

30 sec 98 30 sec 98 Initialization 

10 sec 98 10 sec 98 Denaturation 

30 sec 56 30 sec 60 Annealing 

1 min 72 1 min 72 Extension 

7 min 72 7 min 72 Final extension 

 4  4 Holding stage 
Sec: second, min: minutes, °C: degree centigrade. 

 

Sequencing and database research  
DNA sequencing from PCR products and gel electrophoresis 

was performed using a BigDye® Direct Cycle Sequencing Kit, 

(cat.no:4458687,100 reactions) as recommended by 

manufacturer. After the sequencing analysis, the obtained 

nucleotide sequences were subjected to a BLAST search 

program (http://www.ddbj.nig.ac.jp/search/blast-j.html) for 

comparison with the numerous animal mt-DNA sequences on 

the GenBank sequences database. 

 

Results 

More than thirty commercial samples were used in this study. 

Twenty mammals (10 cows -10 sheep), ten birds (chickens) in 

addition to the fresh meat control samples were used for 

genomic DNA extraction. The hypervariable region of the D-

loop was amplified by PCR using suitable primers for mammal 

and birds. The PCR amplified product sizes were identified 

using agarose gel and by comparison with a 100bp DNA ladder 

(Figure 1). The difference in product size of the mt-DNA 

hypervariable region (of D-loop) between different species 

helped us to identify the species. In case of equal size bands or 

appearance of extra bands direct sequencing was used to identify 

the origin of this band.  

Identification of type of meat obtained from products known to 

be made from cow’s meat 

The PCR amplified mt-DNA hyper variable region (of D-loop) 

products obtained from fresh, canned and frozen cow’s meat 

products gave the correct specific size of cow species (550bp). 

No extra bands were detected in the gel (Figure 2). For second 

conformational step, direct DNA sequencing of the obtained 

bands was done after purification of these PCR products. 

The results of the sequenced fragments submitted to BLAST 

search program in Gen Bank data base are listed in Table 3. The 

sequences showed that canned and frozen cow meat in addition 

to the fresh control samples were identified as Bos taurus (cow) 

by 92%, 96% and 98% according to the highest alignments 

similarity and significant e-values obtained (Figure 5). 

 



 
International Journal of Food Science and Nutrition 

86 
 

 
 

Fig 1: Bands of (100bp) ladder (Nakamura et al.2009). 
 

 
C1 = Chicken control, 1,2,3,4 = Chicken samples, L = Ladder (100bp) 

C2 = Cow control, 11,12,13,14 = Cow samples, N = Negative control 

C3 = Sheep control, 21,22,23,24 = Sheep samples 
 

Fig 2: Amplification of mt-DNA-HVR for species identification (for 

cow’s, sheep's and chicken's samples (No extra bands were detected in 

the gel). 

Identification of type of meat obtained from products known 

to be made from sheep’s meat  

Five PCR amplified mt-DNA hyper variable region (of D-loop) 

products obtained from fresh, canned and frozen sheep’s meat 

products gave the correct specific size of sheep species (850bp). 

No extra bands were detected in the gel (Figure 2). For second 

conformational step, direct DNA sequencing of the obtained 

bands was done after purification of these PCR products.  

The results of the sequenced fragments submitted to BLAST 

search program in Gen Bank data base are listed in Table 3. The 

sequences showed that canned and frozen sheep’ meat in 

addition to the fresh control samples were identified as Ovis 

aries (sheep) by 90% and 96%, respectively according to the 

highest alignments similarity and significant e-values obtained 

(Figure 5). 

 

Appearance of extra bands beside the expected normal 

sheep’s bands 

The other five sheep samples obtained from products known to 

be made from sheep’s meat showed the normal band 850bp 

specific for sheep. In addition of these bands extra bands 550bp 

were also amplified (Figure 3). These extra bands correspond to 

cow’s meat (compared to controls used).  

The results of the sequenced fragments (850bp) submitted to 

BLAST search program in Gen Bank data base are listed in 

Table 4. The sequences showed that canned and frozen sheep’s 

meat in addition to the fresh control samples were identified as 

Ovis aries and Ovis arientalis (sheep) by 85%, 90% and 99%, 

respectively according to the highest alignments similarity and 

significant e-values obtained.  

The results presented in Table 4 of the sequenced extra bands 

(550bp) confirmed our observation that the types of meats 

belong to Bos taurus and Bos indicus (cow meat) (Figure 4 - 6). 

 

 
C1 = Chicken control 1, 2, 3, 4, 5 = Sheep samples 

C2 = Cow control L = Ladder (100bp) 

C3 = Sheep control N = Negative control 
 

Fig 3: Amplification of mt-DNA-HVR show appearance of extra bands beside the expected normal sheep’ bands. 
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Table 3: Identification of cow’s, sheep's and chicken's meat using BLAST search results 
 

No. of sample and 

Common meat name 
Species E. value Identity of sequence Accession number 

C1 - Control sample (Chicken) 

(1) Ground chicken 

(2) Minced chicken 

(3) Chicken minced 

Gallus qallus 

Gallus qallus 

Gallus qallus 

Gallus qallus 

0.0 

0.0 

0.0 

0.0 

99% 

98% 

99% 

99% 

DQ-629890.1 

KF-800719.1 

KC-436031.1 

KF-059607.1 

C2- Control sample (Cow) 

(11) Ground beef 

(12) Beef mince 

(13) Beef mince 

Bos taurus 

Bos taurus 

Bos taurus 

Bos taurus 

0.0 

4e-167 

6e-145 

0.0 

98% 

92% 

96% 

96% 

JN-81735.1.1 

KF-163074.1 

KF-163093.1 

AB-973280.1 

C3- Control sample (Sheep) 

(21) Minced mutton 

(22) Minced mutton 

(23) Minced mutton 

Ovis aries 

Ovis aries 

Ovis aries 

Ovis aries 

2e-95 

0.0 

0.0 

0.0 

96% 

90% 

90% 

90% 

KF-938342.1 

KF-677050.1 

HM-236175.1 

KF-938326.1 

Table 4: The results of sequences (2 fragments obtained from sheep products) submitted to BLAST search program in Gen Bank data base 
 

No. of sample and 
Common meat name 

Species E. value Identity of sequence Accession number 

(26) Mutton mince 
Ovis aries (sheep) 
Bos taurus (cow) 

0.0 
0.0 

85% 

93% 

EF-494854.1 

JQ-684035.1 

(27) Ground mutton 
Ovis aries (sheep) 

Bos taurus (cow) 

0.0 
0.0 

90% 

98% 

AY-829409.1 

JN-817351.1 

(Fig. 4) 

(28) Super ground mutton 
Ovis arientalis (sheep) 

Bos indicus (cow) 

1e-107 

0.0 

99% 

90% 

KF-938326.1 

JX-040461.1 

 

Identification of type of meat obtained from products known 

to be made from chicken’s meat  

The PCR amplified mt-DNA hyper variable region (of D-loop) 

products obtained from fresh, canned and frozen chicken’s meat 

products gave the correct specific size of chicken species 

(600bp). No extra bands were detected in the gel (Figure 2). For 

second conformational step, direct DNA sequencing of the 

obtained bands was done after purification of these PCR 

products.  

The results of the sequenced fragments submitted to BLAST 

search program in Gen Bank data base are listed in Table 3. The 

sequences showed that canned and frozen chicken meat in 

addition to the fresh control samples were identified as Gallus 

qallus (chicken) by 98% and 99% according to the highest 

alignments similarity and significant e-values obtained (Figure 

5).  

Sample 27—R41 D2705 14 C10C (sequence code) 

Identified nucleotide sequence of the extra band detected in 

sample No. 27 (Sheep Ground mutton): 

 

 
 

Alignment with GenBank data base 

Bos taurus isolate Mcg489 mitochondrion, complete genome 

Sequence ID: gb|JN817351.1|Length: 16339 

 
Alignment statistics for match #1 

 

Score Expect Identities Gaps Strand Frame 

891 bits (482) 0.0 499/509(98%) 3/509(0%) Plus/Plus --------- 
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Fig 4: Example of extra band sequencing and identification 

 

 
Control A = Chicken sample 1,2,3 = Chicken samples 

Control B = Cow sample 11,12,13 = Cow samples 

Control C = Sheep sample 21,22,23 = Sheep samples 
 

Fig 5: The sequencing of cow’s, sheep’s and chicken's samples. (No 

extra bands were detected in the gel) 

 

 
A1, B1, C1 = Sheep bands 

A2, B2, C2 = Cow bands 
 

Fig 6: The sequencing of sheep’s samples that show appearance of 

extra bands beside the expected normal sheep’ bands. 

 

Discussion 

Different techniques were developed for the identification of the 

type of meat found in products known to be made from certain 

species’ meat. Identification of certain species were based on 

electrophoretic techniques [16,7], immunoassays [17,18,19,20] liquid 

chromatography [21]. These methods were based on the analysis 

of proteins. These methods showed limitations due to their 



 
International Journal of Food Science and Nutrition 

89 
 

complexity, lack of specificity and high cost [22]. The DNA based 

methods were appeared as a potential tool for identification of 

species and showed advantages over conventional techniques [23-

26].  

Mitochondrial DNA sequence is highly conserved in different 

species of animals. This has enabled designing of universal 

primers for the HVR of D-loop of mt-DNA, which can amplify 

corresponding fragments in wide variety of organisms including 

mammal and birds. General differences between HVR of D-loop 

of mt-DNA sequences is sufficient for species identification of 

different biological samples [27].  

Molecular techniques, such as polymerase chain reaction [28], 

randomly amplified polymorphic DNA (RAPD), fingerprinting 
[19] and gene sequencing [18] have been tried elsewhere for meat 

identification. Each of these methods has their own limitations. 

PCR-sequencing is highly repeatable, cheaper and quicker than 

the methods cites above [4].  

Although, DNA sequencing and analysis is accurate and 

authentic, it is costly, time consuming and not suitable for 

routine species identification studies. PCR-sequencing has been 

proven to be a practical, simple and rapid technique [29].  

Two main principles were used for species identification by 

molecular methods. The first method is based on differences in 

nucleotide sequences (SNPs). This was achieved by amplify 

DNA fragments from different animals using universal primers. 

This method requires confirmation of the size of PCR products 

by gel electrophoresis. Identification of specific (SNPs) was 

done by nucleotide sequencing of PCR products [6, 8]. This 

method showed to be tedious but gave exact results. 

The second method is based on the differences in the size of PCR 

fragments produced and were identified by gel electrophoresis 
[30]. This technique is fast and simple but may sometimes be 

inaccurate [31]. Both of nuclear DNA and mt-DNA were used for 

amplification Mitochondrial DNA (mt-DNA) were used as 

target for amplification for its high copy number and the 

availability of deposited sequences in Gen Bank database. 

Universal primers were designed to amplify the D-loop of mt-

DNA. However, the fragments obtained were similar in size 

among all species tested [32].  

In the present study, we used a simple system for species 

identification. It is based on size variations of the amplified 

mitochondrial DNA hyper variable regions (of the D-loop) 

among species. Combining DNA size variation and DNA 

sequencing for the same fragment could be one of the easier and 

perfect methods for species identification. 

Primers used in this study amplified cow, sheep and chicken 

HVR of D-loop of mt-DNA fragment perfectly. Using universal 

primers for PCR amplification obviated the requirement for 

control, which is otherwise used to monitor the success of DNA 

amplification. As each cell contains about one thousand copies 

of mitochondrial DNA, PCR assays based on its amplification 

were shown to be more sensitive as compared to single or low 

copy nuclear DNA targets. Since, the quantity of PCR products 

generated corresponds to the copy number of the target DNA 

sequence, a higher copy number of mitochondrial DNA ensures 

a sufficiently high quantity of PCR product, even when small 

amounts of fresh or processed meat samples are used. 

The high copy number of small, circular mitochondrial DNA in 

cells, the chances of their survival under different processing 

conditions are higher, making it ideal for processed meat species 

identification. Sequence analysis of HVR of D-loop of mt-DNA 

showed a significant variation between different species of 

animals, enabling application of PCR to distinguish them [27].  

In a similar report, Nakamura et al. (2009) [15] amplified the 

550bp fragment of HVR of D-loop of mt-DNA in cow, 850bp 

fragment of HVR of D-loop of mt-DNA in sheep and 600bp 

fragment of HVR of D-loop of mt-DNA in chicken, using PCR 

followed by direct sequence for these fragments. 

PCR of HVR of D-loop of mt-DNA could differentiate closely 

related meat species. It can be concluded that, these three-

commercial species, cow, sheep and chicken can be qualitatively 

identified and differentiated by PCR of HVR of D-loop of mt-

DNA. This method can be applied with equal efficiency to both 

fresh and processed meats [27, 4]. 

 

Conclusion 

A simple system was used in this study for species identification. 

The idea based on size variations of the amplified mitochondrial 

DNA hyper variable regions (of the D-loop) among species. For 

the confirmation or identification steps there was a need for 

Combining DNA size variation with DNA sequencing for the 

same fragment. Size variation could be adequate technique 

dealing with large number of animal samples without need for 

more confirmation methods. Sequencing is needed (only with 

few samples) when there is similarity in bans size or appearance 

of extra bands. Mitochondrial DNA (mt-DNA) was used as 

target for amplification for its high copy number and the 

availability of deposited sequences in GenBank database. 

 

Recommendation 

This method of identification of type of species present in meat 

products showed an easier and un-expansive technique. This 

technique could be supplementary to other techniques used to 

protect consumers from commercial fraud by identification of 

components of introduced or local meat products. This issue is 

very important for many points of view including, finances, 

health, religion and detection of adulteration. 

 

References 

1. Abuzinadah OH, Yacoub HA, El Ashmaoui HM, Ramadan 

HA. Molecular detection of adulteration in chicken 

products based on mitochondrial 12S rRNA gene. 

Mitochondrial DNA. 2015; 26(3):337-340. 

2. Pascal G, Mahe S. Identity, traceability, acceptability and 

substantial equivalence of food. Cell Mol Biol. 2001; 

47:1329-42. 

3. Teletchea F, Maudet C, Hanni, C. Food and forensic 

molecular identification: Update and challenge. Trends 

Biotechnol. 2005; 23:359-66.  

4. Kane D. Identification of species in Ground meat products 

sold in the U.S commercial Market using DNA Based 

methods. Food Science Theses. 2015, 1. 

5. Panday R, Jha DK, Thapa N, Pokharel BR, Aryal NK. 

Forensic Wildlife Parts and their Product Identification and 

Individualization Using DNA Barcoding. The Open 

Forensic Science Journal. 2014; 7:6-13. 

6. Ramadan HAI, Mahfouz ER. Sequence of specific 

mitochondrial 12S rRNA fragment of Egyptian buffalo as a 

reference for discrimination between buffalo, cattle, sheep 

and goat. Journal of Applied Bioscience. 2009; 21:1277-82.  

7. Yang L, Tan Z, Wang L, Guan M, Huang T, Li R. Species 

identification through mitochondrial rRNA genetic 



 
International Journal of Food Science and Nutrition 

90 
 

analysis. Scientific Reports. 2014; (4):4089 

doi:10.1038/srep04089. 

8. Ramadan HAI. Sequence of specific mitochondrial 16S 

rRNA gene fragment from Egyptian buffalo is used as a 

pattern for discrimination between river buffaloes, cattle, 

sheep and goats. Molecular Biology Reports. 2010; 

38:3929-3934.  

9. Ramadan HAI, El-Hefnawi MM. Phylogenetic analysis and 

comparison between cow and buffalo (including Egyptian 

buffaloes) mitochondrial displacement-loop region. 

Mitochondrial DNA. 2008; 1:37-41.  

10. Shen XJ, Ito S, Mizutani M, Yamamoto Y. Phylogenetic 

Analysis in Chicken Breeds Inferred from Complete 

Cytochrome b Gene Information. Biochemical Genetics. 

2002; 40(3):129-141. 

11. Murray BW, Mc Clymonts RA, Strobeck C. Forensic 

identification of ungulate species using restriction digestion 

of PCR-amplified DNA. J Forensic Sci. 1995; 40:943-951. 

12. Ahmed MMM, El-Mezawy A. Detection of species-specific 

genetic markers in farm animals’ meat by RFLP analysis of 

cytochrome b gene. Biotechnology Animal Journal. 2005; 

21:1-11.  

13. Abdel-Rahman SM, Ahmed MMM. Rapid and sensitive 

identification of buffalo's, cattle's and sheep's milk using 

species-specific PCR and PCR-RFLP techniques. Food 

Control. 2007; 18:1246-1249.  

14. Kumar A, Kumar RR, Sharma BD, Gokulakrishnan P, 

Mendiratta SK, Sharma D. Identification of Species Origin 

of Meat and Meat Products on the DNA Basis: A Review. 

Critical Reviews in Food Science and Nutrition. 

2015; 55(10):1340-1351. 

15. Nakamura H, Mura T, Imamura S, Yuasa I. Forensic species 

identification based on size variation of mitochondrial DNA 

hyper-variable regions. Technical Note. 2009; 10:280-306.  

16. Singh VP, Sachan N. Collection and dispatch of meat 

samples for vetrolegal cases. Meat Science. 2010; 1:63-67.  

17. Ebbehoj KF, Thomas PD. Differentiation of closely related 

species by DNA hybridization. Meat Science. 1991; 

30:359-366.  

18. Chikuni K, Tabata T, Kosugiyama M, Monma M. 

Polymerase chain reaction assay for detection of sheep and 

goat meats. Meat Science. 1994; 37:337-345.  

19. Ganai TAS, Singh RK, Butchaiah G. DNA amplification 

fingerprinting of cattle and buffalo genome by RAPD-PCR 

utilizing arbitrary oligonucleotide primers. Buffalos 

Journal. 2000; 3:331-339.  

20. Meyer A, Zardoya R. Recent advances in the (molecular) 

phylogeny of vertebrates. The Anuual Review of Ecology 

and Evolution Systematic. 2003; 34:311-338.  

21. Wintero OAK, Thomsen PD, Davies W. A comparison of 

DNA hybridization, immune diffusion, countercurrent 

immune-electrophoresis and isoelectric focusing for 

detecting the admixture of pork to beef. Meat Science. 

1988; 27:75-85.  

22. Brown GG, Gadaleta G, Pepe G, Saccone C. Structural 

conservation and variation in the D loop containing region 

of vertebrate mitochondrial DNA. Journal of Molecular 

Biology. 1986; 192:503-511.  

23. Partis L, Croan D, Guo Z, Clark R, Coldham T, Murby J. 

Evaluation of a DNA fingerprinting method for determining 

the species origin of meats. Meat Science. 2000; 54:369-

376. 

24. Joshi MB, Rout PK, Mandal AK, Tyler-Smith C, Singh L, 

Thangaraj KJ. Phytogeography and origin of Indian 

domestic goat. Biology and Evolution. 2004; 21:454-462. 

25. Chen CW, Thomas CA. Recovery of DNA segments for 

agarose gels. Annual Review of Biochemistry. 2005; 

101:339-410.  

26. Naderi S, Rezaei HR, Taberlet P, Zundel S, Rafat SA, 

Naghash HR. Large-scale mitochondrial DNA analysis of 

the domestic goat reveals six haplogroups with high 

diversity. Molecular Biology and Evolution. 2007; 2:10-12.  

27. Girish PS, Anjaneyulu ASR, Viswas KN, Shivakumar BM, 

Anand M, Patel M. Meat species identification by 

polymerase chain reaction-restriction fragment length 

polymorphism (PCR-RFLP) of mitochondrial 12S rRNA 

gene. Meat Science. 2005; 70(1):107-112.  

28. Rodríguez M A, García T, González I, Asensio L, Mayoral 

B, López-Calleja I et al. Identification of goose, mule duck, 

chicken, turkey, and swine in foie gras by species-specific 

polymerase chain reaction. J Agric Food Chem. 

2003; 51(6):1524-1529.  

29. Meyer R. Polymerase chain reaction–restriction fragment 

length polymorphism analysis: A simple method for species 

identification in food. Journal of AOAC International. 

1995; 78(6):1542-1551. 

30. Tobe SS, Linacre AM. A multiplex assay to identify 18 

European mammal species from mixtures using the 

mitochondrial cytochrome b gene. Electrophoresis. 2008; 

29:340-347.  

31. Bellis C, Ashton KJ, Freney L, Blair B, Griffiths LR. A 

molecular genetic approach for forensic animal species 

identification. Forensic Sci Int. 2003; 134:99-108.  

32. Kocher TD, Thomas WK, Meyer A, Edwards SV, Paabo S, 

Villablanca FX et al. Dynamics of mitochondrial DNA 

evolution in animals: amplification and sequencing with 

conserved primers. Proc Natl Acad Sci. 1989; 86:6196-

6200. 


