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bp Base pair 
cm Centimeter 
Cyt b Cytochrome b 
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dGTP Dinucleotide guanine tri phosphate 
DNA Deoxyribose nucleic acid 
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ds Double stranded 
dTTP Dinucleotide thymine tri phosphate 
0C Celsius 
Pg Picogram 
µl Microliter 
M Molar 
mg Milligram 
min Minute(s) 
ml Milliliter 
mM Millimolar 
mt Mitochondria 
µg  Microgram 
ng Nanogram 
fg Fantogram 
OD Optical density 
PCR Polymerase chain reaction 
pMol Picomoles 
RAPD Randomly amplified polymorphic DNA 
RE Restriction Enzymes  
RFLP Restriction fragment length polymorphism 
rpm Rotation per Minute 
sec Second(s) 
SSCP Single strand length polymorphism 
Tm Melting temperature 
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UV Ultra violet 
V Volts 
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Lanes    Templete                                   Primer 
 

 Forward 
 

Reverse 

1 Cattle meat 
DNA 

CONP-F-2 
 

BOVP-R-2 

2 & 
11 

Buffalo meat 
DNA 

CONP-F-2 
 

BUFP-R-2 

3 Cattle + 
Buffalo meat 
DNA 

CONP-F-2 
 

 BOVP-R-2 +BUFP-R-2 

4 Cattle + 
Buffalo meat 
DNA 

 
CONP-F-2 
 

BOVP-R-2 +BUFP-R-2 

5 Buffalo meat 
DNA 

CONP-F-2 
 
 

BOVP-R-2 +BUFP-R-2 

6 Buffalo meat 
DNA 

CONP-F-2 
 

BOVP-R-2 

7 & 8 Cattle + 
Buffalo meat 
DNA 

CONP-F-2 
 

BOVP-R-2 

9 Cattle + 
Buffalo meat 
DNA 

CONP-F-2 
 
 

BUFP-R-2 

10 Cattle meat 
DNA 

CONP-F-2 
 

BUFP-R-2  

M                   100 bp DNA molecular weight marker 
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                                         PLATE-3 
  

 

 
 
 
                                     
                                 
 
 
 
 
                                 

Lanes    Templete                                   Primer 
 

 Forward 
 

Reverse 

1 Cattle + 
Buffalo meat 
DNA  

CONP-F-2 
 

BUFP-R-2 

2  Cattle + 
Buffalo meat 
DNA 

CONP-F-2 
 

BOVP-R-2 

3 Buffalo meat 
DNA 

CONP-F-2 
 

 BUFP-R-2 

4 Cattle meat 
DNA 

CONP-F-2 
 

BUFP-R-2 

5 Cattle meat 
DNA   

CONP-F-2 
 
 

BOVP-R-2  

6  Buffalo meat 
DNA 

CONP-F-2 
 

BOVP-R-2 

M  100 bp DNA molecular weight marker 

Lanes    Templete                                   Primer 
 

 Forward 
 

Reverse 

1 Cattle + 
Buffalo meat 
DNA 

CONP-F-2 
 

BUFP-R-2 

2  Cattle  meat 
DNA 

CONP-F-2 
 

BUFP-R-2 

3 Cattle  meat 
DNA 

CONP-F-2 
 

BOVP-R-2 

4 Cattle + 
Buffalo meat 
DNA 

CONP-F-2 
 

BOVP-R-2 

5 and 6  Buffalo meat 
DNA 

CONP-F-2 
 
 

BUFP-R-2 

M  100 bp DNA molecular weight marker  



 
 
 
                                   PLATE-4 
  

 

 
 
                                    PLATE-5 
  

 

 
 
 
 
 
 
                                             
 
 
 

Lanes    Templete                                   Primer 
 

 Forward 
 

Reverse 

1 Buffalo meat 
DNA 

CONP-F-2 
 

BUFP-R-2 

2  Buffalo meat 
DNA 

CONP-F-2 
 

BOVP-R-2 

3 Cattle  meat 
DNA 

CONP-F-2 
 

BUFP-R-2 

4 Cattle  meat 
DNA 

CONP-F-2 
 

BOVP-R-2  

5  Cattle + 
Buffalo meat 
DNA 

CONP-F-2 
 
 

BUFP-R-2 

6  Cattle + 
Buffalo meat 
DNA 

CONP-F-2 
 

BOVP-R-2 

M  100 bp DNA molecular weight marker  

Lanes    Templete                                   Primer 
 

 Forward 
 

Reverse 

1 Buffalo meat 
DNA 

CONP-F-2 
 

BUFP-R-2 

2  Buffalo meat 
DNA 

CONP-F-2 
 

BOVP-R-2 

3 Cattle  meat 
DNA 

CONP-F-2 
 

BOVP-R-2 

4 Cattle + 
Buffalo meat 
DNA 

CONP-F-2 
 

BOVP-R-2  

5  Cattle + 
Buffalo meat 
DNA 

CONP-F-2 
 
 

BUFP-R-2 

6  Cattle meat 
DNA 

CONP-F-2 
 

BUFP-R-2 

M  100 bp DNA molecular weight marker  



 
 
 
 
 
                                          PLATE-6 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                         
                                           PLATE-7 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lanes    Templete                                   Primer 
 

 Forward 
 

Reverse 

1 Buffalo meat 
DNA 

CONP-F-2 
 

BUFP-R-2 

2  Buffalo meat 
DNA 

CONP-F-2 
 

BOVP-R-2 

3 Cattle  meat 
DNA 

CONP-F-2 
 

BUFP-R-2 

4 Cattle  meat 
DNA 

CONP-F-2 
 

BOVP-R-2  

5   Cattle + 
Buffalo meat 
DNA 

CONP-F-2 
 
 

BUFP-R-2 

6  Cattle + 
Buffalo meat 
DNA 

CONP-F-2 
 

BOVP-R-2 
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ABSTRACT 

 

A reliable and sensitive method for identification and differentiation of buffalo meat 
from mixed meats, particularly containing cattle meat is not currently available and is highly 
warranted. Present study was carried out to develop a Real Time PCR based test for 
identification and differentiation particularly of cattle and buffalo meat. 

DNA extraction from meat samples (ten each ) from cattle , buffalo, sheep, goat and 
chicken procured from slaughter house /market or obtained through biopsy were utilized for 
molecular study . 

Mitochondrial cyt b gene was amplified by conventional PCR using primers reported 
by Rea et al. (2001). PCR was optimized with respect to annealing temperature and primer 
concentration to give species specific amplification. A common forward and cattle specific 
reverse primer amplified 113 bp fragment on cattle DNA while common forward with buffalo 
specific reverse primer amplified 152 bp fragment. PCR did not produce any cross specific 
amplification. Further, it did not produce any amplification from other meat species studied. 
When the primers were used in duplex PCR, it amplified only the target species DNA i.e. 
either cattle or buffalo, while it amplified both the species DNA on cattle buffalo mixed 
meats. 

The optimized PCR was converted to the Real Time PCR using SYBR green Dye. In 
Real Time PCR the common forward primer with cattle specific reverse primer showed 
melting peak at 76.2 0C on cattle DNA while the common forward primer with buffalo 
specific reverse primers showed melting peak at 78.2 0C on buffalo DNA. Even in duplex 
PCR it showed only species specific melting peaks in respective species DNA. But when 
duplex PCR was evaluated on cattle- buffalo mixed DNA template in equal proportion it 
exhibited two peaks, a major buffalo specific and a minor cattle specific, merging into one 
broader peak at 78.2 0C coinciding with buffalo specific melting point. However it was 
possible to know presence of mixed DNA by Real Time PCR using duplex primers. 

The duplex Real Time PCR showed only a single broader peak at 78.2 0C at 1: 10 and 
all further ratios. Hence an independent cattle specific Real Time PCR was run on mixed 
DNA which produced cattle specific melting peak at 76.2 0C upto 1: 1000 ratios.  At 1: 
10,000 ratio it did not showed any cattle specific melting peak. Thus, it was possible to detect 
and differentiate cattle meat mixed in buffalo meat upto 1: 1000 fraction i.e. 9 pg of cattle 
DNA adulterated in buffalo DNA by running a duplex PCR followed by cattle specific Real 
Time PCR.  

Duplex Real Time PCR did not produce any amplification and melting peaks on 
DNA templates from sheep, goat and chicken. Thus, Real Time PCR was found to be 
successful in differentiating cattle and buffalo mixed meat samples. 

Consequently, Real Time PCR assay developed in the present study was found to be 
very sensitive and specific to detect adulteration of cattle meat in buffalo meat such that it can 
be adopted in an advanced lab like forensic lab.  
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CHAPTER – I 

INTRODUCTION  

    Large proportion of the world population consumes non-vegetarian diet. 
Although, India is considered to be primarily a vegetarian country, sizable population 
consumes meat either regularly or occasionally. The detection of meat species is 
needed to be performed for various reasons, which includes illegal substitution of 
food with cheaper meat, religious, health reasons and conservation regulations etc. In 
India, it becomes especially important due to socio-religious issues associated with 
the preference. There is religious taboo on the consumption of pork in Muslims and 
cattle meat in Hindus. There is a ban on the slaughter of cows and bullocks in many 
states of India. Inspite of ban, cows and bullocks are occasionally slaughtered.   
Frequently, meat samples are brought to laboratories for identification and 
confirmation of meat species. Ultimately, the species identification from mixed meat 
is very critical. However, it is not always possible to differentiate the species by 
currently available laboratory methods. 

The conventionally available methods for species identification from mixed 
meat include various forms of electrophoresis and use of immune sera in agar gel 
diffusion. Some of such methods of animal tissue identification are agar gel 
diffusion, passive haemagglutination, immuno-electrophoresis, counter immuno-
electrophoresis, enzyme-linked immunosorbent assay etc. However, the greatest 
disadvantage of immunological methods for species identification is that the 
available antisera show cross-reactions. Secondly during cooking the solubility 
properties and antigens competence of the proteins are altered considerably. The use 
of antisera to thermostable antigens has proved to be superior in identification of 
cooked meat. However, use of such antigens and antisera against them are only 
partially successful in identification of meats of closely related species of animals 
like cattle and buffalo from sheep and goats (Bhilegaonkar et al., 1989).  

In   recent   past, DNA as a source of information has been used for speciation 
of meats. DNA   based   technology   for such purpose   has   several   advantages.  
DNA is more thermostable than many proteins and thus nucleic acids are less liable to 
be disrupted by processing of foods. It is present in majority of the cells of an 
organism and therefore, identical information can be obtained from any appropriate 
sample from the same source, regardless of the tissue of origin. DNA can potentially 
provide more information than proteins.  

Two major approaches to identify species of meats by DNA techniques are 
DNA hybridization and PCR based methods. DNA hybridization was the first genetic 
approach for determination of species identity. In this method, labeled DNA probes 
were hybridized to samples of genomic DNA covalently attached to nylon membranes 
in a slot or dot blot form (Baur et al., 1989; Wintero et al., 1990). It was observed that 
the probes comprising labeled total genomic DNA from a given species would 
hybridize to DNA from the same species with little cross reactivity. The technique of 
DNA hybridization has been successfully applied for identification and differentiation 
of meats of chicken and pork from cooked meats and commercial products (Chikuni 
et al., 1990 and Ebbehoj and Thomsen, 1991). However, meats of closely related 
species of animals, like sheep and goats showed cross reactivity by this method. In 
spite of several advantages of DNA hybridization methods for identification and 



differentiation of meats of different species of animals, these are complicated and 
generally inadequate. 

PCR is a promising approach to species identification. This method is easy, 
fast and   more sensitive. A number of strategies has been employed in PCR including 
use of repetitive sequences (Calvo et al., 2001b), multigene family (Fairbrother et al., 
1998) and use of mitochondrial gene (Matsunaga et al., 1999) for species 
identification.  

PCR analysis of species-specific mt DNA sequence is the most common 
method currently being used for species identification (Cann et al., 1987; Parodi et 
al., 2002). Detection method based on mt DNA can improve the sensitivity further 
because each cell has around 104 copies of mt DNA as against just one genomic 
DNA. Since mt DNA expressed in different species or genera have their evolution 
specificities, we can identify individual species by studying mt DNA (Cheng et al., 
2003). Therefore, mt DNA is efficiently used to detect species –specific DNA.  

Recently, PCR assay of mitochondrial cyt b gene has been reported for 
detection and differentiation of several meat species (Matsunaga et al., 1999; Hird et 
al., 2003; Rajapaksha et al., 2003 and Cheng et al., 2003). However, differentiation of 
cattle and buffalo meats has remained a priority. Hence, there is need to develop a 
highly sensitive and specific test for differentiation of cattle and buffalo meats 
suitable for forensic application. 

Although, PCR based methods are highly sensitive and specific, these 
traditional PCR based methods require post- PCR product separation by gel 
electrophoresis, which is time consuming and are only semi- quantitative. With the 
advent of Real Time PCR, the limitation is overcome. Real Time PCR detects PCR 
products using fluorescent probes or a DNA binding dye, such as SYBR Green. Real 
Time PCR assays can be automated and are sensitive, rapid and quantitative. This 
eliminates the need for post-PCR processing, thus prevents carry over contamination 
(Fukushima et al., 2003). Hence, the present study was undertaken specifically to 
develop a diagnostic test useful for an advanced laboratory to differentiate meat 
species. The study was carried out with the following objectives.   
(A) To standardize individual and cattle –buffalo mixed meat species identification by 
Real Time PCR amplification of cytochrome b gene. 
(B) To identify and assess the level of adulteration of cattle in buffalo meat by Real Time 
PCR. 
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CHAPTER II 
 

REVIEW OF LITERATURE 
 

A range of analytical approaches has been taken for meat species 
identification broadly based on detecting either protein or DNA. However, Proteins 
are denatured during heat and pressure processing, making the detection of species 
present in processed sample more difficult. DNA has advantage of being a relatively 
stable molecule, and is more able to withstand heat processing. Two major approaches 
to identify species of meats by DNA techniques are DNA hybridization and PCR 
based methods. The technique of DNA hybridization has been successfully applied 
for the identification and differentiation of meats of chicken and pork from cooked 
meats and commercial products (Chikuni et al., 1990). However, meats of closely 
related species of animals, like sheep and goats showed cross reactivity by this 
method. Further, the method is time consuming and hazardous. PCR is a promising 
approach to species identification. This method is easy, fast and more sensitive. 
Number of strategies has been employed in PCR including use of repetitive 
sequences, multigene family and use of cytochrome b gene. But these traditional PCR 
based methods suffer from some limitations.  More recently published reports have 
focused on the use of Real Time PCR for meat species identification. Real-time PCR 
uses a fluorescence detection system that can collect fluorescence measurements 
during the amplification cycles, thus monitoring the specific product’s accumulation, 
and, unlike conventional PCR, relate them to template’s initial quantity�                                                 
2.1 DNA Hybridization 

The species of raw meat as well as heat-processed meat can be determined by 
DNA dot-blot hybridization-techniques. Degraded DNA could also react according 
to the species. The shorter the DNA fragment, the discreter the reaction when high 
molecular weight DNA is used as a probe (Baur et al., 1989). Dot-blots hybridization 
technique had been applied to the detection of species-specific DNA fragments in the 
cooked meats of chicken, pig, goat, sheep, and beef (Chikuni et al., 1990). The 
samples were obtained from the meats that were heated for 30 min at 80, 100 or 
120°C. The probes, biotin-labeled chromosomal DNA fragments, were hybridized to 
the sample DNA on nylon membranes. The species of the meats cooked at 100 or 
120 °C were identified at 100 ng /dot of the sample DNA. The probes for chicken 
and pig did not show cross-reactivity, but those of ruminants reacted with other 
ruminant DNA. Using this method, chicken, pig and beef were detected from 50 mg 
of the commercial canned products. Using DNA-hybridization at least 0.5 %, raw 
pork admixtured to beef could be detected using total genomic pig DNA as well as a 
cloned pig specific DNA fragment as a DNA probe. Although signal intensity 
increased with increasing amounts of pig-DNA, a precise quantitation of pork in 
samples was not possible. Compared to this the sensitivity for detecting raw pork in 
beef found by countercurrent immunoelectrophoresis was 0.4 %, by 
immunodiffusion, 1.1 %, and by isoelectric focusing, 5.0 % (Wintero et al., 1990). 
DNA hybridization technique applying 32P-labelled probes was used for quantitative 
determination and quality control of pork in heat-treated meat products. The 
detection limit was determined to be approximately 0.1 % pork in beef whereas for 
heat- treated samples the detection limit was determined to be approximately 0.5 % 



pork in beef (Ebbehoj and Thomsen, 1991). 
Buntzer et al. (1995) developed a fast procedure for rapid species identification 

in heated meat by using satellite DNA probes. DNA was hybridized to a conjugate of a 
specific oligonucleotide and alkaline phosphatase. The oligonucleotide probes were 
based on satellite DNA tandem repeated sequences, which were highly species 
specific. Probes were developed for the identification of meat from cattle, sheep/goat, 
horse, deer, pig, chicken, and turkey. Differentiation from closely related species like 
turkey and chicken was possible. Admixture of 1-5 % of meat of one species in another 
could be detected. 

 Hunt et al. (1996) developed a simple and nonradioactive slot blot 
hybridization assay using species-specific oligonucleotide probes for the species 
identification of rabbit, sheep, pork,  beef and goat meats. Clear species 
discrimination was demonstrated even between the closely related ruminants goat and 
sheep. The probes were shown to identify species present in both raw and 
commercially cooked and canned products (e.g. pet food). The potential for semi-
quantitation of species in admixture was demonstrated to a detection limit of less than 
2.5 % adulteration. 

 Janssen et al. (1998) developed a DNA based identification system for testing 
the species origin of meat samples. Probes were generated by PCR with primers 
binding to species-specific satellite DNA and hybridized to DNA purified from meat. 
With the exception of a slight cross - reaction of mutton and beef, each probe only 
recognized the species from which it was derived. They opined that, the method could 
be adapted to detect any eukaryotic species for which species- specific DNA 
sequences are available. 

 Jaap et al. (1999) evaluated the influence of meat processing on the results 
obtained with a species identification test by DNA oligonucleotide hybridization. 
Freezing and thawing of meat did not cause a substantial reduction in the 
hybridization signal. Heating of meat at 100°C or 120°C, however, led to signal 
reduction caused by DNA degradation, but identification was still possible. 
Admixtures could be detected in three products but no hybridization signal was 
observed with corned beef. So, the quantification of admixtures by hybridization was 
not better than with most alternative methods of species identification, as the strength 
of the signal depends on factors such as tissue origin and sample processing. 
2.2 PCR based methods 
 � DNA testing by hybridization is relatively cumbersome and so other DNA 
based approaches to species identification have been relayed on the use of the PCR.  
2.2.1 Single strand conformation polymorphism (SSCP) 

A method of DNA analysis have been developed to verify authenticity of 
labeled raw material of canned fish or in products from closely related fish species 
(tuna, eel, salmon, trout and sturgeon). Short segments (123-358 bp) of the mt cyt b 
gene were amplified by the PCR and analyzed by  electrophoresis to get species-
specific patterns of  ssDNA. DNA strands were separated by polyacrylamide gel 
electrophoresis and visualized by silver staining (Rehbein et al., 1999).  

SSCP of an amplicon (148 bp) obtained by PCR of the mitochondrial cyt b 
gene was used to identify tuna species from other fish and animal species. Primers 
originally designed for identification of tunas and bonitos by SSCP analysis could be 
used to differentiate between a large numbers of fish species and also for 
discrimination of several warm blooded animals. Samples from animal other than 
fish resulted in strong ssDNA bands differing from those of tuna and from each 
other. Cattle showed six bands  (one stronger), sheep and goat three bands (one 



stronger), horse two bands  (one more pronounced), wild boar and domestic pig three 
bands, chicken duck revealed only weak band (Jurgen et al., 2001).  

Asensio et al. (2001) developed a method of DNA analysis to verify the 
authenticity of grouper (Epinephelus guaza), wreck fish (Polyprion americanus), and 
Nile perch (Lates niloticus) fillets. A short fragment (208 bp) of the mt 12S rRNA 
gene was amplified by the PCR and analyzed by SSCP to get species-specific patterns 
of ssDNA.  
2.2.2 Random amplified polymorphic DNA  
�� The RAPD was used to generate fingerprint patterns for ten meat species viz, 
wild boar, pig, horse, buffalo, beef, venison, dog, cat, rabbit and kangaroo. A total of 
29, 10 - nucleotide primers, with GC contents ranging from 50 - 80% were evaluated 
for their specificity and efficiency. The fingerprint patterns that were generated were 
found in some cases to be species - specific (Koh et al., 1998). 

RAPD fingerprinting was used on several meat products to identify the 
species used in their manufacture. The tested species and products were: beef, horse 
(six breeds), mule, donkey, buffalo, elk, reindeer, pork, lamb, goat, kangaroo, and 
ostrich. RAPD analysis produced clear fingerprints from the products analyzed from 
which the species could be easily identified (Martinez and Man, 1998). 

Calvo et al. (2001a) developed a new procedure to detect pate species 
composition by RAPD using two primers. The RAPD method was used to generate 
fingerprint patterns for pork, chicken, turkey, goose and duck meats. No 
amplification was obtained from goose samples. Sensitivity of this method was 
studied by DNA dilution in each species, detecting as little as 250 pg of DNA 
(1/1000 dilution of DNA). 

Origin of meats from cattle, sheep, goat and wild swine was determined 
accurately by PCR-based RAPD technique using a 10-base primer with a PCR 
procedure of 45 cycles, each of which was programmed as 1 min at 94°C, 1 min at 
37°C, and 2 min at 72°C (Ilhak and Arsalan,  2003)  

PCR-based methods involving arbitrary primers were developed to generate 
characteristic patterns for 5 meat species (pork, beef lamb, chicken and turkey meats). 
RAPD-PCR generated discrete and reproducible bands   which allowed discrimination 
using visual inspection, whilst more complex patterns were generated with AP-PCR 
which included some bands of low intensity (Saez et al., 2004).  
2.2.3 Restriction fragment length polymorphism  

PCR was applied to a qualitative differentiation between sheep, goat and 
bovine meats by amplification of sheep satellite I DNA. The PCR amplified 374 bp 
fragments from sheep and goat DNA, but no fragment from bovine, water buffalo, 
sika deer, pig, horse, rabbit and chicken DNA. Although cooking of the samples 
reduced the PCR products, sheep DNA was detected in the meat heated at 120°C. The 
sequence of PCR products showed 92% of homology between sheep and goat. They 
were differentiated by Apa I digestion of the PCR products because sheep had one 
Apa I site and goat had no site in the PCR products (Chikuni et al., 2004) 

The PCR - RFLP technique was applied for the identification of pig, cattle, 
wild boar, buffalo, sheep, goat, horse, chicken, and turkey by amplification of 
conserved areas of the vertebrate mt cyt b gene and yielded a 359 bp fragment, 
including a variable 307 bp region. RFLPs were detected when amplicons were cut 
with Alu I, Rsa I, Taq I, and Hinf I . The PCR -RFLP analytical method detected pork 
in heated meat mixtures with beef at levels below 1% (Meyer et al., 1995 ) 

Fairbrother et al. (1998) studied meat speciation by RFLP analysis using an a 
actin cDNA probe. Classical DNA fingerprinting was based on separation of DNA 



restriction fragments by electrophoresis and hybridization to nucleic acid probes 
containing repetitive nucleotide sequences. Genomic DNA was extracted from muscle 
and digested with Bam H I before electrophoresis and hybridization to a murine a 
actin cDNA probe. Beef, pork, lamb, horse, chicken and fish DNA restriction 
fragments formed characteristic “fingerprints”, which were reproducible and varied 
sufficiently to allow discrimination even between closely related species. 

Nakaki et al. (1999) studied PCR - RFLP pattern of cyt b and were compared 
to identify eight species of mammal (baboon, cow, pig, dog, cat, bear, deer and 
raccoon dog) and two species of bird (chicken and wild duck). The PCR products of 
700 bp were digested with two RE Hae III or Hinf I, and the difference was observed 
among mammals and birds as PCR – RFLP. 

Partis et al. (2000) described a DNA fingerprinting method by the use of PCR 
- RFLP technique by amplifying a 359 bp region within the cyt b gene and digesting 
the amplified product using Hae III and Hinf I. All species could be discriminated 
using the two RE with the exception of kangaroo and buffalo. Cooking the tissue did 
not affect the profiles generated. When mixtures were investigated, pig was 
preferentially amplified and dominated over all species tested, even at levels of 1 %. 
Another set of cyt b primers, which amplified 464 bp, was also tested for the analysis 
of these mixtures. Beef was found to be favorably amplified over the other species. 
Anomalous results where the digested products exceeded 359 bp were also 
investigated. Co-amplification was found to occur in the species investigated. Results 
of this study suggested that the cyt b PCR-RFLP method was a promising one for the 
identification of both cooked and uncooked tissues, although the method was 
unsuitable for analyzing meat mixtures. 

Bellagamba et al. (2001) studied that restriction site of PCR products of cyt b 
mt DNA to identify species in meat and foodstuffs. PCR was used to amplify a 
variable region of cyt b mt DNA gene. PCR products of 359 bp amplicon was 
digested with RE, which generate species-specific electrophoresis pattern. The 
sequencing of PCR products was used as confirming analysis. 

Identification of nine commercial flatfish species was carried out on the basis 
of the amplification of a 486-bp segment of the mt genome (tRNA (Glu)/ cyt b) by 
using the PCR and universal primers. Seven species groups could be identified by 
application of the single RE DdeI and six species groups by using Hae III, Hinf I, Mae 
I, or Mbo I. Different combinations of only a couple of these REs could 
unambiguously identify the nine flatfish species (Sanjuan  and Comesana, 2002).  

A method of fluorescent PCR-RF'LP was applied as an analytical and 
quantitative tool for meat identification. An oligonucleotide primer pair was designed 
to amplify the partial sequences within the l2S rRNA gene of mt DNA from porcine, 
caprine, and bovine meats. No fragment could be amplified from dog, cat, fish, duck, 
goose, turkey, and chicken DNA with the primer pair. Using fluorescence sensor 
capillary electrophoresis, the species-specific DNA fingerprints of pork, goat, and 
beef were generated by restriction enzyme digestion following a fluorescence-labeling 
PCR amplification. The reliably semi quantitative levels were below 1% for binary 
mixtures of pork, goat and beef.  Cooking and autoclaving of meats did not influence 
the generation or the PCR-RFLP profiles or the analytical accuracy (Sun and Lin, 
2003). 
 
2.2.4 Species – specific PCR primers                                                                                                      

Detailed sequence information has become available for many species and 
consequently phylogenically information on single base polymorphism may be 



identified that enable species-specific primers to be designed. Such primers generate a 
product only in the presence of DNA from a given species (Meyer et al., 1994). 

By pairing species-specific primers with a non selective counterpart, it is 
possible to test for the presence of more than one species simultaneously. Using such 
regime, multiplex reactions have been described for both meat animal and fish species 
(Lockley and Bardsley, 2000).  

Fei et al. (1996) designed multiplex PCR primers based on mt DNA loop 
DNA sequences and identified cattle, pig, and chicken meats.  

Buntzer and Lenstra, (1998) demonstrated that PCR with fluorescently labeled 
mammalian- wide interspersed repeat primers generate fingerprints that are suitable 
for rapid identification of known and unknown species on an automatic sequencing 
apparatus and with computer assisted data processing. The method allowed the 
analysis of processed meat samples and offers a convenient alternative to sequencing 
of mt DNA. 

A simple and reliable method had been developed for accurate identification 
of male and female raw meats in cattle, buffalo, sheep and goat using the PCR 
technique. The PCR assay was conducted on genomic DNA extracted from raw 
muscle tissue of male and female animals (Rao et al., 1998). 

Tartaglia et al. (1998) developed a PCR based assay for the identification and 
detection of bovine specific mt DNA sequences from feedstuffs. The amplified 
product codes for the whole ATPase subunit 8 and the amino terminal portion of the 
ATPase subunit 6 proteins. This method can detect mt DNA in feedstuffs containing 
less than 0.125 % or bovine derived meat and bone meals. Dnp II and Ssp I RE 
digestions confirm the bovine origin of amplified sequence. 

A PCR based method for the identification of beef by amplification of bovine 
1.709 satellite DNA was established by Guoli et al. (1999). The sequence selected for 
amplification consisted of a 218 bp DNA fragment lying in the 1.709 satellite DNA of 
bovine. This method was positive for bovine, buffalo and yak meat DNA, but 
negative for equine, sheep, goat, camel, swine, deer and mouse meat DNA, etc. At 
least 33.6 fg of DNA from raw beef samples and 0.32 pg of DNA from cooked or 
autoc1aved beef samples were detected, respectively, by PCR. 

Calvo et al. (2001b) developed and evaluated a PCR procedure to detect pork 
in heated and unheated meat, sausages, canned food, cured products, and pates using a 
DNA-specific porcine repetitive element by nonspecific PCR amplification. Degree of 
contamination could be partially quantified by detecting up to 0.005 % pork in beef 
and 1 % pork in duck pate. 

Quantitative estimates are important to establish whether pork adulteration in 
ground beef and pate is accidental or intentional. A PCR procedure has been 
developed to quantify pork in heated and non-heated meat and pates by densitometry 
using a specific and sensitive repetitive DNA element (Calvo et al., 2002a)  
Specific PCR amplification of a repetitive DNA element seems to be a powerful 
technique for the identification of beef in processed and unprocessed food. Calvo et 
al. (2002b) developed and evaluated a PCR procedure to detect beef in heated and 
unheated meat, sausages, and canned food using a specific and sensitive method. The 
degree of contamination up to 0.01% raw beef in pork can be detected. 

Wolf and Luthy, (2002) used  competitive polymerase chain reaction for 
detection and quantification of porcine DNA using a new porcine specific PCR 
system based on the growth hormone gene of sus suscrofa. A DNA competitor 
differing by 30 bp in length from the porcine target sequence was used for PCR 
together with the target DNA. The competitor concentration was adjusted to porcine 



DNA contents of 2 or 20% by co amplification of mixtures containing porcine and 
corresponding amounts of bovine DNA in defined ratios. None of the animals yielded 
a positive PCR reaction except the porcine DNA. Sensitivity of the new porcine 
system was determined to be 100 pg purified DNA.   

Bottero et al. (2003) used vertebrate primers, designed in the 16S r RNA gene 
of mt DNA for detecting animal tissues in feedstuff. These primers were able to 
amplify fragments that contained between 234 and 265 bp. The fragments were 
specific for bovine, porcine, goat, sheep, horse, rabbit, chicken, trout, and European 
pilchard and were confirmed by sequence analysis amplicons. The assay proved to be 
rapid and sensitive (detection limit 0.0625%). 

Bellagamba et al. (2003) described a DNA monitoring method to examine 
fishmeal for contamination with mammalian and poultry products. A PCR method 
based on the nucleotide sequence variation in the 12S ribosomal RNA gene of mt 
DNA was developed and evaluated. Three species-specific primer pairs were 
designed for the identification of ruminant, pig, and poultry DNA. The specificity of 
the primers used in the PCR was tested by comparison with DNA samples for several 
vertebrate species and confirmed. The PCR specifically detected mammalian and 
poultry adulteration in fishmeals containing 0.125 % beef, 0.125 % sheep, 0.125 % 
pig, 0.125 % chicken and 0.5 % goat. A multiplex PCR assay for ruminant and pig 
adulteration was optimized and had a detection limit of 0.25 %.  

Chapman et al. (2003) developed a multiplex PCR assay utilizing both nuclear 
and mt cyt b gene loci simultaneously for accurate identification of white shark body 
parts, including dried fins.  

Cheng et al. (2003) developed a PCR assay to identify bovine, porcine, ovine, 
and chicken meat and bone meal in animal diets. Four pairs of primers that targeted 
highly conserved regions of mt DNA were used. These gene fragments at the 
targeting region for the four species were 271 bps, 225 bps, 212 bps and 266 bps in 
size. The PCR products were digested with restriction enzymes Hph I, Mn II, Ssp I, 
and Hind III, and different length polymorphisms were observed. 

A rapid and highly specific assay suitable for the routine detection of turkey 
and chicken in processed meat products has been developed by Hird et al. (2003). 
Based on PCR amplification or species-specific amplicons  for cyt b gene with rapid 
visualization using vista green, the amplicons was detected after the end of the PCR in 
less than 5 minutes using vista green and a fluorescent plate reader. The presence of 
fluorescence denoted the presence of the target species in the samples. 
Kusama et al. (2004) designed primers to detect little amounts of meat and bone meal 
in ruminant feed. mt subunit 8 of the ATP synthase  gene was used as a target 
sequence. PCR-based assays revealed amplification of DNA from mammals, 
ruminants, and individual species using these primers. The method allowed detection 
of the presence of meat and bone meal in ruminant feed from 0.1 to 0.0 1 %.  

Walker et al. (2003) designed and evaluated four assays based upon PCR 
amplification of short interspersed elements (SINEs) for species-specific detection 
and quantitation of bovine, porcine, chicken, and ruminant DNA. Using SYBR 
Green-based detection, the minimum effective quantitation levels were 0.1, 0.01, 5, 
and 1 pg of starting DNA template using our bovine, porcine, chicken, and ruminant 
species-specific SINE- based PCR assays, respectively. Bovine DNA was detected at 
0.005 % (0.5 pg); porcine DNA at 0.0005 % (0.05 pg), and chicken DNA at 0.05 % 
(5 pg) in a 10-ng mixture of bovine, porcine, and chicken DNA templates.  

A PCR assay has been developed for the specific and qualitative detection of 
pork (Sus suscrofa domestieus), beef (Bos taurus), sheep (Ovis aries), and goat 



(Capra hircus) in raw and heat-treated meat mixtures. A forward common primer was 
designed on a conserved DNA sequence in the mitochondrial 12S ribosomal RNA 
gene (rRNA), and reverse primers were designed to hybridize on species-specific 
DNA sequences of each species considered. Analysis of experimental meat mixtures 
demonstrated that the detection limit of the assay 1 % for pork, beef, sheep and goat 
species (Rodriguez et al., 2004).  

Walker et al. (2004) designed and evaluated a series of class specific (aves), 
order-specific (Rodentia), and species-specific (equine, canine, feline, rat, hamster, 
guinea pig and rabbit) PCR based assays for the identification and quantification of 
DNA using amplification of genome specific short and long interspersed elements 
using SYBR Green based detection, the minimum effective quantification levels of 
the assays ranged from 0.1 ng to 0.1 pg of starting DNA templates 
2.2.5 Actin gene family  

The unique features of the actin multigene family in mammals, namely high 
gene copy number, high conservation of coding sequence yet variable intron position 
and size (Weber and Kabsch, 1994), suggested that this diversity could be utilized for 
species identification and meat authentication. PCR primers based on a region of the 
protein coding sequence known to be highly conserved in actin isoforms, but 
interrupted by an intron in most members of the gene family.  

Hopwood et al. (1999) described a procedure in which primers amplify at a 
single actin gene locus, giving a positive band with DNA extracted from chicken and 
turkey, but no reaction with duck, pheasant, porcine, bovine, ovine or equine DNA. 
The chicken signal was clearly detectable with DNA from meat admixtures 
containing 1 % chicken / 99 % lamb and from meat heat-treated at 120 °C. For further 
discrimination, the chicken PCR product could be differentiated from turkey by RE.  

Lockley and Ronald, (2002) described a novel one-step method for the 
differentiation of chicken and turkey DNA. The technique used the PCR and primers 
that exploited  intron variability in a-cardiac actin to generate single products of a 
characteristic size for each species. No cross-reactivity with porcine, ovine or bovine 
DNA templates was apparent and analysis of chicken / turkey admixtures indicated 
that it was possible to detect 1 % turkey in 99 % chicken and vice versa.  

Diversity in actin gene family was utilized for species identification of meat 
using PCR. Actin genes were amplified from meat species viz cattle, buffalo, sheep, 
goat, pig and chicken using a pair of primers designed from conserved region. The 
single pair of primers amplified introns of variable size from different actin genes in 
the same species producing species-specific band pattern in most species. Number of 
scorable bands ranged from one in cattle and six in chicken. The band pattern was 
identical among the members of the same species and in the both sexes. The PCR 
profile remained unchanged even after cooking and putrefaction of meat (Thumbar, 
2000). 

PCR amplification of a conserved region of the a-actin gene has been used for 
specific identification of chicken and pork adulteration in goose and mule duck. The 
design of species-specific forward primers, together with a reverse universal primer, 
allowed the generation of amplicons of different lengths in each species. The different 
sizes of the species-specific amplicons, separated by agarose gel-. electrophoresis, 
allowed clear identification of the presence of chicken and pork in goose and mule 
duck with a detection limit of 0.1 % (Rodriguez  et al., 2003). 
The authentication of five different tuna species from commercial canned tuna by 
nested primer PCR-RFLP was developed by (Pardo and Perez-Villareal, 2004). 
Species identification of commercial canned tuna by techniques based on PCR is 



rather difficult due to the presence of additives as well as to the fact that the DNA is 
usually severely degraded. The nested primer PCR allowed obtaining an amplicon of 
276 bp from commercial canned tuna in spite of the presence of additives. 
Consequently, a very useful tool to authenticate canned tuna in brine, oil, pickled, 
sauced and spiced was developed.  
2.2.4 Cytochrome b gene family 

mt DNA sequences have been widely used in evolutionary genetic studies 
because they are easily accessible, have a high rate of evolution, and generally follow 
a clonal pattern of inheritance highly suited to phylogenetic reconstruction. Molecular 
phylogenetic studies of recently evolved animal groups have been based 
overwhelmingly on mt DNA  (Brown et al., 1982; Miyata et al., 1982)  

Animal mtDNA is a small (15-20 kb) circular molecule, composed of about 
37 genes coding for 22 tRNAs, two rRNAs and 13 mRNAs, the latter coding for 
proteins mainly involved in the electron transport and oxidative phosphorylation of 
the mitochondria. The mt genome is arranged very efficiently. It lacks introns, has 
small intergenic spacers where the reading frames even sometimes overlap. The 
control region is the primary no coding region, and is responsible for the regulation of 
heavy (H) and light (L) strand transcription and of H-strand replication. 
As a molecular marker, mt DNA possess several advantages over nuclear DNA for 
studies of speciation in meat products (Lockley and Bardsley, 2000). There are many 
mt DNA molecules within each mitochondrion, making mt DNA a naturally 
amplified source of genetic variation. It evolves faster than nuclear DNA (Brown et 
al., 1982). Different regions of the mitochondrial genome evolve at different rates 
(Saccone et al., 1991) allowing suitable regions to be chosen for the question under 
study. mt DNA tends to be maternally inherited so that individual normally possess 
only one allele and thus sequence ambiguities from heterozygous genotypes are 
generally avoided. (exceptions with paternal leakage including mice, (Gyllesten et al., 
1991); biparental inheritance in marine mussels, (Zouros et al., 1992). mt DNA does 
not recombine (Hayashi et al., 1985), though some evidence of recombination events 
has recently been reported (Hagelberg et al. 1999). The relatively high mutation rate 
compared to nuclear genes has tended to result in the accumulation of enough point 
mutations to allow the discrimination of closely related species. It should be noted 
that mt DNA also exhibits a degree of intraspecific variability and so care has to be 
taken when studying differences between organisms based on single polymorphisms. 
(Chow and Inogue, 1993). 

cyt b sequences are good tools for studying phylogenetics of closely related 
species. Within species, control region sequences usually are a better choice, because 
more relaxed structural and functional constraints lead to a faster average substitution 
rate. The variable regions of the cyt b gene (Kocher et al., 1989; Matsunaga et al., 
1999 and Verkaar et al., 2002) offer two main advantages:(a) mt DNA is present in 
thousands of copies per cell (as many as 2,500 copies), especially in the case of post - 
mitotic tissues such as skeletal muscle (Greenwood and Paboo, 1999). This increase 
the probability of achieving a positive result even in the case of samples suffering 
severe DNA fragmentation due to intense processing conditions (Bellagamba et al., 
2001) and (b) the large variability of mt DNA targets as compared with nuclear 
sequences facilitates the discrimination of closely related animal species even in the 
case of mixture of species. (Hopwood et al., 1999 and Prado et al., 2002). 
The cyt b-gene sequence for red deer was used for identification of deer meat in 
meat and meat products. Red deer showed a similarity of 94.1, 84.0, 81.1, 85.5 and 
85.6 % to sika deer, bovine, pigs, sheep and goats, respectively. The PCR amplified 



194   bp fragments from red and sika deer, but no fragments from bovine, pig, 
chicken,   sheep, goat, horse and rabbit DNA. To discriminate between red and sika 
deer,   these PCR products were digested by a restriction enzyme (EcoR I, BamH I, 
Sca I) and   analyzed by 4% agarose gel electrophoresis. As a result, the red deer 
fragment was digested by EcoR I to 67/127 bp fragments but not by BamH I and 
ScaI. The sika deer fragment was digested to 48/146 bp and 49/145 bp fragments 
with the two other enzymes, and thus it is possible to differentiate between the two 
kinds of deer from the digestion pattern of restriction enzymes (Matsunaga et al., 
1998). 

The PCR was applied to identify six meats (cattle, pig, chicken, sheep, goat 
and horse) as raw materials for products. By mixing seven primers in appropriate 
ratios, species-specific DNA fragments could be identified by only one multiplex 
PCR. A forward primer was designed on a conserved DNA sequence in the mt cyt b 
gene, and reverse primers on species-specific DNA sequences for each species 
(Anderson et al., 1982; Desjardins and Morais, 1991 and Irwin et al., 1991).  PCR 
primers were designed to give different length fragments from the six meats. The 
products showed species specific DNA fragments of 157, 227, 274, 331, 398 and 
439 bp from goat, chicken, cattle, sheep, pig and horse meats, respectively. 
Identification is possible by electrophoresis of PCR products. Cattle, pig, chicken, 
sheep and goat fragments were amplified from cooked meat heated at 100 or 120°C 
for 30 min, but horse DNA fragments could not be detected from the 120°C sample. 
Detection limits of the DNA samples were 0.25 ng for all meats. (Matsunaga  et al., 
1999).  

A method for identification of fish species has been developed based on the 
amplification of a specific part of the mt genome (tRNAGlu / cyt b) using the PCR. 
To distinguish between several fish species the obtained 464 bp long PCR-products 
were cut with different RE resulting in species specific RFLP (Wolf et al., 2000).  
 Cheng et al. (2001) determined the amount of genetic variation in a 376 -- 
nucleotide region of the mt cyt b gene in fresh, frozen and steam sterilized meats of 
Puffer Takifugu rubripes and no diversity was found. RE BstZ I cut the amplified 
region of cyt b while Aat II  did not. 

 Rea et al. (2001) developed   the duplex-PCR to identify bovine and water 
buffalo DNA in a single PCR assay in milk and mozzarella cheese (a typical Italian 
cheese, originally made from pure water buffalo milk). The results of this experiment 
indicate the applicability of this method, which showed an absolute specificity for the 
two species and a high sensitivity even down to low DNA concentrations (1 pg). In 
bovine and water buffalo mixtures of milk and mozzarella cheese, the minimum 
concentration tested was 1% of bovine in water buffalo milk and water buffalo in 
bovine milk.  

Verkaar et al. (2002) described two complementary methods for detection 
and differentiation of bovine species, which are based on mutations in mt DNA and 
centromeric satellite DNA, respectively.  
             Jain et al. (2007) studied the use of cytochrome b gene variability in detecting 
meat species by multiplex PCR. Mitochondrial cytochrome b gene was amplified by 
conventional and multiplex PCR using a common forward primer and species-
specific reverse primer. Multiplex PCR was carried by mixing of primer in the 
different ratio viz., 1:0.2:3:0.6:0.6:3:0.6:2 for forward: goat: chicken: cattle: cattle: 
sheep: pig: horse specific reverse primers. The PCR products showed species-specific 
DNA fragments of 157, 227, 274, 274, 331, 398, 439 bps from goat, chicken, cattle, 



buffalo, sheep, pig and horse respectively. The multiplex PCR could detect upto 0.9 
ng of DNA of meat species. 

Rajapaksha  et al.,(2003) developed a  PCR assay to differentiate buffalo 
meat from the meat of Ceylon spotted deer (Axis axis ceylonensis), Ceylon sambhur 
(cervus unicolor unicolor), cattle (Bovine), goat (Caprine), pig (Porcine), and sheep 
(Ovine) . A set of primers was  designed according to the sequence of the mt cyt b 
gene of bubalus bubalis and by PCR amplification a band of 242 bp d was obtained  
with buffalo DNA. A band of 649 bp was observed for all animal species tested. It 
could identify rotten (10 days post slaughter), dried and cooked buffalo meat.  
 PCR was applied to meat species identification in non-heat-processed; heat 
processed and sterilized products by the amplification of mt cyt b gene. By mixing 
five primers in appropriate ratios, species-specific DNA fragments could be 
identified by only one multiplex PCR. The PCR products were subsequently 
evaluated using electrophoresis. PCR also made it possible to identify pork, beef, 
chicken and horse meat species in meat products (Obrovska et al., 2002). 
Meyers et al., (2003) developed a PCR primer set capable of amplifying an mt DNA 
segment of multiple species (cattle, sheep, goats, deer, and elk). The primer set also 
amplified DNA derived from the rendered remains of pigs and horses, which were 
exempt from the feed ban. PCR amplicons derived from pig DNA have a RE site 
recognized, by Hinf 1 while the horse DNA-derived amplicon has a unique 
restriction endonuclease site recognized by HypCH4 III. This "universal" PCR primer 
produced an amplicon with DNA extracted from dairy feed containing either bovine 
meat and bone meal or pig blood meal. This described a simplified approach for the 
detection of the prohibited species of concern in the feed ban. 

PCR amplification of the nuclear 5S rDNA gene has been used for the 
identification of goose and mule duck by multiplex PCR using common forward 
primer and species-specific reverse primers (Rodriguez et  al., 2001).  

A sensitive method for the identification of bovine, ovine, swine and chicken-
specific mt DNA sequences based on PCR has been developed. The method allows 
the detection in concentrate mixtures of 0.01 % of the target species derived material 
(Kremar and Rencova, 2003). 

 PCR amplified a variable region of the mt cyt b gene of vertebrate using 
universal primers CYTbl/CYTb2, initially designed by Kocher et al. (1989) 
complemented by RFLP analyses with endonucleases PaII, MboI, Hinf I and Alul, to 
achieve species identification in 50 raw or processed food products containing one or 
more meat species (Pascoal et al., 2004). 
 2.2.5 Real Time PCR 

 The traditional PCR based methods suffer from some limitations. The methods 
require post-PCR product separation by gel electrophoresis, which is time-consuming. 
With the advent of Real Time PCR, the technique is simplified. Real Time PCR 
detects PCR products using fluorescent probes or a DNA binding dye, such as SYBR 
Green. Real-time PCR assays can be automated and are sensitive and rapid. It 
eliminates the need for post-PCR processing, thus preventing carryover 
contamination. More recently published reports have focused on the use of Real Time 
PCR for meat species identification. 

Lahiff et al. (2002) described a Real Time PCR assay for the detection of 
bovine DNA extracted from meat and bone meal (MBM) samples. PCR primers were 
used to amplify a 271-bp region of the mitochondrial ATPase 8–ATPase 6 gene, and a 
fluorogenic probe (BOV1) labeled with a 5� FAM reporter and a 3� TAMRA quencher 
was designed to specifically detect bovine PCR product. The specificity of the BOV1 



probe for the detection of the bovine PCR product was confirmed by Southern blot 
hybridization analysis of the probe with PCR products generated from ovine, porcine, 
and bovine genomic DNA extracted from blood and with PCR products generated 
from genomic DNA extracted from single-species laboratory scale rendered MBM 
samples. The specificity of the BOV1 probe was also evaluated in real-time PCR 
reactions including these genomic targets. Both methods demonstrated that the BOV1 
probe was specific for the detection of bovine PCR product. The BOV1 probe had a 
detection limit of 0.0001% bovine material by Southern blot DNA probe hybridization 
analysis and a detection limit of 0.001% bovine material in the real-time PCR assay.  

Sawyer et al. (2003) developed the method for quantitative meat speciation, 
which combined the use of Real Time PCR with species specific and universal 
primers to measure individual species content and total meat content respectively. A 
comparison of the cycle number at which universal and species specific PCR products 
were  first detected, in combination with the use of reference standards of known 
species content, was used as the basis for determining the percentage  of a given 
species in a mixed sample. 

       Mendoza-Romero et al. (2004) developed a semi quantitative method based 
on real-time PCR for detection of ruminant DNA, targeting an 88-bp segment of the 
ruminant short interspersed nuclear element Bov-A2. This method was specific for 
ruminants and was able to detect as little as 10 fg of bovine DNA. 
             Andreo et al. (2005) developed six TaqMan Real-Time PCR systems using 
minor groove binding (MGB) probes for the detection quantitation of bovine, porcine, 
lamb, chicken, turkey, and ostrich DNA in complex samples. Species-specific 
amplification was achieved by combining only two fluorogenic probes and 10 
oligonucleotide primers targeting mitochondrial sequences, decreasing the cost of the 
assay significantly. The limits of detection ranged from 0.03 to 0.80 pg of template 
DNA. Analysis of experimental mixtures containing two to four different species 
showed the suitability of the assay for detection of more than 1% of pork, chicken, or 
turkey and of more than 5% of cattle or lamb. The quantitation accuracy in samples 
containing 10–100% of beef or pork DNA was close to 90%.  
             Chisholm et al. (2005) developed Real Time PCR assays specific for horse 
and donkey, applicable to the detection of low levels of horse or donkey meat in 
commercial products. Primers designed to the cytochrome b gene were 3' mismatched 
to closely related   and other species. The assays were highly sensitive   and detected 
the presence of 1 pg of donkey template DNA or 25 pg of horse template DNA. 
               Rensen et al. (2006) developed a novel real-time fluorescent multiplex PCR 
assay for detecting and discriminating between bovine, ovine, and caprine 
contaminates in cattle feed in a single PCR run. The assay used a single set of primers 
and two sets of FRET probes targeting the ruminant-specific mitochondrial 
cytochrome b gene. An internal control PCR reaction targeting a region of the 
chloroplast RNA polymerase-subunit (rpo b) gene, which is conserved among plants, 
was incorporated into the ruminant multiplex PCR reaction in order to both monitor 
the DNA extraction method and to test for the presence of PCR inhibitors. The 
detection limit for bovine and ovine contaminates was evaluated over a period of two 
sets of six trials on 15 different types of cattle feed and feed ingredients spiked with 
known concentrations of bovine meat and bone meal (BMBM) and lamb meat and 
bone meal (LMBM). The assay was able to detect 0.05% w/w BMBM contamination 
and 0.1% w/w LMBM contamination in all samples of cattle feed and feed ingredients 
tested. 

   Andreo  et al. (2006) evaluated Real-time uniplex and duplex PCR assays 



with a SYBR Green I post-PCR melting curve analysis for the identification and 
quantification of bovine, porcine, horse, and wallaroo DNA in food products. 
Quantitative values were derived from threshold-cycle (Ct) data obtained from serial 
dilutions of purified DNA. The limits of detection in uniplex reactions were 0.04 pg 
for porcine and wallaroo DNA and 0.4 pg for cattle and horse DNA. Species 
specificity of the PCR products was tested by the identification of peaks in DNA 
melting curves, measured as the decrease of SYBR Green I fluorescence at the 
dissociation temperature. The peaks could be distinguished above the background 
even at the lowest amount of template DNA detected by the Ct method. The system 
was also tested in duplex reactions, by use of either single-species DNA or DNA 
admixtures containing different shares of two species. The minimum proportions of 
each DNA species allowing the resolution of Tm peaks in the duplex reactions were 
5% (cattle or wallaroo) in cattle/wallaroo mixtures, 5% porcine and 1% horse in 
porcine/horse mixtures, 60% porcine and 1% wallaroo in porcine/wallaroo mixtures, 
and 1% cattle and 5% horse in cattle/horse mixtures. A loss in the sensitivity of the 
method was observed for some DNA combinations in the duplex assay. In contrast, 
the results obtained from SYBR Green I uniplex and duplex reactions with single-
species DNA were largely comparable to those obtained previously with species-
specific TaqMan probes, showing the suitability of that simpler experimental 
approach for large-scale analytical applications. 
             Feligini et al. (2007) developed a Real-Time PCR assay to detect a bovine-
specific mitochondrial DNA sequence in “buffalo” Mozzarella cheese by using 
primers targeting the cytochrome oxidase subunit 1 (COI) gene. Hot-start PCR, 
primer design, annealing and signal acquisition temperatures were exploited to obtain 
reliable analytical conditions, which yielded a 134-bp amplicon from cow’s DNA 
only. Water buffalo’s DNA didn’t originate any amplification product. DNA isolated 
from blood was used to test primers’ specificity and to construct a calibration curve in 
order to quantify bovine DNA concentration in governing liquid. The method was 
capable to detect low amounts, even down to 0.5 ng/ ml of cow’s DNA in governing 
liquid. 
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CHAPTER-III 
 

MATERIALS AND METHOD 
 
3.1 Experimental Materials 

Experimental materials for the present study comprised of randomly collected 
meat samples from cattle, buffalo, sheep, and goat and poultry species. Ten samples 
were collected from each species. The muscle sample from cattle was collected from 
biopsy at Department of Veterinary Surgery and Radiology, College of Veterinary 
Science and A.H., Anand. The meat samples of other species (viz., buffalo, sheep, 
goat etc.) were collected from slaughter house, Anand. The Poultry muscle tissue 
samples were collected from Department of Veterinary Pathology, College of 
Veterinary Science and A. H., Anand.  The samples were stored at –200 C until 
processing. 
3.2.1   DNA Extraction from muscle tissue sample.  

DNA from meat samples was extracted as per the standard protocol described 
by Ausubel et al., (1987) with some modifications. 

Muscle tissue (0.25 g) was taken and cut into small pieces with a sterile 
scalpel and separated out for any adherent adipose tissue from it. The tissue pieces 
were transferred into an autoclaved porcelain mortar and pastel. Liquid nitrogen was 
poured into the mortar and the tissue pieces were allowed to freeze. The tissue was 
ground thoroughly with the frequent additions of liquid nitrogen. Liquid nitrogen was 
poured in sufficient quantity into the mortar while swirling.  

The tissue homogenate was transferred into a sterile 15 ml tube and allowed 
the liquid nitrogen to evaporate. 0.5 ml Lysis buffer – ST (50mM Tris-HCl ,10MmM 
EDTA, 100mM NaCl)  was added the tube along with 20mg /ml proteinase K and 
SDS (10%) to make final concentration to 2%. The homogenate was incubated for 12-
16 hours or overnight at 550C. The incubated lysate was transferred to an autoclaved 
15 ml tube and equal volume 0.5 ml of Tris saturated phenol (pH-8.0) was added and 
mixed gently for 10 minutes. The lysate was then centrifuged for 10 minutes at 10,000 
rpm at 15o C. The supernatant was collected into the 2 ml tube and added half the 
volume of Tris saturated phenol : chloroform: isoamyl alcohol (25:24:1) and mixed 
gently for 10 minutes and centrifuged for 10 min at 10.000 rpm at 150C. Again, the 
supernatant was collected into 2ml centrifuge tube and equal volume of chloroform: 
isoamylalcohol (24:1) was added and mixed gently for 10 minutes and centrifuged for 
10 minutes at 10,000 rpm at 150C. The supernatant was collected into a fresh 2ml 
centrifuge tube and 1/10th volume of 3M sodium acetate (pH 5.5) and equal volume of 
isopropyl alcohol was added. The DNA was precipitated by slowly swirling the tube. 
Precipitated DNA was washed thrice with 70% ethanol to remove excess salt and air 
dried and dissolved in 200 ml volume of 0.3 x TE.       
 3. 2 .2  Quantitation and quality assessment of DNA 
 Quality and purity of DNA were checked by submarine agarose gel 
electrophoresis on 0.8% agarose in 0.5X TBE (pH 8.0) buffer containing Ethidium 
bromide (1%) @ 5µl/ 100 ml (Sambrook et al., 1989). The wells were charged with 
5µl of DNA preparations mixed with 1µl of 6X gel loading buffer dye. 



Electrophoresis was carried out at 80V for 45 min at room temperature and DNA was 
visualized under UV transilluminator gel documentation (SynGene). 

Quantity of DNA was estimated by spectrophotometric method using 
nanodrop. OD at 260 and 280 nm was taken using distilled water as reference. Purity 
of DNA was judged on the basis of optical density ratio at 260:280 nm. The samples 
with acceptable purity (i.e. ratio 1.7-2.0) were used for PCR. 
3.2.3 PCR 

In the present study, the mitochondrial cyt b gene was used for amplification.  
(a) Template DNA 

The DNA concentration was determined and samples were diluted up to the 
final concentration of 30 ng/µl with MiliQ water and stored at - 200C. DNA was used 
for PCR @ 1-3 µl. family 
(b) Primers Used                                                                                                                                                        

A set of primers specific to cyt b gene (Rea et al., 2001) was custom 
synthesized at MWG-Biotech AG, Germany. The primer sequences were derived 
from the cyt b gene sequences from cattle and buffalo species.  

The primer sequences are given below: 
Table 3.1 Primer sequences used for duplex PCR 

 
S. 

No. 

 
Primer Id 

 
Sequences (5¢¢¢¢ - 3¢¢¢¢) 

No. 
of 

Bases 

1. CONP - F-2 CTT CTT ATT CGC ATA CGC AAT CTT ACG ATC 30 
2. BOVP-R-2 TGG AGG TGT GTA GTA GGG GGA TTA GAG CA 29 
3. BUFP-R-2     GGC ATT GGC TGA ATG GCC GGA ACA TCA TA 29 

The primers supplied in freeze-dried form were dissolved in miliQ water to 
obtain desirable concentration (1µg/µl) and were further diluted in autoclaved MiliQ 
water to obtain a final concentration of 10 pmole/µl. 

The primers were mixed in different ratios for conventional   PCR, duplex 
PCR and Real Time PCR. In conventional PCR, the primers were mixed in the ratio 
of 1:1 i.e. CONP-F-2: BOVP-R-2 for bovine and CONP-F-2: BUFP-R-2 for water 
buffalo respectively. In duplex PCR the ratio of primer mixing was 1: 0.5: 0.5 for 
CONP-F-2: BOVP-R-2: BUFP-R-2. In uniplex Real Time PCR, the ratio 1: 1 and 1: 
0.4 for CONP-F-2: BOVP-R-2 and CONP-F-2: BUFP-R-2 was used respectively. In 
duplex Real Time PCR, ratio of 1: 1: 0.4 for CONP-F-2: BOVP-R-2: BUFP-R-2 was 
used.  
3.2.4.1 PCR Reaction  

PCR was carried out in final reaction volume of 25 µl in thermal cycler 
(MyCycler, Bio-Rad, USA). Quantity and concentration of various components used 
for simple and duplex PCR were as per Table 3.3. Steps and conditions of thermal 
cycling PCR were as per Table 3.4. 

Table 3.3 Quantity and concentration of various components used in PCR 

Sr. No. Components Quantity 

1.         PCR Master Mix (2X)    
Catalog No.K0710, MBI Fermentas) 

12.5 µl 

2. Forward Primer  (10 pmol/ml) 1 µl 

3. Reverse Primer (10 pmol/ml)* 1 µl 



4. Template DNA (30 ng/µl) 3 µl 

5. Mili Q  water 7.5 µl 
 

·  For duplex PCR the reverse primers BOVP-R-2 and BUFP-R-2 were mixed in 
0.5: 0.5 ratios. 

Table 3.4 Thermal cycling protocol for conventional and duplex PCR 

Cycling conditions 

Initial 
denaturation Denaturation Annealing Extension 

Final 
extension 

 

95°C 
9 min 

95°C 
30 sec 

56 - 64°C* 
30 sec 

72°C 
 30 sec 

72°C 
3min 

 

Repeated for 35 cycles 

* PCR reactions were optimized with respect to annealing temperatures at 550C, 570C, 
590C, 610C and 640C.  
 Master Mix was prepared for one additional sample to cover pipetting error. 
All reactions were carried out in 0.2 ml thin wall PCR tubes. PCR tubes containing 
mixture were tapped gently and briefly spinned @ 10,000 rpm for few seconds .The 
tubes were placed in a thermal cycler (MyCycler, Bio-Rad, USA) and cycling reaction 
was performed as per the programme set.  
3.2.4.2 PCR amplification 

To confirm the targeted PCR amplification, five ml of the PCR products from each 
tube was mixed with one ml of 6X gel loading buffer and electrophoresed along 
with DNA molecular weight marker (Gene Ruler, MBI Fermentas) on 2.0% 
agarose gel containing ethidium bromide (at the rate of 0.5 mg/ml of gel solution) 
at constant 80V for 30 min in 0.5 X TBE buffer. The amplified product was 
visualized as a single compact band of expected size under UV light and 
documented by gel documentation system (SynGene, Gene Genius BioImaging 
System,UK). 

3.2.5 Real-Time PCR 

To detect PCR amplification in Real Time and to determine the level of 
adulteration of cattle meat in buffalo meat Real-Time PCR based on SYBR Green I 
fluorescent dye was employed. 

Extracted DNA of cattle and buffalo meat samples were mixed in following 
ratios: 1:1, 1:10, 1:100, 1:1000 and 1:10000 respectively and were subjected to real-
time PCR based on SYBR Green I using same primer pairs (Table 3.1).  

3.2.5.1 Real-Time PCR based on SYBR Green I dye 
Real-Time PCR based on SYBR Green I was carried out in final reaction 

volume of 25 µl in 7500 Real-Time sequence-detection system from Applied 
Biosystems. Quantity and concentration of various components used for assay were as 
per Table 3.5. Steps and conditions of thermal cycling were as per Table 3.6. 
Fluorescence was measured once every cycle after the extension step using filters for 
SYBR Green (excitation at 492 nm and emission at 530 nm). Upon completion of 



Real-Time PCR run, data were automatically analyzed for melt curve by 7500 system 
Sequence Detection Software (SDS) 

 
 
 
Table 3.5 Quantity and concentration of various components used in  

Real-Time PCR based on SYBR Green I 

Sr. No. Components 
Real-time 

PCR based on 
SYBR Green I 

1. QuantiTectTM  SYBR Green PCR 
master mix (2X) 

12.5 µl 

2. Forward Primer (10 pmol/ml) 1.0 µl 

3.   Reverse Primer (10 pmol/ml)* 1.0 µl 

4. Template DNA 3 µl 

5. QuantiTect DNAse Free water 7.5 µl 
 
* In buffalo specific uniplex reaction 4pm of reverse primer (BUFP-R-2) was 

used. In duplex reaction the ratio of 1: 0.4 for BOVP-R-2: BUFP-R-2 was used. 
 

Table 3.6 Steps and conditions of thermal cycling for real-time PCR based on 
SYBR Green I dye. 

Cycling conditions 

Initial 
denaturation Denaturation Annealing Extension 

Final 
extension 

 

95°C 
9 min 

95°C 
30 sec 

64°C 
30 sec 

72°C 
 33 sec 

72°C 
3min 

 

Repeated for 35 cycles 

 
3.2.6 Real-Time PCR detection  

   DNA detection was performed by amplification by use of the real-time 
sequence-detection system 7500 from Applied Biosystems. Readings were taken 
every cycle, and the logarithm of the increment in fluorescence was plotted versus the 
cycle number. The threshold level was fixed at the same mid exponential position for 
all runs. The dissociation curves of the PCR products were monitored on the same 
instrument, and the derivatives of fluorescence values were plotted. 

Targeted amplification on Real Time PCR was confirmed by agar gel 
electrophoresis of PCR products. 
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CHAPTER IV 

 
RESULTS AND DISCUSSION  

 
Development of simple and authentic method for detecting the species origin 

of a wide variety of meat continues to be a major challenge before the meat analysists. 
Differentiation of meat species from mixed meat is important for various reasons viz., 
consumer choice, health reasons and religious reasons. Further, there is fraudulent 
practice of mixing costlier meat with the cheaper alternative. In India, the prime 
concern remains with adulteration of cattle meat with the buffalo meat. Inspite of ban, 
cattle is slaughtered and illegally adulterated with buffalo meat for economic reasons. 
Hence, proper meat identification methods are required especially for cattle and 
buffalo for preventing the illegal practice. Until now, a vast array of techniques has 
been developed for this purpose, each beset with its own limitations. These can be 
broadly divided into protein-based methods and nucleic acid based techniques. 

Nucleic acid based techniques; popularly known as molecular techniques 
involve the DNA analysis. Analysis of DNA, rather than protein has been exploited 
for species identification due to its stability at high temperatures and its conserved 
structure within all tissues of an individual. DNA based techniques have been further 
simplified and benefited from introduction of PCR.  

Various strategies have been adopted in attempting to use PCR for genome 
analysis and speciation purposes. Fairbrother et al. (1998) used conserved region from 
actin multigene family as a target for PCR to differentiate various livestock species. 
This produced multi-band patterns for each species. However, DNA hybridization 
was required for confirmation which is labour and skill oriented and time consuming.  

Primers containing arbitrary nucleotide sequences have been used in RAPD to 
generate numerous amplified products from anonymous sites throughout the genome, 
which can give characteristic band patterns on gel electrophoresis. Calvo et al. 
(2001a) used RAPD- PCR for qualitative pate speciation. The method was found 
successful in detecting the pate species composition. But, the method was not 
quantitative. Further, RAPD suffers from its inherent nature of non reproducibility.  

The other PCR based methods include RFLP analysis of PCR amplified 
genomic regions. Chikuni et al. (1994) used Apa I enzyme for PCR analysis targeting 
sheep satellite DNA for the successful differentiation of sheep and goat meat from 
bovine meat. Guoli et al. (1999) used Hae III enzyme for PCR RFLP analysis for 
identification of beef by targeting bovine satellite DNA. Cheng et al. (2003) detected 
bovine, chicken, porcine and ovine meat bone meal in animal diets using Hph I, Mn 
II, Ssp I and Hind III enzymes for PCR RFLP analysis. PCR-PFLP based methods 
required restriction by multiple endonucleases to differentiate common food animal 
species. 

Certain methods used mitochondrial region as a target for PCR. Rodriguez et 
al. (2003) developed PCR assay for the detection of pork, beef, sheep and goat in raw 
and heat treated meat mixtures using mt 12S rRNA gene. But, again, the length of 
amplicons needed confirmation by sequencing. Differentiation of closely related 
species of turkey and chicken based on PCR amplification of cytochrome b region 
was attempted by Hird et al. (2003) but was found qualitative and not quantitative.  

PCR based method involving species specific repetitive sequences have also 
been developed. Based on this method Calvo et al. (2001b) successfully attempted for 



the identification of pork in processed and unprocessed food. However, the method 
was found to be only partially quantitative. 

Although these methods were successful in detecting or differentiating related 
meat species, none of these methods focused on differentiation of buffalo meat from 
cattle meat. This might probably be due to the reason that buffalo is not an animal of 
prime importance in European countries. In Indian context mixing of cattle meat 
among buffalo meat is not uncommon. In several states illegal slaughter of cow and 
cow family and adulteration of their meat in buffalo meat is a sensitive issue as there 
is ban on cattle slaughter. Hence, it is imperative to develop a method for 
differentiation of cattle and buffalo meats.  

Only a few studies addressed differentiation of cattle meat from buffalo meat. 
Rajapaksha et al. (2003) used cyt b gene amplification for the differentiation of 
buffalo meat from other meats. A 242 bp band was found only in case of buffalo meat 
and none other meat. Earlier studies carried out in our lab include actin gene 
(Thumbar, 2000) and cytochrome b (Jain et al., 2007) based approach. Both these 
studies although could give different band patterns for common meat species but not 
cattle and buffalo. Probably, there is a single attempt wherein species of origin (cattle 
and buffalo) is delineated from mixed milk. Rea et al. (2001) used cyt b gene 
amplification for differentiation of cattle and buffalo milk. Hence, in the present study 
an attempt is made to develop a method suitable for advanced laboratory like, forensic 
lab. 

PCR based methods are very sensitive but they require post-PCR product 
separation by gel electrophoresis and more importantly they are not quantitative, 
although several studies have described detection of very low amount of DNA from 
one species in another successfully but are not strictly quantitative. Real-Time PCR 
does not only depicts amplification in real time (on line or live), but is also a 
quantitative one. Hence, the present study focuses on differentiation of cattle and 
buffalo meats using Real-Time PCR.  
4.1 Amplification of cyt b gene by PCR 

Use of cyt b gene amplification for meat species identification offers a 
promising strategy as cyt b sequences are good tools for studying phylogenetics of 
closely related species. The variable regions of the cyt b gene offer two main 
advantages:(a) mt DNA is present in thousands of copies per cell (as many as 2,500 
copies), especially in the case of post - mitotic tissues such as skeletal muscle 
(Greenwood and Paboo, 1999). This increase the probability of achieving a positive 
result even in the case of samples suffering severe DNA fragmentation due to intense 
processing conditions (Bellagamba et al., 2001) and (b) the large variability of mt 
DNA targets as compared with nuclear sequences facilitates the discrimination of 
closely related animal species even in the case of mixture of species (Hopwood et al., 
1999 and Prado et al., 2002). 

To develop a DNA based test it requires nucleotide sequence information for 
the species of interest. Unfortunately, buffalo is probably the least explored livestock 
species with respect to its genomic studies and hence, comparatively very fewer 
sequences have been deposited i.e 17 in the GenBank as compared to other domestic 
animals. There are only a couple of studies describing gene sequences of the 
homologous regions of cyt b in cattle and buffalo. One by Rea et al., (2001) was 
specifically selected, as the primers described by them yielded PCR fragments of less 
than 200 bp which could be suitable target for Real-Time PCR. 

So, the cyt b gene fragments were amplified from DNAs of meat samples 
using species-specific primers by conventional and duplex PCR to identify meat 



species (either cattle or buffalo).  
 
4.1.1 Uniplex PCR 

Initially a forward primer SIM designed by Matsunaga  et al., (1999)  was 
used with the  cattle and buffalo specific reverse primers designed by Rea et al. 
(2001) in the PCR amplification. This resulted in amplification of 890 bp and 930 bp 
fragments from bovine and buffalo DNA respectively as expected from the alignment 
of primer sequences with that reported by Anderson et al. (1982) (Plate 1). This was 
replicated on ten different meat samples from cattle and buffalo. But, the results were 
not consistent. Many a times, it failed to give desired amplification. Moreover, due to 
large amplicon size, it could not be converted into Real Time PCR. 

To verify the applicability of the primers used by Rea et al. (2001) on Indian 
cattle and buffalo meat, the same set of primers were used in the present study with a 
view to reveal any cross-reactivity. When the primers were used in species specific 
pair on cattle and buffalo DNA separately, the PCRs amplified the target cyt b gene 
sequences very prominently in a species specific manner i.e. 113 bp in cattle and 152 
in buffalo. This however, gave cross- species amplification and also resulted into non-
specific amplification. Buffalo specific amplicon (152 bp) was amplified, when 
buffalo specific reverse primer was used with cattle DNA and cattle specific amplicon 
(113 bp) was amplified when cattle specific reverse was used with buffalo DNA 
(Plate 2). Surprisingly, this was the result obtained different from Rea et al. (2001) 
who obtained the fragments of the expected length, specific for each of the two 
species, with no cross-reactions among primers and among all the tested species. To 
rule out cross-species amplification, the PCR conditions were optimized with respect 
to annealing temperature. The experiment was repeated with increasing annealing 
temperature gradually from 560C onward till the melting temperature of the primer i.e. 
640C. Cross species amplification and non- specific amplification could successfully 
be ruled out at 640C and only species-specific amplicons were obtained in respective 
species (Plates 3- 6). As the primers were intended to be used for detection of specific 
meat from the mixed meats, the primers were tested one -by -one on cattle -buffalo 
mixed DNA. At optimized conditions the primers gave only species specific 
amplification even from mixed meats proving the usefulness of this set of primers. 
The cattle specific primers amplified only cattle amplicon (113 bp) on mixed meats 
and the buffalo specific primers amplified only buffalo amplicon (152 bp) on mixed 
meats (Plate 6). 

This primer set was used to amplify cyt b gene from other meat species viz., 
sheep, goat and chicken. No, amplification was observed in any of the species (Plate 
7).  

Matsunaga et al., (1999) used multiplex PCR to identify six meats (cattle, pig, 
chicken, sheep, goat and horse). A common forward primer SIM was designed on a 
conserved DNA sequence in the mt cyt b gene, and reverse primers on species-
specific DNA sequences for each species.  By mixing seven primers in appropriate 
ratios, species-specific DNA fragments could be identified by only one multiplex 
PCR. PCR primers were designed to give different length fragments from the six 
meats. Semi quantitative analysis was found possible in beef and pork mixture. 
However, quantitative amplification was found unsuccessful for other species. 
Moreover, the study did not include buffalo species. 

Rea et al. (2001) developed the duplex-PCR to identify bovine and water 
buffalo DNA in a single PCR assay in milk and mozzarella cheese (a typical Italian 
cheese, originally made from pure water buffalo milk). This set was designed for 



amplifying 113 bp and 152 bp fragments from bovine and water buffalo DNA 
respectively by PCR. The detection limit of the method was also tested by PCR on the 
mixture of cattle and water buffalo milk DNA. The method was found effective in 
evaluation of the mixture of cattle and water buffalo milk DNA showing the 
possibility of detecting down to 1% of DNA from both species. But, this study was 
based on DNA extracted from milk and not meat.  

So, Rea et al. (2001) method was verified on Indian cattle and buffalo meat and 
then converted into Real Time PCR. 

Primers used by Rea et al. (2001) were designed within the cytochrome b gene 
region of the mitochondrial DNA.   The common forward primer included the 
sequence which was common in both cattle and buffalo species. The forward primer 
(CONPF- 2) designed in part from the bovine and in part from the water buffalo 
sequence, was chosen as the common primer. The species specific reverse primers, 
BOVP-R-2 for bovine and BUFP-R-2 for water buffalo, were designed from the 
sequences which differed in cattle and buffalo.  This set was designed for amplifying 
113 bp and 152 bp fragments from bovine and water buffalo DNA respectively by 
PCR.  
4.1.2 Duplex PCR 

Having confirmed species specificity of each primer independently by 
conventional PCR, a duplex PCR was designed by mixing the primers in a single 
reaction. In the duplex PCR, a primer cocktail containing the common forward primer 
along with cattle and buffalo specific reverse primers was used on cattle and buffalo 
DNA separately. This gave species-specific amplification on cattle and buffalo meats 
independently at 640C. Further, sheep, goat and chicken DNA did not give any 
amplification with primer cocktail. Finally, the duplex PCR containing primer 
cocktail was evaluated on mixed meats. The result showed simultaneous amplification 
from both the meat species (Plates 8-11). However, the buffalo specific band (152 bp) 
consistently being more intense than that of cattle (113 bp). 
4.2 Real Time PCR  

This is a closed tube method, which enables product formation to be 
monitored during the course of reaction, in “real time”. Real Time PCR either uses 
non-specific dye like SYBR –Green or sequence specific probe chemistries, viz., 
Taqman probe, Scorpian probe,  Hybridization probe, Molecular beacons etc. In the 
present study, Real Time PCR based on SYBR- Green dye chemistry was used. The 
advantages of using SYBR-Green I chemistry over TaqMan probes chemistry is its 
relative simplicity and reduced cost of SYBR-Green I compared to TaqMan probes. 
Detection is based on the binding of the SYBR-Green I dye into double stranded PCR 
products, which is a sequence independent process.  
4.2.1 Uniplex Real Time PCR 

Once optimized the detection of either cattle or buffalo meat in the mixed 
meat using cytochrome b gene, the PCR was converted to Real Time PCR by using 
SYBR Green dye. Real Time PCR was run to test the species specificity of these 
primers. Thus, two such PCRs one for each species cattle and buffalo was formulated 
and were run on respective species. At lower annealing temperature (560C), cross 
species amplification was observed as expected from the results of conventional PCR. 
Hence, to make the detection more specific and to rule out the cross species 
amplification, the reactions were optimized with respect to annealing temperatures 
starting from 560C onwards. At 640C no cross-species amplification was observed.  
Thus, cattle reverse primer produced only cattle specific amplification and melting 
peak at 76.0 to 76.40C and no buffalo specific amplification and melting peak when 



cattle DNA was used as template. Similarly, buffalo reverse primer produced only 
buffalo specific amplification and melting peak at 78.0 to 78.4 0C and no cattle 
specific amplification and melting peak when buffalo DNA was used as template. 
Further, buffalo specific primers did not produce any amplification on cattle DNA and 
vice versa showing species specificity and no cross-species amplification (Graph 1).  

Buffalo specific amplicon however, was found to be more fluorescent than 
cattle specific amplicon at equal concentration.  So, to improve the detection, the 
reaction was optimized with respect to primer concentration. The concentration of 
buffalo reverse primer was reduced to 4 pm as against 10 pm of cattle reverse primer 
along with 10 pm of common forward primer in the PCR. This resulted in satisfactory 
fluorescence of amplicons.  

Further, when primers tested on sheep, goat and chicken meat DNA, it did not 
give any amplification even at lower annealing temperature (Graph 2). 

 Amplification was confirmed by melt curve analysis. The melt curve profiles 
obtained from the real time PCR products of cattle and buffalo DNA are shown in 
Graph 3.  Peak was observed at the melting temperatures of 76.20C and 78.20C in 
case of cattle and buffalo DNA respectively. No peak was observed in other species 
DNA (Graph 4). 

A Real –Time PCR for the identification of cattle milk in buffalo milk has 
recently been reported.  Feligini et al. (2007) developed a Real-Time PCR assay to 
detect a bovine-specific mitochondrial DNA sequence in “buffalo” Mozzarella 
cheese. The reaction was carried out using BT3/BT4 bovine-specific primer pair. 
SYBR Green I fluorescent dye was used to monitor the amplification of a 134-bp 
fragment in CO1 gene from mitochondrial bovine DNA. Hot-start PCR, primer 
design, annealing and signal acquisition temperatures were exploited to obtain reliable 
analytical conditions, which yielded a 134-bp amplicon from cow’s DNA only. Water 
buffalo’s DNA didn’t originate any amplification product. This method could detect 
bovine DNA from governing liquid samples low down to the limit of 0.5 ng / � l. 
 4.2.2 Duplex Real Time PCR 

Assuming that Tm differences of 20C may allow discrimination of the PCR 
products, it was possible to arrange for duplex reaction. A 1ml of common forward 
primer along with 1ml of cattle and buffalo reverse primers in 1:0.4 ratio were 
incorporated in 25 ml volume Real-Time PCR. The duplex Real-Time PCR showed 
cattle specific melting peak at 76.0 to 76.40C and buffalo specific peak at 78.0 to 
78.40C when cattle or buffalo DNA respectively was used as template making the 
identification of a particular species unambiguous.  

The duplex Real-Time PCR when used on cattle and buffalo mixed DNA it 
exhibited cattle and buffalo specific two partially merged peaks in the same reaction 
exhibiting a broader peak (Graph 5). These peaks were observed at the melting 
temperatures of 76.2 and 78.2 in case of cattle and buffalo DNA respectively which 
were confirmed by agarose gel electrophoresis.  

Andreo et al. (2006) evaluated Real-Time uniplex and duplex polymerase 
chain reaction assays with a SYBR Green I post-PCR melting curve analysis for the 
identification and quantification of bovine, porcine, horse, and wallaroo DNA in food 
products. Species specificity of the PCR products was tested by the identification of 
peaks in DNA melting curves, measured as the decrease of SYBR Green I 
fluorescence at the dissociation temperature. Major peaks were observed for each 
uniplex reaction at 40 ng of template DNA at the melting temperatures 74.0 (cattle), 
72.8 (pork), 76.0 (wallaroo), and 79.1 0C (horse).  



The specificity of the melting curve analysis was assessed .The melting curve 
results indicated that the position and specificity of the peaks are not affected by the 
presence of non-target DNA. when a mixture of DNA from different species was 
present in the PCR. They ran duplex Real Time PCR using as template the four-
species (bovine, porcine, horse, and wallaroo) admixture containing 20 ng of each 
DNA.  

They also detected and discriminated DNA from horse and wallaroo in mixed-
template duplex reactions by comparing the melting curves obtained from the PCR 
products. The total amount of DNA in the mixtures was 40 ng.  The melting curves 
displayed peaks at the Tm expected for each species. The highest Tm deviation from 
the uniplex reaction was observed in wallaroo- pork mixtures, with an average Tm 
downshift of 0.65 ±0.07 °C for wallaroo . 
4.3 Detection limits of DNA samples. 

 There is fraudulent practice of mixing cattle meat in buffalo meat. So, once 
species-specific amplifications were optimized in mixed meats, Real Time PCR was 
used to assess the level of adulteration of cattle meat in buffalo meat. DNA samples of 
cattle and buffalo meat were mixed in ratios of 1:1, 1:10, 1:100, 1:1000, and 1:10,000 
respectively. When cattle and buffalo meat was mixed in the ratio of 1:1, cattle 
(76.20C) and buffalo (78.20C) specific peaks merged to give a broader peak on melt 
curve analysis.  But on all further ratios (i.e. 1:10 to 1:1000) cattle specific amplicon 
peaked much lower and hence shadowed under major buffalo specific peak at 78.20C. 
(Graph 6).  This posed a limit in detecting mixed meats beyond 1:10 ratios. To 
overcome this problem, another Real-Time PCR using only cattle specific reverse was 
required to amplify cattle genome in these ratios. The cattle specific Real-Time PCR 
successfully amplified cattle sequences at all the ratios except 1:10,000 in quantitative 
manner (Graph 7a).  

At 1:10,000 ratio only buffalo specific peak was obtained when duplex Real-
Time PCR was attempted. To verify presence of cattle specific template, the mixed 
template was amplified with cattle specific primers. However, this yielded no 
amplification (Graph. 7b). This confirmed that both of the species continued to give 
amplification up to 1:1000 ratios of admixture. However, at 1:10000 ratios, only 
buffalo species gave amplification. Thus, duplex Real Time PCR was found 
successful in detecting upto 1:1000 ratio of cattle into buffalo DNA admixture. In 
absolute quantity this comes to detection of 9 pg of cattle DNA adulterated in buffalo 
DNA.   

Andreo et al. (2006) assessed the level of adulteration in a series of DNA 
mixtures, containing (in percentage) 1/99, 5/95, 10/ 90, 40/60, 50/50, 60/40, 90/10, 
95/5, and 99/1 ratios of cattle/ horse, cattle/wallaroo, pork/horse, and pork/wallaroo 
by using duplex Real Time PCR. The smaller percentage allowing identification of 
the peaks in double-species duplex reactions were established as follows: 5% (cattle 
or wallaroo) in cattle/ wallaroo mixtures, 5% pork and 1% horse in porcine/horse 
mixtures, 60% pork and 1% wallaroo in porcine/wallaroo mixtures, and 1% cattle and 
5% horse in cattle/horse mixtures. In all cases, 1% corresponded to 0.4 ng of DNA. 
This study did not include DNA from buffalo meat.  Thus, the current method is much 
more sensitive than one reported by an Andreo et al. (2006). 
4.4 Validation Method 

The results obtained from the Real Time PCR were tested on atleast 10 
different meat samples purchased randomly from meat market and cattle –buffalo 
meat mix prepared in the lab. The test was found to be reproducibly specific on all the 
samples. 
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CHAPTER– V 
 

SUMMARY AND CONCLUSIONS 
 

Identification of meat species particularly cattle and buffalo is imperative for 
number of reasons. There are several published studies describing identification and 
differentiation of animal species in raw meat and meat products through PCR based 
methods. However, information on differentiation of cattle and buffalo meats is very 
limited. Hence, the present study was carried out, to develop a method to distinguish 
cattle and buffalo meat species by Real Time PCR using cyt b gene variability.  

Meat samples (ten each) from cattle, buffalo, sheep, goat and chicken were 
procured from slaughter house /market or obtained through biopsy. 

Genomic DNA was extracted using the method described by Ausubel et al. 
(1987) with some modifications. The quality and quantity was checked by nanodrop 
and by running on 0.8% agarose gel. 

Initially, PCR based amplification of cyt b gene for differentiation of cattle 
and buffalo DNA reported by Rea et al. (2001) was attempted  on cattle, buffalo, 
sheep, goat and chicken meat DNA using the PCR conditions described by them. This 
amplified the target cyt b gene prominently in cattle and buffalo species. However, 
cross species amplification was observed. To eliminate this cross species 
amplification, PCR reaction was optimized with respect to annealing temperature. At 
640C annealing temperature, no cross species amplification was observed. 113 and 
152 bp fragments were amplified from cattle and buffalo meat DNA respectively. The 
above primer pair was used to amplify cyt b gene from other species viz., sheep, goat 
and chicken.  No amplification was observed in any of the species.  After the species 
specificity of each primer was confirmed independently by conventional PCR, a 
duplex PCR was designed by mixing the primers in a single reaction but targeting 
DNA of single species. The ratio of primer mixing was 10: 5: 5 (pg) for forward: 
cattle: buffalo specific reverse primers per 25ml of PCR reaction mixture. PCR 
cycling protocol included initial denaturation at  950C for 9 minutes, then followed by 
35 cycles of 950C for 30 seconds, 550C for 30 seconds, 720C for 30 seconds and final 
extension at 720C for 3 minutes. The duplex PCR amplified fragments specific to 
cattle (113 bp) and buffalo (152 bp) when either cattle or buffalo DNA was used as 
template. The duplex PCR amplified both fragments simultaneously when cattle and 
buffalo DNA mix (in 1: 1 ratio) was used as template. Other species i.e. sheep, goat 
and chicken did not give any amplification.  

As the amplicon size of cyt b gene based PCR was within 100- 200 bp range, 
it was a good target to convert into Real Time PCR. Hence, a Real Time PCR was 
formulated using SYBR Green dye. A Real Time PCR for amplification of cattle and 
buffalo specific cyt b fragment included:  QuantiTectTM SYBR Green PCR master mix 
(2X), forward Primer CONP-F-2, reverse Primers (BOVP-R-2 BUFP-R-2), template 
DNA, and QuantiTect DNAse Free water. Amplification was detected by 
amplification curve and confirmed on melting curve analysis. 

In uniplex Real Time PCR, ratio of primer mixing was 10: 10 (in pg) for 
common forward: cattle specific reverse primer and common forward: buffalo 
specific reverse primer for cattle and buffalo specific reactions respectively. PCR 
cycling protocol was kept same as described above. This resulted in species-specific 
melting peaks at 76.20 C and 78.20 C for cattle and buffalo respectively. But, the 
buffalo specific amplicons were found more fluorescent. So, the primer concentration 



of buffalo reverse primer was reduced to 4 pm per 25ml of PCR reaction mixture. This 
resulted in satisfactory fluorescence of buffalo specific amplicons. 

 Assuming that Tm differences of 20 C may allow discrimination of the PCR 
products, a duplex PCR was devised. The primers were mixed in the ratio of 1: 1: 
0.4(in ml, each ml containing 10 pm) for CONP- F- 2: BOVP- R-2: BUFP- R-2. This 
amplified fragments specific to each species producing characteristic peak pattern. 
When cattle and buffalo mixed DNA was amplified using mixed reverse, cattle and 
buffalo specific peaks were observed in the same reaction, which merged to give a 
broader peak. However, it was possible to differentiate both the peaks.   

Real Time PCR was used to assess the level of adulteration of cattle meat in 
buffalo meat.  DNA samples of cattle and buffalo meat were mixed in ratios of 1:1, 1: 
10, 1: 100 and 1: 1000. Two peaks that merged to give one broad peak were observed 
in 1: 1 ratio of admixture. In other ratios, only buffalo specific peak at 78.20 C was 
observed. To confirm, whether cattle DNA was amplified or not, these ratios were 
amplified using cattle specific primers. This resulted in cattle specific amplicons 
confirming that cattle DNA was being amplified too. But, due to low concentration of 
cattle DNA the cattle specific peak was shadowed under major peak of buffalo.  

Further, 1: 10,000 ratio was amplified using a common forward primer and 
mixed reverse primers. Again a buffalo specific melting peak at 78.20 C was observed. 
On cattle specific Real Time PCR of mixed DNA, no cattle specific amplification was 
observed putting the detection limit of cattle DNA adulterated in buffalo DNA up to 
1: 1000 ratio.  In absolute quantity duplex PCR could detect up to 9 pg of cattle DNA 
adulterated in buffalo DNA.  

 
 

CONCLUSIONS 
 
Following conclusion could be drawn from present study.  
1. Using previously described primers a duplex PCR targeting a cyt b gene at 

optimized condition could detect unambiguously cattle or buffalo meat 
individually and in mixed form. 

2. A Real-Time PCR using SYBR green dye could be formulated from the results of 
conventional PCR which also detected cattle and buffalo DNA individually and 
when in mixed form. 

3. Real-Time PCR could detect cattle DNA 1 in 1000 part of buffalo DNA. Thus, it 
is possible to detect up to 9 � g of cattle DNA mixed in buffalo DNA. However it 
required duplex PCR followed by a cattle specific Real Time amplification. 
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Graph. 1 Real Time PCR  amplification graph of cyt b gene fragment 
 showing no cross species amplification in cattle and buffalo meat DNA 
 
 
 
 
 

 
 
Graph. 2 Melt curve analysis of cyt b gene in cattle and buffalo meat DNA  
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Graph 3. Real Time PCR  amplification graph of cyt b gene fragment 
 from sheep, goat and chicken  meat DNA 
 
 
 
 
 

 
 
 
 Graph. 4 Melt curve analysis of cyt b gene in sheep, goat and chicken 
 meat DNA 
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Graph. 5 Melt curve analysis of cyt b gene in cattle, buffalo and mixed 
 meat DNA 
 
 
 
 
 
 
 

 
 
Graph. 6 Melt curve analysis of cyt b gene in 1: 10, 1: 100, 1: 1000 and  
1: 10000 ratios of cattle and  buffalo meat DNA admixture 
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 Graph 7a. Real Time PCR  amplification graph of cyt b gene fragment  
from mixed meat DNA (1:1, 1: 10, 1: 100) with cattle specific reverse primer 
 
 
 
 
 
 

  
 
Graph. 7b Real Time PCR  amplification graph of cyt b gene fragment  
from mixed meat DNA (1:100, 1: 1000, 1: 10000) with cattle specific reverse 
primer  
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