
Introduction

The determination of food authenticity and the de-

tection of adulteration are major issues in the food

industry, and attract an increasing amount of atten-

tion. Therefore, reliable techniques to identify the

species of origin of components in a food product

derived from animals are necessary for food au-

thentication purpose. Identification of the species

of origin in meat samples is relevant to consumers

for the possible economic loss from fraudulent

adulterations, medical requirements of individuals

that might have specific allergies, and religious rea-

sons (Miguel et al., 2004). 

The extensive development of nucleic acid

based technologies over the past decade reflects

their importance in food analysis. Various Poly-

merase chain reaction (PCR) based approaches

were attempted in the past for meat authentication,

but only a limited number of studies targeted buf-

falo as one of the species under study. In recent

years, works have been developed that use PCR

coupled with techniques such as hybridization, nu-

cleotide-sequencing, single-strand conformation

polymorphism (SSCP), random amplified poly-

morphic DNA (RAPD),  restriction fragment

length polymorphism (RFLP), or forensically in-

formative nucleotide sequencing (FINS), for  dif-

ferentiation of water buffalo meat from cattle meat

(Rajapaksha et al., 2003, Rastogi et al., 2004,

Girish et al., 2005, Chen et al., 2008, Murugaiah

et al., 2009, Chen et al., 2010, Wang et al., 2010).

Standard PCR is the most widely used molecular

biology technique for its simplicity, availability and

its cost effectiveness as compared to other ad-

vanced techniques. 

In the present paper, duplex-PCR is proposed to

identify and differentiate cattle and water buffalo

meat. A common primer is used along with two

specific primers that allow two different DNA frag-

ments to be amplified, one specific to cattle and the

other to water buffalo. These are used to identify

meat and meat products from the two species. This

work presents a specific, sensitive, effective and in-

expensive alternative to the existing methods.

Materials and methods

Sample preparation and DNA isolation

Thirty fresh muscle meat samples for each species

were collected from a local slaughter house and
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stored at -20 °C until use. Meat samples (3g) from

each species were minced and mixed at various

levels. Further divided into five replicates and sub-

jected to various experimental procedures of cook-

ing and putrefaction. Meat samples were cooked at

100 °C and 120 °C in dry (hot air oven) and moist

heat (water bath and autoclave) for 45 min to sim-

ulate various methods of cooking. Different levels

of autolysis were also produced by allowing the

meat samples to putrefy for a variable period (48

hours to 72 hours) of time at room temperature in

unpreserved conditions to stimulate the autolysis

in meat. Mitochondrial DNA, along with genomic

DNA was extracted by using the method described

by Ausubel et al. (1987). The quantity and quality

(A260/A280 ratio, i.e absorbance at wavelengths

of 260 and 280) of DNA was assessed by using a

NanoDrop 1000 Spectrophotometer (Thermo Sci-

entific, Waltham, MA). 

Polymerase chain reaction

Small fragments of cyt b gene of mitochondrial

DNA extracted from fresh, cooked and putrefied

samples were amplified. For this purpose species

specific primers described by Rea et al. (2001) for

identification of cattle and buffalo DNA in Italian

cheese, were tested on DNA extracted from meat

samples. A common  forward primer (5’-CTT CTT

ATT CGC ATA CGC AAT CTT ACG ATC- 3’) and

species specific reverse primers, cattle specific (5’-

TGC TCT AAT CCC CCTA CTA CAC ACC TCC

A- 3’) and water buffalo specific (5’-TAT GAT

GTT CCG GCC ATT CAG CCA ATG CC- 3’)

were used, as described by Rea et al. (2001). 

Various combinations of primers and DNA of

cattle and buffalo origin were tested in a final vol-

ume of 25 µl containing 1x PCR master mix (MBI

Fermentas, Canada) 10 pmole of each primers and

90-100 ng of DNA template (cattle and/or buffalo).

Amplification was performed in Master Cycler gra-

dient thermocycler (Eppendorf, Germany) with the

following cycling conditions; after an initial heat

denaturation at 95 °C for 5 min, 35 cycles were

programmed as follows: 95 °C for 30 sec, 65 °C

for 30 sec, 72 °C for 30 sec and final extension at

72 °C for 5 min. This optimized PCR amplified 113

bp product for cattle and 152 bp product for buf-

falo, which was confirmed by using Genesnap and

Genetool programmes (Syngene, UK) and running

the products parallel to 100 bp MW marker. 

To measure the sensitivity of the presented test,

100 ng of DNA sample was 10 fold serially diluted

and tested. The sensitivity and discriminating

power was also evaluated by serial dilution of

mixed meat samples (cattle and buffalo).

Results

Amplification/cross-reaction was not observed

when DNA samples of sheep, goat, pig, horse and

chicken were used (data not shown). Positive sig-

nals up to 1pg were observed when tested on 10

fold serially diluted test samples. The sensitivity

and discriminating power was also evaluated by se-

rial dilution of mixed meat samples (cattle and buf-

falo) and was found to be capable of detecting 1%

adulteration in cattle-buffalo meat mixture (Fig. 1),

on further dilution the signals ceased abruptly. The

assay was not tested for better sensitivity and pos-

sibility of the same cannot be ruled out. False pos-

itive and false negative results were not

encountered, demonstrating the reliability of the

procedure and repetitive test proved the repro-

ducibility of the method.

Discussion

Many a time species identification of cooked meat

is warranted. The processing technology (salting,

drying, smoking, and cooking) applied during the

manufacture of meat products are those steps,

which mainly affect the integrity of the extractable

DNA causing its degradation into small size frag-

ments (Dias et al., 1994, Martinez and Man, 1998).

For this reason, in the present study meat samples

were cooked at 100 °C and 120 °C in dry (hot air

oven) and moist heat (water bath and autoclave) for

45 minutes to simulate cooking. Proper cooking

was evident from discolored meat. Many times

meat samples are brought to the laboratory for spe-

ciation after one or two days of slaughter under un-

preserved conditions. Looking to the reality of the

situation that exists, different levels of autolysis

were produced by allowing the meat samples to pu-

trefy for a variable period (48 hours or more) of

time at room temperature in unpreserved condi-

tions to stimulate the autolysis in meat. Polymerase

chain reaction successfully amplified small frag-

ment of cyt b gene from cooked and putrefied meat

samples, indicating that partial degradation of

DNA because of cooking or putrefaction of meat
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does not inhibit amplification of cyt b gene region. 

Mitochondrial DNA was used in the study as it

offers two main advantages: first that mtDNA 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 increases the probability of

achieving a positive result even in the case of sam-

ples suffering severe DNA fragmentation due to in-

tense processing conditions (Bellagamba et al.,

2001) and second that the large variability of

mtDNA targets as compared with nuclear se-

quences facilitates the discrimination of closely re-

lated animal species even in the case of mixture of

species (Prado et al., 2002).  

Conclusion

It can be concluded that cattle and buffalo meat

could be reliably identified and differentiated using

duplex PCR at optimized conditions and can be ap-

plied with equal efficiency to fresh, cooked and pu-

trefied meat.
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Fig. 1. Lane 1: Cattle DNA with common forward primers and cattle specific reverse primers. Lane 2: Buffalo DNA with

common forward primers and buffalo specific reverse primers. Lane 3: Cattle DNA with common forward primers and

buffalo specific reverse primers. Lane 4: Buffalo DNA with common forward primers and cattle specific reverse primers.

Lane 5: Cattle and Buffalo mixed DNA with common forward primers and cattle specific reverse primers. Lane 6: Cattle

and Buffalo mixed DNA with common forward primers and buffalo specific reverse primers. Lane 7: Cattle and Buffalo

mixed DNA with common forward primers and cattle specific and buffalo specific reverse primers. Lane 8: Cattle DNA

with common forward primers and cattle specific and buffalo specific reverse primers. Lane 9: Buffalo DNA with common

forward primers and cattle specific and buffalo specific reverse primers. Lane 10: 100bp DNA molecular weight marker.
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