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ABSTRACT

Species identification of cooked meat or the food products having cooked meat is warranted 0':1 several occasions. Cytochrome-
b gene based PCR was, therefore, standardized to identify and differentiate the cooked meat of sheep, goat, cattle, pig and chicken.
The PCR products from cooked meat samples of these animal species produced DNA fragments of 331, 157, 274, 398 ·and 227 base
pairs respectively and clearly differentiated the species origin of meat. DNA fragments of 331 and 157 base pairs from cooked meat

'"; samples of sheep and goats respectively demonstrated clear distinction of phylogeneticalIy closely related species. Specific
differentiation of cooked meats of cattle and pig producing DNA fragments of 274 and 398 base pairs, respectively has socio-religious
signi ficance. Detection of 20% adulteration of meat in ready to eat meat dish (cooked) may be of use to demonstrate fraudulent practice
of meat adulteration.
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Identification and differentiation of species origin
of meat has enormous significance from economical,
sociopolitical and religious points of view. Identification
of meat is relatively simple when carcass is intact but
becomes difficult if it has been heat processed due to
considerable changes in the soluble nature and antigenic
determinants of the muscle proteins. Immunological
and DNA base'd methods are suitable approaches
employed for identification of such meats. (Chen and
Peggy, 2000, Macedo-Silva et al., 2000, Arslan et al.,
2006, Kesmen et al., 2009). However, the later approach
has advantages because ofthermostabilty of DNA and
less disruption of nucleic acids during processing.
Polymerase chain reaction (PCR) was therefore
standardized for identification and differentiation of
cooked meat of sheep, goat, cattle, pig and chicken by
amplifying conserved fragment of mitochondrial
cytochrome-b gene.

MATERIALS AND METHODS

Meat samples: Six raw meat samples each of sheep,
goat, pig and chicken from retail meat shops and that
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of cattle and buffalo from the postmortem cases in the
Department of Veterinary Pathology, College of
Veterinary Sciences, CCS Haryana Agricultural
University, Hisar, were cooked in microwave oven at
120°C for 30 min., wrapped in aluminium foil aseptically
and stored at-20°C until further use. Five cooked
mixed samples each of cattle and pig (20:80), cattle and
sheep (20:80), cattle and goat (20:'80); sheep and goat
(20:80), chicken and goat (20:80) as adulterated cooked
meat samples and 12 unknown samples of cooked meat
were also included for identification of species origin
of meat.
DNA extraction from meat: DNA from the meat
sample was extracted as per the standard. protocol
described by Sambrook et al. (1989). Five hundred mg
meat free from adipose tissue was grounded using
liquid nitrogen and to this homogenate, 1ml of lysis
buffer (mixture of 20 mg/ml Proteinase-K, 300 Jll of
10% SDS) was added followed by incubation for 16
h at 55°C. Equal volume of Tris saturated phenol (pH-
8.0) was then added and centrifuged at 10,000 rpm
at 15°C for 10 min. To the supematant so collected, half
the volume of each Tris-saturated phenol and chloroform:
isoamyl alcohol (25 :24: 1) was mixed and centrifuged
and to the supematant 111O'" volume of 3M-sodium



acetate (pH-5.5) and equal volume of isopropyl alcohol
were added to precipitate D A which was washed
twice with 70% ethanol, dried for 2-3 h at room
temperature, dissolved in 100-300 III volume of TE
buffer, kept in water bath at 55-65°C for 45-60 min.
and stored at -20°C until us .

RNA contamination in extracted DNA was
removed by adding 1 J..lIof 10 mg/ml RNase-A followed
by incubation at 37°C for 1h. The purity and quantitation
of DNA were checked by agarose gel electrophoresis
and UV-spectrophotometer respectively.

Multiplex Polymerase Chain Reaction Assay (PCR
assay) was performed as per procedure of Matsunaga
et al. (1999). The reagents used in PCR reaction were
Taq DNA polymerase 5 units/ul, 10 X PCR uffer with
magnesium chloride, dNTPs 10 mM. A set of primers
(Table) specific to cytochrome-b gene family
(Matsunaga et al., 1999) was got synthesized by Sigma
Aldrich Chemicals Pvt. Ltd, New Delhi, India. The
primers supp ied in freeze-dried form were dissolved
and diluted in autoclaved nuclease free (NF) water to
obtain a final concentration of 10 pmole/ul, For the
multiplex PCR, primers were mixed in the ratio of
1:0.2:3:0.6:0.6:3:0.6 for SIM: goat: chicken: cattle:
cattle: sheep: pig and used together. Cattle primer was
used t identify and differentiate meats of both cattle
and buffalo.
PCR reaction: PCR was carried out in a final reaction
volume of 25 ul. A master mix was prepared and
aliquated 24.75 III in each PCR tube. DNA sample
(0.25 ul) was added in each tube to make the final
volume. Each PCR reaction mixture contained 2.50 ul
of 10 X PCR buffer, 1.5 J..lIMgCl

2
(25 mM), 0.50 ul

dNTPs (lOMm each), 0.50 III primer mix (l0 pmole/
J..lI),0.25 J..llTaq DNA polymerase (5 U/J..ll), 0.25 ul

DNA template and 19.25 ul DNase free water.
Amplification was carried out at 94°C for 30 seconds,
60°C for 30 seconds and 72°C for 30 seconds and
repeated these steps for 35 cycles.

The products of PCR amplification were put to
electrophoresis on 3% w/v agarose gel containing 1%
ethidium bromide solution @ 5J..ll1l00 ml at constant
voltage of 80 V for 30 min in 1OX TAE. The ampIifi d
product was visualized as a single compact band of
expected size under UV light and documented by gel
documentation system.

RESULTS AND DISCUSSION

pecies identification of cooked meat or the food
products having cooked meat is warranted on several
occasions and PCR based methods have successfully
been used to identify such meats and meat products
(Martinez and Man, 1998, Meyers et al., 2003) and fish
varieties (Sanjuan and Comesana, 2002). In this study,
mitochondrial cytochrome-b gene based PCR was
chosen because the mitochondriai genome is easy to
isolate from the nuclear genome, present in high
num er of copies, smaller size and rapid accumulation
of mutations (Moritz et al., 1987, Wilson et al., 1995)
and the post PCR analysis is much simpler.

DNA yield from the cooked meat samples ranged
from 20 ug to 100 1lg/500 mg, which was much lower
than that of raw meats (lOO ug to 500 Ilg/500 mg) of
same species. This may be due to processing technology
(cooking, smoking, drying, salting) applied during the
manufacture of meat products that may affect to
different extents to the integrity of the extractable
DNA and results its degradation into smail size.
fragments (Dias 1 eto et al., 1994, Martinez and Man,

Table

Sequences of SIM and species specific primers

Sequences (5' - 3')Name Primer

SIM Forward

Goat Reverse

Chicken Reverse

Cattle Reverse

Sheep Reverse

Pig Reverse

No. of bases

GACCTCCCAGCTCCATCAAACATCTCATCTTGATGAAA
CTCGACAAATGTGAGTTACAGAGGGA
AAGATACAGATGAAGAAGAATGAGGCG
CTAGAAAAGTGTAAGACCCGTAATATAAG
CTATGAATGCTGTGGCTATTGTCGCA
GCTGATAGTAGATTTGTGATGACCGTA

38

26
27

29
26
27 -,

54
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1998). All the DNA samples were found free of
proteins and RNA. The samples having OD ratio at
260/280 between - 1.7 to 1.9 and not showing smearing
on agarose gel electrophoresis were included for
further reactions. DNA from mixed and unknown meat
samples were extracted similarly.

Universal primers have been designed to amplify
the conserved region of cytochrome-b gene in more
than 100 species, including mammals, birds, amphibians,
fishes and some invertebrates (Anderson et al., 1982,
Irwin et al., 1991, Desjardins and Morais, 1991,
Matsunaga et al., 1999). The oligonucleotide primers
designed by Matsunaga et al. (1999) were got
synthesized for this study (Table).

Multiplex PCR was used to identify and
differentiate the species of cooked meat samples as
employed earlier (Dias Neto et al., 1994, Fei et al.,
1996, Koh et al., 1998, Martinez and Man, 1998,
Matsunaga et al., 1999, Calvo et al., 2001, Rodriguez
et al., 2004). Initially, independent primers were run
using a pair of forward primer (common for all species)
and species-specific reverse primers. Having confirmed
species specificity of each primer independently, a
multiplex PCR was standardized by mixing all primers
in a single reaction but targeting DNA of single species.
The primer concentrations when mixed in
1:0.2:3:0.6:0.6:3:0.6 for SIM: G: Ch: C: C: S: P and
included in the multiplex PCR @ 0.50 ,.rl giving 25
pmoles of reverse primer per 25 ul, PCR reaction gave
species specific amplification except for cattle and
buffalo which produced products of the same size.
Obrovska et al. (2002) obtained single band of meat
of chicken, cattle, pig and horse species by mixing the
primers in the ratio of 0.5: 1.5: 0.3: 0.3: 1.0 for SIM:
Ch: C: P: H for multiplex PCR while primer
concentrations used in this study were the same as
reported by Matsunaga et al. (1999).

Electrophoretic band pattern ofPCR products on
3.5-4% agarose gel resulted in clear cut differentiation
of species as· multiplex PCR amplified fragments
specific to each species producing characteristic band
pattern on agarose gel electrophoresis when run on
single species and a multiple band pattern when run on
DNA mix. The primers in the multiplex PCR amplified
target sequences at the efficiency comparable to

conventional PCR. PCR products from goat, chicken,
cattle, buffalo, sheep and pig produced DNA fragment
of 157,227, 274, 274, 331 and 398 bp respectively
(Fig 1). Amplified PCR products from six species thus

I
ranged from 157 to 398 bp respectively. The primer pair
specific to meat sample of cattle however, amplified
meat sample of buffalo target sequence as well.
Therefore, meat samples of cattle and buffalo amplified
same size band (274bp). The findings of multiplex PCR
on cooked meat samples confirmed the results obtained
by Matsunaga et al. (1999). Van et al. (2005) also
identified 27 meat samples and 4 skin samples by
multiplex PCR of the mitochondrial' cytochrorne-b
gene. .

DNA extracted from 500 mg of adulterated meat
samples in ratio given above was used as a template
for PCR. The amplification resulted in generation of
species specific bands of adulterated meat in all the
five mixed samples examined (Fig 2).

DNA extracted from all the unknown meat
samples after PCR amplification resulted in the
identification of species origin of meat. Out of 12 meat
samples, 4 samples were identified as meat of single
animal species (pig/sheep), 5 of two species (4 goat
and sheep, 1 goat and cattle) and three samples were
identified of mixed meat of three species (sheep, goat,
cattle).

Fraudulent practices of adding cheaper meat into
meat of higher cost is a' common practice. The
adulteration of meat of a species of animal into another

400 bp
300 bp

200 bp

100 bp

12345·678
Fig I. Agarose gel electrophoresis of peR products amplified

from cooked meat samples of pig (2), sheep (3), buffalo
(4), cattle (5), chicken (6) and goat (7). lOO bp ladder
(I and 8).
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400 bp
300 bp

200bp-

1234567
Fig 2. Agarose gel electrophoresis of PCR products amplified

from binary mixtures (20:80) of cooked meat samples of
chicken and goat (2), sheep and goat (3), cattle and goat (4),
cattle and sheep (5), cattle and pig (6). 100 bp ladder
(I and 7)

was evaluated on binary mixtures comprising cattle and
pig (20:80), cattle and sheep (20:80), cattle and goat
(20:80), sheep and goat (20:80), chicken and goat
(20:80). In the present study, species specific bands
were obtained from all the five binary mixtures tested.
Although it is possible to detect each species when
spiked in any other species even at the level of 0.1 %
(Kesmen et aI., 2007), yet this study used 20%
adulteration level because the percentage of adulteration
is usually near to this level under fraudulent practices
to make more profit. Rodriguez et al. (2001)
demonstrated the clear identification of the presence
of chicken in goose and duck at levels of 100,50,25,
10,5, 1 and 0.1%.

With the PCR assay used in the present study,
cooked meat of cattle, sheep, goat, pig and chicken
were identified and demonstrated the suitability of
cytochrorne-b gene based PCR to identify and
differentiate the meat. This technique offers a promising
alternative for meat inspection programme intended to
assess the species identification of meat after cooking.
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