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PCR based method for authentication of pork in raw and processed products as
well as in binary meat mixtures
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ABSTRACT

In this study, amplification of species-specific marker of mitochondrial DNA origin was carried out to detect
pork in raw, processed and meat mixtures containing varying concentrations of pork, viz. 1, 10, 50, 75 and 100%.
The species-specific marker for pork was tested in raw pork from different breeds/varieties of pig such as Hampshire,
Yorkshire, Ghungroo, Duroc, Rani, and Asha. The size of the amplified product was 290 bp in all the breeds/
varieties. The results were consistent in processed pork products, viz. frankfurter sausage, salami, cocktail sausage,
pork slice, ham, and pork curry which were subjected to different cooking temperatures ranging from 75 to 121°C.
In case of all the mixtures with different concentrations of pork, similar results were observed. Subsequently, this
marker was tested for cross-amplification by checking them with beef, carabeef, mutton, chevon, chicken, and
duck meat and no amplification was observed. The results suggested that the DNA marker used in this study is
highly species-specific and reliable to detect pork adulteration, unambiguously, in raw, processed as well as in
meat mixtures containing pork. This technique is rapid, simple and economical as compared to other methods of

pork adulteration detection.
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Authenticity assessment of meat has become an essential
component in food quality control procedures because of
the challenging problem of meat adulteration and possible
health hazards. The adulterated meat often enters the supply
chain and risks the health as well as the sentiments of the
people. Such circumstances demand solid detecting
techniques to identify the species of meat and it is ideal to
develop robust and state of the art techniques to detect such
meat adulteration cost-effectively. Several analytical
methods have been developed to detect pork adulteration
in mixed meat samples and/or identify meat from other
animal species as an adulterant. DNA based methods have
been widely used by the food technologists and meat
scientist in identifying adulteration in meat and meat
products. Large numbers of nuclear DNA based procedures
are available to identify the origin of meat species such as
DNA hybridization (Chikuni et al.1990), cloth-based
hybridization array system (Murphy et al.2007), random
amplified polymorphic DNA polymerase chain reaction
(RAPD-PCR) fingerprints (Calvo et al. 2001), species-
specific satellite DNA probes (Buntjer ef al. 1998) etc. PCR
amplification and sequencing of Cytb (Forrest and Carnegie
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1994) and 12S rRNA genes (Girish et al. 2004) of
mitochondrial origin were also helpful for meat species
identification. Girish et al. (2005) used restriction fragment
length polymorphism (RFLP) of PCR products of Cytb and
12S rRNA genes of mitochondria for meat authentication.
Reproducibility of RAPD-PCR is a matter of concern due
to the requirement of high stringent conditions (Koh et al.
1998, Ilhak and Arslan 2007). However, the mitochondrial
DNA markers are proved to be more valuable than nuclear
markers in adulteration detection and species identification
due to the facts that mitochondrial DNA is maternally
inherited, large copy number of DNA having variable
regions for PCR amplification is available and possibility
to recover DNA even from severely damaged tissues
(Rastogi et al. 2007).

The present study was carried out to detect pork in raw,
processed pork products as well as in binary meat mixtures
containing pork as adulterant by using species-specific 125
rRNA and tRNA Val genes of mitochondrial origin.

MATERIALS AND METHODS

Pork samples from different breeds/varieties of pig, viz.
Hampshire, Yorkshire, Ghungroo, Duroc, Rani, and Asha
were collected from the pork processing plant of ICAR-
National Research Centre on Pig, Rani, Guwahati. Also,
the processed pork products, viz. frankfurter sausage,
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salami, cocktail sausage, pork slice, ham, and pork curry
subjected to different cooking temperatures ranging from
75 to 121°C were collected from the institute’s pork
processing plant. Frankfurter sausages, cocktail sausages
and salami were subjected to heat treatment in hot water
(80°C) with a holding period of 30 min, so as to have 75°C
product core temperature while pork slice and ham were
cooked in steam with a holding period of 45 min to have
the product core temperature of 75°C. Pork curry was
packaged in retort pouches and was cooked at a temperature
of 121°C and 15 Ib pressure. Samples of beef, carabeef,
mutton, chevon, chicken, and duck meat were collected
randomly from local retail meat shops. Binary meat mixtures
were prepared by combining1%, 10%, 50%, 75% and 100%
(w/w) pork with each meat samples, to a final weight of
100 mg (Table 1).

Table 1. Details of combinations used to prepare binary meat

mixtures
Binary Meat mixtures Pork (mg) Other meat (mg)
Beef +
1% pork 1 99
10% pork 10 90
50% pork 50 50
75% pork 75 25
100 % pork 100 0
Carabeef +
1% pork 1 99
10% pork 10 90
50% pork 50 50
75% pork 75 25
100 % pork 100 0
Mutton +
1% pork 1 99
10% pork 10 90
50% pork 50 50
75% pork 75 25
100 % pork 100 0
Chevon +
1% pork 1 99
10% pork 10 90
50% pork 50 50
75% pork 75 25
100 % pork 100 0
Chicken +
1% pork 1 99
10% pork 10 90
50% pork 50 50
75% pork 75 25
100 % pork 100 0
Duck meat +
1% pork 1 99
10% pork 10 90
50% pork 50 50
75% pork 75 25
100 % pork 100 0
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Total DNA was extracted from raw, processed and meat
mixtures of pork by phenol-chloroform—isoamyl alcohol
method (Sambrook and Russell 2001). Briefly, the meat
samples were mixed with lysis buffer containing 10 volume
of 10 mM Tris—HCI (pH 8.0), 100 mM EDTA (pH 8.0),
0.5% SDS and 0.1 mg/mL of Proteinase K and incubated
for 3 h at 50°C. The mixture was treated with 50 pg/mL of
RNase A for 1 h at 37 °C. It was then extracted with an
equal volume of phenol: chloroform: isoamyl alcohol
(25:24:1 vol/vol) and again with an equal volume of
chloroform. The DNA was precipitated by ethanol and 1M
ammonium acetate solution. Finally, DNA was dissolved
in TE buffer. The DNA was also extracted from the samples
of beef, carabeef, mutton, chevon, chicken, and duck meat.

The quality of genomic DNA was checked by horizontal
submarine agarose gel electrophoresis using 0.8% agarose
strength. The quantity of total DNA extracted from various
sources was estimated at 260 nm and the purity of DNA
was checked by taking ratio of OD readings at 260 nm and
280 nm using UV-Visible spectrophotometer (Cary 60 UV-
Vis, Agilent, USA).

Polymerase chain reaction (PCR) was performed in a
thermal cycler (ProFlex Base, Applied Biosystems, USA).
The species-specific primers used for PCR amplification
were designed from different regions of mitochondrial 12S
rRNA and tRNA Val genes, as described by Dalmasso e?
al.(2004). The sequences of the primers were PF: 5°-
CTACATAAGAATATCCACCACA-3’and PR: 5°-
ACATTGTGGGATCTTCTAGGT-3’. The primers were
synthesized by Integrated DNA Technologies (IDT). PCR
amplification was carried out in 0.2 mL PCR tubes
containing 10 pL of PCR master mix, 1 puL (10 pmol) each
of forward and reverse primers, 50 ng of DNA. The volume
was made up to 25 pL with nuclease-free water. The PCR
conditions used were an initial denaturation at 95°C for 5
min followed by 30 cycles of denaturation at 95°C for 30s,
annealing at 50°C for 1 min, elongation at 72°C for 1 min,
final elongation at 72°C for 5 min, and hold at 4°C.

Analysis of PCR amplicons was performed using agarose
gel electrophoresis. Agarose gel of 1.5% was prepared by
dissolving the appropriate quantities of agarose in 1 XTAE
buffer (pH 8.0). Ethidium bromide stock solution was added
directly to molten agarose at a concentration of 0.5 pg/ml
before pouring the gel. The electrophoretic samples were
mixed with 6% loading buffer before loading onto the gel.
A 100 bp DNA ladder was run with the samples in agarose
gel electrophoresis workstation (BioRad, USA). After
electrophoresis, DNA fragments in the agarose gels were
visualized and photographed using a Gel Documentation
system (Gel Doc EZ, BioRad, USA).

RESULTS AND DISCUSSION

In the present study, the 12S rRNA and tRNA Val genes
of mitochondrial genome was utilized for identification of
pork which was very specific. Species-specific 12S rRNA-
tRNA Val genes of mitochondrial origin were initially tested
with DNA extracted from raw pork and it successfully
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amplified unique fragments for pork. The size of the
amplified product was 290 bp. The mitochondrial 128
rRNA-tRNA Val genes are conserved and hence it is
possible to select specific sequences for a particular species
(Dalmasso et al. 2004). Besides, mitochondrial DNA is
maternally inherited because of which only one allele exists
in an individual and thus sequence ambiguities are not
expected from the presence of more than one allele (Unseld
et al. 1995). This marker was subsequently tested in
different breeds/varieties of pig such as Hampshire,
Yorkshire, Ghungroo, Duroc, Rani, and Asha. The results
were consistent across different varieties and breeds (Fig.
1). The pork specific primers from 12S rRNA and tRNA
Val genes of the mitochondrial genome used in this study
were conserved in all the breeds/varieties of pigs such as
Hampshire, Yorkshire, Ghungroo, Duroc, Rani, and Asha.

Fig. 1. PCR amplification of DNA from different breeds/
varieties of pig with the species-specific marker. The lanes are
M, 100 bp DNA ladder; N, Non-template control; 1, Hampshire;
2, Yorkshire; 3, Ghungroo; 4, Duroc; 5, Rani; and 6, Asha.

M N 1 2 3 4 5 6

Fig. 2. PCR amplification with the species-specific marker
for pork in processed pork products, which were subjected to
heat treatments from 75 to 121°C. The lanes are M, 100 bp DNA
ladder; N, Non-template control; 1, Frankfurter sausage; 2, Salami;
3, Cocktail sausage; 4, Pork slice; 5, Ham; and 6, Pork curry.
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Fig. 3. PCR amplification with species-specific marker for
pork in binary mixture containing different concentration of pork.
The lanes are M, 100 bp DNA ladder; N, Non template control;
1, 100% pork; 2, 75% pork; 3, 50% pork; 4, 10% pork; 5, 1%
pork.

Therefore, it was possible to identify pork irrespective of
breeds/varieties.

PCR amplification was done with the DNA extracted
from different processed pork products, viz. frankfurter
sausage, salami, cocktail sausage, pork slice, ham, and pork
curry which were subjected to different cooking
temperatures ranging from 75 to 121°C. This marker could
successfully amplified from all the processed samples and
the size of the amplified product was the same as in raw
pork, i.e. 290 bp (Fig. 2). Further, differences in size were
not observed in amplicons in any of the binary meat
mixtures with different concentrations of pork, viz. 1%,
10%, 50%, 75% and 100% (Fig. 3). Even though, these
products were cooked in different temperatures, ranging
from 75°C to 121°C, the marker was stable at all these
temperature ranges and did amplify in the analysis. Further,
processing of pork curry at 121°C temperature and 15 Ib
pressure also did not affect the PCR amplification of pork
specific marker. Therefore, the results indicated successful
amplification of the desired DNA segments using DNA
extracted from fresh and processed pork samples,
confirming the ability of the PCR protocol to amplify the
species-specific marker of mitochondrial origin.

This marker was further validated by checking it for
cross-amplification in other meat species such as beef,
carabeef, mutton, chevon, chicken, and duck meat. It could
be seen that the pork primer set amplified successfully the
290 bp mitochondrial DNA fragment from pork, whereas
no amplification products were obtained with DNA from
beef, carabeef, mutton, chevon, chicken, and duck meat
samples (Fig. 4). It was observed that the marker used in
this study was highly unique to pork. Moreover, this marker
could also detect pork in binary meat mixtures of beef,
carabeef, mutton, chevon, chicken, and duck meat,
containing 1-100% pork.

The results established the reliability and sensitivity of
the technique for detecting pork at different concentrations.
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290 bp

Fig. 4. PCR amplification of species-specific marker from pork
and cross-checking with other meat. The lanes are M, 100 bp
DNA ladder; N, Non-template control; 1, Pork; 2, Beef; 3,
Carabeef; 4, Mutton; 5, Chevon; 6, Chicken; and 7, Duck meat.

Since intentional adulteration for economic profits is
generally more than 10%, this technique could be a very
useful tool for identification of economically driven meat
adulteration. The marker used in this study showed no
cross-reactivity with the non-target species and confirmed
the absence of any cross-amplification indicating its’
specificity. The findings corroborate with the fact that the
heat stability and large copy number of mitochondrial
DNA in meat tissue contribute to the protection and
survivability of the DNA fragments that are sufficient to
be amplified by PCR (Girish ez al. 2004). About 800—1000
of mitochondria are present in an animal cell and each
mitochondrion has 6—8 copies of the mitochondrial
genome (Gardner and Snustad, 1984). Hence, chances of
survival of copies of the mitochondrial genome in a very
small amount of sample as well as during extreme
conditions of processing and storage are very high
(Haunshi et al. 2009). Further, it was proved that
mitochondrial markers were more efficient than nuclear
markers in species identification and authentication
purposes (Hopwood et al. 1999, Rastogi et al. 2007).
Therefore, these characteristics make 12S rRNA-tRNA Val
genes of mitochondrial origin ideal for identification of
species origin of fresh, processed meat and meat products.

Girish et al. (2004) developed a method based on
forensically important nucleotide sequencing (FINS) which
involved PCR amplification of mitochondrial 12S rRNA
gene followed by sequencing of amplicon for the
identification of pork. The mitochondrial 16S rRNA gene
sequence analysis was used for identification of cattle,
buffalo, sheep, goat, and pig species in fresh and processed
meat (Mane et al. 2013). However, these methods involve
the sequencing of nucleotides which is time-consuming
and require additional cost. PCR-RFLP technique was
carried out for identification of different meat species
which involved PCR amplification of mitochondrial 12S
rRNA gene followed by restriction digestion with
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restriction enzyme targeting species-specific restriction site
(Girish et al. 2005, Teixeira et al. 2007). Species-specific
PCR saves time as it does not involve any post
amplification processing like restriction digestion in PCR-
RFLP methods. Haunshi et al. (2009) used PCR based
method for meat species identification by developing
species-specific mitochondrial D-loop markers which
successfully identified the species of fresh, cooked and
autoclaved meat. This indicated the advantages of species-
specific PCR over other techniques. Moreover, the result
of species-specific PCR was highly reproducible unlike
that of Randomly Amplified Polymorphic DNA (RAPD)-
PCR (Koh et al. 1998).

In conclusion, the PCR amplification of mitochondrial
12S rRNA-tRNA Val genes proved to be a very efficient
method for the identification of pork. The markerused in this
study could be useful in identifying pork in raw, cooked/
processed, as well as in mixed meat samples and the process
of detection is simple, economical, and quick as compared
to any other method such as RAPD-PCR, hybridization by
species-specific probes, sequencing analysis of nuclear or
mitochondrial genes, or PCR-RFLP method of species
identification. This assay represents arapid, straightforward,
and cost-effective method for the detection of pork
adulteration in meat and meat products in a high throughput
manner.
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