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Abstract In this study, we have developed quadruple multiplex PCR assay for meat (beef, duck, mutton and pork)
in processed meat products. By mixing four primers in appropriate ratios could be identified by the PCR. A forward
primer was designed on a conserved DNA sequence in the mitochondrial ND2 and 16S rDNA gene in sheep and
duck genes, and reverse primers on species-specific DNA sequences for each species. PCR primers were designed to
give different length fragments from the four meats. The products showed species-specific DNA fragments of 116,
212, 177 and 322 bp from beef, pork, mutton and duck. Optimal PCR conditions were established. The assay
sensitivity under these conditions was 0.1ng, and its specificity was 100 %. The results of the study suggest that PCR
represents a simple, efficient test method as a practical alternative for the rapid detection and identification of meat.
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1. Introduction

The identification of species in food is becoming a very
important issue concerning the assessment of food
composition, which is necessary to provide consumers
accurate information about the products they purchase.
Consumers demand higher protection from falsely labeled
meat products for a variety of economic, religious and
health reasons, which are enhanced by the recent crisis in
the meat sector [1].

Through survey [2,3,4] found that some of duck and pig
meat adulterated in mutton and beef could be attributed
either to a fraudulent addition or to a simple accidental
contamination. This can have severe economic, ethical
and medical repercussions [5]. To detect meat species in
mixed samples, a variety of analytical methods have been
used, mainly including high-performance liquid
chromatography, electrophoretic techniques, and enzyme-
linked immunosorbent assays [6], the used of SDS-PAGE
to differentiate beef, horse and pork meat in cooked
sausages [7], Polymerase chain reaction (PCR) based
assays for species identification [8,9,10], and analysis of
species-specific mitochondrial DNA sequences used the
PCR to identification of meat species in food [11,12]. To
date, a number of PCR-based methods for meat
identification, including multiplex PCR [13], PCR-RFLP
[14,15,16,17], Dot-ELISA [18], Tagman or SYBR
GREEN Real-time PCR [19-26], a loop-mediated
isothermal amplification (LAMP) [27], without prior
DNA extraction used to direct PCR-DNA rapid and

economical simultaneous identification of meat species
[28] and wused of multiplex PCR assay for the
identification of animal species in feedstuffs [29,30,31,32].

The amount of “banned” inferior products would be
low in commercially available meat products, therefore,
our study was to develop a rapid, sensitive, and a reliable
multiplex PCR method for simultaneously and accurately
distinguish duck, pig, bovine and sheep meats in
processed meat products.

2. Materials and Methods

2.1. Sample Preparation

Food samples from the Lanzhou (China) market were
divided into three categories: raw meat samples of pork,
beef (including meat from cattle and yak), duck and
mutton (including meat from goat and sheep); cooked
meats (To simulate steam cooking, samples of 5 g of
whole raw meat were autoclaved 103.4 kPa pressure,
121°C temperature for 30 min); further processed foods,
including sauced beef, canned beef, lamb shashlik, rolled
meat, cooked bacon, dried meat floss, fried meat flakes
and ham sausage, etc. DNA was extracted from these
samples.

2.2. Primer Design

Mitochondrial sequences of bovine, pig, duck, ovine
and caprine were downloaded from the GenBank database
and aligned using MEGA 5.1 program (Lasergene
software; DNAStar, Inc., Madison, Wisconsin, USA). The



Journal of Food and Nutrition Research

GenBank accession numbers were as follows: duck (Anas
platyrhynchos breed Beijing duck and Anas poecilorhyncha)
EU755252.1, KF156760.1; ovine and caprine (Ovis aries
and Capra hircus ) NC_001941, NC_005044.2.

Specific  primer sets with similar annealing
temperatures were designed with Primer 6.0 on the basis
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of ND2 [the Ovis aries (sheep) NADH dehydrogenase
subunit 2] and 16S rRNA (duck) gene sequences.The
specific primers were synthesized by GenScript and
verified bioinformatically by an Oligo 6.0 programmer.
The sizes of the expected products and corresponding
target genes are provided in Table 1.

Table 1. Species-specific primers sets

Primer Target Sequence (5°-3") Expected product size (bp) Reference
mch398 TACCATGAGGACAAATATCATTCTG

cyth 472 (Verma,et al [33])
mch869 CCTCCTAGTTTGTTAGGGATTGATCG
Mutton-F CTCAACCACAACCACCCTAT

ND2 177 This study
Mutton-R AGGGTGGGTAAGATAATGCTG
Duck-F GCCACAAACAACAATAGTAAGC

16S 322 This study
Duck-R CCCGAGGTTCAGGTCTACTA
Pork-F GCCTAAATCTCCCCTCAATGCTA .

cytb 212 (Hongwei Gao,et al 2007)
Pork-R ATGAAAGAGGCAAATAGATTTTCG
Beef-F CGGAGTAATCCTTCTGCTCACAGT

cytb 116 [34]
Beef-R GGATTGCTGATAAGAGGTTGGTG

2.3. DNA Extraction

DNA was extracted from raw meat, meat products and
cooked meats (raw meat were autoclaved 103.4 kPa
pressure, 121°C temperature for 30 min) using CTAB
(Hexadecyltrimethy Ammonium Bromide). Approximately
25 mg of ground meat was used for DNA extraction.
Briefly, 25 mg of sample were digested in the CTAB
lysing buffer, and the lysate was transferred into a 1.5 mL
centrifuge tube. After centrifuging at 12,000 g for 5 min,
Further DNA extraction procedures followed standard
phenol-chloroform extraction method [35]. The extracted
DNA was dissolved into 100uL of Tris-EDTA (pH 8.0)
buffer. The genomic DNA was checked by using
spectrophotometer taking O.D.260-280.

2.4. Meat ldentification using PCR

A pair of universal primer (mcb398/mch869) was used
to amplify the cyt b gene. Primers sequences were as
follows. PCR reaction 25 pL of 2xTaq Master Mix
(Vazyme), 15 pmol of each primer and 100-150 ng
template DNA. PCR was carried out in a Mastercycler®
(Eppendorf, Germany). The cycling conditions included a
single initial denaturation at 94°C for 5 min followed by
35 cycles of 94°C for 45 s (denaturation), 55°C for 45 s
(annealing), 72°C for 1min (primer extension) and a final
extension step at 72°C for 7 min. Negative controls (water)
were included in each amplification, in order to verify the
PCR efficiency and to detect contamination.

The multiplex PCR amplification can be influenced by
many factors, including annealing temperature, primer
concentration. Gradient PCR was used to establish the
optimum reaction conditions for each of the parameters as
listed: temperature, 55, 55.9, 57, 58.1, 59.4 and 60°C;
primer concentration, 10, 15 and 20 pmol.

Amplification was conducted in 25 pL of 2xTaq Master
Mix (Vazyme), primer mix (10, 15 and 20 pmol each) and
appropriate template DNA. Multiplex PCR amplification
was performed by adding mixture of new primers
designed in the different ratios, initial denaturation at
94°C for 5 min followed by 40 cycles of 94°C for 45 s

(denaturation), 55-60°C for 45 s (annealing), 72°C for
1min (primer extension) and a final extension step at 72°C
for 7 min. and performed an optimized annealing
temperature and multiplex PCR step. Following
amplification, 10 pL PCR solution was electrophoresed on
2.5% agarose gel (BBI) with goldview (0.5ug mL™) for 30
min at 120 V in TAE buffer (40 mM Tris-acetate, 1 mM
EDTA, pH 8.0), and visualized in a gel imaging system
(Peiging Scientific, Shanghai, China).

2.5. Multiplex PCR Specificity and Sensitivity
of the Assay

The specificity of each species-specific primer was
confirmed by amplification of 100 ng of donkey meat, fish,
shrimp, mouse meat and chicken genomic DNA, and a
negative control without DNA.

The sensitivity of PCR was assessed by a second
method; firstly, the detection limit of the specific primers,
and 1:10 serial dilutions were prepared. For each target
meat, a base adulteration meat mixture was prepared by
mixing meats of pork, beef, duck and mutton in equal
quantity (25 mg each) DNA extraction. Ten fold serial
dilutions of the template DNA were prepared starting with
100, 10, 1, 0.1, 0.01 and 0.001 ng per reaction and
multiplex PCR was performed.

3. Results

3.1. Evaluation of DNA

Electrophoresis of DNA extracted from raw meat

showed a high content of fragments > 2000 bp, whereas

DNA extracted from autoclave-treated meat showed a
majority of smaller fragments (<750 bp) (A260/A280 ratio
of 1.0-1.68) .Result DNA extracted from raw meat
showed a high content of fragment>2000 bp, we can see
from lines 2, 6, 12, 14. Whereas DNA extracted from
autoclave-treated meat and product meat showed a
majority of smaller fragments <750bp, linesl, 3, 4, 5, 7, 8,
9, 10, 11, 13, 15. (Figure 1). DNA sequence was reduced
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to 1 100 bp at 100°C and 600 bp at 120°C [36,37]. The  these were including large quantities of salts and
differentiation of animal species has proved to be difficult, preservatives. In this environment of living cells, which
particularly in samples of complex composition when genome was substantial degradation. Ham sausage,
subjected to heat, pickled and grilled [38]. On account of  canned beef and pork did not extract DNA [39].

M123 456789 101012151415

2000 bp

1000 bp
750 bp
300 bp
250 bp
100bp 0

Figure 1. Gel electrophoresis of total genomic DNA extracted from: M, DL 2000 DNA Marker (Takara).1, smoked and cooked sausage (pork and beef);
2, raw pork; 3, heat treated (121°C 30 min) duck tissues; 4, heat treated (121°C 30 min) bovine tissues; 5, heat treated (121°C 30 min) pork; 6, raw yak
meat; 7, ham sausage (beef); 8, canned beef; 9, canned pork; 10, diced chicken; 11, spicy chilli chicken; 12, raw mutton; 13, heat treated (121°C 30 min)
sheep tissues; 14, raw beef; 15, heat treated (121°C 30 min) yak tissues

(mcb398/mch869) did not amplify from ham sausage

3.2. PCR Amplification and Optimization (beef), canned beef and canned pork. On account of these

. . . were including large quantities of salts and preservatives.

U'?".’ersa' primers (me398/me.869) useq in this gtudy In this environment of living cells, which genome was
amplified a 472 bp fragment of mitochondrial gene in all substantial degradation [40,41]

fifteen meat samples (Figure 2). Result universal primers

M12 345067 8 0DI1R21HM 516

2000bp

1000 bp
750 bp
500 bp
250 bp
100 bp

Figure 2. Universal primers (mch398/mch869) amplified a 472 bp fragment of mitochondrial gene: M, DL 2000 DNA Marker (Takara). 1, smoked and
cooked sausage (pork and beef); 2, raw pork; 3, heat treated (121°C 30 min) duck tissues; 4, heat treated (121°C 30 min) bovine tissues; 5, heat treated
(121°C 30 min) pork; 6, raw yak meat; 7, ham sausage (beef); 8,canned beef; 9, canned pork; 10, diced chicken; 11, spicy chilli chicken; 12, raw mutton;
13, heat treated (121°C 30 min) sheep tissues; 14, raw beef ; 15, heat treated (121°C 30 min) yak tissues; 16, control reagent

The optimized Multiplex PCR analyses were carried (respective,15 pmol), 100 ng of DNA template and 19 pL
out in a final volume of 50 pL, including 25 pL of 2xTaq  distilled water. Amplification was carried out in a
Master Mix, 4pL quadruple primer  mixtures Mastercycler® (Eppendorf, Germany) with denaturation
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at 94 °C for 5 min followed by 40 cycles of 94 °C for 45 s,
57 °C for 45 s, and 72 °C for 1 min, with a final extension
step at 72 °C for 7 min, and held at 4 °C. The PCR
products were electrophoresed on 3 % (w/v) agarose gel.
The application of primers pork, beef, duck and mutton to
confirm reactivity among the multiplex PCR, the specific
samples from cooked meat obtained 212 bp for pork, 116

1

M
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bp for beef, 322 bp for duck and 177bp for mutton (Figure 3).
Result the application of primers pork, beef, duck and
mutton to confirm reactivity among the multiplex PCR,
the specific samples from cooked meat obtained 212 bp
for pork, 116 bp for beef, 322 bp for duck and 177bp for
mutton, the primers successfully generated specific
fragments.

3 )

-

4

Figure 3. The multiplex PCR: M, DL 1000 DNA Marker (Takara). 1, beef; 2, duck; 3, pork; 4, combined duck, pork, mutton and beef; 5, mutton

3.3. Species ldentification by the Multiplex
PCR

To rule out the possibility of obtaining false positives,
multiplex PCR was performed to improve the method. As
shown in Figure 4, this approach was specific in detection
of various combinations of target meat species without
cross reaction with donkey meat, fish, shrimp, mouse meat

M 1 3 4

’

1000 bp

700 bp
500 bp
400 bp
300 bp

200 bp
100 bp

and chicken. Result the Multiplex PCR was used to
improve amplification conditions. Specificity primers
were tested for five meats: donkey meat, fish, shrimp,
mouse meat and chicken. It was tested that primers
specific to the meat showed no cross-reaction with any of
the non-target meat. Specificity of the quadruple assay
was established by carrying out the PCR.

==l

D 1

Figure 4. The specificity of the test: M, DL 1000 DNA Marker (Takara). 1, donkey meat; 2, fish; 3, shrimp; 4, mouse meat; 5, chicken; 6, beef; 7, duck;
8, pork; 9, mutton; 10, combined duck, pork, mutton and beef; 11, control reagent
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3.4. The multiplex PCR Sensitivity

The results for the multiplex PCR sensitivity are shown
in Figure 5. Amplification of 100 ng of meat DNAs
dilutions of 100 to 0.001 four species clearly positive, and

M 1

2

Journal of Food and Nutrition Research

0.1 four species the lower limit of detection. These results
demonstrated that the assay sensitive to pork, beef, duck
and mutton tested.

th

Figure 5. The multiplex PCR sensitivity. M, DL2000 DNA marker; 1-6, 100, 10, 1, 0.1, 0.01 and 0.001, respectively

4. Discussion

The aim of this study was to develop a simple method
for simultaneous identification of multiple meat species.
Multiplex PCR, in which many primers are used together
for amplification of multiple target regions, is a hopeful
technique for this purpose.

In particular, meat and meat products with higher
market value are very prone to adulteration. However, the
amount of “banned” products would be lowed, therefore,
our study was to develop a rapid, sensitive, and reliable
multiplex PCR procedure for duck, pig, bovine and sheep
meat in processed meat products.

We designed two new primer pairs using the
mitochondrial ND2 (NADH dehydrogenase subunit 2
genes in sheep and 16S rDNA gene in duck control region
as target in this study. Pig and bovine-specific two primer
pairs used cytochrome b gene (cyt b) of references. In this
study, the primers successfully generated specific
fragments of 177, 322, 212 and 116 bp length for sheep,
duck, pig and bovine meat without cross dimers, and they
were easily distinguished by agarose gel electrophoresis.
The mitochondrial 16S rDNA gene Real-time PCR based
assays have previously been reported by some researcher
for the identification of animal derived material in meat
mixtures by amplifying mtDNA genes as 16 S rDNA [42].

Species specific primers and TagMan probes were
designed targeting the mitochondrial ND5 and ND2 for
the identification of donkey and pork species. Because the
lengths of these genes are appropriate, their mutation
degrees were sufficient and they had sequence databases
available for many plant and animals [43].

The differentiation of animal species has proved to be
difficult, particularly in samples of complex composition
when subjected to heat. Although DNA is degraded to
smaller fragments at high temperatures, amplification of
target was still possible even in the autoclaved (103.4 kPa
pressure, 121°C temperature for 30 min) samples. Found
in line with the established fact that the heat stability and
large copy number of mitochondrial DNA in meat tissue
contribute to the protection and survivability of the
fragments of DNA that were sufficient enough to be
amplified by PCR [41]. In this research, presence of target
DNA was successfully identified for each species tested,
and amplification was affected by spice addition or the
cooking process. Similar results were found in fermented
sausages with the same primers [44,45]. Result universal
primers (mcb398/mcb869) did not amplify from ham
sausage (beef), canned beef and canned pork. On account
of these were including large quantities of salts and
preservatives. In this environment of living cells, which
genome was substantial degradation. variations of DNA
fragment length were observed depending on the material
under examination: raw meat samples showed, in general,
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intense smears of short and long DNA fragments, ranging
from 2000 t010,000 bp, while DNA from Alheira samples
and some tested food ingredients (such as bread and some
spices) was visibly more degraded, showing sheared DNA
fragments of shorter length [46].

The sensitivity of single PCR assays for each of the
four primers tended to be greater when compared with the
Multiplex PCR. The main reasons for this disparity were
that compromises in annealing temperatures had to be
made in order to accommodate the use of four primer sets
for Multiplex PCR [47,48]. Nevertheless, after
optimization, the multiplex PCR was capable of the
simultaneous identification of all four species in a single
reaction. The number of reaction cycles can affect
balanced amplification of different targets, but spurious
bands can occur if more than 35 cycles are used [49].
Annealing times from 90 s to 3 min and a temperature of
60 °C are best suited for amplification [50]. The optimum
conditions selected in the current study were the number
of reaction 40 cycles, the annealing times 45 s and
temperature of 57°C best suited for amplification. The
DNA template can be used 0.1ng for the Multiplex PCR.

The Multiplex PCR was used to improve amplification
conditions. The specificity of the primers were tested for
five meat: donkey meat, fish, shrimp, mouse meat and
chicken. It was tested that primers specific to the meat
showed no cross-reaction with any of the non-target meat.
Specificity of the quadruple assay was established by
carrying out the PCR.

5. Conclusion

This study has shown that Multiplex PCR method in
meat identification and screening could be a rapid, cost-
effective and easy to perform with being highly specific,
reproducible and rapid (less than one working day). It
should also be possible to develop additional the
Multiplex PCR assays for the detection of a wider range of
species used by the food industry.
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