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Abstract Detection of species fraud in meat products is
very important in order to protect consumers from undesir-
able adulteration, as well as for the economic, religious and
health aspects. The most important reason for verification
of the labeling statements is to detect fraudulent substitu-
tion of expensive meat components with other cheaper ani-
mals or mislabeling. The aim of this study was to develop
a multiplex PCR that could be used in the simultaneous
identification of multiple meat species. In this study, ten
sausages with a minimum beef content of 55 %, from ten
different manufacturing companies, and five samples of
cow, chicken, goat, camel and donkey raw meats, for the
purpose of positive control, were collected from food mar-
kets in Tehran, Iran. Total DNA was extracted from each
sausage and the raw meats. Primers were selected in differ-
ent regions of mitochondrial DNA (12S rRNA, cytochrome
b and NADH dehydrogenase subunits 2) for identification
of meat species. 12S rRNA and NADH dehydrogenase
subunits 2 primers generated specific fragments of 183
and 145 bp length, for chicken and donkey, respectively.
Three different specific primers were used for amplifica-
tion of cytochrome b gene in goat, camel and cattle species
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and amplified species-specific DNA fragments of 157, 200
and 274 bp, respectively. The results proved that half of the
specimens were contaminated with chicken meat, and this
was greater than the proportion of beef stated on the label,
while the other half only had chicken residuals, and no beef
content. No contamination was found with goat, donkey or
camel meats. These findings showed that molecular meth-
ods, such as multiplex PCR, is a potentially reliable, sen-
sitive and accurate assay for the detection of adulterated
meat species in mixed meat products.

Keywords Animal species - Multiplex PCR -
Mitochondrial DNA - Sausage

Introduction

Meat is a major source of protein and it is also rich in micro-
nutrients such as magnesium, zinc and iron, which are essen-
tial for human health. Usually red raw meat such as beef and
sheep is more expensive than the other red meat products
such as hamburger, sausages and cold cut because of lower
content of costly meat in these products. So, some people
prefer to use ready meat products instead of pure red meat.
Therefore, meat products can only partially meet the nutri-
tional needs of the community [1, 2]. On the other hand,
the maximum potential for fraud occurs in the production
of meat products compared to other foods because the raw
materials, once uniformly mixed, are no longer distinguish-
able in appearance from one another. A common fraud in
the production of meat products such as hamburger, sau-
sages and kebab is mixing beef with cheaper meats such as
chicken and chicken residuals. Currently, the authenticity of
meat products is a serious concern for food industry officials
[3]. Increasing consumer awareness about the ingredients in
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meat products requires accurate monitoring of the origins of
the meats used in these products, because the incorrect labe-
ling of meat products indicates commercial fraud [4]. Since
detecting the different ingredients is important, attention has
been drawn toward the labeling of food products, especially
processed foods in recent years. Furthermore, due to vari-
ous crises in the food industry, including crises associated
with public health such as outbreaks of bovine spongiform
encephalopathy (BSE), avian influenza virus, swine flu and
dioxin contamination, the trend toward the accurate identifi-
cation of animal species in meat products has also increased
in recent years [5, 6]. One of the most important principles in
maintaining food safety is the supervision of the health and
safety of food products supplied to the market. Given all of
these concerns, it is important to verify the declared claims
on labels, both for the consumer and food industry officials.
Thus, to support the accurate supervision of food products,
various techniques have been developed to analyze food
ingredients, which include analytical methods based on pro-
tein and DNA analysis [4]. Protein-based techniques include
electrophoresis [7], chromatography [8] and immunological
methods [9-11]. These methods are not usually suitable for
processed mixed food products like sausages because they
cannot distinguish between closely-related meat species in
the processed foods, furthermore, they are also time con-
suming and expensive [12—14]. As an alternative, molecu-
lar authentication or molecular detection of meat species
through DNA proliferation using a PCR method has been
developed in the last 15 years [15, 16]. This method is pre-
ferred due to its speed, simplicity, high sensitivity, specificity
and high stability of DNA, compared to protein-based meth-
ods, especially in cooked or autoclaved meat products [17,
18]. Common DNA-based methods are randomly ampli-
fied polymorphic DNA-PCR (RAPD-PCR) [19], hybridiza-
tion [20-23], PCR sequencing or PCR-restriction fragment
length polymorphism (PCR-RFLP) [24-28], PCR-single-
strand conformation polymorphism (PCR-SSCP) [29, 30],
multiplex PCR [31-33] and specific species PCR [34]. Given
the increasing consumption of ready-made foods and meat
products, this study aims to support consumer rights against
frauds that may occur in meat products like sausages. In this
study, the multiplex PCR method was used for the amplifica-
tion of various mitochondrial genes to concurrently identify
meat species in cooked sausages.

Materials and methods
Samples
The raw meats were selected from different species (camel,

cow, donkey, goat and chicken) as a positive control and
industrial meat products (sausages) were collected from 10
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different companies in Tehran, Iran (randomly coded as A-J),
and these were stored at 4 °C until used for DNA extraction.

DNA extraction

Total cellular DNA was extracted from samples according
to the cetyltrimethylammonium bromide (CTAB) method
with some modifications [35]. In brief, 0.06 g of chopped
tissues was mixed with 1,000 ul 2x CTAB lysis buffer
(100 mM Tris-HCI, 1.4 M NaCL, 20 mM EDTA, 2 ¢
CTAB, pH 8.0), and 30 ul proteinase K in 1.5 ml micro-
tubes, then incubated at 65 °C for 3 h. Microtubes were
inverted every 15 min to produce a good solution of the
crushed tissues with the buffer. A total of 600 pl phenol-
chloroform—isoamyl alcohol (25:24:1) mixture was added,
followed by vigorous shaking for 10 min and centrifuga-
tion at 12,000 rpm for 5 min. The upper aqueous phase
was separated without disturbing the interphase which
contained cell debris and proteins. This step was repeated
once with a fresh aliquot of phenol, chloroform and isoa-
myl alcohol mixture (25:24:1) and once with a chloroform
isoamyl alcohol mixture (24:1). The aqueous phase of each
tube was transferred to a new 1.5 ml microcentrifuge tube
DNA in the supernatant was precipitated with 600 pl of
cold (—20 °C) absolute ethanol followed by mild inver-
sion for 15 min. The resultant mixture was centrifuged at
12,000 rpm for 10 min and the upper aqueous phase was
removed. The DNA pellet was washed with cold 70 % eth-
anol followed by 15-min mild inversion at room tempera-
ture and centrifugation at 12,000 rpm at 4 °C for 10 min.
The washed DNA pellet was dried by leaving the tubes at
37 °C for 40 min. The DNA sample was dissolved in 50 w1
TE buffer (10 mM Tris—HCI, 0.5 mM EDTA, pH 8.0) [36].

Genomic DNA purity and quantity was assessed with a
NanoDrop™ ND-2000 spectrophotometry. By measuring
the A260/230 and A260/280 absorbance ratios, the DNA
concentration, purity and protein contamination of sam-
ples were determined. The quality of extracted DNA was
analyzed by electrophoresis pattern of samples in a 0.7 %
agarose gel stained with ethidium bromide and visualized
under ultraviolet light.

Oligonucleotide primers

Species-specific primers were selected for amplification of
different regions of the mitochondrial genome is presented
in Table 1.

Simplex PCR

In a preliminary phase of this investigation, primer specific-

ity was assessed with DNA extracted from raw meats. For
detection of cross-reaction, primer set of each species was
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Table 1 Species-specific primer sequences

References Amplicons (bp) Sequences Genes Species Primers

Dalmasso et al. [32] 183 5'-TGAGAACTACGAGCACAAAC-3’ 12S rRNA Gallus gallus Poultry
5’-GGGCTATTGAGCTCACTGTT-3’

Kesmen et al. [18] 145 5’-CATCCTACTAACTATAGCCGTGCTA-3’ ND2* E. africanus asinus Donkey

5'-CAGTGTTGGGTTGTACACTAAGATG-3’

Chen et al. [37] 200

5’-AGC CTTCTCTTCAGTCGCACAC-3’

Cytochrome b Camelus dromedarius Camel

5'-GCC CATGAAAGCTGTTGCT-3’

Matsunga et al. [38] 157
GATGAAA-3'

5-GACCTCCCAGCTCCATCAAACATCTCATCTT-

Cytochrome b Capra hircus Goat

5-CTCGACAAATGTGAGTTACAGAGGGA-3'

Matsunga et al. [38] 274
GATGAAA-3’

5-GACCTCCCAGCTCCATCAAACATCTCATCTT-

Cytochrome b Bos taurus Cattle

5-CTAGAAAAGTGTAAGACCCGTAATATAAG-3’

* Dehydrogenase subunits 2

analyzed by another DNA species in five separate simplex
PCRs. Simplex PCRs were carried out in a final volume
of 25 pl containing 2.5 pl of 1x PCR buffer (50 mM Kcl,
20 mM Tris, pH 8.4), 1.5 U smart Taqg DNA Polymerase
(Fermentas, Germany), 200 uM each of dNTPs (Fermentas),
1.5 mM MgCl,, 0.4, 0.4, 0.2, 0.36 and 0.36 uM of donkey,
poultry, cattle, goat and camel forward primers, respectively,
0.4 uM of all reverse primers and 20 ng of DNA template.
Amplification was carried out in Thermal Cycler (Biorad).
After an initial denaturation step at 95 °C for 1 min, 30 cycles
were programmed as follows: strand denaturation at 94 °C for
1 min, primer annealing at 60 °C for 1 min, primer extension
at 72 °C for 90 s and final extension at 72 °C for 5 min. PCR
products were determined by visualization of amplicons on
2 % agarose gels stained with ethidium bromide.

Multiplex PCR

In order to simultaneously identify each animal species, all
primer sets were used to develop a one-step reaction. Ampli-
fications were developed in a final volume of 50 pl contain-
ing 5 pl of 10x PCR buffer (500 mM Kcl, 100 mM Tris,
pH 8.8), 2.5 U smart Taq DNA Polymerase (Fermentas,
Germany), 200 uM each of dNTPs (Fermentas), 1.5 mM
MgCl,, 0.8, 0.8, 0.4, 0.72 and 0.72 uM of donkey, poultry,
cattle, goat and camel forward primers, respectively, 0.8 uM
of all reverse primers and 40 ng of DNA template. Amplifi-
cation was carried out in a Biorad Thermal Cycler. After an
initial denaturation step at 95 °C for 2 min, 30 cycles were
programmed as follows: 94 °C for 1 min, 60 °C for 1 min,
72 °C for 90 s and final extension at 72 °C for 5 min.

Specificity and sensitivity of PCR

The specificity of each species-specific primer was con-
firmed by amplification of 20 ng DNA of other meat

species used in this study (cow, chicken, camel, donkey
and goat meats genomic DNAs). In the determination of
the detection limit of specific primers, serial 1:10 (50, 5,
0.5, 0.05 and 0.005 ng DNA/ul water) dilutions of raw cow,
chicken, camel, donkey and goat DNAs were prepared and
each dilution was added separately to the reaction mixtures.

Results
DNA extraction

The quantity of DNA in the solution was calculated from
the absorbance of 260 nm (A260) which revealed high
concentrations of extracted DNA, and the purity was cal-
culated with the ratio A260/A280. The adsorption rate of
the extracted DNA was found to be in the range of 1.7-2,
which indicated a high quality of DNA extraction. In fact,
results of the extracted DNA from the raw meat samples
(control) and ten brands of sausages showed the suitability
of the extracted DNA for PCR amplification.

Specific simplex PCR

Simplex PCR with species-specific primers was optimized
to confirm the specificity of the primers. To that end, a
simplex PCR with a species-specific primer using DNA
from other meat species (camel, cattle, donkey, goat and
chicken) was performed. In the initial stage of this study,
simplex PCR on the DNA of raw meats (control) was opti-
mized with species-specific primers. Species-specific prim-
ers of donkey, goat, chicken, camel and cattle produced
amplified 145-, 157-, 183-, 200- and 274-bp fragments,
respectively. To identify cross-reactions between the DNAs
of other species and species-specific primers, simplex PCR
was performed with nontarget DNA of the species, proving
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Fig. 1 Specificity of simplex
PCR with DNA from raw meats
(P chicken, B cattle, C camel,
G goat, D donkey) with goat
primer (a), poultry primer (b),
camel primer (c), cattle primer
(d), donkey primer (e), N nega-
tive control, M 100 bp DNA
ladder

500bp

200bp

the specificity of the primer of each species. No cross-reac-
tion was observed (Fig. 1). This test was repeated several
times with the same results each time, indicating repeat-
ability of the test. Then, simplex PCR with each species-
specific primer was performed on the DNAs extracted
from ten sausage brands. Specific simplex PCR for the
ten sausage brands with species-specific primers of camel,
cattle and goat, for the amplification of the cytochrome b
gene, the poultry-specific primer for the 12S rRNA gene,
and the donkey specific primer for the NADH mitochon-
drial subunit 2 gene, are presented in Fig. 2. The results
obtained from amplification of the 200-bp fragment for
the mitochondrial cytochrome b gene in the sausage sam-
ples on 2 % agarose gel, revealed no camel meat in any of
the samples (Fig. 2a). The specific 183-bp fragment from
the 12S rRNA mitochondrial gene region was amplified
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in all samples, thus indicating the presence of chicken in
every sample (Fig. 2b). Lack of amplification of the 145-
bp fragment from the mitochondrial NADH subunit 2 gene
revealed that there was no donkey meat in the samples
(Fig. 2¢). Amplification of the 274-bp fragment of cattle
mitochondrial cytochrome b gene is shown in samples A,
C, D, G and I (Fig. 2d). Results obtained from a lack of
amplification of the 157-bp fragment of the mitochondrial
cytochrome b gene in the sausage samples revealed no goat
meat in any sample (Fig. 2e).

Multiplex PCR
After confirmation of specificity in the primers of each ani-

mal species, a multiplex PCR was optimized for simultane-
ous identification of species with the control samples. As
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Fig. 2 Specificity of simplex
PCR of DNA from 10 sausages
brands with camel primer (a),
poultry primer (b), donkey
primer (c), cattle primer (d),
goat primer (e). Lane 1 sausage
(A), lane 2 sausage (B), lane

3 sausage (C), lane 4 sausage
(D), lane 5 sausage (E), lane

6 sausage (F), lane 7 sausage
(G), lane 8 sausage (H), lane 9
sausage (I), lane 10 sausage (J),
lane 11 positive control with
target meat DNA in each figure,
C— negative control, M 100 bp
DNA ladder

Fig. 3 Multiplex PCR on 10 sausages brands on 2 % agarose gel,
lanes 1-10 sausage (A), (B), (C), (D), (E), (F), (G), (H), (), (J),
respectively, C— negative control; lane M 100 bp DNA ladder, M1
multiplex PCR of raw cattle, camel, chicken, goat and donkey meats

expected, no cross-reaction in multiplex PCR was observed
between species-specific primers and the DNA from the
other control meats. Then, a multiplex PCR was performed
with DNA extracted from ten sausage brands (A-J), and
their results are presented in Fig. 3. Results of the multiplex
PCR were in complete agreement with those of the sim-
plex PCR. As can be seen in Fig. 3, all of the brands in this
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DNAs, lanes 11-15 positive control with raw cattle meat DNA, camel
meat DNA, chicken meat DNA, goat meat DNA, donkey meat DNA,
respectively

study (A-J) contained chicken ingredients, which is incon-
sistent with the label on the meat product supplied to the
market, because all of these brands had red meat labels on
them, and according to the food regulation, they must not
contain any chicken ingredients. This clearly showed fraud
in all of the sausages studied. Some beef meat was found
only in samples A, C, D, G, and L.
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Fig. 4 The results of PCR
sensitivity test for donkey
primer (a), poultry primer (b),
goat primer (c), cattle primer
(d) and camel primer (e) with
raw meats. Sensitivity results of
simplex PCR of different dilu-
tion of DNA from sausages with
cattle primer (f) and chicken
primer (g). Lane 1 50 ng, lane
2 5 ng, lane 3: 0.5 ng, lane 4
0.05 ng, lane 5 0.005 ng, lane 6
0.0005 ng, lane 7 0.00005 ng,
C— negative control, M 100 bp
DNA ladder

Sensitivity of the species-specific primers

The detection limits of specific PCR assay were determined
by PCR amplification of DNA extracted from each species.
The sensitivity of the method was determined as 0.05 ng
DNA for each species (Fig. 4a—g).

Discussion

Detecting animal species in terms of consumer preference
and for supervisory purposes is often necessary. In a coun-
try such as Iran, identifying animal species in meat prod-
ucts is particularly important because of the cultural and
religious issues from a consumer standpoint. The first step
in recognizing the type of meat used, involves DNA extrac-
tion followed by a PCR specific reaction.

Quantitative test results of extracted DNA by Nan-
oDrop indicated that the adsorption rate of DNA solution
was in the range of 1.7-2, which indicates a high purity of
extracted DNA. In fact, results of the extracted DNA from
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raw meat (control) and ten brands of sausages indicated that
the quality of extracted DNA for amplification of the PCR
was good. As a result of the various processes such as sea-
soning with salt, drying, smoking and cooking during the
production of the meat products, problems can occur during
the extraction of DNA from meat products. This could have
an effect on the integrity of the DNA and lead to DNA deg-
radation. Generally, heating has major effects on the qual-
ity of DNA, while seasoning and smoking have the least
effect [14]. In the present study, mitochondrial DNA was
used to detect animal species, which has several excellent
properties. Several properties increase its survival chances
under processing conditions including high mitochondrial
DNA copy number, small size, being double-stranded, and
the circular shape in the cells. Also these properties help
the preservation and survival of DNA fragments to be ade-
quately amplified by PCR, even in very small amounts of
raw or processed meats. Because of its unique properties
such as high maternal inheritance, high mutation rate, and
the rare possibility of this gene being involved in recombi-
nation, mitochondrial DNA polymorphism is widely used
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to detect different species. These characteristics have made
them ideal for identifying animal species in processed meat
products [39]. Complete and incomplete mitochondrial
DNA sequences are traceable in many animals [40].

Primers used in this study were chosen from different
genes of mitochondrial DNA. Binding sites of primers to
the amplification of specific fragments were chosen with
less than 300 bp because the DNA of the samples could
have been severely damaged by the heating process, caus-
ing some problems in amplification with the PCR [41].

Recently, concerns about possible fraud in meat prod-
ucts have increased. In this paper, we have tried to intro-
duce an accurate and reliable method for detecting the
kind of meat species added to compound processed meat
products. In this study, simplex PCR and multiplex PCRs
were performed on the samples, and the same results were
obtained with both methods. Species-specific simplex
PCR confirmed the authenticity of the multiplex PCR
method.

In the multiplex PCR method, several specific primers
are used for amplification of the target fragments. Selec-
tion of primers in the multiplex PCR method is extremely
important. In this technique, the specificity of primers and
T,, temperature are more important than in ordinary PCR.
In Iran, the highest possibility of fraud in meat products is
with the use of cheaper meats such as goat, camel, donkey
and chicken. In order to distinguish between ruminant ani-
mals such as goat, camel and cattle, their species-specific
primers were used and by optimizing the amount of prim-
ers and PCR conditions, each of the primers was able to
amplify target fragments without cross-reaction. Multiplex
PCR was performed on the DNA of control species (raw
meat) and ten sausage brands. With no cross-reactions, the
poultry-specific primer for the 12S rRNA gene amplified
183-bp fragment was present in all of the sausage samples,
and the cattle specific primer of the cytochrome b gene
caused amplification of the 274-bp fragment in samples A,
C, D, G and I, therefore given that 55 % beef was written
on the label of all of these samples, fraud was detected in
all of the samples. It is worth noting that in five of the sam-
ples, in addition to chicken, beef meat was also confirmed
by PCR.

In a similar study, Ghovati et al. [42] used three types of
primers consisting of; poultry, ruminant animals and pork,
while in present study, five types of species-specific prim-
ers were used including goat, donkey, camel, poultry and
cattle, as these meats were more likely to be added to the
sausages produced in Iran. A specific primer of ruminant
animals used by Ghovati et al. was unable to distinguish
between camel, goat or cattle. However, the optimized
multiplex PCR in this study was able to detect the differ-
ent meats of goat, donkey, camel, chicken and cattle, in the
sausage samples.

Matsunaga et al. applied a quick and simple method
to detect animal species in meat products using PCR. To
identify six kinds of meat consisting of beef, pork, chicken,
lamb, goat and horse, the raw materials for the products
were used by mixing them with seven primers designed for
the cytochrome b region. They were able to identify DNA
fragments of specific species by multiplex PCR [38].

Convenient, sensitive and specific real-time PCR assay
was described for specific identification of horse and don-
key by Chisholm et al. This method was applicable to the
detection of low levels of horse or donkey meat in commer-
cial products [43] .

Four types of primers (ruminant animals, poultry, fish
and pork) were used by Dalmasso et al. In fact, by using
one primer for ruminant animals and fish, they could not
distinguish between different species in one stage of PCR
[32].

Three types of primers were developed by Kesmen et al.
They mixed meat samples and prepared the sausages them-
selves. In fact, they carried out the multiplex PCR test,
knowing the type of meat species in the sausages. How-
ever, in the present study, industrial sausages were used and
based on their labels, stating that they were beef, the sam-
ples were assumed to contain beef [18].

Daiming Zha et al. developed a multiplex PCR method
for detecting deer meat. Their results showed that this
method is highly reliable, accurate and sensitive for detect-
ing deer products [44]. Primer design is extremely impor-
tant in the multiplex PCR method because specificity and
melting temperature (7,) in each primer is more important
than compared to ordinary PCR, and the melting tempera-
ture of the different primers must be optimized so that dif-
ferent species can be detected in one stage of PCR [45].
In this present study, five pairs of different primers were
used, and the amount of each primer was optimized for the
amplification of all target sequences.

Some methods such as PCR-RFLP and sequencing, are
time consuming and expensive. They cannot detect a mix-
ture of samples and they are not suitable for routine species
detection. Multiplex PCR can identify all species in a one
reaction stage, as simplex PCRs can detect only one spe-
cies at a time, and it is also simpler, quicker and cheaper
than PCR-RFLP or sequencing [39, 46].

The multiplex PCR described in this study is highly
sensitive, specific and its specificity is not influenced by
the meat processing temperature. This method is able to
amplify mitochondrial DNA in every cell, which increases
the chance of survival under severe production conditions.
This method has been developed as an ideal method to
detect meat species in processed products [28].

Results of this study showed that this method was able
to identify fraud in all of the samples without cross-reac-
tion. In addition, sensitivity, specificity and repeatability of
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multiplex PCR have turned it into a quick method for ana-
lyzing fraud in mixed meat products such as sausages. Fur-
thermore, it seems that this method is an accurate technique
for detecting various raw materials used in meat products
because in a single reaction, it is able to detect different
raw materials added to food products using their specific
primers.

Conclusion

Results obtained from simplex PCR and multiplex PCR
of species-specific meats in this study showed that despite
stating a content of 55 % beef on the label of all samples,
and although none of the species of goat, camel and donkey
were identified in these products, chicken residuals were
detected in all samples, which is indicative of fraud in these
products. Given the cheap price of poultry components,
especially chicken paste, the use of chicken paste in these
products is considered to be fraud. According to the second
revision of Iran’s national standard guidelines, Article 2303
sausage and meat products, properties and test methods in
the 961st session of the National Committee of Food and
Agriculture Products dated August 7, 2010, it is illegal to
use mechanically produced red or white meat (meat and
chicken pastes) in any type of sausage or cold meat.
Recently, in order to increase the protein content of these
products, the use of chicken paste, which is in fact chicken
residuals, has increased in meat products. It is anticipated
that by applying the proposed multiplex PCR method for
identifying chicken paste in sausages and meat products,
this kind of fraud can be inspected and effectively prevented.
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