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Inrecent years, along with the growing purchasing power of the population, there has been an increasing demand for high quality product. The object
of this study was the identification fraud and animal species (cattle, ovine and caprine) in the dairy products by using Multiplex PCR method. 30
different samples (milk, yogurt and cheeses) were collected from companies and local product. DNA extraction was done based on the guanidinium
thiocianate-silicagel method. PCR tests were specific for each species and allowed detection in feedstuffs of levels as low as 1% cattle, ovine and
caprine DNA. The length of the amplified fragments with bovine primer is 470 bp, ovine 584 bp and caprine 330 bp which are equal to the expected
range. The results showed that 100% of the ovine and caprine cheeses were adulterated with bovine's milk. 50% of ovine milk samples and 60% of
ovine yoghurt samples were contaminated with bovine's milk. Also, the high sensitivity of Multiplex PCR in identification of animal species and

detection of dairy products fraud was shown.
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INTRODUCTION

eople's tendency to consume healthy and functional foods

has caused a higher level of public health and has also
improved and expanded the food industry . Due to an ever
increasing population and along with it, the need for more animal
products, a large number of food manufacturers have always tried
to find ways to reduce the cost of raw materials, so in this way they
can subsequently increase their financial interests “" These
solutions are not always reasonable and there are profiteers who
reduce the product quality through fraud. Besides, nutrition facts
labels will not adequately and properly ensure the actual
composition of food products. Therefore there need to be methods
to identify and authenticate the food composition so that all
consumers and producers are protected against illegal ersatz
substitution and adulteration " Detection of such contamination
in world has recently received considerable attention. In order to
achieve deterrent laws, there need to be control and analysis tools
so that legislators would be able to monitor strict enforcement and
recognizes fraud and cheating

The consumption of meat and dairy products and their role in
providing public health has gained considerable attention in
recent years " * Currently, different dairy products in the world
have different prices. In Iran, for example, dairy products
manufactured from ovine are more desirable than those from
bovine in terms of taste and therefore forgers mix ovine's milk
with some caprine or bovine's milk and then sell it.

Significant advances in biotechnology in recent years and
high precision of PCR-based molecular techniques have
developed evaluation methods that are fast and precise enough to
detect fraud and identify a variety of animal species (bovines,
ovine and caprines) used in human dietary protein products such
as meat and dairy products . Due to its advantages,
mitochondrial DNA is preferable to genomic DNA for species
recognition and detection of fraud in industrial processed
products and livestock and poultry feeds """

MATERIALAND METHODS
Bioinformatics studies

To find genes related to bovine's, ovine's and caprine's
mitochondria, the National Center for Biotechnology
Information (www.ncbi.nlm.nih.gov) was sought and then whole
mitochondrial genomes of three species Bos primigenius, Ovis
aries and Capra hircus were obtained. CLC Work Benche 5.5
software was used for gene analysis. Also, the website
(http://www.sacs.ucsf.edu/cgi-bin/multalin.py) was used for
multi-alignment. After multi-alignment of whole mitochondrial
genomes of the three species, the cytochrome b region was
considered suitable for primer design.

Preparation and collection of the samples

For Positive control, 5 ml of blood was collected from each of
the bovines, ovine and caprines in the Research Station, Ferdowsi
University of Mashhad. Three types of dairy products (milk,
yogurt and cheese) in 30 samples were purchased from various
shops in Mashhad and Quchan, Iran, provided that different
manufacturers had produced them. All samples were stored in a
freezer at -20 °C until DNA extraction.

DNA extraction

DNA was extracted by Gene JET PCR Purification Kit #
KO0721 was designed by Thermo with modifications. 200 mg of
the cheese and yogurt samples were transferred to 1.5 mL
microtubes. Then 400 microliters of lysis buffer with 40
microliters of proteinase K were added to the mixture and was
stirred using a vortex. Microtubes were incubated for 16 hours in
Benmary (37 © C). Samples were centrifuged for 30 min at 10000
rpm. After centrifugation, a three-phase solution was resulted the
middle phase of which was separated for further extraction. For
milk sample, 15 ml of the milk sample was discharged. Samples
were centrifuged for 30 min at 10000 rpm. After centrifugation, a
three-phase solution was obtained and the middle phase was
separated for further extraction steps. After this step, in order for
the DNA to precipitate, 100 ml isopropanol was added to the
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microtubes and stirrerd. The product obtained was transferred to a
tank at the top of binding columns. Following this stage, the
microtubes were centrifuged for one minute at 8000 rpm. After
centrifugation, the column was transferred to new 2 mL
microtubes. 500 microliters of W1 buffer was added to the
mixture and again centrifuged for one minute at 8000 rpm. After
this stage, 500 microliters W2 was added to the mixture and
centrifuged for one minute at 8000 rpm. Microtubes were once
again centrifuged at 12000 rpm for one minute for complete
removal of ethanol. The binding column was transferred to new
1.5 ml microtubes. 100 ml elution buffer (EL) was added to the
binding column. After 5 minutes, the microtubes were
centrifuged at 8000 rpm for a minute to separate the DNA from
the columns. The product was obtained in about 100 microliters.

Multiplex PCR

Species-specific primers for sequence amplification of
mitochondrial Cyt b genome were designed using the software
Primer Premier 5. Four specific primers were designed according
to the sequence homology of mitochondrial Cyt b genes in
bovines, ovine and caprines using the software CLC Workbench
5.5. Table 1 shows the features of designed forward and reverse
primers for amplification of mitochondrial Cyt b genome. The
primers used in this study were purchased from MWG, Inc.
(Germany), and diluted with TE buffer for preparing a stock
solution, and stored at - 20°C before used. Two microliters of
template DNA were added to 23 pl of the PCR mixture,
containing Amplification buffer 10X 2.5ul, dNTP mixture
(20mM) 2 pl, MgC12 (S0 mM) 1.3 pl, Multiplex primer (20 uM of
each) 2ul and 2 U of Taq DNA polymerase. The PCR was
performed in a thermo cycler (Biometra, Germany) under the
following conditions: an initial denaturation step at 94°C for 30
sec, annealing at 62°C for 35 sec and extension at 72°C for 40 sec,
for 35 cycles, followed by a final extension time at 72°C for 10
min. PCR and negative control extractions were included for each
amplification experiment, in order to detect false positives due to
contamination. After the reaction, samples were electrophoresed
on 2% agarose gel.

RESULTS
Bioinformatics results

After reviewing the results of three species multi-aligns,
bovine, ovine and caprine, the Cytb gene of these species was
selected in order to produce PCR multiplex kit. Although
12sRNA and 16sRNA genes were completely protected and used
in some research, the Cytb gene was opted as a result of having
more appropriate sites for the primer to anneal to. The Nucleotide
sequence and the primers binding sites can be seen in figure 1.
After sequencing, it was shown that the Sse91 enzyme is capable

Table 1: Features of forward and reverse primers.

of cutting each of the three sequences and it is possible to use
RFLP PCR to optimize detection conditions. As it can be seen in
figure 1, it is expected that the PCR product for bovine, ovine and
caprine species would be 470, 584 and 330 bp on agarose gel
respectively. With the purpose of producing Multiplex PCR kit,
the reverse primer (Universal) was designed similarly for the
three species.

DNA extraction quality

Electrophoresis of products of blood, milk, yoghurt and
cheese DNA extraction

The DNA extracted produced large molecules with
approximately 15-16 kilobase and indicated that the size of these
molecules are suitable for molecular research. Clarity and
intensity of bands represents high DNA concentration. Figure 2
shows blood extracted DNA bands after electrophoresis on 0.8 %
agarose. Figure 3 shows milk and yoghurt extracted DNA bands
after electrophoresis on 0.8 % agarose gel. Figure 4 shows cheese
extracted DNA bands after electrophoresis on 0.8 % agarose gel.

Multiplex PCR results

Results of PCR products electrophoresed on 2% agarose gel
are shown in figure 5 and figure 6. As can be seen in figures 5, the
length of the amplified fragments with bovine primer is 470 bp,
ovine 584 bp and caprines 330 bp which are equal to the expected
range. This indicates that firstly the primers were designed and
selected suitably and secondly, PCR was performed correctly and
precisely. It would also suggest that the selected primers only had
one binding site on target DNA and there is no sequence identity
elsewhere, because a non-specific band, Smear or dimer was not
observed and the bands were all clear. Negative control indicates
that PCR was performed without contamination. In this study it
was found that Multiplex PCR can replace simple PCR due to its
accuracy and speed to test suspicious samples and provide a
definitive answer. Results from dairy products using a Multiplex
PCR are summarized in Table 3. The results showed that 100% of
the ovine and caprine cheeses were adulterated with bovine's
milk. 50% of ovine milk samples and 60% of ovine yoghurt
samples were contaminated with bovine's milk.

Discussion

11]

Murphy et. al."" reported that no DNA extraction method for
dairy products can provide DNA in large scale for specialists.
They believed that adding EDTA to milk causes calcium to
chelate, which results in digestion of casein. However, today
using powerful commercial kits, DNA extracts possess high
quality and are appropriate for quick PCR assays. The method
suggested in this study can only be used when extraction is done
manually. In some studies, researchers used phenol chloroform

Gene Primer Primer length Product
Bovine’s forward primer 5'TCCTTCCATTTATCATCATAGCAA 3' 24 472
Ovine’s forward primer S'TACCAACCTCCTTTCAGCAATT 3 22 585
Caprine’s forward primer 5 CGCCATGCTACTAATTCTTGIT 3 22 330
Universal Reverse primer S'TCCTTCCATTTATCATCATAGCAA 3' 23 -
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Fig. 1: The expected PCR product of cytochrome b gene of three species, bovine, ovine and caprine.

isoamyl alcohol method and some others used commercial DNA
extraction kits "” """ DNA extracted using chloroform method
does not work on PCR very well, since it has some pollution. In
another study, Dalmasso et al. and Bottero et al. " ¥ utilized
Multiplex PCR assay for detection and identification of species
used in food, dairy, and MBM products. They were able to prove
the existence of fraud in some samples of food. Also, Di Pinto's ""”
studied adulteration in the sausages produced in Italy based on
PCR-based techniques. The labels indicated the sausage was

made from horse meat. They stated that of the 30 sausage samples
that were tested 6 samples were a mixture of horse meat and pork
and in one instance there was no horse meat. Zarringhaba et al. "
studied detection of adulteration in meat using Multiplex PCR.
They described this method as simple, rapid and inexpensive.

CONCLUSION

PCR has been presented as a sensitive, simple and
inexpensive method to detect adulteration in food products based
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Fig. 2: Quality assessment of blood DNA extract using
electrophoresis on 0.8 % agarose.S1, S2 and S3 samples belong to
blood DNA extracts of bovine, ovine and caprine, respectively.
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Fig. 3: Quality assessment of milk and yoghurt DNA extract
using electrophoresis on 0.8 % agarose.S1 to S4 samples belong
to yoghurt and S5 to S8 belong to milk.

Fig. 4: Quality assessment of cheese DNA extract using
electrophoresis on 0.8 % agarose.S1 to S7 samples belong to
Ghuchan ovine, Guchan caprine, Guchan bovine, Mashhad
Kurdish, Mashhad Lighavan, Tabriz Lighavan, Mashhad Laktiki
cheese.

on animal species. With this aim, production of a fraud detection
kit for meat and dairy products was tested. Regarding the
applicability of the results found to presuppositions in this study,
manipulation of Simplex and Multiplex PCR is a very powerful
tool for investigating fraud detection in meat and dairy products
using mitochondrial DNA sequence and in general genetic studies
and detection of different animal species. It is worth mentioning
that the method presented in this paper can easily present a
commercial kit for detection of adulteration in food. Although the
main material tested in this study has been dairy products, our

Fig. 5: Specificity of the PCR assay for detection of caprine,
bovine and ovine DNA using electrophoresis on 0.8 % agarose.
S1: Caprine sample, S2: M100 Marker, S3: Bovine sample and
S4: Ovine Sample.
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Fig. 6: Detection of the inclusions of cow milk in goat and ovine
cheese by Multiplex PCR. S1, S6: negative control, S2, S3: cow
milk, S4, S5: Caprine cheese and yogurt samples, S7: M100
Marker, S8-S14: Ovine cheese and yogurt samples.

Table 2: Occurrence of target primers in different samples

number of positive number of r."fmber of
number of . . ‘. positive samples
Food sample samples with bovine  positive samples : :
samples ] ; ] e with caprine
primer with ovine primer 7
primer
Cheese 9 9 3 1
Yoghurt 12 10 3 :
Rk 9 7 2 2
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results suggest that this kit can easily detect protein products,
meat and even animal products as well.
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