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Ozet

Multipleks PCR ile Sucuklarda Et Tiirlerinin Dogrulugunun Kanitlanmasi

Et Urlinlerinde kullanilan et tirlerinin saptanmasi ekonomik sebepler, dini faktorler, etiketin dogrulanmasi ve haksiz rekabetin
onlenmesi agisindan 6nemlidir. Bu galismada, sucuklarda tek tirnakh (at ve esek), kanath (tavuk ve hindi), domuz ve sigir etinin rutin
tespiti igin multipleks PCR metodu denendi. Bu hayvanlarin DNA’larinin tespitinde diger hayvan turleri ile capraz eslesme
gostermeyen tlre 6zgi primerler kullanildi. Multipleks PCR basarili bir sekilde optimize edildikten sonra, marketlerden toplanmis 50
adet sucukta (30 adeti sigir eti, 20 adeti sigir eti-kanath eti karisimi) at, esek, tavuk, hindi ve domuz etinin varliginin arastirildigi bir
saha galismasi gergeklestirildi. Saha calismasinin sonuglari sigir etinden Uretilmis 30 adet sucugun %23,3’iniin kanatl eti igerdigini
gosterdi. Elli adet sucuk 6rneginin higbirinde domuz eti bulunmadi fakat bir 6rnekten (%2) tek tirnakli DNA pargasi ¢ogaltildi. Bu
¢alisma multipleks PCR metodunun et Urinlerinde et tirlerinin belirlenmesi, dogrulanmasi ve etiket bilgilerinin kontroli igin rutin
olarak kullanilabilecegini gosterdi.

Introduction al., 2006; Murugaiah et al., 2009), species-specific PCR
(Haunshi et al., 2009; Kesmen et al., 2007; Lahiff et al.,
2001; Mane et al., 2011), real-time PCR (Pegels et al.,
2011; Sakalar and Abasiyanik, 2012; Ulca et al., 2013;
Zhang et al., 2007) and multiplex PCR (Bai et al., 2009;
Dalmasso et al., 2004; Ghovvati et al., 2009). The
advantage of multiplex PCR is that, unlike species-
specific PCR, there is no need for use a separate PCR
reaction tube for each animal species. Templates DNA
mixture can be simultaneously amplify in a single
reaction tube by multiplex PCR technique, and thereby,
the detection cost, time and labor force can be
decreased.

The identification of meat species in processed
meat products has always been a concern by reason of
fraudulence, religious factors, and control of unfair
market competition in the meat industry. Advances in
DNA technology and development of Polymerase Chain
Reaction (PCR) technique have allowed to identification
of animal species in meat products in a way faster,
simpler and reliable (Bottero et al., 2003; Fajardo et al.,
2006; Haunshi et al., 2009; Koh et al.,1998; Matsunaga
et al., 1999; Pegels et al., 2011). PCR techniques used
for the identification of meat species include RAPD-PCR
(Koh et al., 1998), RFLP-PCR (Ali et al., 2012; Fajardo et
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Sucuk is a traditional fermented sausage which is
the most popular meat products consumed in Turkey.
The English pronunciation of sucuk is soudjouk, and in
some degree, it has typical properties of both Northern
European and Southern European style fermented
sausages (Ercoskun and Ozkal, 2011). The meat
products such as sucuk can cause to be not
distinguishing of meat species used in product by the
consumers. Therefore, adulteration or fraudulent
substitution can be easily made in such products.
Consumers have a right to know that what meat
species they eat. For this reason, meat products must
be properly labeled by the producers, and routinely
monitored by food authorities.

The aim of the present study was to experience a
multiplex PCR for rapid detection and identification of
species adulteration in sucuk. Instead of using
separately primers for each animal species, an equine
primer (for horse and donkey) and poultry primer (for
chicken and turkey) were used to identification of meat
species. In addition to the equine and poultry primers,
the primers for the identification of pork and beef were
added to multiplex-PCR reaction tube. This study also
reported the results of a field study carried out on the
presence of equine, poultry meat and pork in sucuk
sold in the local markets by using this method.

Materials and Methods

Meat samples

Muscle tissue samples from beef, chicken, turkey,
horse, donkey, and pig were used for positive control
samples. A total of 50 sucuk samples were collected
from local markets, butcher shops, and delicatessen
stores, between September 2012 and January 2013.
According to their label information, 30 out of 50 sucuk
samples had been made from 100% beef, and 20 sucuk
samples had been made from the mixture of beef and
chicken or turkey meat. The samples were kept in a
freezer (Ugur, UDD 600 BK, Nazilli, TR) until being
analyzed.

DNA extraction from muscle tissue and sucuk
samples

A method described by ilhak and Arslan (2007) was
used for DNA extraction. Briefly, approximately 1-2 g
tissue samples or sucuk samples were homogenized by
using 4 ml of TNES solution (20 mM Tris, (pH 8.0), 150
mM NacCl, and 10 mM EDTA) in a 15-ml polypropylene
tube. A 750 pl aliquot of the resulting homogenate was
then transferred into a 1.5 ml Eppendorf tube and 10 pl
of proteinase K (200 mg/ml) and 50 pl of 10% SDS were

added. The mixture was shaken vigorously and kept for
8 h at 58°C in a water bath. A 250 pl volume of 6 M
NaCl was added to the resulting mixture and it was
centrifuged at 11,600 x g for 5 min. Subsequently, 500
ul portion of the aquatic phase of the sample was used
for the usual method of DNA extraction with phenol-
chloroform-isoamyl alcohol (25:24:1) and finally
precipitated with absolute ethanol at —20°C for 8 h, and
washed with 70% ethanol, and the pellet was diluted
with 100 pl of sterile dH,0 and used for PCR reaction.

Primers

PCR primers (lontec Co., Istanbul, Turkey) and their
base pair length for the amplification of cattle, poultry
(chicken and turkey), equine (horse and donkey), and
pig DNA were shown in Table 1.

Simplex PCR

The 50 pl reaction mixture was prepared in an
Eppendorf tube containing 5 ul of 10 x PCR buffer
(Promega, Madison, WI, USA), 5 ul MgCl, (25 mM), 250
UM deoxynucleotide triphosphate mix (dNTPs), 0.25 pl
of Tag DNA polymerase (Promega, Madison, WI, USA),
2.5 ul from each primer of 25 pmol (total 2 primers
(one forward and one reverse), 5 ul of target DNA, and
about 25 pl of dH,0. The thermocycler (PCR Sprint,
ThermoHybaid, England) was programmed for 35 cycle
PCR. Each cycle included holding at 94°C for 60 s, at
58°C for 60 s, and at 72°C for 60 s. At the end of the 35
cycle of PCR, final extension step at 72°C for 3 min was
performed.

Multiplex PCR

The 50 ul reaction mixture was prepared in an
Eppendorf tube containing 6 pl of 10 x PCR buffer
(Promega, Madison, WI, USA), 7 ul MgCl, (25 mM), 7 ul
of 250 uM deoxynucleotide triphosphate mix (dNTPs),
1 pl of Tag DNA polymerase (Promega, Madison, WI,
USA), 2 ul from each primer of 25 pmol (total 8 primers
(four forward and four reverse), 5 ul of target DNA, and
about 8 pl of dH,0. The thermocycler (PCR Sprint,
ThermoHybaid, England) was programmed for 35 cycle.
Each cycle was the same of the simplex PCR described
above.

Agarose gel electrophoresis of amplified products

A 15 ul portion of the amplified DNA fragments was
run on agarose gel (2%) at 100 V for 1 h for
electrophoresis. The resulting gel was stained using
ethidium bromide (0.5 pug/ml) and visualized by using a
UV transilluminator (TC 312 E/F, Spectronics Corp., NY,
USA) and photographed.



Results

In the first stage of the study, simplex PCR was
performed for amplifying the DNA extracted from
muscle tissue samples of beef, chicken, turkey, horse,
donkey and pig. The primers which used in the present
study were generated specific fragments of 439, 256,
212, and 183 bp for equine (horse and donkey), cattle,
pig, and poultry (chicken and turkey), respectively
(Figure 1). Primers did not show any cross reactions
with the DNA of the other genus of animals which used
in the study. Then, the DNAs extracted from muscle
tissue samples of beef, chicken, turkey, horse, donkey
and pig were mixed in a tube separately and prepared
DNA mixture of the animals. The multiplex PCR was
performed to the DNA mixtures for amplifying of the
each animals' DNA. The multiplex PCR was successfully
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carried out, and the amplified products were shown in
Figure 1.

In the second stage, a field study was carried out to
investigate the presence of equine, poultry and pig
meat in sucuk sold in the local markets by using this
method. The results of the multiplex PCR analysis of
the sucuk samples were showed in Figure 2. The results
showed that 7 out of 30 (23.3%) sucuk samples that
have been labeled as 100% beef by the producers were
found as containing poultry meat, and 20 (100%) sucuk
samples that have been labeled as beef + poultry meat
by the producers were found to be labeled properly.
None of the sucuk samples were found as containing
pork, but one sample (2%) of 50 sucuk samples was
found as containing equine (horse or donkey) meat.

Table 1.  Primer pairs used for the identification of animal species and their amplicon size.
Tablo 1. Hayvan tirlerinin belirlenmesinde kullanilan Primer giftleri ve amplikon boyutlari.

Animal Species Primers Design

Amplicon Size (bp) and
References

5’- GTACTACTAGCAACAGCTTA-3’ 256

Cattle

5’- GCTTGATTCTCTTGGTGTAGAG-3’

(Bottero et al., 2003)

5’-TGAGAACTACGAGCACAAAC-3’ 183

Poultry (Chicken and Turkey)

5’-GGGCTATTGAGCTCACTGTT-3’

(Dalmasso et al., 2004)

5’- GACCTCCCAGCTCCATCAAACATCTCATCTTGATGAAA-3’ 439

Equine (Horse and Donkey)

5’-CTCAGATTCACTCGACGAGGGTAGTA-3’

(Matsunaga et al., 1999)

5’-GCCTAAATCTCCCCTCAATGGTA-3’ 212

Pig

5’-ATGAAAGAGGCAAATAGATTTTCG-3’

(Lahiff et al., 2001)

Discussion

Species identification of meat which used in meat
products has an importance because of economic
reasons, religious factors, fraud and control of unfair-
market competition. This issue is being more important
as the halal market has expanded in global trade.
According to the food labeling regulations, animal
species used in meat products should be indicated on
the label of food. In Turkey, according to the Turkish
Food Codex: Notification of meat and meat products
(Notification no: 2012/74), minced meat or prepared
meat mixtures may not be produced by mixing the red
meat with poultry meat, after March 1, 2013 (Anonym,
2012). The present study did not investigate whether
the related article of the Turkish Food Codex were met
by the producers, because sucuk samples were
collected between September 2012 and January 2013.
However, the present study investigated whether the
information given by the manufacturers on the label
was correct.

Results of the present study showed that 23.3% of
total 30 beef sucuk samples had been mislabeled. In a
study carried out by Sakalar and Abasiyanik (2011), it
has been noted that 35.1% of the collected red meat
samples includes poultry meat, although it was not
indicated on their label. Ozpinar et al. (2013) reported
that 53.4% of the meat and meat products collected in
istanbul province were labeled incorrectly. In another
study carried out by Ulca et al. (2013), it was found that
4.76% of the processed meat products collected from
retail markets had incorrect labeling. In the present
study, no sucuk sample was containing pig meat, but
one sample was containing equine (horse or donkey)
meat. There are several studies indicating that horse
meat (between 0 and 9.8%) and pork (between 0 and
7.1%) were detected in meat and meat products sold in
Turkey (Ayaz et al., 2006; Cetin et al., 2008; Cetin et al.,
2010; Glinsen et al., 2006; Turk et al., 2005; Tirkyllmaz
et al., 2009; Yalgin and Alkan, 2012).
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Figure 1. Agarose gel analysis of the multiplex PCR and simplex PCR products.
M: Molecular marker (100 bp), 1: Multiplex PCR products of the mixture of cattle: turkey: chicken: pig:
horse: donkey DNA 2: cattle (256 bp), 3: turkey (183 bp), 4: chicken (183 bp), 5: horse (439 bp), 6:
donkey (439 bp), 7: pig (212 bp), 8: negative control (Multiplex PCR result of sterilized distilled water
with the primers)

Sekil 1.  Multipleks PCR ve basit PCR trinlerinin agaroz jel analizleri.
M: molekller marker (100 bp), 1: sigir: hindi: tavuk: domuz: at: esegin multipleks PCR Urtinlerinin DNA karigimi 2:

sigir (256 bp), 3: hindi (183 bp), 4: tavuk (183 bp), 5: at (439 bp), 6: esek (439 bp), 7: domuz (212 bp), 8: negatif
kontrol (primerin sterilize distile su ile karistiriimis multipleks PCR sonuglari)

LT
LR

Figure 2. Multiplex-PCR results of the some sucuk samples collected from local markets.

M: moleculer marker (100 bp), 1: positive control for the multiplex PCR products of the mixture of
cattle: turkey: chicken: pig: horse: donkey DNA 2-6: Multiplex-PCR results of the some sucuk samples.

Sekil 2. Yerel marketlerden toplanmis bazi sucuk érneklerinin multipleks PCR sonuglari.

M: molekiler marker (100 bp), 1: Pozitif kontrol igin sigir: hindi: tavuk: domuz: at: esek DNA karigimlarinin multipleks
PCR Urinleri 2-6: Bazi sucuk 6rneklerinin multipleks PCR sonuglari.
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Sensitivity and specificity of the multiplex PCR has
been proved and reported by the researchers
(Dalmasso et al., 2004; Ghovvati et al., 2009; Sakalar
and Abasiyanik, 2011). In Turkey, horse, donkey,
poultry meat and pig meat are the most used species
for adulteration in meat products. However, in meat
plants processing poultry and ruminant species
together, contamination of meat products with another
meat species may be inevitable during meat operation
such as cutting and grinding via knives, bowl cutters,
cutting boards etc.,. The result of the multiplex PCR
analyses of such samples may show the product as if it
is adulterated. On the other hand, the presence of
equine meat or pork in meat products is unacceptable
by the Muslim consumers, even though contamination
is unintentional and incidental level. Because of that,
meat processing plants should process a single species,
or should process their products in a separated
production line.

The Regulation related to Notification of meat and
meat products (Notification no: 2012/74) entered into
force after March 1, 2013. Absence of horse meat in a
meat product does not mean that this product does
not contain donkey or mule meat, similarly absence of
chicken meat in a meat product does not mean that
this product does not contain turkey or other poultry
meat. Therefore, equine primer and poultry primer
were used to identification of horse, donkey, and
chicken, turkey meat, respectively, instead of using
separately primers for each animal species. In this way,
the present study describes the application of the
multiplex PCR to detect equine (horse and donkey),
poultry (chicken and turkey), pork and beef in sucuk
samples with a single reaction tube and four specific
primers. This technique, unlike simplex PCR, does not
require more than one PCR reaction tube for one meat
product. Hence, it is cheap and time saving method.
This method can be routinely used by the food
inspection laboratories for the verification and control
of animal species indicated in the label of sucuk.
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