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Table 1 Designed Primers for Amplification of porcine mitochondrial DNA

Primer Sequence(d’ — 3") m
Sense Primer CAACCAAAACAAGCATTCCATTC 56.4
Anti-Sense Primer GGGTCACATATTTGTATGTTTGTG 55.5

Table 2 Optimum Real-time PCR Condition with SyberGreen dye for amplification of 114 bp fragment
of interested in pork mitochondrial DNA

Step Temperature Time Number
Holding stage 95 30s 1
Cycling stage Denaturation at 95°C for 5s and 5s 45

elongation and extension in 62°C 34s
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114 bp product

Fig 1 of PCR product of gelatin samples on 2%
agarose gel
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Fig 2 Melt curve plot of extracted DNA from pork,
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oslizul 550 55555 op S5dsene [VO] S o ol KL ke
dlail b s el op 8ol Ky (a3l oy PCR s
» sled, 33 SLDNA Vo s ls 4 olasl e
Sy ol eslimal AS e i el (ST b gl
S 05 5 phiolanl ol @S pagis s ek Sl
Sy ol s LN o sy Sileting 5 b«
AL T Ll e o Sl Lo SO s
D] das e

Slo s STy Sl G anw s aalllas ) Sltal 51 S
oSl 3 (S Slinte mw asls $ln ek
FoS=) s placyze Gbls Al pll b oaglie 53 ol S
S b5l 5l s i Oluabl 5 4B § 13 om0 30 Cos
Gt 28 L =Y 8 e ol odis conl sladisas 5o
o bl BT e 555 A s Y L e ST
Dv] W

S oS Ldd b g eyl asdlas ol 5y ol ol
A5 b (658 yie 0585 53 S 5 D-l00p «~L 5ol s
oasiS dm B el 4 o, Gl | YU gleasls
oasis Oy L awslis js Real-time PCR 25, 5o las
Sy sl eslizal b iy cnl S5 308T J5 ) *PCR | o
G 0 V0 Gl 3l i S A3 ealizad o Sl
Dls s b b eld 53 Somb auss 5 Jsese PCR
sl b sl e pts 53 DAlOOP b it
2 &S Lasil Glp st 05 aS el eslitul 455 asis
(YD) 0L 5 oS ol o3l DL 1 sl Ayl b slalds
D- «>U 3l eslizal L TagMan Real -time PCR 5 5l
03 St Sl S I yaskiS 4 dauslys (6,48 e lOOP
Vbl i Sl osk b s S ca S slab e
DAl sl s

Shestizad L (Y1 8) 0L 5 LLLLLLE Kos andlas s

mjfu.a.:xmj‘u&e}a ?ijl siboa= VY v_»ji.:l,ﬂ

17. Minor Groove

18. Intercalating

19. Marker

20. Post-PCR Detection
21. Cross-reactivity



\qu C,\.;:.H.))‘ ‘\0 692 4\/0 G)LQ.::

Sl gl 5 o sls

53 odd A Dby SAS S sladinl 5 lapSs s s
Rl 035 oS 5 sls s 5l £ LY ole J s
Error! | wisl e b ,Seslil 1Sie 0 50 Wil o5 uine
52l Y5 sl s [Bookmark not defined.
ol Jlsl Al b Cins 5 Sl @ ax g L il glals
Ct slie DNA 50 51 slize Ol s 55 5 W6l 635
5 o Ys ldsed ST Jlhses 0 IS s il Sl
s ooe el sl enls LS Y sl (6ol Y g
SalS 5 sl ol jor w0 a5 LA e3be gl DNA L 55
S Lpd B e o 4 e KlS e L gl
V] el 5LDNA cJs 5l o S cls o Yz
Lo oalel W5 5,50 m e ped3l (S 53 g 50 cnl &S

(0 JS8) i edalin I 5y oab

Ampification Plt

02‘1‘551012111515312221

Cyele

Fig 5 Amplification plot of 15 various food grade
pork gelatin and gelatin containing foods. Non

amplified plot related with drinking jelly sample

slge ymals 5 LaS LB DNA s [l g ioman
&S 13 eslul DNA C‘jhﬁ..w‘ ol osiw &S el ls sl

(Al S doloms lue » DNA 21zl oS L el s
AL
(el > el DNA ols Sl o) M58 -5 sls

(o 0351 s ) sl 11 1y (5 fimmlee

S S 4o — 8

oslizul L 48 313 0L adlae ol 53 ol plnil Sliulel il
Real-time _: s, 5l oslizul s DNA gl Al ol s )

e bl g Veme DNA (ol Ve glacs) (5
PERS PSP AN R P LR 1 W R R
Sheslizal U sy opl aseds 4> [Y0] 555 s PCR
53 rjfjﬁ,_; A S DNA G i ag sbass, g
bl o 53 PCR e 1185 el vy 25 S
5 o Ss A bl GllE il W03 10 3 JAY/HA
asbel 5 Pladsle ¢ ural 453 Vo5 S V) sladd g
and 5o sl il 55 0 o il laediS A 55l G as
TS VST T e ) oS LS g o5 il
Aol ol SV g Olse 4 b w50 pl g edd 2o
53 e S A S5 eslinal 350 s L) gl ek
Oba 5l Ll s G ge N5 Gos 5 o5y St ses plad jaelds
Vodldsle aiged ¥ Jola V5 gl DY game 4ged V
O5V5 Sl el ang Gyeme eslel W wiged Vi hiwl 4 ses

oslel o3 @ gad 5> S g DNAMQ&_}A S S

Standard Curve
300
275
N
Q
250
595 Slone:-3.53 Vunter: 16.793 o2.0.996 Eff% 92.008
200
000001 Q00 Qi 0o ao Qe il
Quantity

Fig 4 Standard curve for amplified serially ten folded
diluted DNA extracted from pork with designed
primer in D-loop region of pork. With the slope of -
3.53 and intercept=16.793 and efficiency=%92.008

Gl 3l oUB 5 gl S soas Ogmen (G3dame Jol e
O WA TR B PO B T SO gl 5 VL gles sl osle
bal 3 opl g e S0 Y5 4 5o 035 S 5 055
oAl S Sy s 0Ly YS plsl A o

Ol ames 53 s o 513 30 co |y Y5 ole Jsams

22. Detection limit (DL)

[i¥]



sl 5 i S cladisal 53 S Oliiie sy askds

[6] Rodriguez, M. A., Garcia, T., Gonzalez, |I.,
Hern andez, P. E., & Martin, R. ,2005,
TagMan real-time PCR for the detection and
quantification of pork in meat mixtures. Meat
Science, 70, 113-120.

[7] Giovannacci, l., Guizard, C., Carlier, M.,
Duval, V., Martin, J.L., Demeulemester, C.,
2004. Species identification of meat products
by ELISA. International Journal of Food
Science & Technology 39, 863-867.

[8] Chou, C.C., Lin, S.P., Lee, K.M.,, Hsu, C.T.,
Vickroy, T.W., Zen, JM., 2007. Fast
differentiation of meats from fifteen animal
species by liquid chromatography with
electrochemical detection using  copper
nanoparticle plated electrodes. Journal of
Chromatography B, Analytical Technologies
in Biomedical and Life Sciences, 230-239.

[9] von Bargen, C., Dojahn, J., Waidelich, D.,
Humpf, H.-U., & Brockmeyer, J. 2013. New
sensitive high-performance liquid
chromatography tandem mass spectrometry
method for the detection of horse and pork in
Halal beef. Journal of Agricultural and Food
Chemistry, 61, 11986-11994.

[10] Fumiere, O., Dubois, M., Baeten, V., von
Holst, C., Berben, G., 2006. Effective P
detection of animal species in highly processed
animal byproducts and com pound feeds.
Analytical and Bioanalytical Chemistry 385,
1045-1054.

[11] Shabani, H., Mehdizadeh, M., Mousavi, S.
M., Dezfouli, E. A., Solgi, T., Khodaverdi, M.,
Rabiei, M., Rastegar, H., & Alebouyeh, M.
2015. Halal authenticity of gelatin using
species-specific PCR. Food Chemistry, 184,
203-206.

[12] Girish, P. S., Anjaneyulu, A. S. R., Viswas,
K. N., Shivakumar, B. M., Anand, M., Patel,
M., et al. 2005. Meat species identification by
polymerase chain reaction—restriction fragment
length  polymorphism  (PCR-RFLP) of
mitochondrial 12S rRNA gene. Meat Science,
70, 107-112.

[13] Gefrides, L., & Welch, K. 2011. Forensic
biology: Serology and DNA. In A. Mozayani,
& C. Noziglia (Eds.), The forensic laboratory
handbook procedures and practice (pp. 16—49).
(2nd ed.). London: Humana ress.

[14] Bogenhagen, D. F. 2009. Biochemical
isolation of mtDNA nucleoids from animal

Sy DNA 5z 015 25 b 50 S5 L PCR
S N3 O gzmen ol o3l Sl glalle 5 22 S 1Sl s
L 1l a8 1 PH 5 ool slasles 5 VU Sl o
3ok 52 ol p Sl Sl 4 A L sl asls
ol el S Y3 s 5l Cole 4 23S glees sl 5
ple IS oS el plin gy SO Olge 4 LS e )
J5 ooz otd a2 DNA L Glakpo 55 ol Ol
S wpa alies poan 5 3,0 1 Jsens PCR s 56T
oA 53 Kl e a8 30 3 OF J s b sl

28 Ol A g s gl gl syl s S sl

‘5J|J'§\NL;.~S -0
Sl S e S Son e mote s
Gets (bl e 03 Ol el el 55 5SS s

..>.>J,§Ja f@)b;l;)_}é

gl =1

[1] Mustafa T. Y., Zulal K. , Betul B. , Osman
S., Oktay K., Omer K. , Hasan Y., Ahmet T.
B. , 2013, A novel method to differentiate
bovine and porcine gelatins in food products:
NanoUPLC-ESI-Q-TOF-MSE  based data
independent acquisition technique to detect
marker peptides in gelatin- Food Chemistry,
141,2450-2458.

[2] Jones, N.R., 1977. Uses of gelatin in edible
products. In: Ward, A.G., Courts, A. (Eds.),
The Science and Technology of Gelatin.
Academic Press, London, UK, pp. 366-392.

[3] Jones, B.E., 2004. The history of the
medicinal capsule. In: Podczeck, F., Jones,
B.E. (Eds.), Pharmaceutical Capsules.
Pharmaceutical Press, Grayslake, IL, USA,. 1-
22.

[4] Boran, G. Regenstein, G.m, 2010, chapter 5,
fish gelatin. Advances in food nutrition
research, 60, 119-143

[5] Aida, A. A., Che Man, Y. B., Wong, C. M.
V. L., Raha, A. R., & Son, R., 2005. Analysis
of raw meats and fats of pigs using polymerase
chain reaction for halal authentication. Meat
Science, 69, 47-52.



\qu WH.))‘ Ao c)j.) g\/O c)w

Sl gl 5 o sls

[18] Kim M, Yoo I, Lee SY, Hong Y, Kim
HY.2016.Quantitative detection of pork in
commercial meat products by TagMan® real-
time PCR assay targeting the mitochondrial D-
loop region. 210:102-106..

[19] Karabasanavar N, S, Singh S .P, Kumar
D, Shebannavar S N, 2014, Detection of pork
adulteration by highly-specific PCR assay of
mitochondrial D-loop.,Food
Chemistry;145:530-534.

[20] Yusop, M. H. M., Mustafa, S., Che Man, Y.
B., Omar, A. R., & Moktar, N. F. K. .2011,
Detection of raw pork targeting mitochondrial
cytochrome b gene by molecular beacon probe
real-time polymerase chain reaction. Food
Analytical Methods, 5, 422-429.

[21] Laube, A. Spiegelberg, A. Butschke,J.
Zagon, M. Schauzu, L. Kroh, H. Broll, 2003,
Methods for the detection of beef and pork in
foods using real-time polymerase chain
reaction, international journal of food science
and technology, 38: 2, 111-118.

AR

Cells. In J. A. Stuart (Ed.), Mitochondrial
DNA: Methods and protocols (pp. 3-14). (2nd
ed.). New York: Humana Press.

[15] Lenstra, J. A. 2010. Detection of
adulterations: Identification of animal species.
In: L. M. L. Nollet, & F. Toldra (Eds.), Safety
Analysis of Foods of Animal Origin (pp. 601-
617). Boca Raton, FL: CRC Press.

[16] Fajardo, V., Gonzélez, I., Martin, 1., Rojas,
M., Hernandez, P. E., Garcia, T., et al. 2008.
Real-time PCR for detection and quantification
of red deer (Cervus elaphus), fallow deer
(Dama dama), and roe deer (Capreolus
capreolus) in meat mixtures. Meat Science, 79,
289-298.

[17] Ali, M.E., Hashim, U., Mustafa, S., Che
Man, Y.B., Dhahi, TH S., Kashif M.2012.
Analysis of pork adulteration in commercial
meatballs targeting porcine-specific
mitochondrial cytochrome b gene by TagMan
probe real-time polymerase chain reaction.
Meat Science, 91, 454-459,



JEST No. 75, Vol. 15, May 2018 ABSTRACT

Detection of pork derivatives in meats and suspicious highly
processed foods by Real-time PCR

Maleki, E. *, Ghorbani, M. %, Hamid, M. 3, Sadeghi Mahounak, A. R. %, Khomeiri, M. 2

1. Ph.D Student of Food Chemistry, Gorgan University of Agricultural Sciences & Natural Resources, Faculty of
Agriculture, Dept. of Food Science and Technology
2. Associate Professor of Food Science and Technology University of Agricultural Sciences & Natural Resources,
Faculty of Agriculture, Dept. of Food Science and Technology
3. Assistant Professor, Department of Molecular Medicine, Biotechnology Research Center Pasteur Institute of Iran
(Received: 2016/12/07 Accepted:2017/07/24)

Detection of the residual meat or other components of pork in halal food products particularly in Muslim
countries is of prime importance. In this study, real-time polymerase chain reaction based on SyberGreen
dye was used for detection of pork DNA in meats and highly processed products such as pork gelatin and
gelatin-containing products. SyberGreen based real-time polymerase chain reaction was designed for an
assay that can detect pork DNA in meats and highly processed pork derivatives including gelatin and
gelatin containing products. The proposed method uses the newly specific primers designed by AllelelD7
software that amplify a 114 bp fragment of porcine mitochondrial D-loop region. After optimization of
mixture composition and thermal program for achieving maximum fluorescence and minimum threshold
cycle, standard curve of serially diluted DNA extracted from pork meat showed power for detection of
0.001 diluted DNA compared with starting DNA material with the efficiency of 92%. Specificity of this
method was evaluated by testing the extracted DNA from sheep, cow, chicken and fish which had no
amplification for negative control samples. To analyze the method for detecting highly processed pork
derivatives, several pork gelatin powders and sheets were selected and the real-time polymerase chain
reaction based on SyberGreen dye proved to successfully detect the traces of the pork residues in the
samples tested.
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