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ABSTRACT

A processed meat product is a food that changes the character or shape of meat, and it is difficult to identify the raw meat
because the original shape is destroyed. False record and disguised sales of raw meat can negatively affect not only the safety
of consumers but also the income of producers. Therefore, this study was conducted to establish a multiplex PCR (polymerase
chain reaction) method to simultaneously identify cattle (Bos taurus), pigs (Sus scrofa), and chickens (Gallus gallus), which are
mainly used as raw meat in the manufacture of processed meat products. As a result of species-specific PCR of the raw meat DNA
to confirm the cross-reactivity, species-specific amplification products of cattle 384 bp, pigs 249 bp, and chickens 721 bp were
identified, and no other non-specific amplification appeared. Based on this, in order to evaluate the applicability in the market,
multiplex PCR was performed by classifying 52 processed meat products on sale by 5 types (Ham, Tteokgalbi, Pattie, Can ham,
Sausage). As a result, the indicated ingredients were detected in all products except Can ham No. 7 among 52 processed meat,
and specific reactions were observed in chickens that were not marked in No. 1, No. 4 of Tteokgalbi. In particular, among the pigs
and chickens marked on Can ham No. 7, only pigs showed a specific reaction, confirming the possibility of false record. If this
study is used to identify the types of raw meat used in processed meat products, it is expected that it will contribute to improving
awareness and promoting consumption of processed meat by reducing cases of illegal distribution and restoring consumer
confidence in processed meat.
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AF AP ooz gt ABE ARESAY B8 72 ARSShe & AHIARE ol AlF2 Economically
Motivated Adulteration (EMA) Al&o]gtal B 2-=d|(Park et al., 2012), o= A&7 L EA|7]|Z Qut Alof] sld5}H 4
HRkE0] 173 & A, 3% f-5 A, T, 4 Soll £A7E o712 4= Qltk An7ol A 7RSS (Ayaz et al,,
2006)5H= 52 EMA A1Eol sl nj=re] of4l&e|okE(Food and Drug Administration)#t J=+9] A1&7]%%(Food
Standard Agency), 42| 4 A3H5-=7|ZHEuropean Union Regulation)s o2} =7tollA 871882 JEE71E 45t
Al il Qlom, ok AlFolok ?J Ag7hlol| A PCRE o8-8 F-31AF TR & 7isto] ¥e) & ShalQlet. ShA|Tk o]
2 shte] primerE- 0|83t Single PCR WO 2 FAlof of8] & AlH57|= ofa]2 A%o|tHNIFDSE, 2013; Kim,
2016).

DNA EAH % Z Eo|A primerZ 0|83 single PCRZ Y &9 A7} W3] QA 7HLahiff et al., 2001; Kesmen et
al., 2007; Park et al., 2012; Barakat et al ,2014), 23 9= }34401] wet of2] ¥ 2Alslof she To] itk ZLoj vl
= 7FA] o)d9] primerE AFE3}0] th9] target DNAS- 4] °ﬂ =25} 4= Q1= multiplex PCR 7% (Markoulatos et al., 2002)
< PCR 27 |23t} primer 47| 5 A& A7 @Al E37/d0] ARIT S Al ZollA of=] F-2 A&ska 2HsHA| A
Z3l @ 4~ Q= Aol ltiMarkoulatos et al., 2002, Dalmasso et al., 2004; Fumain et al., 2013; Nejad et al., 2014; Yoon,
2014). wf2hA, 2 A= AxFA 0 2 §7Rg o] F2 o 8= 4, B4, B 359 Al ik F AEE 915l T ol primer
£ AAsto] AlS- 5ol -85 5, 2E4 0 = multiplex PCRE ©|-85t0] FAlol| 4, =4A], & 35-2] Algol| tigh Z-2 AlHe
5 e AlAERE 5k §71-E0] Tigh 218 7he/d 212 s Al

Mz 3

1. ZASE U DNA ==

& AES Q1o ARSE A8 8= 2(Bos taurus), $1 A (Sus scrofa), $H(Gallus gallus)ol™, 43171 1271, =i213L7] 571, St
7| THZ 24708 ARESIIAL, 87 PT’?Q127H BA=0] JF(B7H), 2A1A1F(2371), Y2H]F77H), SElF77H), 28 BF77H)
2 52719] genomic DNAE FZ5}31t}. 3 2] ok A 5890] F Eol/d W7t& glof 71442 i, A, ol YES 5
Al87F850] 7Re21e atefsto] 70°CollA] 307t B2t 2, genomic DNAE &5kt 5%+ genomic DNA= 35
ng/ulC =2 3lAfsto] 2 Aol ARSI

2. Primer 44|

Z EoJ/d primere Clustal W version 2.1 program (Larkin et al., 2007)= ©]-85}°] National Center for Biotechnology
Information (NCBI) GenBank database°il X A& Z- mtDNAS] D-loop, Cytochrome b (Cyth) B71X19< alignment 3+
F Primer3 program (Untergasser et al., 2012)& ©]-85}31tt. PCR annealing temperature 2}ol5 2] A8}staA] 2H2 o2
72 ZEEHER AL, A, SR Cyth, B2 DloopRllA AdAISIItHTable 1).

Table 1. Sequences of species-specific PCR primers information.

Species Gene Primer Sequences (53 GC% Amplicon size (bp)
Cattle Cyt-b F : CCA TAT ATC ACC ATC GGA CAA CTA 41.67 387
R : GGT CTG TGT ATG GGC GTGTT 55.00
Pig Cyt-b F : TAT TCG CTA TCT ACA TGC AAA CG 39.13 249
R 1 ACG AGG TCT GTT CCG ATA TAA GG 47.83
Chicken  D-loop F : CCA CAT TTC TCC CAA TGT CC 50.00 721
R : TAT GTC CGA CAA GCATTC AC 45.00
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3.ZE0|4PCR
S 50/d PCRZH Al BoflA 25 DNAE ©]-&-5to] 3-8 A2 primer?] §0)/dS 71617 91al] =8| 31t} Template
DNA-2 3 plo]™, PCR ¥H3-2 /3-2 10x reaction Buffer, 12 mM dNTP mixture, 0.5 unit prime Taq DNA polymerase (Genet
bio, Korea), 10 pmol primerS- 28] & 25 2 4= itk PCR §F3E71-2 95°CollA 5827t denaturation, 94°CollA 1827
denaturation, 66°COll4] 127+ annealing, 72°CollA] 1527t extensionS 308] §H53}1%1.0H, 2|50 2 72°Col|A 587 F712
extension2 434513t

4. Multiplex PCR
7} %35 Aol A& 7Fs multiplex PCR WHS 7HE617] il 3744] 4, =H#], & 9552 D ST HIEE 410
template DNA=Z AF8-513111 & £0]4d primer setE ©]-8sto] A5 PCR ¥Hg2 o & %OW PCR HiollA|
primer Taq DNA polymerase (Genet bio, Korea)E 1 unit®2 #1750} AR851%11L, PCR ¥FS-E271-2 551 ~a45}3ict.
o], =5 primer setE $7F5-82] A& 7hs/dS ERIsh] sl &7Fa-FollA 53 DNAS 285104 multiplex PCR=
ST

5. 248k M

A= 87} 7leig o] AEEHAIS Qobi] 9l 228 DNAS Salo] 7+ 258 7232 Alallck PORS Sf3t v
of 2/} 2712 % S0l PCRI} 2k,

1.5 0|4 PCR
37 %5 primer?] Eol/d2 ERls}7] gIste] AR 8} 71 %ol A 53 DNAS} primer setE ARg-sto] & So]/d PCR
2 AN, 22 AR 7] 5oto] Fig. 101 Jebitt. £33 883 71952 PCR AxHE A EH, 4= 384 bp,
SHA= 249 bp, F-2 721 bpoll 5= 7S &RIsh 4= 9I9 or, 7} primere]] thet kg o} 2 2R15}7| 9J5 &3 DNA
9} primer set= PCRF ZEMOW E}% S} wxpEkgo] ofupz] R 212 It 4= QIglth

(A) Raw Meat

32 ©

Pig Chicken Mix

L

- -

(B) Cooked Meat

Cattle Pig Chicken Mix

Figure 1. Agarose gel electrophoresis results of species-specific PCR for raw meat and cooked meat. M, 100
bp ladder marker; Mix, Mixed DNA; N, negative control.
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2. A= 71| HETHA|
Primer setE 0]-85t0] Y553t 7FEgollM 2E3 DNAS S35, 100, 10, 1, 0.1, 0.01, 0.001 ng/wl= 3]Ast] £ &
ol’d PCR RF3271 02 &3S AIFeH Z1HE Fig. 20 el fES0li= 4, =], Sl Z|of 0.01 ng/W7H] A&
+ & 2Rlstgl on, 7k ollAl= A= 2 0.01 ng/pl, HHA]eE 52 2o 0.1 ng/ul7HA] AEE= 22 gRlsieict Koh &
2011)2 4, =47, &, 2.2]°] DNAE 23}5to] PCRE 4ok l=tl, 49 52 100 fg/ul, =171k @ 2] 1 pg/ul7hz] elsto]
29} 5o] AE7hs7/d0] =il BAlsiQinh 7HES2] 739 DNA & A| 7Hg & 93 e avbe 9%]2|2 DNA 539] 7}
5730] =l B aE]QItHMartin et al., 2007a; 2007b). F43F F*{2]i= DNA 125 EQHYSH JEl 2 RHE0] DNAS B85}
3 = AllaE7} ak 9 H o] o] Rojz|=t), o] AIRE] E214, 3tet4] A2l & F5F DNA 52| /d3-5°] 5451 HojA|
Al £3], dtid o= F bps 71 H 73%&%04%01] A3t primer Ho} 22 97]9] F A 7| A& s Y
Sof A9k DNAS FE5H= 20| obd mtDNA &, v|&e] AE3H Al B9 DNAS & & oJ2171A]2] DNA & Het
S 2AISH= Zlo] ke tHolland et al., 1993; Amorim et al., 2019).

—~

(A) Raw Meat (B) Cooked Meat

Cattle

Chicken

* [ | Identification of electrophoretic bands for DNA

Figure 2. After dilution of DNA extracted from raw meat and cooked, electrophoresis of amplification products of
species-specific PCR. Line 1, 100 ng/uf; 2, 10 ng/ud; 3, 1 ng/ul; 4, 0.1 ng/u; 5, 0.01 ng/uk; 6, 0.001 ng/ul

3. Multiplex PCRZ 0|2%t R7I3& =M A1}

S7F5EollA] &3 DNAS ARE5] multiplex PCRE A8, T2 AHE-S 1719551 Fig. 30l YeRTt. o)<,
71850l #2718 H R 71952 58 5 Al ATHE Table 200 YeRlch 35, ElR, 2412172 371/8 22 multiplex
PCRO] A1+ Al EH, 25 AFoA T71H Ad 23 5Lt T Aol ZRI=| Q. /b, Wz o] 181, 483} 74 o] 7
oflA] F7|H A=t F AHE Aat oh2ck= 2S gRlsioint. g2 Z Aol Hlw 7 31 712 7|
/g0l o] 7]=0fgl ot F AlHo| E]7] ok= 1S ERISIGITE Heo 512014)2] Aol w2, 2)117] S-azof] chgh 4]
LAY AL AA] A2 A5 AeiRlo] ajx|o] 91A] ¢hof =S50 H|Q e 0 2 2olE THsAdZ ERIslTt 2 A

A %7P~a AA| 7hgElele] BeElE7] 3k 7Hs/d0] Jlom, = AR ARl = 7|AIRe] Alte], 7Ha7 7iAde] 2
L3710 2 AbEHTh 70 319] 77 AlFol| A HiErt A4 0 2 S 2| Yepg=t), o]+=7he] DNAZ} 2 22| 2] 24U 74
7HEAIES] A BES 2alfsl7] ol Aate E4 0 & SHAM] AR 7R yAl o] 28t oL & Al Eel 27 Aol
% DNA 27} ok =3l o]e}t FAlol| LS|, HilA 5 PCR S0 Slo] #aEd 50| 4% Zo2 TtEtHYoon,
2014).
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(A) Pressed ham 1~8 (B) Tteokgalbi 1~7

13 14 15 16 17 18 19 20

oy e e

e — — — W — et
* [_] Products with different result from the label

Figure 3. Electrophoresis of DNA extracted from processed meat for amplification products of multiplex PCR.
M, 100 bp ladder marker.

Table 2. Species identification results through multiplex PCR and labeling ingredients for processed meat products.

Sample Label Multiplex PCRresult ~ Sample Label Multiplex PCR result
Ham 1 Pig Canham 5 Pig

2 Pig 6 Pig

3 Pig 7 Pig, Chicken - Chicken

4 Pig Sausage 1 Pig

5 Pig 2 Pig

6 Pig 3 Pig, Chicken

7 Pig, Chicken 4 Pig

8 Pig S Pig
Tteokgalbi 1  Cattle, Pig + Chicken 6 Pig

2 Cattle, Pig 7 Pig

3 Cattle, Pig 8 Pig

4 Pig + Chicken 9 Pig

5 Pig 10 Pig

6  Pig, Chicken 11 Pig

7  Pig, Chicken 12 Pig
Pattie 1  Cattle, Pig 13 Pig

2 Cattle, Pig 14 Pig

3 Pig 15 Pig

4 Chicken 16 Pig

5 DPig 17 Pig

6 Pig 18 Pig

7 Pig, Chicken 19 Pig
Can ham 1 DPig 20 Pig

2 Pig 21 Pig

3 Pig 22 Pig

4 Pig 23 Pig
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=

2 oA 37M B0l % AP nle) multiplex PCR 4ol gk 48 7}%@% sholska AAJIgIch 87K ElM 714
WO ARG E]= 4, HiA], Hol F A A S AEsto] 853} 71 |ollA 353 DNAS 285t PCRE AAlsI3ith. 12
o, AES} 7oA &, A, 5ol F AP a7 kS glo] B *‘“*01 7Fsla, AEA A2 Y ESolA 4,
%], go] Zth 0.01 ng/ul, 7FL8oM= A 2 0.01 ng/ul, =12t S 2 0.1 ng/ulo2 7FE 2 1% DNA w2 113
Stefete 71BN £25] F Ao 15 702 BekEr. o] %, 5572 Ui 527H9] §712E0] multiplex PCRE 41
Alstint. 3719 /g 23t 5 A PCR 23, 3R, el 7, AAIAFolA 27158 4323 multiplex PCRE] & A A7 5
—3].01 o 1,]. LH71-H] 1@) 4\:14_4 xﬂﬁ.o] JL7]51 /H._‘f'_ 9,]01] tlo _E_o]z% H]—Qo] A iggiyq 9457&1 = H]ggﬂg& l:‘r_71_7]7]-£
ateigtom, 71 9 7410) AEolA 71 hx), 5 F SX|ut Eol A k30| ZHZelo] AEo ARG E7|7HHE S &
Sl B AHS 53l 87HF AR Al AAE B71HA] b2 55, 53] 7H glhol A HavIE AR 7Hs Aol S
gelstoion], 519)71202] 7154 3t AT S/ EE ARG 7)) BT A U S7FEEo] et AHZHE 9
S7F550l vt Y550 T AMERR ohe}t Y88 g ThE S 9t UiV B Zlo = wikETh

o 0
ol
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