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ABSTRACT

In order to secure consumer safety against false record and inaccurate information on processed meat products, it is necessary
to establish a detection method for raw meat used in processed meat products. This study performed a quantitative analysis of
raw meat of cattle (Bos taurus), pigs (Sus scrofa), and chickens (Gallus gallus) used in the production of processed meat products
using the Real-time PCR method, which can confirm gene expression and detection amount in real time. For the species-specific
primer design, the sequence of the D-loop and Cytochrome b (Cyt-b) gene in mitochondrial DNA (mtDNA), which are widely used
for species identification due to its high mutation rate, were used. As a result of the species-specific real-time PCR, the cycle
quantification (Cq) value expressed according to the species was found to be high in the order of pigs, cattle, and chickens, and
no cross-reaction appeared. Based on the results of confirming species specificity, 52 processed meat products on sale were
classified into 5 types (Ham, Tteokgalbi, Pattie, Can ham, Sausage), and real-time PCR was performed. All ingredients label in the
processed meat products except for Can ham No. 7 were detected, and those that did not match the label were No. 2 and No. 5 in
Ham, No. 2, No. 6, No. 16 in Sausage, and No. 1 and 4 in Tteokgalbi. A total of 7 products showed a specific reaction of chickens.
In the case of products with different detection results from the labeled ingredients, intentional or unintentional mixing could be
suspected through the difference in Cq values of the main ingredient and unlabeled ingredient. If a quantitative analysis method
for raw meat is established and commercialized by optimizing these Real-time PCR conditions, it is thought that consumers'
awareness and safety will be improved.
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AR B2 87FE-2 ofdo] 7|2AIF BN AH|o| ol § 5= THlE %3113717P %i |ZlellAl 2 A7t 2 4
Ao B g A7 BAARR}o] uje- 52 51THKoh et al, 2013). w2t £71g-g0l AFSH Y880l thgh Fet 1 E Alast
+ 0] A S7E A EVdstet AHAH A & STl & o] F A1 08 A7)

2 AlsAEvog 949 DNAS 39l 54 59 d7IMES 2T o=H A&stal Helsh & o] 7ks3k PCR
(Polymerase Chain Reaction) £A%#o] &2{#] Qlct. of2] 7kx] PCR ¥H & smgle PCRE 59| £4 primerE 0|85t ¢
282 BA5h= 2102 ofd] A7t 2= ojar(Lahiff et al., 2001; Kesmen et al., 2007; Park et al., 2012a; Park et al.,
2012b; Nagappa et al., 2014; Kim et al., 2014; Barakat et al., 2014; Heo et al., 2014), multiplex PCRS 5 7}4] 0]/d2] primer
£ AHE5to] th4=9] target DNAE BAlol| SZoh= R 0= SS9 A 5ol|A ofg] -5 Al&stal 1hisHA| AZal d 4= =
7S E3) ofz] Ya8 EAo] Hax]ojgtth(Markoulatos et al., 2002; Dalmasso et al., 2004; Ghovvati et al., 2009; Koh et
al., 2011; Yoon, 2014; Kim et al., 2015). Z12{ut I 7]2] PCR -2 254 0 2 1171952 53l AJEERI0] 75317 ufeo
AZHA G-go] GolAH, o|2igt T& Hetsto] 7 Zio] Realtime PCR Hfiolth

Real-time PCR #-& 2Z Ab=2-0] A7 B U e 1} A3l7} 755}, ©=3t internal controlg: ©]83H0 @4 Al&a}al
25| A o2 kS &8 4~ QltKLivark and Schmittgen, 2001). Realtime PCRe] S755.0 2 A=} Al
Zg=Fo] St ArAd=F2 DNA 5= E= DNA copy numbers- ©]-8510] Cycle quantification (Cg)E 78 DNAYS J&Fa}
£ Holn, Atideke do] dAsitta 7FYE housekeeping gene} target geneg AE3t] SUSH AR UiollAd
housekeeping gene = HAsto] /Gl HAZS EEolul= oot o]2igh E/J 02 Aqtol|x o] S8/ 9|7} HlojA]

Al §7+gEolxe] F A} Aol Hol o]- 85|11 QlrkBallin et al., 2009). =tHollA] AA] Tof=| 1 QL= AlF-S thie
ZARRE AT 8-S AESHAgAI  Qlouy B 222 BT Al H o= 7i’]°411}(Pa1rk etal., 2012b; Yoon, 2014; Heo
etal., 2014). =5} 7oA Thlish= 87F3-%2] Realtime 4]0 2 Ao} Aty aFS o]- 83t 7= n]s]et Al yo|c},
mftA], 12 A= Realtime PCRe| AT A®, AoiddF = 714 #PRS o]-85to] TF%‘}\]%M]A'] ThiE] 1 Q= S7hgEel A

(0]
ul

A U 5§84 W71E AR 9582 A(Bos taurus), SHA1(Sus scrof), S(Gallus gallus)O1H, Aol A Tolel= A
7] 1271, =jA)227] 570, SaL7] 771 AlE-e FHlsto] 2Aol ARSIt $71a-8 B7175-2 flaf 1271 ERi=o] j1R@7H), &
AAFH237W), GZRIR7), HElRTAA), B A7) 5 52709 AFS Fojste] Ao ARt 2% DNAE
NanoDrop ND-1000 spectrophotometer (Thermo, USA)Z S4E5 S50 5= 151311, A% 5= 2 54 & Real-
time PCRS A AISHATH

2. 71E] M=, DNA =& I A&
Hetgol o 3RS B1oH] 95, ESS) 4, 544, H3715 5 gH e Wehlol A8 7hgEe) 7k R Tejd
70°CollA] 3087 AA2l5i9ick DNA 3575 3kl 9 142 ARt e e AF8a1glon], 71 ol $2% DNA
o) #4232 AYSIIA 44 S22 5)4J3}e] Realtime PCRE AIAISISICE.
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3. Primer 47

Z £0]/J primer+= Clustal W version 2.1 program (Larkin et al., 2007)2 AF8-5F2 NCBI GenBank database©l| 4] Al5-<
7} 2] mtDNA (D-loop, Cytochrome b)2] 7141€S- Primer3 program (Untergasser et al., 2012)S 53l A3t 5 0|85
Atk Realtime PCR annealing &= *}0] & 2] ASIA|I7|HA] 22} th2 7|2 SEE T2 A (Accession No. NC_006853.1),

B2 Sl Waolck. §71 ol 223 DNAL Theret 220] HAolA] Qi el o] Qjake = Ajhe,
A E 742 A| Lpehcbe DNA B Sof afe} 24 g702fo] 22 o 27h et} ) o] ejat 2414 & 75k Zlo] Housekeeping
gene ALS3F PCR o]l (Soares, etal, 2013), 8744 U 7440 2 W) 153 WSHS 2 Hlofslal B2 8215 A
7] 0 2 Thoket A7 Hofo Abg =] Ik Balli et al., 2009). Tehd, £ A7 Koh 5(2013)9) 9478 Fste] 2, 5

j=}
], 2] A7|1ME-g Clustal W version 212 A3t 5 354 H-2 Ztol A5 11, Real-time PCROl AFS-# primere] A&
= Table 1of] LfeRT
Table 1. Information of species-specific PCR primers and 18S rRNA using in this study.
Type Species  Gene Primer Sequences (5—3) Amplicon size (bp)
T Cattle Cytb F : CCA TAT ATC ACC ATC GGA CAA CTA 387
R GGT CTG TGT ATG GGC GTG TT
Pig Cyt-b F: TAT TCG CTA TCT ACA TGC AAA CG 249
R ACG AGG TCT GTT CCG ATA TAA GG
Chicken D-loop F : CCA CAT TTC TCC CAA TGT CC 721
R : TAT GTC CGA CAA GCATTC AC
H Cattle Mitochondrial ~ F: GAC CTC GAT GTT GGA TCA GG 152
18S rRNA
Pig R : CTC CTA GTA CGA AAG GA
Chicken
"Target primer.
“Housekeeping gene.

4, Real-time PCR 82l 5l Ht2 x4

A=283} 871-E2] Realtime PCR2 iQ SYBR Green Supermix (Bio-Rad Laboratories, Hercules, CA)Z- ©]-85}%Ict. Bio-
radollA A& = A Ao what Bhg-ol- S 2AJ51 3, Final volume2 10 plo]th. PCR ¥H8-271-2 95°Col|A] 327t denaturation
S AASH =S 95l 95°CollA] 1027t denaturation, 61°COllA] 7527t annealing, 72°CollA] 3027t extensiong 28%] HHe-
stom, 60~95°CellA 0.5°CH 0.05% 2t°]Z melting curve ¥4 435t S22 CFX 98 instrument (Bio-Rad
Laboratories, Hercules, CA)E- ©]-85}%1. 2.1, negative control: primerttc} 5~ =| ik,

5. "

Bustin 5(2009°] 2J3H2 2 34 standard curve)& F5517] 1) A} AR 2A0) A RS 52U R3O
2 RHgolof kL 4e AFNL THE7] ekt o /) ol S RS TEo] Sustzia Adalgirh & ATt
A2 310] 843101, 108] v sto] 7| Zsleich

}1_‘
e

N
=2
T
®
=
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:

6. MCHEZ
£0]2|Ql PCR 5-F AtE=2 I Fof| Y &83 715-501 2+ housekeeping primer®} target primer”} 4-8- Ctgk2- Hl
WSH= AAC(K) WS 0|83l 2 sampleo] that -2k 2 8(2200)S 215t THLivak and Schmittgen, 2001).
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&, =7, 2] 938 Realtime PCR 23} Target primere] So]42 &1 4= ItHTable 2). 2 359 cycle
quantification (Cq)Ztol A& 16.09, HIA= 1541, B2 16242 UERFOH, Primer £0]42 #91517] 913t melting
temperature (TM)+= 4 80.5°C, =1A] 81°C, & 85.5°C2 L}EFHTE. Target primerE AH8-9t Real-time PCROIA &= thE 3}
PRS0 o] gtor, Fof uef §olA o g FHE 213 2RIg 4= QU3lth

Table 2. Species specificity results of raw meat using Real-time PCR.

Species Cq’ ™"
Cattle 16.09 80.5
Pig 1541 81
Chicken 16.24 85.5
YCycle quantification.
“Melting temperature.

2.71g8= A=

Urtd o 2 S7F3E AR Al A 882 DXE] Y2 71X B2 DNA 50| ofg}go] weth 2 Aoi= AesS B4
gt 5] 2% DNAE o|-85}o] Realtime PCROIA HE ¥HS /g2 A H3tHTable 3). 71 A}, §7F3-8ol A AFH
2, BjA], 9] DNA 552 A% 7F55130t). 29k =2l= 2o 0.1 ng/pl71A] AEE| 92, Cq 442 212} 25.3, 26.82% U E}

LB, G2 2 1 ng/ul7kA] HEE 0, Caakd 24.782 ERIE|0] A, 7|7t HEC A& &Eo] Hrhe Ze 2l
2> AUt} DNA “5=of] w2t 245 Cq ghol =7 Uehst=tl, 52 73-¢- amplicon size?} T Z-50f| H]sl] 7] wiZof]

i)

wk xCorlr

Cagle] o &7 U2 Zlo2 s,
Table 3. Detection limit results of cooked meat using Real-time PCR.

. DNA concentration (ng/u)
Species 10 1 0.1 0.01 NTC
Cattle 17.5 20.64 25.3 N/A” N/A
Pig 17.17 20.89 26.82 N/A N/A
Chicken 20.16 24.78 N/A N/A N/A
YNo Template Control.
“No Amplification.

3. it A

FEE A (standard curveye 7551|918l 2+ F3Fo0ll w2t 2% DNA 555 200, 100, 75, 50, 25, 10, 1, 0.1 ng/ul® -
ato] A5, AR S AASIITt SR 103] RHEsto] eFEAs Cq B ettt EEHAE ERIst{THTable 4).
4.9} BRe DNAQ] w7} 7h4 8k Cqgtol At 27151910, =lz|ol A DNA 5% 50 ng/uloll A 7+43519{cH} 10 ng/uel
A 7P 3A 7kl AL A1) S0 2 Aaloas BE skolA 5ol Coitol 7P =tk 22 Elsiict.
Table 5= S7}g-E0j M &3 DNAS] %2 20, 10, 1, 0.1 ng/ulZ 34} & 18S rRNA primer 37}5l0] Realtime PCRS &
8l A re BAR 23S vehd Zlo]th Table 58 A EH, A SiA]E HEE 4 Q& 3= 0.1 ng/ulo]H, 22 2o 1
ng/W7HAQ] 2 RIS P Ao BTt n7 A 2 BE 3504 DNA 5571 A= Caghol 3715H3it
59l HE DNA 5Eolli 4717 Whe Caghe 7H o, Hol 7 =2 Caghs 7H 21 ERIstltt. o & B3l def& o

2555 WA 9 o4 $743 801N DNA 3231 % Aldlo] 7153t 7o 2 sk
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Table 4. Cycle quantification mean of target primer 10 replication on the Real-time PCR.

Species DNA concentration (ng/u)

200 100 75 50 25 10 1 0.1
Cattle 14.36+4.37 15.66+0.76 16.18+0.14 16.5£0.38 16.71£0.3 18.07%£0.43 20.92+0.23 25.75+0.96
Pig 12.98+0.29 14.64+0.22 16.27+0.33 15.46+0.35 15.33+0.26 19.26+0.31 24.08+0.25 27.8+0.35

Chicken 14.53+£1.60 17.64£0.30 17.85+0.22 18.81+0.37 20.84+0.71 21.81+1.51 23.48+0.72 28.72+0.86
Mean and standard deviation of Cycle quantification values according to DNA concentration are shown.

Table 5. Results of 18S rRNA gene primer in processed meat using Real-time PCR.

Gpeites DNA concentration (ng/uf)

20 10 1 0.1
Cattle 15.90 17.47 20.10 24.01
Pig 17.86 21.44 23.60 27.61
Chicken 24.63 25.60 27.88 N/Az

“No amplification.

4. |IISEDNAZE

5&FE TRt 52719 871852 Realtime PCR w412 AAISIIL, A5H #7115 ARSS #7582 1S 4 %MEP.
Bfeol AlEiRol uhe AR 3715 AlF2] 45 Table 60l UERT EE £718-80lA At =jzl= #2711 A& 1
HEEUTE 5] 49 2lE Z710lls AT, JllollA] 23} 5K, A x[ofl M 28, 6, 169, EZH|ofl A 1t 4o =2 7H
AlEolM HEo] =g oH, 7)ol AR HEEA] 2 A2 W 7Y 7R o= SRlE|Qirk AlZAPE R 23S e % 12
7he] AzARR TREE AL, AXRM 174, CALllA 270, DAYIA] 17H, GARIlA 271, KA 17H= ZR1=| ik

Table 6. Number of products from companies with suspected ingredients.

No. Company Number of sample Products with suspected ingredients
1 A 7 1
2 B 8
3 C 3 2
4 D 12 1
5 E 5
6 F 1
7 G 10 2
8 H 2
9 I 1
10 J 1
11 K 1 1
12 L 1

Count 52 7

AFE S ol A BE I AE2] Cars tidstod starhng quantification (SQ)Zt& F4¢ 4= 3o, o] = E3j
%5 DNAS] &g 758 4= et 7)ol thsh 225 AlEQl 3l 29, 51, A2 26, 67, 1681, Gz 181, 481, 71 3l 70|
oish ZpASH J 2 9 B4 23S Table 701 LFERSCE

3 2%, 581, AA|A] 29, 68, 168, 2] 19, 4512 5] 22 n] 7|5t Al Zo| A8t 2ASH AntE B Ho| HEH 2

Qlo

golst 4= 9ltt. 7} §71g-=of wh2 18S rRNA Cq 7h2 B 17.36202 WOﬂ 2 KA 30 DNAZF Y= AS 4 49
™, SQ BollA= = Y =5-29] DNA ol 45| =] et ¥, m| 32719 5] Cqol 42 B+t 23.07= 45| 2 4
9] DNA7} &gl o] Ql= 218 SRlsielnt. 1)1 20acigre: /gﬂ%ifﬂ, F 4580] B dEg T v E Y8
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59 TAE0| 43| W2 A EAE 4 3tk 01—3— &9l e B7]0l Gt Qe AlE Bl ke 7}7“ A2 =4
ol Edo] AT, o e %kol Hee Zﬂ 2 HjojeA oz ghiE 7hs/d = Jltke A #1513t Koh 5(2013)9] 2

17414 AZjo] A2 =|2] o} FtofEo] Tt Zolut el 7 le 55 AH8s
U= =Qjolgta FPQ@PEL °l°ﬂ w2 AlSA50] o= Hloe S9ls A S xS F &8
= S wf 3-o)A 2fo]7} g2 7SS the =i2] DNACY & DNAE 100 ~ 0.1%7HA] &3t & Cq ke Bl
o} H|Q =4 =25 1%kl 7PY5El 21, 1009% Al =2k cycle 47} 4 cycle oWk o] =2 29]oj2kal HQtl 6 cycle
ol/golet H|oj 2] ZRlol2fal o dsiitt. & Atolli= HEH|F-E Al2leh S7FsFollA= Bt 7.6 cycle o)/ &bo| 7} &t
o, §ZH]| &= 9F3 3cycle A7} 2ol 7t 7S ERI5IGILE o] & B3l WH|F= o)A EQ]o 2 ojAlgt 4> QloLt HhE
AR AHS F7foto] HEsh 2ats &R1g = o7} Qlokal ALsHrt.

=
g
2
I
4 2 Lo
z
o i

ofm sk
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Table 7. Processed meat results with suspected labeled ingredients using Real-time PCR.

. 18S rRNA Cq 288c0
Sample Species Contents(%) Gq" Mean Y- D SQ’ Mean Nean D
Ham 2 Cattle
Pig 91.35 15.87 16.29 0.31 60 1.04 0.64
Chicken 23.32 0.97 2.26 0.005 0.003
Ham 5 Cattle
Pig 91.74 15.21 16.16 0.57 111 1.53 2.75
Chicken 24.03 0.18 1.44 0.01 0.01
Sausage2  Cattle
Pig 85.79 16.15 14.54 0.58 119.6 2.29 0.58
Chicken 21.31 0.48 12.2 0.011 0.005
Sausage 6 Cattle
Pig 84.95 16.33 l6.1 0.28 24.04 0.9 0.3
Chicken 23.3 1.23 0.723 0.001 0.0004
Sausage 16  Cattle
Pig 90 17.53 16.8 0.52 80.02 2.62 1
Chicken 25.94 0.91 2.88 0.001 0.001
Tteokgalbi 1 Cattle 33.43 21.56 0.37 0.406 0.029 0.0195
Pig 50.35 17.71 19.16 0.54 33.47 0.67 0.56
Chicken 21.85 0.25 10.88 0.03 0.01
Tteokgalbi 4 Cattle
Pig 76.24 16.58 18.73 1.81 3341 0.48 0.37
Chicken 21.79 0.12 10.69 0.02 0.002
Canham7 Cattle
Pig 28.8 23.5 25.95 0.12 1.5 0.23 0.04
Chicken 58
“Cycle quantification.
*Standard deviation.
YStarting quantity.

“Gene expression rate using relative quantification.

20 3 71 547, So] F7|EISLAIE, ShAI8t 2 EI9ITk. 748 ol DNA 0] ABakA] QAL 2 7h3AEe] 494
HEDAMEES 02} 5p7) 918} AT BAOE PAM ZARS B 7RSAE Gt o) WA Bo] BT of hot v
of o] 23} oflLix| 2 Aol 41 A1E] 74 DNA 727t shwe| 3 olet S Alo] EELTIEI, WAl 5 PCR Ae2850] 4
Kol A1 Fol A wlof Lhehdt a2 BeHEIckYoon, 2014). T §7H5ES A28 1) 247} of = 9|2 ol §aher|
F71517] ghom ofie] FUskA| E3E| ATk sl = DNA 33 A] A, 2o e} mtDNA o] T2 B 2 = 2jo]7} 9l
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£ 7102 L Ballin 54(2009)2 HaFEAol|A= g0 9= single-copy genomic DNAE: 0|-85t0] 4314 of /A=
skt HSoITh ShARE e 5 @) thE 2 AollA FEE= DNA & B8t 2jo]7F U7 wizol the #9171 871
Eo|| 23HEtH Aeket E51]8-2 & 4 glok B %9l 1 (Laube et al., 2007), 2| 87 23%0]| 2ol= Bl Asts| g1l
I AR AT 270N 71E8E 27| o] 85to] EE A o FAIRHH 71 SRR T AAIA 0 2= of - A
o]tHPrado et al., 2009). 4] & Aol ZAZE DNA B2 2E Y87} 280|2k= 7H4slol A4S AS 42918 7o

ol 472 E3to] $71E-EIG T AP nbo] 28 7154 S Helalglon, & 555 52h0) $715ES Y O2 Real

time PCR2 4343t Atz 70 9 7812 A|efstal 7] Awo] L+ =0

[¢)

/1% 4 =S Sk PV WL Ao AR E
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