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Rapid Identification of Cow and Goat Milk in Milk Products Using
a Duplex PCR Technique

Seung-Bae Lee* and Suk Ho Choi
Division of Animal Resources and Life Science, Sangji University, Gangwon 220-702, Korea

Abstract

A duplex PCR technique was applied for specific identification of cow and goat milk in milk products by using primers
targeting the mitochondrial 12S rRNA gene. Duplex PCR using primers specific for cow and goat generated specific frag-
ments of 223bp and 326bp from cow and goat milk DNA, respectively. Duplex PCR was applied to 15 milk products pur-
chased from the market to verify label statements. The labeling statements of four market milk products, three yoghurt
products, and one whole milk powder product were confirmed in the duplex PCR. The labeling statements of five of seven
infant milk powder products were also confirmed by duplex PCR but the other two products were shown to be contaminated
with either cow or goat milk. The proposed duplex PCR provides a rapid and sensitive approach to detection of as little as
0.1% cow milk in goat milk and one-step detection of cow or goat milk in milk products.
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HO 2+ capillary electrophoresistMolina et al., 1999), 2-
dimensional electrophoresis(Chianese et al., 1990), isoelec-
tric focusing B (Addeo et al., 1990)°] o, 1 ¢ H
J8129] ELISA(Anguita et al., 1996; Haza et al., 1997)
W AgrtEES o83k HPLC(De Noni et al.,
1996) WH® ¢ WHOE HriEa ik a2y |
stz Wgolu A7g e o2 7k 240 &%

i)
ofr

ek =

p
o

fr o
% of

A AFols AP G ek ohlet G Hel@ A
7ol A5 NPt "ol o] BAL o k.

b oo
e

=
azekEels e wEeol Bol Solke A
| @07 =Hojdt}(Branciari et al., 2000).

A2 7513 Pl PR WHle] 4ol 7|95k 9
53], SAFNN A 2SSk M 2y
Al AH&-ETHChikuni et al., 1994; Koh et al., 1998;
Rodriguez et al., 2003). 1&uU A& thir= vl
Aol dort o] A FAAZA U AMZH
7ol FAEYS Bo) 7HXa glomg Ho o]& A

o

ENY

= =

ar



648 Korean J. Food Sci. Ani. Resour., Vol. 29, No. 5 (2009)

AEZ2] DNA Al§E PCRE ARSEIAN FFAIZ & F5
ZAsR= ARg-3ka UtHAmills et al., 1997; Maudet and
Taberlet, 2001).

S 7Hsk=T universa primer
< 7HFAaL PCR-RFLP ® “d% ARESE] oF, AR, A&9] A}
oI5} 29} WBze] AfolE TWHe Aol TFsabAl B
THMeyer et al., 1995). it AR &l = e
HE37] sl 578 primers AH8-3t] simplex PCRE &
/\] 3F E}(Lopez-CaIIejaet al., 2004). EA=EE}x| Zof AL
ot MEERZS F43=1 duplex PCR YWHHS A}
%o}gigtrl (Rea et al., 2001), oF3lo g whE X = o) &
de 5= A=3=dl duplex PCRo] ARE-E itk Mafra
et al., 2004). Bottero 5(2003)2 A, &F 2 AFF primers-
7FA 3L multiplex PCRE- ©o]-&3te] 53 X2l AR
H R FRE FAskH AT 2 FRE S
H3l7] Y&l 583 primerS 7HX]aL simplex PCR, duplex
PCR ¥ multiplex PCRS A3l EX=E 3= £ &
Al ARgSkAL lom, FddAe 53], AFHAIE

o] EYEE 42 4 A7} Bol glor} o
= 719 gl= AAo|o
meba = §AE ol EAjske Ak} 42

=83
Aol Al ol87Fsde 4
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DNA =&

A EZHE] DNAS] 5L Lopez-Calga 5(2004)°] A
A el wekel oheat gol AAlsknt AAE A
z gHLS 015M N-[2-acetamidol-2-iminodiacetic acid
(ADA)], 0.5%(w/v) Triton X-100 2 0.01%(w/v) polysty-
rene paticles(size 0.787; Bangs laboratories, Inc., Fishers,

IN)E Mol WFE T AlF 1mLol] AAME A 05mL
S ¥ 15000g= 533 Y41E-2](Eppendorf Centrifuge
54150)% ¥ 3ol She 2RF Asoe ARSI

A9 pellet] 860uL 5= (pH8.0; 10mM Tris, 150
mM NaCl, 2mM EDTA, 1% SDS), 100uL 5M guani-

dine hydrochloride, 40 uL proteinase K(20 mg/mL)S %
3, AlREE 60rpme.Z 55°CollA overnight AZith A&
= ALoX Yz F chloroform 500 ul-S- %3l 13,000
rpme.Z 1087 G4l o3 A5 500 uLbS Wizard
genomic DNA purification kit(Promega)S A5} DNA
Z AAHt AAE DNAS 100puL BFEHFTE 34
3 3 260 nm(Ultrospec 2000, Pharmacia Biotech)ol] A

AtEst primer

A9 Eo)X nlFZ= Lopez-Cdlga 5(2004)°] | A3
2] 12S rRNA9] 9|3 223 bp DNA TS PCRZ &
Z317] 93t 12SM-FW(5-CTAGAGGAGCCTGITC-
TATAATCGATAA-3), 12SBT-RV(5-TGGTTTCATAATAAC-
TTTCGCGCT-3)Z primer2 ARS8}l AFkf Eo)A
n}7] 2% Bottero 5-(2003)0] AAIEF ko] 12S rRNA -4
Aol $]xE+ 326bp DNA TS PCRE ZX3}7] 94l
Sense 144(5-CGCCCTCCAAATCAATAAG-3), Antisense
469(5-AGTGTATCAGCTGCAGTAGGGTT-3)&
A&

primer=

Simplex PCR &It

PCR2 Accupower preMix(Bioneer, Korea)ell 100 ng
DNA templateE €31, &9] 7-9-= 10 pmol®] primer, A
Fel A9+ 15pmole] primer M7 § SHTFE W
HE 232 20uLE = TR PCR ZZ7](DNA Engine
Pelter Thermal cycler, Bio-Rad)Z WH3-A)ZiT}.

229 PCR 27L& 93°CollA] 2%-(1cyde), 93°CollA] 30,
63°Coll 4] 303, 72°CollA] 45%(40 cycle), 72°CollA] 527t
HRS-A)Z o1, Akake] PCR 2718 94°Col|A] 5i-(1 cycle),
94°Col| A 30%, 55°ColA] 1%, 72°ColA] 1%-(34 cycle),
72°Co| A 587 WESAIZ T PCR AHE-2 2% agarose gel
& AH83te] 100 VellA 603 F719ES St

Duplex PCR &ftH

skl Duplex PCRS 383}17] 13l A9 4hadol] ARE-
3} simplex PCR2] primers: FAlo] E5 AR5t} PCR
£ Accupower preMix(Bioneer, Korea)ol 49} /\FOEQ
primerS ZH2} 10 pmol®}t 15p molS ¥l Al5e] F/ol
w2} DNA template®] == 100-250 ng2 =74 o}oq 3
7V & ZR54E HE volume 20uLE § T PCR
ZZ7)(DNA Engine Pelter Thermal cycler, Bio-Rad)E ®+
SAAT PCREL 94°Coll 4 5E-(1 cycle), 94°Col|lA] 30
%, B5°CollA 1, 72°Col|A] 13(34 cycle), 72°Col|lA] 57
7+ WA T PCR AHE-& 2% agarose gelS /\F&S}Cﬁl
100 Vol A 607 27]9 %52 st
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B Ao AHgE 49 mEZE=go}l 12S rRNA -3
2 Z2ZA)17]7] Y3 primerE 12S-FWel 12S-REVE o]
g3to] Aol ol thsll smplex PCRS AAIEH 2
I AHrelA e ©o] YRR @Al S-froll ARt 223 bp
o] TS #HE 4 UUTHFig. 1). o]F A= B 4
oA AR &9 primert AFHfslale wARES-S &
2] a1 SFollATE SolF o=z REgst] FEATE 5
oS M AeZE B 4 Qo] &9 primee AR
o e & EAsked AHE 4 Utk Fig. 2= 4F
o] mEZgo} 12S rRNA FAAE SZE3f= primer
Q1 sense 1449} antisense 469 ©]-8-3te] AR -
ol thall smplex PCRS XIS Aakz LMol ARt 326 bp
o] W=y} AL o] A= B AP AFEE
el primer7t $-frolale WA SkA] @4l Ak
Froll ARl SolF o g wh3ste] FEATE Solds 7
AE & T ATk

Fig. 3& 4k primere} 429 primers B5 o83l $-
Fr, AbT B E8Hrell thste] duplex PCRS AAIEH 3
olt}. $-FollMe= & primerdt BH33le] 233bpe] f &

_>Ii

-
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Fig. 1. Specificity of simplex PCR with cow-specific primers
amplifying a 233 bp fragment of the cow 12S mito-
chondrial rRNA gene. Lanes 1, 2: goat milks, Lanes 3,
4: cow milks, Lane M: 100bp molecular size marker
(Bioneer).

M 1 2 3 4

—

Fig. 2. Specificity of simplex PCR of with goat-specific prim-
ers amplifying a 326 bp fragment of the goat 12S
mitochondrial rRNA gene. Lanes 1, 2: goat milks,
Lanes 3, 4: cow milks, Lane M: 100bp molecular size
marker (Bioneer).

ol/d W=yt #EE L, Aol Xe 4 primertt BRG-
sted 326 bpe] 4HF SolAd WhERE UERG O Sl
A= ARk primer}t 4 primer 2571 9H851e] 233 bpel
2:9] BolA Wl=9} 326 bpo| AFF Solid Wi=rt FAd
Uehd AL £ 4= Ak Fig 4= 2FF primers} 49
primers 25 o]8-ate] Aol -5 50%FH 0.1%
M2 £33 3 duplex PCRS AAEH Ao|th. Akakfo
F7F 01%7HA E8E 3lo] &#AEE As & 5 U
th. Duplex PCRE o]8-3t AlFel 5 &< 157 A%
off FAE AIET A fAlEel 288 A Al 4
N AF, AR Ul A, STE2ES I AFS A
B AR dAstFoY AT T AE T AT

M 1 2 3

-
-

Fig. 3. Duplex PCR of cow and goat milk with the cow- and
goat-specific primers. Lane 1. cow milk, Lane 2: goat
milk, Lane 3: cow and goat milk mixtures, Lane M:
100bp molecular size marker (Bioneer).
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Fig. 4. Duplex PCR of cow and goat milk with the cow- and
goat-specific primers. Lane 1: cow milk, Lane 2: goat
milk, Lane 3-8 : mixture cow/goat milk containing 50%,
20%, 10%, 1%, 0.5%, and 0.1% cow milk, respectively,
Lane M: 100 bp molecular size marker (Bioneer).

1 2 3 4 b 6 7 8

Fig. 5. Duplex PCR of commercial cow and goat milk powder
products with the cow- and goat-specific primers.
Lanes 1-3: goat milk infant formula powders A to C,
Lanes 4-7: cow milk infant formula powders A to D,
Lane 8: whole cow milk powder.
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Fig. 6. Duplex PCR of market milk and yoghurt products
with the cow- and goat- specific primers. Lanes 1, 2:
cow market milks A, B, Lanes 3, 4: cow yoghurts A, B,
Lanes 5, 6: goat market milks A, B, Lane 7: goat yoghurt.

Table 1. Results of duplex PCR performed on milk products

from market

Sample Label PCR result
cow market milk A cow cow
cow market milk B cow cow
cow yoghurt A cow cow
cow yoghurt B cow cow
goat market milk A goat goat
goat market milk B goat goat
goat yoghurt goat goat
goat milk infant formula powder A goat goat
goat milk infant formula powder B goat goat
goat milk infant formula powder C goat goat/cow
cow milk infant formula powder A cow cow
cow milk infant formula powder B cow cow
cow milk infant formula powder C cow cow/goat
cow milk infant formula powder D cow cow
whole cow milk powder cow cow

B Ul AlFolA SFATEE vehg o ZAlkeR:
T Ul AFIME A2 Yeldtia UH A 57
AEL TR YXEHTHFig. 5, 6, Table 1).

a
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AT 222 2L =X5=0 DNAE 7|22 =
WS H83la o 53] FE9 o FRE 14

3=t PCR-RFLP2} sequencings 913l PCR 3= 9
& primer® P|EZE=gokol 3 DNAS ARSSkaL ot
(Branciari et al., 2000). ¥3l= £ AHF o & F435)7]
935 smplex E=+= multiplex PCRoY S-°]A] primerg A
o8 Ag-3lal Uth(Rea et al., 2001). Simplex PCR
o Wl ghol A SR BYL FHE AT} A
5o} g}, 53], nlEZEe]o} DNAE @ DNART) 4
WHOR Ee EAMolES 2w lo] F1be] Aolrk 1t
£ gEdvol} Bol & TR ARE Zysken)
e AHE 7HAa tHUnsdd et al., 1995). FIEZE=
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ol FHFA Y AFo] dolurE WEZ=g|o} {7}
= 128 IRNATE §5 S4sk= B A2 AR
31 tH(Kocher et al., 1989).

AolMe o) AFHE HES] A8 29t 4F
ko]l mEE=g]o} 12S rRNA -34S ZSZ3= primer
£ AH8-3H duplex PCR S frAlEol 283ttt &
o] mEE=go} 12S rRNA FAASE ZE3= primers
ARgste] smplex PCRE AAIgH A3, 4~ primer®] 739
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Me SEE =7 JeERER] e3Stth(Fig. 1). Lopez-Callga
5(2004)S 12SM-FW/12SBT-RV primers o]&-8to] 9,
AT B el tidte] PCRE AT 2w}, 9ol A
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2ol x @ BajElmg2 & DNA @} 2+ DNA
DS AHgeRE Aol PCRE l83iA S5A171EH Ul
frelstiet.

B Ao duplex PCRS ©]-83le] ARkfoll S99
B 7= 01%7HA =43 A3(Fig. 4= Kotowiez 5
(2007)°] duplex PCRE- ©]-8-3te Aol E0e 9
= 1971R] 2343 A9} Rea 5(2001)°] duplex-PCRE
olg3t] HIAZELR A= /s HAh 1WA HAE
st Ao vlg) o] 574 T w2 lolEal A7
1, Lopez-Calga 5(2004)0] smplex PCRS o]-83}o] At
ol Ri7E 4121 AS- S A5, AT
$r(65°C, 30%), W-H-(120°C, 20%) =5 0.1%71A] &Y
H AL 343 Ao} 553 75 IREE 2= A
o7 B 4 It} Bottero 5(2003)0l &J&hA $-f-F Akek
f7F g9 AlEolA 7o) SATAAE 05%= AA|
3taL, A primerE o]83F PCRe] 7% 2149 S1F
A 7]995 4 H (EC regulation No. 1081/96)0.8 A3} 4=
9] 05%7HA] HIZEE Mo} Hlojw o7 Eoj7t )
AL Fo] Y 29 Sse ojHoka ®ast
2 Qlth. 9 Damasso 5(2004)S 0] Soi3t 2)Ed
A1 multiplex PCRES ARS-gF -5~ £317] primer2 S78%
T U = 0.004%e| WFE, & B =9 primer
o] 231 0.002%= K aakal ok wekx] PCRUH
oA FAIEL] ZAHIAAQ 0.1-1%= A% =3
2|1 0.002-0.004%K.t} *333] 27 Y= AL & &
ATt

Aol f5 2 197 AlFel BAE HAIFH 2kF
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I FARR T AFE T Il AFS FAEEL A}
ROyt AT U AEH AR U AE
o] AR} IAJeHA] &Il ARt f7F 29" A
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