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Species Identification of Mixed Meat using DNA Method

Sakiko NAGAO*, Takayuki KATAYAMA*, Toru FUIIMURA*, Tomoki SAEGUSA**
*Kobe Customs Laboratory
12-1, Shinko-cho, Chuo-ku, Kobe, Hyogo 650-0041 Japan
**Central Customs Laboratory, Ministry of Finance
6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882, Japann

Methods generally used to identify the species of meat include the base sequence analysis of DNA , amino acid

composition analysis, fatty acid composition analysis and protein analysis. For the species identification of mixed meat,

however, none of these methods works satisfactorily and analysis is almost impossible. Therefore, we studied to identify the

species of mixed meat and quantify the composition ratio of mixed meat using PCR method. As a result, we could identify

the species of mixed meat consists of beef, pork and chicken. By using an enzyme capable of reacting quickly with PCR, the

time required for PCR was reduced to about 30 minutes. Furthermore the species of meat in mixture of five species (beef,

pork, chicken, mutton and horse meat) and commercial meat products could be identified. As for the determination of

composition ratios of mixed meat, a correlation was found between the weight ratios of meat in mixtures of two of beef,

pork and chicken and the intensity ratios of band using electrophoresis method.
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ZOHRTHBAZRAR L bORMARENRLZN Y, . B
WRELEL O 5 B, FRETIIRAZEET 5 H O BIASED
IMERICH 5, BAGFERCRBWNT, FREZIIKAZEE TS
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2. 3 EBAEK
2. 3. 1 DNA#iH

NP-40 buffer (140 mM NaCl, 1.5 mM MgCl,, 100 mM Tris-HCI,
0.5 % NP-40, pH8.5) % 70ulfizx7215ml =y X L T7F =
— A | mm AREEZRE L%, BELE L NI E BT
BWUNFIZH v b LTz, T OBEHATRIZ Cell lysis SDS buffer (1.2 %
SDS, 12 mM EDTA, 120 mM NaCl) % 500x1 & 10 mg/ml ®
Proteinase K % 1011 N2 T, 55°CC 2 WMIpUE &8, Mk %58
BUTHREL, ML, ZOMEERE 7 =/ —L - ZaakiL
DR N4 ) — VYRR CHRESRL L 100 11 O TE buffer (¥ L,
DNA #BHE & L7,

2. 3. 2 PCRBIEEYOREESIDHES

B —PFED S L7 template DNA Z VW C O I k= K
U7 DNA O cytochrome b #5742 % & TeEIIZ OV C, PCR
FEIC XY BIEEIT- 72, 5507z PCR FEW% QlAquick PCR
Purification Kit (Z X ¥ }E# L, BigDye Cycle Sequencing Kit Ver3.1
ZRWTHA I N = D AR EAT o Tt =4 7 — N IEERIC
KO RRIGAFEZIRE L, FHERSIMITIEEIZ J Y PCR FEHONE
HRF B RE LT,

WD k= Y7 DNA @ cytochrome b fEI DL 1% &
FlT, ER R POHEERNERD L IIRFF SN T TA ~
—V% Table 1 \IIRY, ZNHDOT T4 ~—%HNT, H—HHE)»
b LEE L AR DEAEIC L 0 5 57z PCR FEEMIZ SV THEERRA
EPTE LT,

Table 1 List of primers used in this study

Code Direction Sequences ( from 5’to 3%)
Forward Forward GACCTCCCAGCTCCATCAAACATCTCATCTTGATGAAA
Beef Reverse CTAGAAAAGTGTAAGACCCGTAATATAAG
Pork Reverse GCTGATAGTAGATTTGTGATGACCGTA
Chicken Reverse AAGATACAGATGAAGAAGAATGAGGCG
Mutton Reverse CTATGAATGCTGTGGCTATTGTCGCA
Horse Reverse CTCAGATTCACTCGACGAGGGTAGTA

2. 3. 3 PCREIZKZESAHADRELIZ
2. 3. 3 (1) % BRUBOHE—RA. 2EEAARY
IFEREEA

PCR FUGIZWS 77 A ~—{%, Table 1 12T b D% HW e,
R KA, BRI OB —E7TREER OEN T O PCR SUSTER
I, template DNA : 10~50 ng, Ex-Taq buffer : 5 u 1, dNTP mixture
(25 mM each) : 4ul, 74U — N7 Z A <— : 15pmol LTrY /3
— 277 A ~— (beef: 15 pmol, pork : 3 pmol, chicken : 25 pmol),
Ex-Taq: 1.0 Units, ##/K (G550 1IZHRE) & L7z, PCR X
JE, 94°C - 5 3 OFIHINEM% | denature : 94°C + 30 £, annealing :
60°C + 1747, extension : 72°C - 1 53% 1 -1 7 /L& LT 30 [Flffk

DKL, 72°C - 5 3 DFMETITo 72, F 54172 PCR EWE 3 %
TAE 7 # v =2 TEKKB TV, Ny FEEZMHER L,
2. 8. 83 (2) # K B FRUBDSEEREK

L KA, B, FRROEBRO 5 FliRA KO PCR SOGH
RIZEB T BT T A ~—MkiX, 74— RK7ZA~— :15pmol

P o> PRI

KOY N—RTFF A ~<— (beef: 8 pmol, pork : 2 pmol, chicken :

16 pmol, mutton : 4 pmol, horse : 2 pmol) & L7z, 7T A ~—LL

A3 PCR JUSERHAARL S OSSR Set1% 2.3.3(1) & [RIkk & LTz,
2. 3. 4 BEPCRRICABRZAL:PCREAIZLSH.

BRUBO IFEESHDOAEDHIA

PCR SIZHWD 7T A4 ~—I%, 233 LRERO LD E AW,
PCR XII&HRIL. template DNA : 10~50 ng, 10X Fast Buffer I : 5
wl, dNTP mixture (25 mM each) : 4ul, 74V —RT T4 ~— :
15pmol KN /N—A7F A ~— (beef : 15 pmol, pork : 3 pmol,
chicken : 25 pmol), Speed STAR polymerase : 1.25 Units, J&#/K (&
FH50u LIZHERY) & L7z, PCRBUGHE, 94°C « 1 53 DRIHIINEL |
denature : 94 °C - 5 F), annealing : 60°C « 20 b, extension : 72°C * 5
b 1A 7L LT 30 [l D I G T1T 572, 572 PCR
FEM% 3% TAE 7 4 0 — A CEKIKEN ZATV NV FRAHER u‘:o
2. 3. 5 & BRUBOEEAPICEFNIERIEDE

PCR SRR I, template DNA : 10~50 ng, Ex-Taq buffer : 512 1,
dNTP mixture (25 mM each) : 4 u 1, 7 + 7 — K77 A <=— : 10 pmol
KO N—R2TFF A < —(pork : 1.5 pmol, chicken : 30 pmol) F7=I%
(beef : 15 pmol, pork : 1.5 pmol) F 7z1%(beef : 6 pmol, chicken : 15
pmol), Ex-Taq : 1.0 Units, JRFE/K (G750 1IZHRE) & L7,
PCR %, 94 °C - 5 53 OYINEG% ., denature : 94°C - 30 £,
annealing : 60°C + 143, extension: 72°C + 1 ;3% 1 A 7L LT
28 [l W L, 72°C » 5 53D TIT o 72, 15 b7z PCR #EY %
3% TAE 7 0 — A CEXIKENI ZITV, WHRMTIEE T/ R
DI FRHT LTz,

3. 1 DNA##H

H—R L NEEGHD 5. 23.1 DFEIZ LY DNA %4572 (data not
shown), Z ®Ofh DNA % PCR @ template DNA & L CHWS Z
i e By

3. 2 PCREiRENDEEES| DA

K-WFED> 515 D47 cytochrome b i#{5 1% & T o583k PCR FEY)
ZRAWT, £RWFED cytochrome b #fs 1-ZP7E L7z (data not
shown) Wi L= ¥ 2% % . DDBJ (DNA Data Bank of Japan)

—H AR 2B SN TV DK PTED cytochrome b i85 7O
%EE&"'T—ﬁ' WL A IEE LT, 2O END,
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Table 1 DT'T A <—ZHWT, FAFEN G572 PCR EY
DOHEE S % Figl ¥, WELEBEEREIITWT D
cytochrome b IR FHDOEATERTH 5 Z & AR TE ALK,
B E ROB ORI, Z4E 11 274bp, 398bp. 227bp. 331bp.
439bp Th o Tz,

Table | DT A ~—% T PCR pEMIL, WFEZ &2y
RENRIRD Z b, Ny FRIZE - TREDHBIAFTRE T H
5, FLINGDT T A = — I THFFRAYIZ PCRVEIZ K 5 HEHEAY AT
RECToH 572, 1Bl PCR [k CEFERINFIZ IR rTRE e~ LT
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Ly 7 APCRIBIFIHTE D EE26ND, EDZ b, =
NF Ty 7 APCRIEZHIRAHROENE - ERICAND Z & & L,

Forward primer

P
Beef ATTCGAMGTGDDACCOADTMTAMMTTGTAAAD‘MTGDATTOAT ADDITDDAGDODDMCAAAWTTTDATOATGATGM TTDGGTTODCTGDTGGGMTCTGODIM
Pork AC, [ C. 3
Chicken T MA TC AD Df G M7 DT CC.A C C. C.TGT. C AT A C G. C
Mutton G AA C. T.C T T £.T..Cc.T 3 A
Horse C Bk T T CAC TCCTT.T 1 A C Ic. C. A

GAACTACGGCTGAATCATCCO

Beef TCCTAGAMA TTCCT AGCAA TACAGTACA AGCATTCTCCTCTATTA
Pork 1.6 A Byl A Tocvrokdl s pbo B AT
Chicken . GACC. c. CA....C.0 GA T.G0T....C. G.AG...CCL. . .GA. . ACA .
lutton TM...6.T.A T..GT A C.T AT T
Horse [ TA G Ksiia Qv T sk oo B T T Beasi Lol

Beel reverse primer
Beef ATMATADAOGDMADGGAGOTTDMTGTTTTTTAIETGDTIATATAIGDADETAGGwﬁAﬁﬁmﬂmﬁmMﬂﬂmMmMm
Pork. T A.C C. Bl 0.0 c. C. C. C. G.
Chicken  GA TC.C. CT. AC C....C.
Mutton T G A A C..T i C. C.
Horse C..CC.T.C T C..CC.C
Chicken reverse primer
AT T

AAG......C.....C.0A
G..0.
ALC...0 [ A

Beet oTTeTaeT
Pork AALT.C.T...A 6.6
Chicken  ..C.C.__0C Ry 6.0.0 T A AL To6T
Nutton CATGTIT .1 (4 Tosagon Tl
Horse ALTI T [ o.T Gz T.e
Gfon Teverse primer

GAGOCGOAT mmummmnmﬁmmmommmnmcﬂmmommco
Pork G c [ A
S ccc N G....00 Ko GDA Tt
Mutton 64 Tl TGlT G TG GC... 6C.C.

Horse Tomc T c. Tois c.c Aoc C..CC0TA

Horse reverse primer

Beef GDAIIAAATI

Fig. 1 Partial sequences of cytochrome b gene extracted from beef, pork, chicken,
mutton and horse meat, respectively. Open boxes indicate locations of
primers.
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& WROHRIRFRE TdH > 72, PCR USNIEKT DT T A ~—IZ
SONWTIE, ZNENOREERRO /S RONTRE NSRRI D
Lo, BERE 7+ —RKTFA4~— % 15pmol, UV "—R7
Z A ~—7% beef: 15 pmol, pork : 3 pmol, chicken : 25 pmol & L7,
TROFEF A ORI LA (T — FR—b, N R—F m—
NF YY) ZNWZwLF T Ly 7 A PCRIEIZL D PCR FEW
DOEBEKIKEFERZ Fig3 [ RT, BMOMNTRREBVICERT
LHFEDHBINATRETH o 72,
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Fig. 2 3% agarose gel electrophoresis of PCR products stained with ethidium
bromide.
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Fig. 3 3% agarose gel electrophoresis of PCR products of meat products stained
with ethidium bromide. M: Meat ball, H: Hamburger, R: Roll cabbage.

3. 3. 2 4 K B ¥FRUBEDOSERAK

LR B ERVBEO SERGRICOWT, v A F Ty
A PCRIEIZ &L % PCR PEM) OEBEX KB R A Figd (-9, 5 R
BHEIZONWTS 5 KONV FEERTE, S FEMRGSNZHO
HHBIFIEETH o7, 5 FRGWITISIT D PCR RIGNEIR H 0D i
RTTA ~—DREIF, 74V — KT TA~—% 15 pmol, V
IN—RTZ A < —% beef: 8 pmol. pork : 2 pmol, chicken : 16 pmol,
mutton : 4 pmol, horse:2pmol & L7, LN L, SADOTF T A ~—
ERWDHE, T4 ~<—0 Tm (melting temperature) DEV VA
IR &0 | FERRRI RN ROFARS, BNET 5P CREY
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Fig. 4 3% agarose gel electrophoresis of PCR products stained with ethidium
bromide.

3. 4 BEPCRRICHAERZRALV:-PCREIZLSF. KRV
B0 3 EEEAOREHFI
fEf PCR AIZBA%E & 417= SpeedSTAR HS DNA Polymerase (L4 T
SpeedSTAR LM53) M= PCR IEICE D, 4. KEOHED 3
FERAPIZ DWW T OBRUKENG R % Fig.s (3, @%@ PCR ik
THEALTWD Ex-Taq AWV 7854 (Fig2) ST 5L, A
¥ EAHBETIEZRVWE OO, 3 FORREHRON Y RERSIZK
BT X, SpeedSTAR 14 3 R AW OWREHBNCFIHATE 5 2 &2

IR T &, WO PCRIEIZ, £ 2 RO RS 2 LB & 5
73, SpeedSTAR # 5 Z & T30 MM AT, H
BTG TE D LB X bivd,
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Fig. 5 3% agarose gel electrophoresis of PCR products amplified with
SpeedSTAR HS DNA Polymerase.
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DEHMTDZERHLWEEZOND, T3, 37 LLEORE
EIS T, RAEEOER &NV ROYERE I B/
BEAE L, IRAHIGEMEETE S EEZ LN,

5
¥
&

N

Red

~ 4
ngr\f"w»f?g%’@‘r\’?’@’q-\

500bp—>

300bp—» +—Pork

<—Chicken

500bp—>
300bp—>

<+—Pork
<—Beef

500bp—>
3006p $F=Chicken

Beef

Fig. 6 3% agarose gel electrophoresis of PCR products of meat with 9 mixture
ratios. The three pictures show mixed meat consisting of pork and chicken,
pork and beef, and beef and chicken, respectively
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Fig. 7 Relationship between intensity ratio of each band and weight ratio of
mixed meat. The three figures show mixed meat consisting of pork and
chicken, pork and beef, and beef and chicken, respectively.
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DI, K, . EROVEO 5 FRRA RIS OV T B [AERIC PCR
EIZE D HBIRARE CH o7z, FT2F. BKEOEHO 3 FERARIC
DN, Eif PCR AR U A T —+F SpeedSTAR % IV TRKRIZAT
ST AER, ARHIBIAFRECTH o 72,

WIZH, R OEOIRA W ORERLEIA O EBIZ OV TR L7z
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X
D v, SR, RIS, R, AR CSEEMRINET, (1979), FAEE)

2) HAHEGFE (2005)

3) kaokEENE, SEENETL, IHENE—, Bkt A F 7Ly 7 X PCRIEIC K D BEAKOERRGORTERER], HARSMBIE T PR, #

46 %, 35, 187~194, (1999)
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