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Abstract: According to the cases of common meat adulteration seen in the market, four kinds of adulteration models were built: mixed
beef-pork, mutton-pork, beef-duck, and mutton-duck by extracting genomic DNAs from fresh beef, mutton, pork, and duck and premixing them
at certain ratios. Through polymerase chain reaction (PCR) and sequence comparison using the universal primers COI-1 and COI-2, a COI
gene—based method was established to detect adulteration in foods of animal origin. According to the pure meat DNA extraction rate T obtained
from the experiment, the conversion of the adulteration ratio from the DNA level into the meat weight level was achieved. At the meat weight
level, COI-2 primers provided a relatively accurate detection, and the detection limits of beef-pork, mutton-pork, beef-duck, and mutton-duck
adulteration models were 5%, 8%, 1%, and 4%, respectively. The method was tested on 28 batches of collected meat product samples, and the
ingredients of 89% of the identified samples were consistent with those described on the product labels. As a simple, rapid, and effective
molecular identification approach, DNA barcoding can be directly applied to determine the animal species present in foods of animal origin and
to detect adulteration.
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PCR ¥4 Fr s H 519 & Bl PCR =45l 7 2)
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12 P&E5E%

Sigma 1-15pk A URESOHL, fEE Sigma A Fl;
BS-124S ik, b #E S HH A F]; NanoDrop
2000 fii &A% 5 ER I 5E A, £ [E Thermo 23 7] ; LX-100
FEAEOH, TTHFHMI/RAF; Powerpac™Basic
HIVK RS, EE{H A F]; Bio-rad ChemiDoc™™Mp 4=
e B g 248, R EHR AR S1000 thermal
cycler FEEF 364, EE{ARAT]

13 F&x

1.3.1 DNA &I

PHPEREA R ARMIREARIERZH DNA R 44U
[A1ZH DNA $EEUGR ST, (OFREL 30 mg AIFE
ft TEWFEE TS, FEN 2 mL B0, RSO
FERITNE . @B 4 uL RNase A (100 mg/mL),
W% 15s, =EFE S5 min, LLEBRIERNT RNA,
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@A 20 uL 1] Proteinase K #1200 uL [IZLMEK GA
(A& 2438 0), 56 CHRZ/KI 2 h, LIS 242 .

@A 200 pL 253K GB, 7o/ Ei{R2S, 70 CitE
10 min, FHARALE . GBI 200 uL oK L, 78
SR 15 LARAT, Al AR, 12000 r/min 25
O 1 mine ©FUEE R, A 500 uL 24 GD,
12000 r/min B5.L> 1 min. DFFEWCEE B, I 600 uL
TEPeTR PW, 12000 r/min B5.0 1 min. EE DR, &
Bewiik. FAWCERE R, FFERHRE O LAYIR 25 BRistse
WSy o WGBS OAEE THEE G50 B, DM 3
Vel @WGMLBRAEFE NGB SOV H, TR B [ 58
REEZS TN 70 uL (1) TE YeliZerti, #E 5 min,
12000 r/min &> 2 min Y4 DNA. ©@¥U5E 1) DNA
TEBEIINR BAE, #8552 min, 12000 r/min 2.0 2
min =4 DNA. #Jf] Nanodrop 2000 #:lI#2HE. DNA
(R4l RN, $RB ) DNA WIS HIZE R Y 40~70
ng/uL, ODoso/ODgg bUAEHZHITE 1.8~2.1, AT T 54k
FRISE6GEE-20 CIRA7ARFH o
1.3.2 7% DNA #BBAR &t

MR T3 L% WIS EBLE, Bt T WS A
ERBIEA . FRBISARCER SIS 4 Fsf, |
TGN E AL RBER S B R L 2 T0RAR b i
PR PRIV 38 SI R SERR R 1B 4 Y, & R e iR
ZERR,  FTLAARSZEG R 2K DNA #7818, B
W BRI DNA 5851 CRRECERD DNA
(BRI 1:19. 1:9. 2:8. 3:7. 4:6. 1:1.
133 %57 DNA IR 89+ 5

FHIF A R R AL g i) DNA AR —
EMZESE, T DNA BB ILEIA—E R4E N EE
e, By DAEAS AR R AN 2R JE RIS
P FTHEE DNA Kl 2 7. 4348 0.1 g 0.05 g Al
0.025 g 4. £, FENATYRNIZ 1.3.1 )75
HU DNA, JF#57 DNA #HCE T. MRAEAEAT DNA
PHCE T 1838 A
DNA,, /DNA,, = (M, x T, ) (M, x T,,) =AM, / My,

i AAFZE MuARE, DNA % DNA &%

SEHLA DNA 7KF- B8 L5 B A 7K TSR E il
o
1.34 PCR ¥ 3%

COI J7 4 i3d FH 51 43k F AR 2H i gk th 1 5 |
) COI-1 i1 COI-2, XF24-. 2E. J&. W9 HA R
P8GR KW P R D % . COI-L B 5
5'CGAGCAGTAGCACAAACAATC TCAT3', COI-1
TSI SGTTGGTCATAGCGAAATCGAGGS';
COI-2 Lii#54: 5TTCTCCAACCACAAAGACATT
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GGCAC3', COI-2 Mif5|%: 5ACGTGGGAGATAA
TTCCAAATCCTGG3'. (514 COI-1 s L5 A
REmEHEEAD .

PCR WA ZR (50 uL): DNA 54 5 uL; Premix
Taq 25 pL; [EH 514 (10 pmol/L) 2 pL; S [H 514 (10
pmol/L) 2 pL; LA dd H,O JEZH] 50 L. PCR ¥ ##%
fF: 95 CHIAEM:5min; 95 C 30s, 54~58 C 30s,
72 °C 40, Jxi36 AMEFS; 72 ‘CHEfH 10 min. PCR
T4 2% NENEEEIR Ik B, AR S
ARG =)
1.3.5 PCR =45 B bsf

PCR 7243k LAz TA BR A JIE AT XA, D
FERIIRTY 8514, Fras il e 25 R PHEF M
WIS Y1, 3248 GenBank ¥ FE 4T Blast HLXT,
[ 454 BOLD & (http://www.boldsystems.org)
XIFE IR COl T4 HEAT 45 8 FARALEE 7347 o

2 GREH
2.1 #F) DNA #H %5 % DNA AF 5K

KFBBIG % H

*x 1 HERENSH. FA. BHEFISEAETIZEL A DNA 2
Table 1 Quality of extracted DNA from beef, lamb, pork, and
duck of the same quality

H#& WRE  DNARE  RERE PHRR
AR M/g Ig T/% %
0.1 0.025 0.25
4R 0.05 0.013 0.26 0.25
0.025 0.006 0.24
0.1 0.037 0.37
E 3| 0.05 0.021 0.42
0.41
0.025 0.011 0.44
0.1 0.024 0.24
#H 0.05 0.013 0.26
0.26
0.025 0.007 0.28
0.1 0.090 0.91
8 7 0.05 0.057 1.15 109
0.025 0.030 1.20 :

E: HIRA 3 KGRI TP

T I HZEDNARZECE, 73 7)#2H10.1 g 0.05¢
F10.025 gfIAE AL £ FE ARG IAIDNA, FEIIIEDNA
WIE, HIGLERWRIFTR. T(DNASEHUR)=DNA(A
DNAZ8)/M(H R )100%, &3V FAT SEi 157
BIME, DNAFEHURMNZE Tl 5e2& H T E R 2B
AR ZEIE . TEARIG 15 ] A3 DNATRHUR T +

N0.25%. T+40.41%- Ti40.26%- Tw1.09%, AT
LIS ZIDNAZKT-5 KSR L e A 5K
DNA, /DNA,, = (M, xT,)/(M,, xT,)=0.96M,. /M, (1)
DNA, /DNA, = (M, xT /(M xT,) =158M.. /M, (2)
DNA,./DNA, = (M. x T, /(M x T,) = 0.23M,,. / M, 3)
DNA.. /DNA,, = (M, xT.)/(My, xT,) = 0.38M.. / M,, (4)

RAEB A DNA ACERIB RG], FIHA
X1, 2. 314 AT BB KT B R )
te, SRR 2 Prs.

3R 2 $B{RI%EE T DNA K RIP7K S RREL BiIRTEE

Table 2 Comparison of the ratios of DNA level and meat weight

level in adulteration models

A5 DNA 7-F HAF
1-1 495% ¥ 5% 495% ¥ 5%
1-2 490% ¥ 10% 490% ¥ 10%
1-3 480% ¥ 20% 4+80% ¥ 20%
1-4 470% % 30% #70% ¥ 30%
1-5 460% ¥ 40% +60% ¥ 40%
1-6 450% ¥ 50% 450% ¥ 50%
2-1 ¥95% 5% F02% 8%
2-2 F90% ¥ 10% F85% ¥ 15%
23 F80% % 20% F72% ¥ 28%
244 FT0% ¥ 30% F60% ¥ 40%
25 F60% % 40% F51% ¥ 4%
26 #50% % 50% FM% ¥ 5%
31 495% W5 5% 4 99% % 1%
32 490% 7% 10% 4+ 97% 5 3%
33 480% " 20% 40950 5%
34 470%  ¥530% 491% 9%
35 460% 7 40% +87%  ™13%
36 450% 7 50% 4+81%  ™19%
41 F95% 5% F98% @ 2%
42 F90%  410% F96% 4%
43 F80%  420% F91% 9%
44 FT70% 4 30% F86%  ™14%
45  F60%  840% F80% ™ 20%
4-6 ¥50%  ¥%50% FT2% 7 28%

22 HBHEE COl F 7y

¥ RS EAAL) DNA JBAT (405, -
B -G, FE-HG) dEId 514 COI-1 i COI-2 1347 PCR
P18, 7557 500 bp 1800 bp A& A7 (R —4H5, H
W 1-1 519 COI-L (s sk, i 1-2 4
5149 COI-2 (14 3 Bk 4] o

& 1 BAEEANR S DNA KB H, 315
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R COI 41 ml LA IE A 5142 COI-1 #1 COI-2 44
HiSk, Ui BH S PiiE 4 s, 7T HTEA DNA f#) COl
A1

56 7 8 9 101112 131415 16171819 202122 23 24D

(1-1)

234567 8 910 111213 141516 17181920 2122 2324 D

(1-2)
(&1 JR& DNA HOELE Fr EZAY PCR 47 e Ik [E
Fig.1 Electrophoresis images of gene fragments with mixed
DNAs after PCR amplification
7£: M, Marker: 1000. 900. 800. 700. 600. 500. 400.
300. 200. 100 bp; 1~6: 4P DNA #4837 DNA, B4
2 1:19. 1:9. 2:8. 3:7. 4:6. 1:1; 7-12: ¥ 7 DNAHBHA
DNA, #MErut4 1:19. 1.9, 2:8. 3:7. 46. 1:1; 13~18: 4
% DNA #4871 DNA, #E64 1:19. 1.9, 2:8. 3:7. 4:6.
1:1; 19~24: 4 ¥ DNA #E %% DNA, #4844 1:19. 1.9,
2:8. 3:7. 4:6. 1:1; N: MR,

2.3 PCR =4yl Fr 23+

¥ 3R PCR 338 =4 A= 4 on =) XUl e, N
4EREAT GenBank #EAT Blast ELxtsr#r, [AIR {4
BOLD 4 Euxh 3, S5 5k 3. 4. 5 1 6 Fis.

RSB NI R DNA 38 P2l 5 2 A 46 F-n
# 3R, MASIY COI-L AT 1, BNIERIK
DNA & ik 40% 1l s A 514 COI-2 #4791,
FEH DNA &85 5%, BIF% AIZKT- A6 H Ry 5%,
o tH BRI o

FERIBNFE A DNA 3872400 5 43 A 46 Fn
F A4 PR, FASIY COI-L AT 1, BNIERIK
DNA & &1k 10%A s FIFH 514 COI-2 #4741,
JE A1) DNA £ ik 5% R PRI K A H R A 8%,
R H RIS, [FI AT AR 4% A DNA X T-Fi 51 4)
(15 i = T 2F ) DNA, BRI AT LR GFHb S B F2E
BRI B A

AR5 NS AT DNA 338 7= 40 5 43 45 S n
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5 fion, RIS COI-1 T 14, SR DNA
BEIA 50% A Y A5 COI-2 BEATY 1Y, T
1] DNA & ik 59 RIS A& Bk 1% ATl Y, COI-2
TERG 7K B IR 19, Ao H BRI

FERBNHG DNA (147 38 740 Fe- 53 Hr 45 F an
%6 A, FIFSI4 COI-1 #1714, S DNA
ErEE 50% AT s FIFHSIY) COI-2 #4791, 9K
1] DNA ik 10% RIS & ik 4%l i, 5 ik
SERAAL, COI-2 FERS /KT _Eder H BRI

R 3 FRBERNFLSR
Table 3 Sequencing results of beef mixed with pork

. ) COI-1 5 COI-2 5
E R “R “R
1-1 4 95% 5% Bos taurus Sus scrofa
12 490% % 10% Bos taurus Sus scrofa
13 80% # 20% Bos taurus Sus scrofa
14 F70% % 30% Bos taurus Sus scrofa
15 460% ¥ 40% Sus scrofa Sus scrofa
16 4 50% % 50% Sus scrofa Sus scrofa

JE: Susscrofa: #; Bostaurus: 4.
T4 FERBERANFER

Table 4 Sequencing results of mutton mixed with pork

- N COI; ;/?» co: ;/%»
2-1 F95% ¥ 5% Ovis aries Sus scrofa
22  F90% ¥ 10% Sus scrofa Sus scrofa
2-3  F¥80% ¥20% Sus scrofa Sus scrofa
2-4  F70% ¥ 30% Sus scrofa Sus scrofa
2-5  F60% ¥ 40% Sus scrofa Sus scrofa
2-6 $50% $50% Sus scrofa Sus scrofa

JE: Susscrofa: #; Ovisaries: .

2L Fardr, 1ZJ7ikiEE 54 COI-1, 7E DNA
IR EXARE S TR AR - RS A H PR 2y
AT LLIAF] 40%. 10%. 50%A1 50%, fERIKF Xt
Aepf s g ARG AN SRR (A tH R 43791 AT LA
FI| 40%- 15%- 19%FH 28%; @it 5|4 COI-2, 7£ DNA
A EXF AR 2R AN ARSI (A tH PR AT LA 2
5%, “F-FYAIY o fer H B AT LAIS 3 10%, 7EIKF |
Aepfy g ARG AN - (A tH R 43791 AT LAIA
F 5% 8%- 1%F1 4%. JHIEXIFIXS 5Pk Eh SR
53HT, COI-2 XTI BB A H BRAIS, BE R
B, 11 COI-1 ] LA B LA i) PR sl St g A7 o0 ks
W, AL RAI LR, S5 S TN SR RIS,
A LAEESTIE ] DNA ST EARUER . B 2ot 4
iy WD AR B AR T
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5 LSRRI LER
Table 5 Sequencing results of beef mixed with duck

s N co;;zw% co;izw%
31 F95% 5% Bos taurus Anas
32 490% 7 10% Bos taurus Anas
33 480% 720% Bos taurus Anas
34 FT70% 7 30% Bos taurus Anas
35  460% 740% Bos taurus Anas

36 F50% %50% Anas Anas
JE: Anas: 78; Bostaurus: 4.
< 6 FREIANFEER

Table 6 Sequencing results of mutton mixed with duck

. ) COI-1 5 COI-2 5
i e “R “R
4-1 ¥ 95% 78 5% Ovis aries Ovis aries
4-2  F90% ¥810% Ovis aries Anas
4-3 F80% ¥820% Ovis aries Anas
4-4  FT70% 7830% Ovis aries Anas
45  F60% 7840% Ovis aries Anas

46  F50% 50% Anas Anas
7E: Anas: ; Ovisaries: #.

24 A J7 i 6 B

8 9 1011 121314 15 N

M12345¢67

2 R EE 7 ERRY PCR 47 3EE K (E
Fig.2 Electrophoresis of gene fragments amplified by PCR from
test samples

JZ: M, Markerl: 1000. 900. 800. 700. 600. 500. 400.
300. 200. 100bp; 1: &FFAA; 22 &FFNE 3 &K
Frhs 4 BEAFNA 5 EEFNA 6 EXFNL T
HWEFNL 8 BEFNA 9 FAA; 10: FBFAA; 1L
FRAA; 120 AR 130 FR4; 14 FR4A; 160 FR
K3 N: FMEsTRE,

131 K777, fRECRERRINE. W Wi
1K BB iz 25 PRI ] o FETt 28 ANHERASHIINAE St R 3 TR 40
DNA, FIHJf 514 COI-1 F1 COI-2 i#1T PCR ™
1, FFIFHICREKE DNA BRI T B IE, R
519 COI-1 &gt R an el 2 FEl 3 fus (COI-2 44
gD, 28 MR E] B — HIg %% . 215

FEAOIIUR A H, 2 ARG T BE A5 AR

FAEXS BRALTEY 1 %415, IERH PCR AR A5 4.

[E] 3 FREMAFmRERE Fr EZAY POR 7 3EER Ik E
Fig.3 Electrophoresis of gene fragments amplified by PCR from

test samples

7£: M, Markerl: 1000. 900. 800. 700. 600. 500. 400.
300. 200. 100bp; 16: 4 WT; 17: Fm®; 18: W4 19:
MAN; 20 AANEY 21 HURFA 220 HURFA; 23 4R
Ay 24: FRKEE; 25 KHRRm; 26: KR 27 KR,
28: KJRM;  N: FAMsTER,

F G PCR A A A~ =V, P45 R an ™
LT HIR. KER 28 MEM, 2 DNA KIEIEHEAR L
E, RKEZH MR T 577 br 25 &, R
7R H—E B A

Horh 3 SO BEREA R, RS 1) PCR 2471
TG, A S COI-1 M4 e g oA, T
514 COI-2 M7 %5 HEE ARG, L EESLHY
A RBETSAEY A] 5, BEGE FEIE 1%~19%2 [8]
12 SRR, RS E PCR 25T iaT, H
725 A R AR RS EAR R4, Tk A%
W, DL EEST A4 RSB R AR T A, JE
W LLHIR T 40%. 21 SFESCONUREHL, 1
) PCR 2&irid M, HI > 255 28 SFRRAS I H A= 1A,
Tk HAE R, BL BN A BB A R AR
AN, R 514 COI-1 BEATRTIN -4 A DNA 7
Bk 40%A T, FrPART DT HE A BN T
KEWFERIT o

Hor 24 SHER AR, BRZEFR AR AT
W, FIH 5149 COI-1 M4 as v, mAH
514 COI-2 M7 22 4 RNE, A RBIEIEA
RIS AT DU 5 I 45 SR SRR AT o
3 it

AR 514 COI-1 1 COI-2, SFHAEEM 4 Fh
WRB R ALIEAT PCR & 1t A EAaill, FExtmig
28 itk A AT A . S5 T
31 SIRMEIFN. FER. JERFITSP DNA $2HCE
T MK 5 2 N B LA
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RT REFRIMEESR
Table 7 Identification results of animal species in the collected samples

COl-1 A7 &R

COl-2 AT &R

AT RREEORRRAE e Gty o
1 EXFNE R 41 (98%) 1 (99%) e
2 ERFNH R 1 (98%) 41 (96%) e
3 RN A R 41 (98%) WK (98%) BB
4 HRAFNE +R R (97%) 1 (96%) e
5 EXFNE R F7 (99%) ¥ (98%) e
6 BRFNE R F1 (98%) ¥ (99%) A
7 HEF A5 FR ¥ (97%) ¥ 1 (98%) FE
8 HEF A B FR ¥ 1 (98%) F1 (98%) fre
9 FHA +R 1 (99%) 1 (99%) He
10 feAm R F R 41 (97%) 47 (98%) Ha
1 FHA FR F1 (99%) FR (98%) 2R
12 R Ealdl A (97%) A (98%) BB
13 R el 47 (98%) 1 (98%) e
14 FHE *Rn ¥ (95%) F1 (92%) Fr
15 FHE *Rn F 71 (95%) F1 (92%) Fr
16 R +R 1 (98%) 1 (98%) e
17 FHE FH ¥ (95%) ¥ (93%) He
18 WA +R R (97%) 1 (98%) e
19 RN A # 1 (96% ) # 1 (98%) aes
20 AEALZS R 41 (96%) 47 (98%) s
21 R AL Sl ¥R (90%) A (85%) BB
22 B R 1 (93%) 1 (94%) EEy
23 ke + R 1 (97%) 1 (98%) e
24 FROKEE - AL B SRR (98%) #1 (98%) e
25 KR R 41 (99%) 41 (98%) e
26 KB A R (97%) R (96%) EEy
27 P R 1 (98%) 1 (98%) e
28 K& FA. HR 41 (97%) R (98%) EEy
3.2 454 COI-1 #1 COI-2 5|9, I r st SR [21 HHBEE:, FAR AP H - S X 3 = A 4 %
R ) E VERHIN TR E BRI R, WD kAT AT B £ R, 2013,29(12):2997-3001
B e EHEE . TIAN Xiao-ing, WANG Jun, CUI Shao-ging. Fast
3.3 AR 28 MR B IR S S S BRI B A E, discriminating of chicken adulteration in minced mutton by
89%HIFE b 5 72 SRS PR IR A R AE R electronic nose [J] Modern Food Science and Technology,
34 KB NN DNA SFIEIEARLE A i 204 2013, 29 (12): 2997-3001
VRN B S T G S U R T — S F B I . [3] Parchami N F, Tafvizi F, Tajabadi E M, et al. Optimization of
B2 Lk m-ultiplex P-CR for tr-1e identification of animal species using
mitochondrial genes in sausages [J]. European Food Research
[1] Zhang J, Zhang X, Dediu L, et al. Review of the current & Technology, 2014, 239(3): 533-541
application of fingerprinting allowing detection of food [4] HEEME YRR e M e J7 it e [D]. 7k
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1126-1135

AMFHAF,2011
TIAN Jin-hui. Studies on qualitative identification methods
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