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Application of DNA Barcoding for the Detection of Adulterants in Prepared Meat Products

CHEN Jian, YUE Qiaoyun, QIU Deyi™

Abstract: Although there are diverse types of prepared meat products on the market, their uneven quality and mislabeling as
well as commercial fraud such as adulteration and passing an inferior product off as a superior one have a negative impact on
consumer health and interests. Adulteration and counterfeiting of prepared meat products is gaining more and more attention,
which, however, could not be rapidly, accurately and conveniently detected using traditional detection methods because of
either serious destruction of the morphology of the raw meat during processing or the use of meat essence in prepared meat
products. In this study, we used DNA barcoding to detect whether 36 prepared meat samples collected from three different
sources (supermarket, market and hotpot restaurant) were adulterated. The results showed that 27 samples (75%) contained
chicken-derived ingredients. Unlabeled ingredients were detected from two (10.5%) of the supermarket samples. This study
demonstrates that DNA barcoding is an efficient method for detecting components of prepared meat products.
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Xof 1) 3 A 1] it 5 23 HEAT W AN AT LRGP IE R B &
BT, ORYH e AR P2 1) 2 A I e IRVE, R
AR AR — LB Bl G 323 BE BRI A (H AL 5
B SRR A T EARSE A Y B R A S A R S AT
B . XA IR AR RET %, XA
A AR X R o A SR B R A T AR B T
PO R, XTI GRS E, FERNAEA
RS BRI #EAT o FEER E KT, R I I g% W
M 5%E (enzyme linked immunosorbent assay, ELISA) . i
FRETE . S RBORE (UG SRR BEAT R, X 2T 3L A
()R R MEAE T XA R AR i A B SRy, FLAS
INCAE SR PR R PR 2, St 2% 57 ADNA
HCFHEAT IR 7 i B AR DNARREN 4250 . R A EEsE R
M. (polymerase chain reaction, PCR) . SEZH%¢Y¢PCR
(real-time PCR) 20, (HREMAFER L2 A, FEXT
MBS, HiEHEZE.

DNA TG EARNE N — T X I F g 5ok, 5
HAb B AR, 5L ERBEMIEHESY, ek—FMR
B PRI BRI AN RTEE Q) T, AR AN ER RO E I
BEROIN TR & S e m i (A2 R TR &) , B
J A I fx it e R A B . Hl, DNA%
TER I ARAE WG BENE, T HEY. Te
mh e R T S R Y e R R S AR A B B
HAM. AR R MR IR B (A5 3R
1Ll 1, (cytochrome oxidase [, CO 1) X¥yfpikir
PR HERG S E FIEY) B AR H R AR
A S MDA P A )iz SN AR g
TE DNA S ARG HE A 173 b W1 18 35 A i) ok 1 7 3
Tt WRIAA.

1 MWE5HE

L1 ARG

A IESE T BT KB 23 31 SR B 1 3 1A A
A FEAR36 11 .

DNARHUA A & (H & 5DP304) . IillgHl&EIK
R & (B35 DP210) « whEIRF&E (AxXS
VT202-02)  HEAEEEE WM E (HRSVIN02) |
dNTP. Loading buffer. DNA Marker II. SYBR Green I
EPCRAM  RMRAMFHE (bs) HMRAF; Ex-Tag
DNAKGHE T MEEADEARGRAR: 51 HKE
KAV TREA WA E S .

12 5w
ThermoPico 176§ & 0L 3£ E Thermo Fisher

Aw; DYY-6CH AR E R kAL A6 RF =R R
HIRAT; Veriti 96 ABIApplied Biosystems## & PCRAX
& [E Applied BiosystemsA &]; MD-02N-220 Major Science
“JEi FEEMajor Science’A; Alliance 4.7 UVITEC
B RABAC  BEEUvitee A 7]

1.3 Hik

1.3.1 DNA#H

BUP) . AREUARIRE H25 ¢ FH RS T R Ik
BTG, HABEREHERR AR, —/NES (4
30mg) BT 1.5 mLEOE Y, 2 88/ 40 M/ 2 23 5
HDNAFEHUA T &1 B e S 52 UL I 4IDNA
132  DNAF¥ 1
1321 54

PCRY™ 38 it FH 510 -

LCO1490 5'-GGTCAACAAATCATAAAGATATTGG-3';

HCO02198 5'-TAAACTTCAGGGTGACCAAAAAATCA-3'
1322  FHFKMERNAER

S BUR TSP 7%

Ex-Tag DNAZ ARG 1 5 AF: 94 ‘CALPES min;
94 °C. 30s; 50 ‘C. 30s; 72 °C. 1 min; 30 MEH;
72 °C #EA#10 min.

PCRIZSifEZ (50 ul) : 10 fFPCRZEMES ul; 1EIA)
519 (20 nmol/uL) 2 pL; J[A 514 (20 nmol/uL) 2 pL;
dNTP (10 umol/uL) 2 uL; Ex-Tag (5U/uL) 1 pL; #ikx
DNA (50 ng/uL) 3 uL; LHE/KERFN50 pl.

1.3.3  DNA4ifY,

K FH B M B IS DN A RIS ), 4 R ) 6 1 B
FiXPCR™ AT 244
134 Tk

K HpGM-TIEHARX &, 42 Bl & {5 T 26
HIPCRI= WA T E BRI LAY, BEMLBEE 1 € 1 V5 3k 47
PCRAGIN, DA 2 e B B 1
135 Wpp A s

FEAFE SR BENLPRIE 12 A PH T bR SE RIS 3R R
FHEABR =105 o 0 45 RT3 A 0 R0 PR AR X T i
J&, 1EGenBankFIBOLDH HEAT LU X FIARALRE 4347, FHd
SHE .

2 ZRE

2.1  DNAZKAGERE I3RS K o #t

3IAARERIE CGE . didg. KD 136 friH 5
I IDNA SRS (CO T 3L B Fr BRPCRA= W)
JIE W fie FELUK 45 R a1 ~3 R .
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Fig.1  Agarose gel electrophoresis of CO | gene PCR products from
prepared meat collected from market
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Fig.2  Agarose gel electrophoresis of CO I gene PCR products from

prepared meat collected from supermarket
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Fig.3  Agarose gel electrophoresis of CO I gene PCR products from

prepared meat collected from hotpot restaurant

1 ~3 1, B REA M A RS %
21658 bp I BT BL K ILARKE ALY 74

AFPCR 102 152 4 11 I i i 47 e B P, i
PUPRIBLE € B4 L AT PORAG I, A0 45 S A 7o

] 23456789101112BM

B. AN, 1~12. B34 # 7%, M. Marker 1] .
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Fig. 4 PCR detection of selected white monoclonal colonies

H 4R A, PRk 12 N A REE ST S E %
i, UEB H RS R AN KT Y, Bhikix 12 A4
FHPERR R KRG IR 1L -

LLAh BB SR ALICO T ZERY 4475 4], DNA
M P45 R & Mega 6.0 I IEEIE N H T4, 2
Ui ) 51 045 31 4 KA RUF 5128658 bp. J75I1EGenBank
FABOLDH AT Xy, S5 RE/R, wBEENHKMTFsS
GenBankH A A )54 (35 : gb|KF954727.1) 44k
RLAAR 51 o (1 4 P € 32 S AL B T T AH AT 2999.85%
IR E R .

Query 1 CACTCTTTACCTAATTTTCGGCACATGGGCGGGCATAGCCGGCACAGCACTTAGCCTICT 60
R A A A T A R R AR

Shjct 6702 CACTCTTTACCTAATTTTCGGCACATGGGCGGGCATAGOOGGCACAGCACTTAGCCTICT 6761

Query 61 AATCOGCGCAGAACTAGGACAGCCOGGAACTCTCTTAGGAGADGACCAAATTITACAATGT 120
R A R A T R A

Shict 6762 AATCCGUGCAGAACTAGGACAGCCCGGAACTCTCTTAGGAGACGACCAAATTTACAATGT 6821

Query 121 AATCGTCACAGCCCATGCTTITCGTCATAATCTICTITATAGITATACCCATCATGATCGG 180
R A A A T A R R AR

Shjct 6822 AATCGTCACAGCCCATGCTITCGTCATAATCTTCTTTATAGTTATACCCATCATGATOGG 6881

Query 181 TGGCTICGGAAACTGACTAGTCOCGCTTATAATCGGTGOCCCAGACATAGCATICCCCCG 240
R R e R R R AR R R R A R AR T R R R R AR AR A A

Shjct 6882 TGGCTTCGGAAACTGACTAGTCCOGCTTATAATCGGTGCOCCAGACATAGCATTCOCCCG 6941

Query 241 CATAAATAACATAAGCTTCTGACTCCTOCCTCOCTCCTTCCTTCTCCTACTAGCCTCATC 300
R A A R R R AR R R AR TR AR R

Shict 6942 CATAAATAACATAAGCTTCTGACTCCTCOCTCCCTCCTTCCTICTCCTACTAGCCTCATC 7001

Query 301 TACCGTAGAAGCTGGGGCOGGCACAGGATGGACAGTTTACCCCCCTITAGCCGGCAACCT 360
R A R R A R R R AR AR AT AR R

Shict 7002  TACCGTAGAAGCTGGGGCCGGCACAGGATGGACAGTITACCOCCCTITAGCCGGCAACCT 7061

Query 361 AGCOCAOGCTGGCGCACCAGTAGACCTAGCCATCTTITCATTACACTTAGCAGGTGTITC 420
R R e R R R AR R R R A R AR T R R R R AR AR A A

Shjct 7062 AGCCCACGCTGGCGCATCAGTAGAOCTAGCCATCTTITCATTACACTTAGCAGGTGTITC 7121

Query 421 CTCCATTCTAGGAGCCATCAACTTTATCACTACCATCATCAACATAAAACCCCCCGCACT 480
R A A A T A R R AR

Shpt 7122 CTCCATTCTAGGAGCCATCAACTTTATCACTACCATCATCAACATAAAAOCCCCCGCACT 7181

Query 481 GTCACAATACCAAACACCCCTATICGTATGATCCGICCTCATTACTGCCATCCTACTACT 340
R A A A T A R R AR

Shict 7182 GTCACAATACCAAACACCCCTATTCGTATGATCCGTCCTCATTACTGCCATCCTACTACT 7241

Query 541 CCTCTOCTTAOCCGTCCTAGCAGCTGGGATTACCATACTACTTACOGACCGCAACCTTAA 600
R R e R R R AR R R R A R AR T R R R R AR AR A A

Shjct 7242 CCTCTCCTTACOCGTCCTAGCAGCTGGGATTACCATACTACTTACCGACCGCAAOCTTAA 7501

Query 601 CACCACATTCTTCGACOCAGCTGGAGGAGGAGACCCAATCCTATACCAACACCTATTC 638
R R R R R R R A R AR AR R

Shyt 7302 CAOCACATTCTTCGACCCAGCTGGAGGAGGAGACCCAATCCTATAOCAACACCTATTC 7359

BS5 REBREEAKRCO I FIMF5]2Genbank BLASTSr 445 R
Fig. 5 GenBank blast results of CO I sequence from cuttlefish ball of
Brand B

100 Publshed »

6 RFBIDNAZILIEFFIFEBOLDH ) EE X455
Fig. 6  Results of the DNA barcoding sequences matched in the BOLD

H 6 R %1, FEBOLDHT ELX (1145 H 4 100% 19 J5 4,
AT BT i 723X BEDNA SR TS 17 471 9 3SR 7 41
22 FESET I S U IR P SRR O 4

B VR, B ST 37 T S 12 Fofr o] 288 1A 1) s o
LR e PSRy, Hodo B (Brf AL, 7.
AN R IUNIRYY (Gallus gallus) , FEAFM
HIZ B AR RISy Wl 2P RS A RS
(Gallus gallus) , HEARMENFIRMER Y 53483 Fh
AR AT fallg. s, AILI BN
IEH, B RGP AR S R . (LK)
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Tablel Meat-derived components of prepared meat products collected
from market
G5 A gt W W3

iy R ( llus)
BEA Y (Galus gallus)
BRA RIS (Gallus gallus)
TR R (Gallus gallus)

I B (Dosidicus gigas)
)

3

4

SRR RIS (Gallus gallus)

6

7

8

9

B (Dosidicus gigas)

gt (Hypophthalmichthys molitrix)
£ (Hypophthalmichthys molitrix)

i KW (Susserofudomesticus) T ( Rastrelliger kanagurta) K8 (dblennes hians)

gt RIS (Gallus gallus)

WK R (Gallus gallus)

BEE RIS (Gallus gallus)
0 %% BB (Galls gallus)
I 2l (Gallus gallus)
0 ikl B Galls gallus)

2.3 G I SRR B A 5 O 4 E

®2  FEHBLNHEAR RS EER

Table2 Meat-derived components of prepared meat products collected
from supermarket
i VA i1 (D i R RA
B4R R (Galhs galhs) E, B, B
HIRENR RO (Galhus gallw) LN
LS [ (Galls galls) T T, G
g fiff &% (Galls gallus) 2, 0, G
nfy
GABER B (Galls galls) s (Dosidicus gigns) 2, ff
Bl 2 (Gallus gallus) it (Dosidicus gigns) I (Sus scrofadomestins) ‘%% ‘ %5 &‘]
Bhf} i (Gallus gallus) 2, B #A
2t &1 (Gallus gallus) 8 £ (ypophihamichihys sp.) 2, B
" . ME (Mo o fi, #BE, B, BA
f ( § o AT
i BAEOA S (Gallo gall) it (Dosidicus gigns) B, 6, ith
BEARARL O (Galwsgalls) K (Sussorofudomesticus) BRI, B
AEC BERA B (Galhogalhs) TR A
BRI R0 Sussorofudomestions) SR, R
D ‘ B,
o EREES R (Galhs galls) i (Dosidicus gigns) A lH;I’; %:];1 hitlys 8% Z%B:]W[g%
gt (Hypophthalmichilys "
) ek molirix) fx
BHE L.
EEh % (Galls gallus) T, B
FURIA Kl (Sussorofudomestins) LN
. %% (Ovisaries) ki
RHEC AARREAA R (Galls galhs) A R B
’ m " IR,
i 5 .
WEH O FERRL R Bostanw) B

FHAR2VI T, RS T SR 19 P8 A il L) 1 2 PRI
fil g A, SR He FRAR RS, oA A TS B
P (RSN, SBEARAN) . RECHETETTI L. M
FMRERISEE W 5 G2 BURUR 2 A R 3L8 A i A
W HEXS (Gallus gallus) J%457, THIX8 4 i IR 2R

HRAR N A R S AR o A A 28 L AR £ SRR A BB
S8 AL S R R AR s B s R BE, (HE E B AR
DORINIERS . Bifh (Dosidicus gigas) RS, fEfh,
TUHEE‘JEJEQ AFERAFTEAT RS RSB R IAT . i
SR T DR W, ANVE SR IR A R A2 K i
(R R 3 A1) s T A A AT FH RS PRI s I RIR AT R
o X PR it BT B A S N IV T A g B R
2.4 HEJERIE P S e

£3  ERBEHEANRRSEER

Table3 Meat-derived components of prepared meat products collected
from hotpot restaurant
AR %51 52 3

MWW BRAY (Gallus gallus)
e F’F (Bos taurus)
e Y447 (Ovis aries)
LR KA (Bos taurus)
R JEXY (Gallus gallus)  ZX*F (Bos taurus) 437F (Ovis aries)

FHR3 A, FER K8 )E - R &S ASs M
m 3 FRUIR AL 2 R 5 RS H 3 AN [ 1 A
gy, HARSRL B4 R RIS, KA
HARRL R 7 o (E2 E A R B E 44, & f
JFE3Y (Gallus gallus) « K2 (Bos taurus)  %5°F (Ovis
aries) 3 My, ANHEBRA BRI RE

3 o

2 P ) it PR @ﬂ%ﬁﬁ@% HA I 2 1 b
WINF, ARG A7 CIOVE SE Ay s e

AT T A FIDNA SR LA BARRS 3 A FRIF 36 £
FEREEAT TR, 27 AR (75%) 5 XS IR LK
gy, ULIOR B3| A B A S P D A PR S 1) 5 AR
ft, AHOKES 2> B R A AT B2 1be s . BRI A
SR AT f O HCR, OB AR RORER, SRR
MG 5 A4 TR 2R R AT BARTE LTI R -

1) 583 T b7 Wy K% 10 0 he o B A o R O 22
11 B FERh (91.7%) Rl th 3G sV B2, 9 AN
(75%) IR R 5 A FRA T 20 FE K 1R
AR U 2R A A o R A A, SRR BRS AAE it AGH TN S )
YIS AN, SRR R RE SR, B T NAR
FEWE AN, ARG FWETER O, AHERRE BRI
E. 3D it iy ) o 2 A ) ot 2 8 JE R RO RE R, B
8 MFE (42.1%) KBy S A S IEYE Sy, 2D
ToECR R AR R AR Sy, 2 AFES (10.5%) & AR
B A ARAR IR o

MABF TR rT BLE . H AT Ll R
LA S S ZE AT, JUH R A AR B O XS P
IECR S RPN UR Y BEN SRR ER R 5/ P i
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SR F S 9% it 2 EPCRYENS 1137 L FENUIW LA 15 ik
fEER L CFRD BEATAI, ORI 4 HEOGE SR>
10%, A1 FhfaBEH &8I <10%, SARTFAL L
FEAL, A G AR A W 1 A B 4y o A 5 B T M iE
DNA 2% JE RSB A of 18 3 R 1l 5 (0 18 2 AT T e PEAS
Shkar 0 R EE PR ) S R R BRI T TR, BT
RE PO, BEM AT X T4E ORI R AR
i, FRETHHRT, REERTEAAFEZENE .

DNAZJEAGH A& Mo T 7KF X & Stk A7 %58,
SRAN T AR GRS e TS, JLHERG . A ATy
PR B A K U Ok T R I . (H2DNAKIERY
Y e H AR e VRO B SRR AT RN, AN R A
TR SR, Ik, B 5% ®PCREM N
RAGE G AT PR R
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