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A Method for Identification of Adulteration in Meat Products by DNA Extraction-
Free qPCR Lyophilized Reagents

ZHANG Xianya GE Zhigiang

(School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072, China)

Abstract: [Objective] This study aims to achieve rapid quantitative detection of beef- and duck-derived ingredients in
meat products. [Method] The DNA extraction-free method was combined with fluorescent quantitative PCR (qPCR)
lyophilized reagents was developed. The DNA extraction-free method was employed to prepare the template for qPCR.
The premixed qPCR reagents were prepared by lyophilization. A portable qPCR system was used for amplification with
the lyophilized reagents. [Result] The DNA extraction-free method with simplified sample extraction and purification
steps achieved the detection within 10 min. The method combining the DNA extraction-free DNA method and qPCR
lyophilized reagents can produce results within 45 min, with the limit of detection being 1 pg/pL. The premixed gPCR
lyophilized reagents can be stored at 4 °C for 6 months, at room temperature for 4 months, and at 37 °C for 14 d.
[Conclusion] The qPCR lyophilized reagents are appropriate for a portable gPCR system and can thus achieve rapid
identification of adulteration in meat products.

Keywords: DNA extraction-free; adulteration in meat products; lyophilized reagents; fluorescence quantitative

PCR; on-site detection
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PR, DR Bk PCR B 32 B2 T h W V8 1 & 4 11 %
HIET, Meira 2P B S & PCR RS I n T
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TaqMan SE I PCRER MG . HAREE T DNA )
qPCR %5 7l Bo AR F AT R0 i AURe 53 1 9 S5 A0 A0
1H 52 BT 75 A 2% 1 4% 10 PR ), 75 B R % B0 % 1)
1) 52 B =5 AT R DU, AR HME S I AE i B B S A, HL
R R AR B T o AN, 3% VR AR I I A B
RE I FEE S, WA DNA 2 &5t 2R iR
WD 2 A 55 20 B8, RS 00 B [B) DA SR A 31 15 4 R
— R TFE AL b A 5w A I R R AR
P (¥ B Al b 30 T 6 RE S K AT AL D IR AT 46
o DB G o T AF SR DNA Fe 32 BB R B 7 B 2% 4
Sl 0B A A R W AT I 52 B ) SRR S T sk
L qPCR KM I B3 B, A R #H I K T A=
TR 485 3 1) TR qPCR ¥R 177, I 7 52 B B2 A Ee
BT A r g R, H AT A % DNA Gt B S 7
TR qPCR ¥ T I A5 B FH IR BT 78 48040, IR I A
BT % B AR T3 R I A {1 B EL AT R T B
KD () QPCR 5 3% - 3£ T TaqMan R £F A, 1F
FHI R T — M AT DNA F 4245 & qPCR % T
PR AT 7 v AL T 1% 7 VA A W BR DA & T
AE 1R 52 e 1R 2% .

KIATES : DNA RIRBUAE & qPCRIFAT IR FI MM RIBREE S &

1 ARt J5ik
1.1 FZERF

R EY W TR0 WG Bk 44k DNA 2
WA & RESHKAE LR AR LA
2xTagMan Fast qPCR Master Mix: £ T. A %) T 2
CEWROBAR A PR AT 39 A4 L2 45 2F V19
SR DNA PO IR =0 A Rk A IR A A
12 UHEE5RE

SR % % 52 ' PCR X : LightCycler 480 & , &
[Ri2 W= b C Rl A R A A {8 4#5 20 qPCR X -
Palm %Y , 3% 5t 22 3t (b 50O SR 50 = HAR A IR A 7 5 7l
A% R & AWK B %2 1Y : NanoDrop One Y , % Bk
KRB HECEBARAA & XNE O
1-14 B, 5% [H Sigma A & s % F 5.0 Hl : DI00SE
A A6 BRI A S5 A # (AL 5O e 4 7] s HL T
KV :BS124S A, 4l [H ¢ 2 R M A 7] 5 % R T %
Bl : Alpha 1-2 LDplus & , £ [E Christ 2 7] 5 HL #4fE
KB B : DK-8A MY, il ks 22 Sk iR s & A vl o
1.3 SRS E K

M GeneBank £ #f ¢ H 3K HU 4= 2 br A4 2L (K] )7

H (MT576844.1) 1§ 41 iy 2 25 b 2 K] 7 41 (NC_

009684.1) , fR 4 51 ¥ TR &L W v R, 43 ) e itk 7
G A R R B R U A AR AT AR X3 g3 ) ik
TF 70 N F R R R . R R G 4 R HE
PELBIN T — 26 N LAKR T8, IF iR 8 A b5 17 51 1%
it LS5 e . fE NCBI L X ik 5] 4 A
TREF P 53347 BLAST St b oy #1 » 5 Ho 4 5 v dk 47
PEAL, BAR B 5 DR EE P H L3R 1. 5] WRE K&
W bR 51 1 i A T AR TRE C R I 4 BR 4 ]
A

#=1 3I¥ K TaqMan iRt F 75

Table 1 Sequences of primers and TagMan probes
FE i ER S 5197 51 (5'—3"

514 P1 TGGAGTAATCCTTCTGCTCACAGT

A= Y5 S 514 P2 TGACTGTTGCTCCTCAGAATGATA
TaqMan 54t ROX-AGCATTTATAGGATACGTCC-BHQ2
5% P1 TCAGCCCTCCCATACATC

I8 Y52 A B 73 514 P2 GGAAGTGAATGGCGAAGA
TaqMan £ £ FAM-AGTGGATAACCCAACCCTAACCCG-BHQI
5% P1 GTATCATAAACAGTGCCCATCT

MR 514 P2 AGCATAGTCGGGCTTCCT
TaqMan R £ CYS5-TTCCAGAAACGCCTCCAATACG-BHQ3
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1.4 qPCRAZERIEMN

qPCR ¥ 38 18 2 SR 10 20.0 pL, % 2H 534 -
gqPCR Mix 10.0 uL+10 pmol/L 54 1.0 uL10 umol/L
PREF 0.5 pL B W 2.0 pL, FI ddH,O ¥ 14 & %b
76 4 20.0 pL, JE 5) J5 B 0 o qPCR 48 4 14 4 -
95 °C i & 1 2 min, 95 °C % 1 15 s, 58 °C %E fi!
40 s, N 40 MG, 40 °C¥A H 30 s, 78 1B K IE fif
I AT B 7 O H AR .
1.5 HiEERNLIESE

FA A SRS 8 76 A 3 28 PRI RS DY 26 2393 il 42
B T RLRAE A CEAR 1.0 mmx 5 1.0 mm) , [
B 43 1 20 5 B AL (C o) VB S FR AL (C o) AR iR 36 4
(T ) FRG IR G0 2H (T o) o AR 98 Fr FH 4 20K 5 (1
2.3 4K 4 BIARIC A :C v Crpan Crpsn Copgs Cagyn
CuvCorosnCorogs T v T T Tt T n Tigon T
Tao T2 MR TR 201k DNA $2 BUR 57 & U5 B 15, $2
H 2 A6 0 B 20 DNA . 3% i AR #1950 L, H &=
% R B R BE I 58 4G 5E BT 43 DNA I T & i FE
Faifg . F DNA F 42 Bk ab 248 560 4 6 i 8 40
WELTS P E T 1.5 mL & 08 F, N 50 uL 2 fif
FLA 0, FC & 0F BS s A 2R, T 50~60 °C iR
#H 5 min, 2 J5 10 W M B B2 1E N qPCR = M )
AR
1.6 IRETE4E B & qPCR B9 R BUE #50

DA A= RS J N bR S S R B RE R, A
A K 4R E Ll 2R SR R 4] DNA R B S | 4R
FEAZH DNA LA KA B A b Jst Rz AE 9 qPCR R
AR , 75 5 E qPCR S B AR F o6 iz Al 7 V6 AT
K55 MG OIE S DLJE RNA B /K A v B M5 I8, B4
V) F DNA ¥ W E 3 ANPIT. BARRNERA:
2xTaqMan Fast qQPCR Master Mix 10.0 puL._ I T i
14510 pmol/L) 1.0 pL#R%F (10 pmol/L) 0.5 pL .
DNA # 4R 2.0 pL.ddH,0 6.5 pL. qPCR ¥ 1 2% 1
79 :95 °C T A8 7 2 min, 95 °CAZ 1 15 s, 58 °C 4E {ii
40 s, LN 40 MG, 40 °C¥A A 30 s, 7 1B K IE fif
I AT B 7 O Hi s

H5 19 L 4= 36 K 41 DNA 4 591 3847 10 65 # B, &
BB BT & K 43 il 4 0.000 1.0.001.0.01
0.1.1.10. 100 ng/uL. f£ & B4R Z o 55 50 i A
2 pL AN [A) J5 & i B 1 3 K] 2 DN PR A #88 4 adk AT
#7319, PLJG RNA B 7K AE Jy B 8 B8, S6f B 22 57 1
= qPCR FiE AT REUER N . RBAERA:

S8 27HI 2024 FE 12 B | BREEMHEARFR

2xTagMan Fast qPCR Master Mix 10.0 uL. 4
RS (10 pmol/L) 1.0 uL. 1§ E F 35 51 ¥
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40 MEFR ,40 °C¥ 130 s, 7238 K FE AR i 8 96
1.7 qPCRIFR Tt 7 49 1 & R %8 2 M 4
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BT AR, HoAh 41 B 5 = # qPCR & N A R AH [
SR R SARFR A 20 uLo ¥ )\ N -80 °C Tl
RUR 24 h, ARG AT R R T 1 . SR R T IR LI
A B FE N -54 °C, ¥ BIF & J1<13.33 Pa, T 1 I [A]
96 ho X qPCR ¥ T 1k 77 3k 47 Aar Wl , [7) Bf DA B
B 1 1) qPCR 3 71 F1 R 7 I R T £/ 97 550 80 R T
qPCR 4 4 4 71 % B, 2 A 4 38 oth 28 14 R, (AN
CAH -

BT 4% qPCR % T iX 71T B4, 7
BB T 4°CiEfF6oNHA EH g7 64 H.37°C
T ik A7 28 d, 5 W4 qPCR ¥ 3R 77 2E 47 4 W, e
AN [ 3 i A7 s ) ko 3K 7] 1 R F B2 i, [R) e
W R BT AR TR R R AE v B M X R
qPCRA IG5 S5, 40 A 4 14 i 4 1) R E AN C AR -
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1.9 SERRHE G R BSR M A 4 B4
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A3 AT RS 23 BT, X5 qPCR R T A% 00 3k 77 f v o 1k
A AT 25 A VR
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TG0 BT, R 5 22 4 M o 41 1) 22 S b 4T 4t
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JE R 405 5 52 v, (EL A0 R0 B L RE N, LG AN 88 R %
FR SR T, DR I, 12 Ak T O R AN S T B 4 R
Rl o ERAR AR WD RE I 1T Ak Ab B B DN A % 4 Bk
] 3 R, {H AT RE 51 ON T TE 1075 4 ak 4
Wy AN B FUR B L X 6 T SR 5 ) qPCR
W 285 SR I AN 25 77 AR B S R S Oy T s
qP CROX A il it 1) 30 37 PR T % 1), 4 25 43 4t T DNA
Go B2 B3 BT 45 B v DNA RO o &9 i 4t i, v
FH B A TR R 1 A B A 21 (1) DNA Joit B9k JiE
A ) S5 AR IX AT BE S B TR A S R
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KIATES : DNA RIRBUAE & qPCRIFAT IR FI MM RIBREE S &

THREZHMBANEMCEARE 7%, %m T
DNA [ 52 o 285 $2 B 464k (1) £ 5 DNA ¥ &
W FE A4 2 338 B 7RG B K DNA Jit & 9K
N 2.5~22.4 ng/uL s Aye/Ar N 1.7~1.9. XF iX B8 FE 5
BEAT QPCR ¥ 4 50 , &5 R Wk 2. WA &L
qPCR ¥ 3 25 B3 B, It 5 A s == I 386 0, CAE & 8
/N 5 4 KL AR TS PR L B LA AR Y B A R
CAH B¢ 1 KL FF & 18 CAE 4 3 9% 2> 1 3.70.3.51.
2.20.2.49, CAH K240 4% L 5 FF 5 1 DNA B &
() 384 0 25 D) A 9¢ « DNA % $2 UL ) qPCR ¥ 1 45
R 50 Gk 25 RAE f, B E R R B
CE 3G I, 7 1 202 328 W B AR, 4 00 A2 1 1A 24
PSR 2R TR BAE RE S I COEL S LRLAE S I CE
Sy T 7.59.1.71.1.08.0.79, 45 & N br 3 14
2 45 SR, DN qPCR 97 14 32 B 7 82 K ), X
A BB A T35 KR = 1995 G W B A 1) 4 A T A
Z il 7 qPCRISFE . IR 2 A7 50, Ff i &N 1 KL
A, 3% 55 &V 0 DNA f 32 BUV% 19 qPCR G U &5 2R
BAHWHEZES . RIFEENLER EET e i
W , JC e 1 B 58 &k Wl 00 A B BE 25K . DNA i
B v ¥ bk 7 5 PR 4 48 4E 10 min Y, H 3 4 R 1 .

*2 TEIHMERDNARRGEI qPCR Y IGAI S
Table 2 Effects of different sample quantities and DNA extraction method on qPCR amplification

‘ o C A GRAFI &) CAH (DNA i %)
FE b2y FE R - — - - —
PRI U 12 1l 5 AE7N PR 95 B 2y 7
1A 21.78+0.08 15.51£0.02 22.01+0.01 23.51+0.04
2 i 19.56+0.04 15.46+0.02 23.29+0.04 32.60+0.04
A Y
3 K0 18.39+0.01 15.38+0.01 26.94+0.06 —
4 i 18.08+0.01 15.49+0.02 29.60+0.09 —
1% 18.47+0.06 19.92+0.04 17.46+0.01 20.17+0.01
2 %0 16.52+0.01 19.78+0.01 18.06+0.03 20.54+0.06
3H0 15.49:+0.06 19.66+0.02 18.46+0.05 21.10+0.06
4 i 14.96+0.04 19.68+0.02 19.17+0.02 21.64+0.01
1A 21.15+0.08 20.28+0.01 26.69+0.01 22.2440.01
2 k0 19.93+0.04 20.14£0.05 26.73+0.01 24.10+0.09
4
3k 19.21+0.06 20.41+0.01 26.74+0.04 25.50+0.08
4R 18.95+0.06 20.01+0.04 27.77+0.08 —
1 %0 22.72+0.02 14.85+0.02 21.35+0.01 15.68+0.01
2 i 21.49+0.04 14.81+0.01 22.04+0.06 16.57+0.06
A
340 21.36+0.02 14.84+0.01 22.12+0.06 17.94+0.06
4 i 20.23+0.03 14.81+0.01 22.14+0.04 21.49+0.04
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38 R, IR 5 5 i 0 A1 ) qPCR AR 47 38 il
LR HEAT X, WU 2. qPCR ¥ T3R5 0 47 38 il 2%
58 S0 qPCRIK A My Gt L L E G,
CAEB/N W R T B B 22 57, H R EBOs 3 3
RO & . RIS TR 7, B3 8 ih 4 C,
fE 3R RAGELSS , ¥ G th & 4 A TE 2, ¥ 38 2%
R . XA RESE 1T Taq B 52 A 1% T 158 10 5% 1
TEVERAS, R W T .

¥ B PR A7 T 4 °C R = iR 18 qPCR ¥ T3 771
S AE 1.2.4.6 A H B 3EAT §7 36 K W, &5 3

BE297THI 2024 F 12 B | BEREEMEARFER

TH IR B B A B R R

a3 5l DAAS [ o0 &2 38 FE 1 48 VY 2[5 20 DNA R
qPCRAEMR , T RNA [l 7K A g B M X6 1, 25 %2 qPCR
R 7735 0 R A B a5 L1, 2SN B AR
w1 pg/ul I, 25 5 B43 RS Y5 P B4y B A 3G
eI A S BY, CAE 43l A 30.26 F1130.73,
H CAEFEE DNA J5T 59K BE (1) 3 KT & s« 4
B <1 pg/ul B, 5K I 3G i 2 . R Bk
W75 B BRI AT HBR R B B

2974731 — 1x10° pe/ul
2636621 — 0. b
2298511 — 110 pal
1960411 — 110, pekt
162230 F — 110 el
128419 F

0946 09 |
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BRI A ¢, W R 5 ¥ M E R T
B 0% . (HZTE 4 °CHE 1 TR, L R, H A1
P4 A R AR A W R R, R TR A FE 4 °C
FMETIRAE 6 H A . 25 18 2 3 37 K I 1
AR AR F LT R TIRAE 37 °CF 4 Sl JBCE 7
14.21.28 dmfa e . g5 RERM, & XA 7E
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— ACHHEERC ) qPCRIKH
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Fig. 2 Effect of lyophilized protectant on qPCR amplification
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Table 3  Effects of different storage conditions on qPCR lyophilized reagents
CAH R, MH
TR AT S A - - - - - -
TR i ik 23 A5 By SRy T 95 il 43 A= 5 B Ay R

1A 16.08+0.01 19.58+0.01 19.22+0.02 0.847+0.001 2.335+0.001 0.941+0.003

. 24 H 16.09+0.02 19.59+0.03 19.22+0.01 0.846+0.002 2.334+0.004 0.940+0.001

e 41 H 16.09+0.02 19.60+0.01 19.23+0.01 0.846=0.003 2.333+0.001 0.939+0.001

61~ H 16.11£0.01 19.61+0.02 19.24+0.01 0.845+0.002 2.331+0.002 0.938+0.002

1A 16.08+0.01 19.59+0.02 19.22+0.01 0.842+0.004 2.333+0.002 0.940+0.003

. 24H 16.09+0.02 19.60+0.02 19.23+0.02 0.839+0.005 2.332+0.006 0.937+0.002
I

41 H 16.10+0.03 19.62+0.03 19.23+0.02 0.837+0.007 2.332+0.005 0.935+0.004

61 H 16.16+0.05 19.71£0.01 19.29+0.05 0.703+0.011 2.218+0.004 0.921+0.003

7d 16.08+0.01 19.590.02 19.23+0.01 0.839+0.003 2.332+0.004 0.940+0.002

. 14d 16.09+0.01 19.60+0.01 19.25+0.01 0.838+0.009 2.329+0.001 0.937+0.002

7 21d 16.190.01 19.68+0.02 19.390.02 0.745+0.006 1.961+0.023 0.586+0.005

28d 16.49+0.02 19.87+0.04 20.85+0.09 0.558+0.004 1.552+0.006 0.333+0.006

[EREF NI 16.08+0.02 19.57+0.01 19.21+0.02 0.848+0.002 2.335+0.001 0.941+0.002

G TR N I R R S ST
5 Taq B 1E 37 °CHCE I 18] K 5 209 3 2408 N %
AR BEEIHMT , qPCRIE T3 71 A UK 48 v B H!
FIR I P37 1 FEA BT 12 h, R 37 °C R CE
14 dXF 3 38 RO B A R, 1% qPCR % 18 7 (19 £
E MR A H R R R
2.4 qPCRAR TR 7 A 8R4 o 4

PR 1 B4 qPCR ¥ Tk I K 77 72 1 4% =X
qPCR X FH 52 B 5% ¥ 7€ & PCR A 1 1 B0 M % b
SRR 40 2P0 AL R I 4 S AR — 5, TG B
BZE R, £ qPCR % T ik 7 th3& H T {8 #5 KX
qPCR ¥
2.5 SERRHEE S A RGIR M A S A

i 3 1% B 7 28 5L B qPCR W T ik 751 9 A B AT

#4  qQPCRIKETFIRFIE R [ PCR {3 o B R 3 b

Table 4 Comparison of sensitivity of qPCR lyophilized

reagents in different PCR instruments

Pt (SN/T 2727—2010) (1) J5 £ %F 50 473 A [H] Ff 28
(14 PAL ) i 33E AT S R M R 2> A W . 7E qPCR % i
A% R, B M RE B CfE N 20.61~31.24; SN/T
2727—2010 B J5 %, BHAEFE 5 CAE N 20.67~
31.39. Horbt, 75 1043 FF & A ks I H G Y54 i 43 HL
A PRJ 1) it HRORSE H S M A B o b R, LR 5. 2
Tt 77 25 R R 45 SR — B, 3R B qPCR ¥R T 77 % g
% S FILXT PRY ] i RS S 2 ) PR A T

5 STRRAE S RS M AL 4 B R 45 R

Table 5 Detection results of duck-derived ingredients in

actual samples

bR S5 C A8 CRG Y5 1 53 CAH (A= Y5 A% B 53

B/ SERF R 4% X SERF 9t 4% X

(pgul)  EHEPCRAY  qPCRAY  E&PCRAL qPCRAX
1x10° 13.11£0.01  13.13+0.02  15.11£0.02  15.12+0.02
1x10* 16.27£0.01  16.37£0.03  18.31+0.03  18.43%0.05
1x10° 19.6740.05 19.75+0.02 21.83+0.01 21.86+0.04
1x10? 23.35+0.02 23.41£0.01 25.28+0.03  25.29+0.02
1x10' 27.1140.04  27.25£0.02 28.37+0.01  28.37+0.02
1x10° 33.26+0.03  33.42£0.04 30.29+0.04 30.31:0.02

C M4
£ RS R
qPCR Ttk SN/T 2727—2010 /5 %
1 AR 25.72+0.02 25.81+0.05
2 W 23.47+0.02 23.49+0.03
3 A 28.13+0.03 28.09+0.03
4 R 23.23+0.02 23.37+0.02
5 KEARH 28.56+0.03 28.61+0.04
6 TAEE 22.35+0.02 22.26+0.03
7 A 27.60+0.06 27.64+0.05
8  HWEWM 31.24+0.01 31.39+0.03
9 EWN 20.61+0.04 20.67+0.05
10 FERH 29.66+0.04 29.78+0.06
3giR

qPCR VA FE A R 45 i 56 9 v 5 — bl 52 R i
(K37 3% 5 B R HL A i Ak 2 3 R 0 B AR IS, 6 45 A
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VA SR AR SR, A DL A2 I g P T A U P K
YE 3 1 ) 1) DNA % 42 B0 7T LLAE 10 min P 58 1%
X AR R I A B, HORT 5 2 qPCR [ ZE R, BT A3
T RS SRR Y I R o B
ZE 5o BLA B FU A% ) qPCR % T I 7E 4 °C
WS N ATE 6 N H , HRR IR FF R E I Y 1 2%
A 37 CCH BN 0l A2 8 A7 K 14 d, N xR Tk
FIALE B S K W B S BE5E T AR Al . ¥ DNA e i
5 qPCR ¥ Tl 7 Bk & B T 4 485 X qPCR X,
AT S I AE B3 R ) 3k AR A, R P 2R B R R
B
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