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ABSTRACT: Objective To develop a meat component detection method based on handheld quantitative real-time
polymerase chain reaction (PCR) for rapid on-site identification of meat sources. Methods This study focused on
the pork, chicken and duck-derived components, explored the influence of the single factors of meat sample
pretreatment tools, lysate composition, lysate concentration and lysate addition amount on the extracted DNA, and
constructed a rapid pretreatment method for meat samples; screened specific primers and probes, used the handheld
quantitative teal-time PCR instrument to verify specificity, sensitivity and limit of detection, and drew amplification
standard curves; and detected the real single and mixed meat samples. Results The established rapid pretreatment
method for meat samples could be completed within 5 min, the DNA extraction took 10 min, and the extracted DNA
could meet the requirements of subsequent experiments. The detection methods exhibited high specificity for pork,
chicken and duck samples. The limits of detection of pork, chicken and duck-derived DNA components were 0.010,
0.001 and 0.001 ng/uL. The standard curve showed a sound linear relationship. The amplification standard curve of pig
DNA was: Y=—3.956X+38.803, r’=0.9956. The amplification standard curve of chicken DNA was: Y=—3.499X+40.491,
r’=0.9909. The amplification standard curve of duck DNA was: Y=—3.961X+39.192, r’=0.9962. The method was
successfully applied to detect 28 meat samples with a 100% success rate. Conclusion These results indicate that the
rapid meat sample pretreatment method established in this experiment can be used for the rapid and accurate detection
of pork, chicken and duck meat on a handheld quantitative real-time PCR all-in-one machine. This approach provides
robust technical support for monitoring and controlling meat adulteration at the retail or market level.

KEY WORDS: rapid pretreatment; handheld quantitative real-time polymerase chain reaction; pork, chicken and

duck-derived components; rapid detection; food authenticity; on-site detection

N PSR SISk Bt PCR MM B 40T SCHRTFR T4 2 3¢

0 5 B EEOLE it POR —FRBL)(E 1), 07 30 e S B0 e

B AR T 0BG, il S e (CoryOn P1000Q). WTE 60 min PI5g LY, 1 1 ks
ke, et E Y R S T A M, BEAESLBLRE S, 455 i PRSI
BRI AT L HA 2013 ZEA0ROH= T 35 0, il AUTEE. W WAELEE, AR AXE
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BER AR IR A 2 D1 2483851 2020GLLO3 1),

NaOH(# & 1 mol/L). ZEIEkH(IHTaE, il vamkiE
LB A PR A FD); + e JE 6 B2 44 (sodium  dodecyl
sulfate, SDS). |+ — %tk = H JL IR {1k % (cetyl trimethyl
ammonium bromide, CTAB). F#iFERAN(Aral, Jb R
FKERBARAF); WEIREZRIBBOAH & R
XA BRZ>7]); Air-Dryable™ Direct RNA/DNA qPCR Blood
Mix (b5t i3 2 A PR BR 23 F]); TaKaRa Taq Hot Start
Version, dNTP, 6xLoading Buffer, DL500 DNA Marker(K
%5 H AP ARATBR 2 H); 10xPCR buffer(JL 5t {5
EBH A PR F]); DNeasy Blood & Tissue ol & (18 F
Qiagen 2 F]); Qubit dsDNA HS Assay &7l & (35 & Thermo
Fisher Scientific /A H]); ALK,

1.2 UF5R&E

QuantStudio5 SERFH¢ % E & PCR {¢ . ProFlex PCR #4
&AL (3£ [E Thermo Fisher Scientific 2\ #]); CarryOn
P1000Q F-FFaEMF 96 RE 7t PCR —AHL . St A (b it
R ACE R F]); Magic-8 1132 (H B BHR IR 56 R
2wl X1 B OHLAE SRR A PR #]); MX-S g 1L
(Ab R AL ERAT BR 2N 7]); GelDoc XR-+EEME BiARAY (35
Bio-Rad A ).

1.3 S|4FERE F 5 iF ik

M 36 [ B K A ) B AR AF B # .0 (National  Center for
Biotechnology Information, NCBI)3E K% 5 T 24 [l Fl s

LS, F clustalW A7 FE81 FLXHUS), edsh o (o <y FLAD
(AR S X 8, {371 Primer 5.0 #8659 FdREr . Hrp
N2 [ (internal positive control, IPC)AY 3 | ¥ AIEREN KA
B DNA At PRSI RRAFISEME, 514H Bk TA:
YT RREAR MRS A BRA WA, RE b1 T T A Rl
AR AR, FIAFERIE 1,
14 ZWTFE
141 HERFTAEF ke 3 A IBIE

(DOFEARATAL B 34 A T

L 20 mg 5% PAREAS 5], 4 3 PRI I 20 SRR AR Fg i Ak 2
Tk UANFRTACEE T B R . 2Rk 2
PR I o B 2022 iR T T L AR T BT
PSSR . BY I By IR S e mi s 3 =, BYJTBTIR
HEE 20 mg ALURAE 1.5 mL &0, FAS T EiE 4
60 K, IRFIHLUHRES, B CRIE AL R TE, 2
TR 2363 500 pl 1 mol/L i NaOH , 2Lk oy N4
AR IS, A 500 uL 1 mol/L NaOH. 1% SDS. 1%
CTAB. 1 mol/L 5B iR NN . 2R B e 240
WA, T 500 WL AN [ BE 19 A T o AR T s -
WiE R 3 MEZESS, A 300 uL, 500 pL. 1.0 mL. 1.2 mL
PRI . AEFRSEH SV AR, F3E5% | min, ##1E
30's, B 20 uL i, ERACEE 3 RER, I RAFEA
o3 M PR TR BT

(2) DNA $REUHIE i

NMEAEZR K F] DNeasy Blood & Tissue i &5 5 1]
B EABRRBUER A DNA. BN, 41, 220 8RS
WL R, R, B RAEACR R R AR BOA R &
PIIEHH DNA. B 1.5 mL B0 JCEE 0%, A

F1 EWFAAMSI. REER

Table 1 Information of primers and probes in the experiment

5144 B 519751 FEHIR /N bp b3/
1 F: 5~ACAAATTCACCAACATAATCCCA-3'
R: 5-GATGTAAGCGTGTGCGAGGAG-3' 133 F Az el
165 rRNA P: 5-FAM-ACTCCTAGCCCAATACCGGACTAATCTATTGA-BHQI-3'
FiHfEsh ) 168 F: 5“TTACGACCTCGATGTTGGATCA 3' 2 105 SCHk[19]
RNA 3@ 29 R: 5'-CTCCGGTCTGAACTCAGATCAC-3' -
F: 5-TGAATCTGAGGGGGCTTTTCC-3'
¥ cytb R: 5-AGGGTTGTTGGATCCGGTTTC-3' 138 Brizit
P: 5'-FAM-AAGCAACCCTCACACGATTCTTCGCCTT-BHQ1-3'
F: 5'-ATACTACGGCTCCTACCTCTACAAG-3'
X cytb R: 5-TAGGGTGTGTCCAATGTAGGGAA-3' 175 Fazagn
P: 5'-FAM-CTCCTCACACTCATAGCCACCGCCT-BHQ!-3'
F: 5'-ATGAGGACAAATATCGTTCTGAG-3'
5 cytb R: 5-GTTAGGGTTGGGTTATCCACTGA-3' 126 Bt
P: 5'-FAM-TTACCAACTTATTTTCAGCCCTCCCATACAT-BHQ1-3'
F: 5-AGTTGCAGTGTAACCGTCATGTA-3' AL R

IPC R: 5-TCGACGAGACTCTGCTGTTAA-3' 100
P: 5'-CYS5-CAGTAATCTGCGTCGCACGTGTGCA-BHQ3-3'

A R R
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JIE L, W 30 s, REREERSTRRME I L R
LA 100 pL Lysis-binding, #EE% 1 min, #'% 30s;
BEOEEFRIZELE, W 30 s, REREEEETHRWNES
I B, BUNEL.ODEA 100 pL Washl, JRZIRE), K
OEE TR E, W 30 s, FRREERSTRM G 78 b
T RFRRE W MPIRAS, TR OB EEZ B A 100 uL
Wash2; /55548 B, BORN .08 A 100 uL Elution,
IR, 60 °CIFHE 3 min; BHIBEEIE, K 0EH-R
ERGHZE L, BE 3 min, W EE.

PEIUAY AT 25REA DNA {1 Qubit dsDNA HS
Assay Kit &G0 G TH BEARIN, 20 *COKAE IR & .

(3)ZERTE it PCR Rl

P4 KWK & M. Air-Dryable™ Direct RNA/DNA
gPCR Blood Mix 6.25 uL, 10 pmol/L (1 - Fi##5 44 1.5 uL,
10 pmol/L F¥R%EL 0.5 pL, BitR 15 uL, KE#ALliK 0.25 uL,
SRZN 25 pL A IR 95 °CHUVEYE: 2 min; FEAY H4TE
PR, 95 °CAEYE 55, 60 °CiB 2k 20 s, 45 MIGFR .

1.4.2  HARRT R 77 ik 5 F AL AR B P o 5 R

BTN T HAR RS, s L X B
. B fa; A HEShY) 16S rRNA 51 45F1 PCR #
PEEAL 1 S0 AR R FRR P4, PCR 3G S AR 2
10xPCR buffer 1 pL, dNTP 1 pL, TaKaRa Taq Hot Start
Version 0.1 pL, 10 pmol/L F_E 5 19745 0.5 uL, #i 6.9 uL,
JMKZ N 10 uL; PIE40ER: 95 °CHIAEYE 3 min, #EA PCR 1§
R, 95 °CAE M 30 s, 60 °CiB %k 30 s, 72 °CHEfH 45 s, 30 4ME
B, frJ5 72 °CIEMH 5 min, 4 °CLRAF-

By =4 5 ul, 6xLoading Buffer 1 uL ¥,
DL500 DNA Marker 6 pL, 2%35 BAHEE RS FL Ik, 78 5E R L
BACT IR LSS
143 A TFHKXAEEKETE PCR — R H ., 28,
P8 AT AR T ok 00 1 S R AE

(1)—1{&1k qPCR § 4 1A R FISHL

Air-Dryable™ Direct RNA/DNA gqPCR Blood Mix
12.5 uL, 10 pmol/L f_E U5 9145 2 pL, 10 pmol/L [H#R%T
1 pL, MR 25 uL, NSHIIER M5 IARE4S 0.2 pL, B
Ji#E DNA 5 uL (500 #5D1), KE#4iK 1.9 pL, BIERN
50 pLo BT LT i B G AR AR P b,
R T AL, TR DA AL
12 Hg: 95 °CHIAEME 2 min; HEAYHETERR, 95 °CAEME: 5 s,
60 °CiE ‘& 20 s, 45 IMEFR

Q)R & Fr S MR 56

Xof 5 B A FH A 5T 3 5L 09 T E1 T DNA R, 3
SR PR G k0 P R v A R 4 AR v e
WX DNA - 15F B, LI 100ng BN, J&5. 4. . 28,
S, S, R, fE) DNA AP BB, AJCE KN BHPEXT

B A3 BIHEATHE cytb, X% cytb. M8 cytb B FREN 5
PEAGI

(3) AL IS, HH R AG B8

FAVENL YT DNA #F1 7 B, (RIEFR A ) DNA B AR i
435124 100.000., 10.000, 1.000, 0.100, 0.010. 0.001 ng, %
AR 3 IREE .

(4bRUERZe Ny

FHUEIR O DNA #E17#6 BE, PRIES A ) DNA BEAR £
435124 100.000, 10.000, 1.000, 0.100, 0.010, 0.001 ng, Lk
AL DNA 5 A& 4 # A48 (X, ng), 185 B {H (cycle
threshold valve, CT) N HAEFR(IER], 25 . X5, PR
DNA ¥ 3atrifk 2

(5) T B PRI i e A

Shy 58 UE ST S N7 T A B 5k ARG I 44K R A S B TR R
SR A A R P A, MY LTI BE LI SE 28y PI2SHE
AAERRRT G, 4G 5 RSN . 6 ARG 4 77
A BERS DY L 6 (AR A L 6 AR SESE AR 1 I SR AN
WIREFEAR , WEIIARIL 3 g FRRAE ST Il B AR, R
FAATE MR TARME NY/T 3309—2018 ( RIZS TR o %
E SERTPOEEME PCR L) ST, K255 s o FH
P (AR PR R A ST ) — PRSI T i A A, A
HEEW. XY MRS
15 HIEALIE

FIFHF R RS2 28k 2 & PCR X H W 4 M 4
FTMD (v1.5), MR4EMEsER, FIH Excel 2019 Fi4iil4k
PESCFR LR, HEST 2otk ok Rl T SR M 3 A AT E R .

2 HER5HH

21 HARESENEMN MR RNEEE PCR
¥
2.1.1 % DNA # K 16S rRNA 3| a4t 4% 1L i

% DNA A 16S rRNA 514 FIHEHU AL DNA H
SIS AUYIE LR, FLALFE K o REEAOh B,
TS Y RE HAT AT R S
212 FRAAETAL, Mmoo RRE. RiE
Jm& 5 H) 5 DNA IR R 69 547

WE2A BioR, SRS 500 uL 1 mol/L NaOH H,
TP BES Gk BELREAFBE | B 70 B A S MRS . BY D BT BS AR
FACHEHC DNA JEHEF 79714, ALY T8I CT fEi)y; 35
FHADE TR, BY JJ B IRUSCR S diy H B ] e 35 s,
TFEESRAFEE A 70 s, BYJIBYIRHIFEE BRIT IS 60 s; Fe&HfiE
HTAb R 55 7] BY R

niEl 2B FR, ZUERASINEIN 500 pL, 25
& CTAB.SDS .NaOH ., R s, 78 E %59 JJBTHL 20 mg
FENLPHZ HANG T AR T DL T $2IUH) DNA HrT
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JESER G ER PCR B3R, CTAB F1 SDS 7£ [7) 45 i 4344
HIY R, SDS R E4F, 1 mol/L NaOH #1 1 mol/L 545 &
FRARARA N 1% SDS, HikFIMAE T SDS, Zi&6%
&% SDS.

M 2C AT LAE i, Bi#E SDS Ji ik B4, CT
A BRIV IR 1 R B, 3K U WP 55 vk B 1) SD'S i Rl
JESEAR FEA SR AN R ER . (RN T REA R 4 275
FRFEAHE S RS I TERETUAY, B DNA $RIECR 51

A 25 B
20 +
m a
7 S
[ =
Q o
15 F
0 1 1 1
O T ek 091 09EG 301U
RS BB
KA T A
C 25 D
204k
@
2 T 3
& 3
© sl
10

0.5 1.0 1.5 2.0

AR JE i SDSZU# I /%

R e B, 565 RS AT R, &
354 1.0% SDS.

M 2D FILIE H, ARaRnEs CT [E2IEH,
FUA B R SR B2 F B DNA, FRRY 30K . HREE
SBRERERT R, MRS NS A 300 uL A1 500 pL A,
RIS REA B A AR AR I AR At 2 ot B o8 A Rk T
BN, AR, 25625 BERVE AR ML BUSCE, ik
1.0 mL R 2R m i N .

25

gl l\/\‘

15

10 . . . .
1mol/L 1% 1% 1 mo/L
NaOH SDS  CTAB RHiFHEAT

NGl A

25

20 |

15

300l 500pL 1.0mL 1.2mL
NGBS AT/l

P2 AR AL B 2 R ISR Y 52

Fig.2 Influences of different pretreatment factors on the extraction efficiency

AV LR, AWMREFE A B . . .
X M 4. Bl f 20 mg, A EP & HEIRE, A 1.0mL
SR 1.0% SDS FEhHE % 1 min, &1k 30 s A9 PEFT
DNA I,

22 HAFIREBLFZEEEMGHMESMSEZATM PCR
&

R _E AR AT AR AR BRI B A AR, WEH 20 pL b
W HETT DNA 321, FPEHESI Y 168 rRNA 3@ FH 5 | Wik 7
PCR "3, 2% LIk S DL 3, o T A i 441
W7, K/NFE 105 bp 224y, FTa ik Rl i A T Al b=
K H .

Mk E 5 W % Bl fa NTC

7E: M. Marker; NTC. 25 X} iR,
B3 %, . 81, G, B AR SRR Ik

Fig.3 Agarose gel electrophoresis of pork, beef, mutton, chicken,
duck, rabbit, rat and fish samples
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1l LERVE

23 ETFHALMEHEE PCR — UL,
G, BOFITHM
2.3.1 3l HAedRAt 69 4F F IR

fEA 100 ng M9%E. AL 40 F0 X801 &L K.
£ DNA B, 4RI 1 S XS 555 i
AT, 5 RNE 4~6 FiR, 7EHRRE LM, H
AFEFEAR B s FUxT RSSO B M, 1SS cytb. 3§ cytb.
M5 cytb BB P RIHRET B BT B R 1
232 RBUEBAMEIR

ARILIRE . . 1% DNA 100.000, 10.000. 1.000, 0.100.
0.010, 0.001 ng 4" HafsitR, VAT REBERMSEL . FriefaE

ki) DNA & T RBUEFEH R, H 0.001 ng ¥
A 500 -

400 -
300 /
200

100 |

2~10

—100 1 1 1 1 1 1 1
1 7 13 19 25 31 37 43

TEFREL

e
9. NiEHER4Y; 10.

B4 TR 96 i PCR — AL IR o34 5

FEURERLSY; 2. XOVEERLY; 3. WSVEIERLY; 4. A VEMERLSY; 5. SRIEMERAY; 6. SRIEME Y 7.
S EXTIE, B 5~6 [A],

DNA TEY i MR e MEEAI, BRI ACR A gk
9% DNA 247 0.010 ng if, CTH -3 36.87+0.47; 45 DNA
4 0.001 ng i}, CT - F-H(E K 37.03+0.38; % DNA 2 0.001 ng
i, CT {E-F3{E A 37.03£0.68; FIULHE . 3 | H5 04 B Ik

M504 0.010, 0.001, 0.001 ng(&l 7~9).
233 ARAEWE

HEAT e RER I A B, T estilbrmkthisk, HiR 1.4.3

RO REEIE . 3. TSIEME DNA P4 ARiErhZE
LN 10 R, A Y AR ZE: Y=—3.956X+38.803,
r’=0.9956; B 4G ¥ 44 bR vl %0 Y=-3.499X+40.491,
r’=0.9909; C Ay M P 18 b v #h 2k © Y=-3.961X+39.192,
r’=0.9962, FATAISREZRZNDER AT, ATLUR T Skl
B 900 -
800
700
600
500

400

ﬁ% 300
200

100

25 31
{25

SRR SY; 8. B PE ST

P (A FI AR BEPE XS BE (B)

Fig.4 Specificity test of pork component by handheld fluorescence PCR machine (A) and internal positive control (B)
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PCR — AL XA Y51 55430 7 D 3K (A ) A PR 38 B2 ) R (B)

Fig.5 Specificity test of chicken component by handheld fluorescence PCR machine (A) and internal positive control (B)
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Fig.6  Specificity test of duck component by handheld fluorescence PCR machine (A) and internal positive control (B)
A 600r B 10001
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2001
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7: 1. 100.000 ng DNA; 2. 10.000 ng DNA; 3. 1.000 ng DNA; 4. 0.100 ng DNA; 5. 0.010 ng DNA; 6. 0.001 ng DNA; 7. 2 (Ixt#e, & 9 [

H: 1. 100.000 ng DNA; 2. 10.000 ng DNA; 3. 1.000 ng DNA; 4. 0.100 ng DNA; 5. 0.010 ng DNA; 6. 75 X i,
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Fig.7 Analysis of sensitivity and limit of detection of pork components (A) and internal positive control (B)
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Fig.8 Analysis of sensitivity and limit of detection of chicken components (A) and internal positive control (B)
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Fig.9 Analysis of sensitivity and limit of detection of duck components (A) and internal positive control (B)
A B C
401 40+ 401 *
. . 301 -
30+ - 30+ . 25t " .
£ T £ - Ew .
O 20t . O 20 - O sl .
Y=3.956X+38.803 =-3.499X+40.491 1ol Y=3.961X+39.192
10F 2=0.9956 10F 20,9909 S| 09962
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Q N Q S S NN Q \ S O \ S S O
T N S S \Q_Q QQQ QNS \Q.Q \QQ.Q
DNAHEA fit/ng DNAHAfit/ng DNA# A fit/ng
10 $5(A). X(B). T8(C) DNA HI bR E £k
Fig.10 DNA amplification standard curve of pork (A), chicken (B) and duck (C)
234 T AK SR BOAH Gl 432547 DNA $2H, SRJ5 6 45208 e

TSR 28 D3FEAR, SR BUA T ARG AT fE Fr) Jerg it PCR —(RHLIEATY 1S . B sz m 7t 28 A
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Table 2 Detection results of commercially available meat products

GBS Homy  SEAIIR R B 5 XA 2 BH 1k 550 FRES A T A 2R B P04 EHEE Y%
A 5 5 0 0 100
XA 6 0 6 0 100
5 Py 4 0 0 4 100
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F 6 0 0 0 100
TR PIR G A 1 1 1 0 100
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AR g SERPEE PCR ), NY/T 3309—2018,
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