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Abstract: Aquatic prefabricated dishes are widely favored for their convenience; however, they are susceptible to
contamination by foodborne pathogens during processing and storage, posing a threat to food safety. To rapidly and accurately
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screen such risks, a multiplex quantitative real-time polymerase chain reaction detection system was developed in this study.
Specific primers and TagMan probes were designed based on the unique target sequences of Vibrio parahaemolyticus, Listeria
monocytogenes, and Salmonella spp.. In pure culture tests, the minimum detection limits for V. parahaemolyticus, L. monocytogenes,
and Salmonella spp. were 8.67x10', 3.47x10°, and 6.56x10° CFU/mL, respectively. A strong linear relationship was observed
between the logarithmic bacterial concentrations and Cq values, with correlation coefficients (R”) exceeding 0.98. Within the
concentration range of 10°~10" CFU/mL, the coefficient of variation from three replicate amplifications was within 5.08%. In
artificially spiked samples, after 12 h of enrichment, the detection limits improved to 6.30x10°, 6.13x10% and 2.44x10" CFU/mL for
the three pathogens, respectively. The accuracy of the system was validated by testing 60 real aquatic prefabricated dish samples,
achieving a 100% concordance with traditional culture methods. This detection system was highly specific, sensitive, stable, and
resistant to interference, enabling rapid and precise identification of the three foodborne pathogens in aquatic prefabricated dishes.
An efficient tool was thus provided for monitoring foodborne pathogens in aquatic prefabricated dishes, contributing significantly to
consumer health protection.
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Table 1 Primers and probes used in real-time fluorescent
quantitative PCR

53 3 o FHK
P AP F] (5'—3") & fop
VP-F GTCGGCAGTGCGTTTTATGA
VP-R CGCAGTGCATTGCGATTTAA 101
VPP Texas Red-
" CGCCACTAGCACCACCTTTTCATTCGT-BHQ2
LM-F CCCTAGCAGCACCCTTAGATTC
LM-R GCGTCTTCTTCGCTGTATGTG 03
Cy5-AGGCTTAATAACCCCTGACCGCGACA-
LM-P
BHQ2
S-F AAGCGATGAATGGCGTTACC
S-R CTGCTTTTTTGCCTGGTTCAC 104
FAM-TATCGACCTGAGCCAGATCTCCAGGG-
S-P BHQI

133 % EqPCRAAMIK £ 494810

% [ Probe qPCR SuperMix (DUG) ¢ B 45 L
GRS 7 IREH AR KR FE, B E 2 FH A
WRK) Tm A6, FEHHE 3 B 51 P S AR B i AR AL
S5 R HEAT 2 H qPCR KA RIH & BN 2 18]

352

ASAHE A, DAy it 26 op i 5t IR AS 5 A
e PR 7 G 5 B R B A 2R () FI W bRtk . 2 L qPCR 9™
BFEF: 50 'C 12055 94 C 120s; 94 C 155, 65 C
60's, 40 MER,
134 3% EqPCRAFFHXE

3 H bR EA MR . IR V]
QB S F A AR H AR B 4 Pl T A 1 75 5 B 77 B4
W, BB TN B L TR 2 DNA SR BGAF & 32 DNA.
¥ DNA 1F N, 208 1.3.3 HL £ B qPCR 15
Mk ZHEATY 1S, L ddH,0 1EAZ EX R, IIE54)
FARET B S o AR qPCR 78 i 28 7% 6 {5 5 Mk
FeIRE WL R, Cq < 35 45 R .
135 % &qPCRAM R #Z

I R RORE R 0 H bR B R 10 B EERRRE, I
B3 ANE B ORREHL 100 pL A8, BB
H 1 mL W H DNA, DL ddH,O 1E A2 AR, AR
P @S 2 B qPCR KR R AT BUREEVEAN . DAB
TR FE IR BUNREAL R, Cq (9 AL R 2 hil bR 2k .
13.6 % ZqPCRILTIHER

3 M HARR RS FR, $Z40 1 DNA BT &g
IU DNA, £ qPCR /4 2 rh SR U 2 — AN B 5 (] i)
R 3 FEE, LA ddH,O 1A AXTHR, BEE 3 .
BRI Co BNV B ARSI o o RLASH B TE ) Cg 18 EE
B, THEFCTIE R R
137 % £qPCRE AL EH

AN TR FE (1) B8 ¥ DNA D )R B4R, A ddH,O 1
NEEX I, #E% #E qPCR Ak R rh E A 3 e,
By M2 Cq EHHAT RN F0 0, THEANFE R R
W Cq [ERFIIE bR 2 AR 5 /AL
13.8 A TAZWAnARAE AR

MRS T 37 g I ot o 80 e P T AR R A, ARG TR AR
FIZIEE LI, BRI 1 g iFME AT LB AL, KR
SECN 75% WERSRIEIRM 15 min, SRS {E
BRI ZKIBYE 3 Uk B T R THI R B RS A B Ay s e,
BT YA AMT IR 30 min. WUk FR & it
A7 HARE , T JC B AR FR AR K% 10 1286 PR R
ML 3 AN IE B A FE U AT VR R AR A (R R I
MR BRI WITIRE 2 R 5 1 g iF
ERER, 3T omL3 gL EMANE AR, 258
R R R LB ABs v B UK P B, TERE B 0.
6+ 12 h HUIE B U 44 20 Ak (R 2 DNA 2 B ) 6 7 7%
FEH DNA.




MK EBBHT

Modern Food Science and Technology

13.9 KZRENHoibn)

TET RT3 AR I % 60 43 /K= TR, S RE
F Ik GB 4789.7-2013 13 & 22 4= 1B bR & S ZE D)
SRS EE I N AR IS . GB 4789.30-2016 £ i %
4 [ AR E S AR ) 2R B0 A 40 i 1 AR 2 R IR
P GB 4789.4-2024 £ ft % 4% B bR £ dh 2R
VARG S YT IRBEAS 30 i AT AR I 4 B8, il
MALDI-TOF MS % &, 60 {3 Ff i385 12 h J5, ’E
K 1 mL B, $2EDNA, 3T & qPCR &,
15 1 AR AEAS I AN 22 B qPCR K1) 45 SR 3k 47 % L o
1.3.10  HIER AT

Wit ARG, VP 2 E qPCR Kl R B — 1
PRAR AR DNA F1 3 i H A5 B VR B B DNA 1) Cq 18
Z B ZEZE R, 24 P>0.05, W% EFEET 5
EEFE.

2 #ER5R
2.1 % EqPCRAIME R AL

0 ST b O 32k H R B 1) 22 B qPCR Al A4 &2
W2, ZH qPCR Y IGHIZ W 1 fos. 3 MIELELL
BNIAR 2, R 8B 7 AR AR BT A AR R 7 k
PHE, BIfESE A A IR B PO6ME S 0F HI A
PR -

% 2 £EqPCREMMEFR
Table 2 Multiplex qPCR detection system
gladds  RRER D

A i WA RHE
2 x Probe qPCR Mix/puL 5.00
8 51 H R (umol L) 0.07 020 040
R 51 ik B /(umol-L ™) 0.07 020 040
AR /(umol L™ 0.30 0.10  0.10
DNA #4#/uL 1.00 1.00 1.00
ddH,0/uL 0.16

22 % EQPCREIN A 4 71

AR TES % H qPCR 5| W) RIEREF IR 5 1% 1EAT 56
WE, ZRWE 2 Fros. 38 H bR 50 Hh £,
R A A AR B AR, KA R, T
DU DS R AR ARG S B A BRI
RPBHEIERG . WA 2T R s A T, 2R B
AR 35 5o XTI UE W IZAR R BE A IR AG Y 3 FfAS
s 0 H AR, HRA s Rk, mT oKk ]
serf 3 b LA YR A B0 B R -

2026, Vol.42, No.6
1
2.400 -
8 1.800
2
2 2
£ 1200
S 3
[
0.600
0.000 N
0.000 fesswasssnnnsnpennnnnssnmnmpmos ssmmesss —ﬂﬁ:

0.00 8.00 16.00 24.00 32.00 40.00
Cycle
1 %5 qPCR # i 2k
Fig.1 Multiplex qPCR amplification curves
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Fig.2 Evaluation of specificity of multiplex qPCR detection system
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6.56x10° 1352 14.89 1385 14.09 0.72 5.08
6.56x10" 1553 1577 16.00 1577 024 1.49
6.56x10° 21.12 21.79 22.12 21.68 0.51 2.35
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(Listeria monocytogenes)
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