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Abstract: The method of efficient multiplex polymerase chain reaction (MPCR) was constructed based on the amplification of
specific gene sequences of four common food borne pathogens in order to solve the problems of those traditional detection
methods involving cumbersome operations and time consuming. The MPCR method was established using the designed primers
according to the specific sequences of iap gene in Listeria monocytogenes, gyrB gene in Bacillus cereus, stx | gene in Shiga
toxin-producing Escherichia coli » invA gene in Salmonella enteritidis, respectively. The specificity, the sensitivity and the
feasibility of MPCR were analyzed, and it was compared with the national standard culture method. The results show that the
specific bands of four target genes amplified by MPCR were 371, 221, 432 and 171 bp, respectively. Under the annealing

temperature of 58 “C, the MPCR presented strong specificity without non-specific amplification, and the lowest detection limit
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(LOD) of four pathogenic bacteria reached up to 10° CFU/mL. The two detecting results of the MPCR and the standard culture

method were identical, and the detection period of MPCR was reduced to 8 ~9 h from that of traditional methods for 5~7 d. The

constructed MPCR, as a rapid and efficient detecting method for food products in practice, provided guarantees for food safety.

Keywords: food inspection; multiplex PCR (MPCR); Listeria monocytogenes; Bacillus cereus; Shiga toxin-producing

Escherichia coli ; Salmonella enteritidis
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Tab. 1 Strains for experiments
5 H R e, ki

1 PR AW R (Listeria monocytogenes) CMCC 54001 i ] B2 2 0 T T O

2 WL 2E T 18 (Bacillus cereus) CICC 21290 Tl Bl A 0 T %
3 B EEE A 5 75 [ (Shiga toxin-producing Escherichia coli) CICC 10670 r ) MY A8 A 0 T b AR R
4 Wi %6 V> 11 IR T8 (Salmonella enteritidis) CICC 21482 F Tl AR A 0 R R
5 & WO B BRI (Staphylococcus aureus) CICC 21600 e ] M A A 0 A R DR R R
6 25 i WA 1 (Campylobacter jejuni) ATCC 33291 3 [ A v TR b S BE T

7 F I EBRE (Staphylococcus epidermidis) CMCC 26069 [ [ 2 20 B R R RO

8 B A% I (Vibrio parahaemolyticus) CICC 21617 e [ TN A 0 TR Al R
9 B U5 B #F 7 ( Enterobacter sakazakii) ATCC 51024 35 [ A v R b S E AT

10 Ih 4 I (Bacillus thuringiensis) CICC 22945 [ Tl A A 0 T b R P
11 W B ZEFAT B (Bacillus subtilis) CICC 10002 A ol R T R DR
12 & IS BT (Shigella flexneri) CICC 10865 A ] T ol 3 2 40 TR £ R
13 355 BB (Shigella dysenteriae) CMCC 51335 o [ B 2 2 T DR PO

14 A 2 1B A T ( Pseudomonas aeruginosa) CICC 21636 o M A R e R
15 P VEAB B 1 ( Pseudomonas fluorescens) CICC 21624 [ Tl ok A 0 b PR
16 JHE T\ & BRI (Sarcina lutea) ATCC 9341 5% [ o o T o S ST

17 FR 2 JATF B (Bacillus mycoides) CICC 21473 F I oMb R A W T DR
18 BRI (Enterococcus faecalis) CICC 23658 r [ Tl AR A T AR P
19 I AT BERR AT 16 (Citrobacter freundii) ATCC 43864 S [ b o T b s e B

20 T FLEE BRI (Streptococcus agalactiae) ATCC13813 5 [ A 94 T ool R i
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b BT 37 CHEFRAA TG IR . PR IR Pk
V&R T LB W AR S 772 5 b 52 R O i 3G 5% L 35 57
RN 37 °C 5 A 180 r/min, B 2 mL B & W
F 2 mLE.LEF,12 000 r/min B> 2 min, F F
TH VB BUE M DNA fE 5 PCR Bz, B /& DNA
) 1 B R 40 T L I 41 DNA 2 BOIR ) & Ul B B
HEAT o R FH B0 43 06O BE 11 i AT DNA ¥ B2 A4l
B 2 )5 . F B 4l K A5 B & 100 ng/pl, —20 °C £
e M.
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FEDH W FE AT IR gyrB BRI 7 B #E R KR
A KWt [ SEE A RV TTIRE invA 3 H TP
H1 .38 i BLAST 514 [ VR B X 43 #7835 [ 1) 4 S5
PEF S - AR A5 B 2 3K 0F Primer 5. 0 &34
B AR EERFER 4 X5 TR TAEY TR
) By AR A6 G . BIYF 5 R 3G 7= WK
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Tab. 2 Primers designed for target gene

WPk 3L Bl (57 —37) YK EE /bp
; F: GCACTTGAATTGCTGTTATTG
L3 2 0 T ap : 71
AW (NC_003210.1)  R: CAAACTGCTAACACAGCTACT 3
N gyrB F: GCCCTGGTATGTATATTGGATCTAC
lEEL (NC_011725.1)  R: GGTCATAATAACTTCTACAGCAGGA 2zl
st | F: CAGTTGATGTCAGAGGGATAGA
EMEE A St : 132
FERRRRIG LA R (NC_004913.3)  R: CAGCAGTCATTACATAAGAACG
[ invA F: GACGATAACAGCATCGTATTGTT -
RO (NC_003197.2) R: CTCTTCATGCGTTACCCAGAA

1.3.2 ¥ H PCR IR R #A7

& 2 51953 I 4 B I B SE AT
PCR §"# . PCR J & & (20 pL):2 X Rapid Taq
Master Mix 10 pL, I TEs ¥ (10 pmol/L) %
0.8 pL . BiH DNA (100 ng/pl) 0.5 pL.ddH,0O
#EE 20 pl, PCR M FE)F:95 °C HlAE M 5 min;
95 CAE % 15 5,58 CiR kK 20 s,72 °C ZEAH 25 s,
32 MBI ;72 CHEAf 5 min, PCR ¥4 3% (&
SO E T TRD B A R 6T HL UK S 7R B R AL
TWRELIEHIIE . SR Omega i MR R & #17 H
f 45 DS, DI iy R B 3% 4 81 pTOPO-Blunt 25
& b, I 5 A8 KW AF B DHb5a 832 25 40 i
37 Cil R KG% , EMCPH M v b 25 36 R E MR A
B | (A B0 M L Xt 20 M PCR 3734 19 )57 41
1.3.3 PCR 51 ¥%E 5 A

BB 2R TR B S | R e M S T s i DL

W2 R B DNA L PR 25 3 Re TR R 19 AR B AR e
PRy DNA 19 FrHE H #5 B # DNA DL ddH, O i
BN, R HI I 2 T R TR iap BEPR 513847 PCR 97
LR NAR R SRFR 1.3, 2 WL P e Y4 3% B
JEAREBE I HL UK 3 BT o [RDRE 19 7 125 4 310 I A 2F AL AT
WOTERRER KR A IS A 200 1T IR BE /Y 51
YR ST E .
1.3.4 %7 PCR B KR EMAL

&5 Y17 2 PCR B R B kit
5. RNAK AR :2X Rapid Taq Master Mix 10 pL.,
10 pmol/L E TSI ¥ & 0. 8 pL, 4178 DNA %
0.5 pL.ddH,O #ME & 20 pL. KW RF:95 CH
AEME 5 min; 95 CARPE 15 s, 18 kK 20 s, B B 4% B R
KRBE S 535 50.52.54.56.,58.60 °C,72 C 1 fif
25 $,32 NMEH ;72 C FIEH 5 min, PCR ¥ 34 =
W2 300 BN W E e FEL UK IS 5 SR T E e LA 43 A &
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ML w5 Yk T £ E PCR "8I, d1 T 5] 9 )
BT AT A — AR IR
RIS, B 5 25l W5 R . 51 W) ik B ok s i H AR 2k i T
B S MR L, MO 2 8 PCR 519 B AL 3250 i
Sl & #EAT L. AR &R 2 X Rapid Taq
Master Mix 10 pL,10 pmol/L 514 ) F & i Bg 3 3
HEAT IE AR B BT 4 B DNA 45 0.5 pL.ddH, O %b
JEE 20 pL, ZH PCR W ¥ [A 1.3.4 Wi, PCR
PG ZE 3040 1 SRR W B B P VKOS R B R A
BT R G LS5 R, LU e A4 3= b i) e A 5
Yk iz .
A3 Bk AR 4 B FE 3 KRPE K%

Tab. 3 Orthogonal experiment of four factors and three
levels for optimization of primer concentration

SRR/ L

o
Aas iap gyrB st [ invA
1 0.6 0.6 0.6 0.6
2 0.6 0.8 0.8 0.6
3 0.6 1.0 1.0 1.0
4 0.8 0.6 0.8 1.0
5 0.8 0.8 1.0 0.6
6 0.8 1.0 0.6 0.8
7 1.0 0.6 1.0 0.8
8 1.0 0.8 0.6 1.0
9 1.0 1.0 0.8 0.6

1.3.6 £ PCR RAE 3 Hr

2ot B SRR 4 B R RCR T OE BT BOR T EL
BAREZR TR TR AR SR AT R R R KR A
[T FI i 52 U0 11 TG B A MR BE AR AR Sl 2. 3 X 107,
2.6X10",4.2X10" 1 3.7X10" CFU/mL, %} H 3
FTHESENY 10 f500 FE AR B, B 2 00 P BRCER A2 57 8 A>
s BE W B (10° ~10" CFU/mL) . $2 B4 5 B B 2 1
W DNA b B #E 47 2 & PCR #7856 . 471
PR 3 Y0 B I W E I H UK S L AR i R Uk B Ok 4y
MrZ & PCR ¥ 18 R U8 o SRk PR
1.3.7 £ PCR WA #7117,

T 37 b W SRR ) G A= 5 2 56 A R 5 HE R
R e e AD S5 5, 43 )R L B B2 0 B 5 vk
Kl ¥ C 5 . 2T 1.3, 6 WL & PCR f# ik
ot B 5 L, R FH BB BE R R A B0 2R M AR IR
(10° CFU/mL) B #E 2E 0 4T 1/ (10° CFU/mL) /™
HBWEFERRNBBRARE (10° CFU/mL) filiz & 1017
[KH (10" CFU/mL) % B ¥ 45 L 0. 5 mL 43 5] jin %]
8 mL Fi& 4 Fhaggal i, $2 0 DNA #4728 PCR
Rl SCHE A 3 W, DATEAL AR 1

1.3.8 £ PCR Kl Jrik5 B bRk AR

Hh A P B0 B AR T Y 22 ik R < A
PEIU L R T EIEZ E PCR A I 75 vk B4 E AR
FlZ ® PCR KU 7 i R 22 4 B R AR e 2 ah
Tl 2 R B )22 3 K A ) £ N T b 4 1
s CFE il v £ 8500 TR VR B2 o 10° CFU/mL) #E47
Rl

2 HRE5SMH

2.1 BEPCREBMERSH

KR 2 R By 51 4 625 A H AR
HEAT PR PCR R It 56, &5 R WL B 1, B — X519
AT 1 %N M S S A . KN AR Al 371
221,432,171 bp. ¥ 1 255 2 alifk [ml i | 521 52
BE P A X AT, R AT WA RS
GenBank 4l 5 7 51 58 45 — 30, 2 B A ) 1 3L R
FEAN BT S R B AT e, A I TR Sy £
PCR #5525

432bp

371 b
’.pzmbp-
- -

171 bp

250

100
¥ : M 24 D2000 Plus DNA Marker;1~4 43 34t 25 5 25 3
o SRR ZEMAT RO B M E R KRR RE MG R D1

)
BN}

H1 BAFHH PCR Y ¥
Fig. 1 PCR amplification for genomes of target bacteria

2.2 S|YIHRERNERIW

KHE 1S53t 4 Fh BARE . B A
19 FrAE H AR 09I AW 19 AR B AR IR A
W ddH, O # 17 PCR ¥ 38 . ¥ /=¥ & 3% BRI
VKA AN 2 fos W InA B BR B DNA B PCR
BB B REY 3G B Sk (UK 1.2.5.6.9.10,
13.14), K/N4r 518 371,221.,432,171 bp, i %F 4k
HARE A ddH, O #B A 38 AR ] 5545, v Wik
TR 4 X519 Hoxd B AR A i 5 5L B 8 B R S
P18 P LV T BARE A PCR A,
2.3 ZEPCREBNEEHNMRUERSIT

TEZ @ PCR W . TR 519 0 K B A7 A
25 SRV I () 5 s 30 D R R O AR KT B Y
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A Mop SIS 087 S B s OR 1 OR161S1D 81381 ARISI816;

171 bp
-w

7E: M 24 D2000 Plus DNA Marker; 1~4 43 3t 3 2.8 4 fi

FETE S 2RI + 19 Ak B AR L 19 AR B AR L ddH, O

5~8 43 A0 3R B AE 2 FELAT B L S A 2R JR AT B + 19 AR AR B AR T .

19 FdE BARTE .ddH, 039~ 12 R F = ERE R KB IR AF K

WO B R KR A CHE 19 FraE B AR 19 FraE B AR .

ddH,0;13~16 43 K R TTIRE R W TTICHE +19 F

FEHARE 19 MR HAR R L ddH, O,

B2 a4t
Fig. 2 Specific testing of the primers

SE U R IR IR B R i 1 5 R AR R 2
BB BCR BRI B KR B RS R T T
7 A AR S Y R EDRE R £ & PCR
PR 3 BT R IR IR BE B (50,52,
54 °CO Y Myt Y B0 2 i Re TR E ARG A% R N T
GUKIE DB ™ A AR e PR 45 (UKIE 1.2.3) 518 KR
JE w60 CO RA T IR R P8 il 4487, HoAl
3 P B T AR B HE H H Y SR GKGE 6) 518 KR
J¥ 0 56 B 58 “C 4 Rl It ARG 1Y H 17 i W 5 Y
RS A BB AR R S PR 1Y (TKGE 4.5),
P& F) PCR A6 I 45 g 79 U B2 B BB P 3IE 5 s 2 (K]
FP 4 14 00 R e e L IR 58 °C IR R ] TR 2k
) Z & PCR ¥ 1.

A/

FEENRR IR
FK #1432 bp

LA TR R371 bp
HRE ZEHUAF R 221 bp

[ #RIPITTIRE171 bp

##:M 4 50 bp DNA Ladder; 1 ~6 43 548 B kiR 50,
52.54.56.,58.60 C.,

B3 FREKBENSETPCRYBER
Fig. 3 Multiplex PCR amplification at different
annealing temperatures
2.4 ZEPCRIIMKRENRLERST
TEZH PCR W AR Z i T AR 51 9005 0k )
AR BT B0 B0 B AR BE 45 5 0 ME B B R A AE 22
S DR XA T R AT AR . R TS

Wy 3 1E SR B B[ L, (3D T3 3) By 25 J i ]
4 FR 9 P AL G AR R R S PE B 1 Y SRl IR
A AR Y RIS 0 B U A i Y
SIS L D 7 3 B Ab 45 G g g , Ho A% e i)
TEEM.EH T LEPCRY B, EXTLHEAED
Bro R 3AGS 8y kY 4 5K 5k 40 8
T L A S A A R R, Wk,
20 pLL M Z 8 PCR AR R A, 4 s a6 ok B2 340
10 pmol/L 1 51 ¥y fie 5 H 1 41 &« B 18 25 7 5 78
iap FER | BEREZFARAT R gyrB FEN PPERER
KA KW st | FEB I RIPTTIRE invA B
W51 IR 1.0,0.8,0.6.1.0 pl,

T K/ bp

FEENERNGE
7 FR #1432 bp
AR 371 bp
i RE ST B 221 bp
W R T TIRE 171 bp

i :M N 50 bp DNA Ladder; 1~9 205 8 % 3 PRI ES 1~9.
B4 RREIMKkENSEPCRYEER
Fig. 4 Multiplex PCR amplification for different
primer concentrations

2.5 ZEPCRRBEERSN

8 AN M E (10°~10" CFU/mL) 1Y 4 Fi 5
WZ#E PCR U 45 R E 5 Fros , kI 72 8508 A 58
A, I AR KR T S R SR AT I L AR R R
KGR A IR R UP T IR 0 B AR A H FRAR IR Ry
2.3X10%,2.6X10%,4.2X10"'.3.7X10* CFU/mL,

FEEBRE R KR
75 #1432 bp

I AR 371 bp
— U RE 2 A 221 bp
W RIPTTIRE 171 bp

1 :M 7 50 bp DNA Ladder; 1~8 2y B i v B 4> 91 5 107,
10°.10°,10" ,10°,10% ,10" ,10° CFU/mL,

H5 REAREMHET2EPCRyER

Fig. 5 Multiplex PCR amplification results under

different concentration gradients
2.6 % EPCREMATITHES
R TS 1 2 8 PCR HAR X & A7 S ARG i FR v
JEHY 4 Tl T B9 [ 3L SR T A L 25 SR K 6 i
N4 FRE AL REY S ) 4 AR/ T 58 4 — B
RS V25 B LR RS S e 25l HL Bl 2
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NGNS
500
400 FEEBE R KR
350 75 K 141432 bp
- FIBZIRFE 371 bp
250 i RE 2 AT 221 bp

faRIPTTIREE171 bp
200

150
100
¥ :M 4 50 bp DNA Ladder; 1~4 435 3 A T3 F 5 f A1)
AR R FEATRYS AR FR YT AEE A AD 4545,
B 6 %% PCRMNAILEMNILRGENZERE
Fig. 6

Multiplex PCR detection of artificially inoculated

dairy products

B (10" CFU/mL) B8 FE 2E 0 FF 7 (10° CFU/mL) .

B HFERRANMIEARE (10° CFU/mL) flfg &1
ITIGE (10° CFU/mL) #yag s . Ut B g 57 i 2
PCR Kl 8 AR HA B ar ke e, 3 IREEE L0
GRSt B R ZE R A RIFMRREM. AT

U, g ST 1 2 8 PCR A AR 2 76 2L i Az ™ 55 B rp ot
PR T RR R LSRR AT I AR R R KR A
FCTR AR 2 V0 1T EQ B 45 4 s U A9 T o b A7 2 4
Fr 2 5 AT Y .
2.7 ZEPCRENAEZSEREILRBRER ST
SR I EE ST (1 Z2 8 PCR A& 77 75 # GB 4789, 30—
2016 B Z R E A E SRMAEYFRE P
20 3 A 2RI R TR AG 56 ) LGB 4789, 14—2014¢ &
mn A E R E B EEY SRR WA 2R AT
g6 )™ (GB 4789. 4—20164 £ 5 & & E FAr il &
SUE Y AR R YT R ) LGB 4789, 6—
2016¢ B2 EZF R E ERMAEYFRE 805
K 35 A FC TR ARG 06 )0 o T bR 0 B 9 3k 4% I X
8 1 Y T 1Y A= W AE i AT AR I, 25 SR AR 4 FToR .
H AT, 22 85 PCR K I J7 125 R AR 0 125 3% 3R 1k A
B 25 58 42— 30, 2 FhOT IR AT A% 100%, R
FAL G5 10 TR Bk 4 B RE 9R Tk R TR ) — i T
5~7 d AR SCHEE S 1Y Z2 8 PCR K il 5 2% 14 45 ) )
WL 8~9 h, R & T AR %

A 4 %% PCRAMNF EAA IR EAEN L EF 002 R

Tab. 4 Detection results of contaminated milks using MPCR and strain culture

. o PR/ PUTE PCR A Il ] s 2 A DU
YIS RER o . . . - -
(CFU/mL) LM BC SE EC LM BC SE EC
LM 100 + - - - + - -
BC 100 - =+ - - - + - -
SE 100 - - + - - - + -
EC 100 - - - + - - - +
LM-+BC+SE 100 + + + - + + + -
LM+ SE+EC 100 + - + + + — + +
LM+BC+EC 100 + + - + + + - +
LM+BC+SE+EC 100 + + + + + + + +
1 : LM.BC.SEEC 3l 275 508 2= Jr R A1 L R 2P FAT 80 0 WD D IR BT L 77 A B 23 3R 3 A TR T 5 ™ -7 0

oz I 235 SR A BE P — 7 3R s R 45 S Sk [ 4

3 3

TR S YR £ E PCR P4 7] LU
ST B R MR B O L Ak . GERMINI
SEDOH ST ) S H PCR 5 S BLT O & b K AT
W O157 = H7  RAGFE VDT G TR RN B 3 2% 7 5 1 4%
3 ol SO T ARSI 5 9 UK 5 AT R T R T SOk
PR VBT I TR RN B AR AR TR — FE PCR R il 4
ARRFR . A SCHEE ST BB A 7 52 B R UL A PR 2
WrRE o AR SR AT I T AR R R R R A [CT A
W 9 U0 1 I TR 55 4 Fhos I v Y 2 85 PCR A 7 v
SCHLT AR — AN AR R R YT 4 SARid B AR
PR A% ) o R DX 1 20 1 R S v R B M TR 4
A A ) 3 8 5 SR vk L PCR ARG DU 7 56 1R b
£ R TR VLN W [ETIE 7o = R 11 3 S | 0 N € 5 = vl U

HPCR K I 5 32 i . 38 3 4 A5 — i B A 5 5L A0
19 AR H bR o A 4R S R UESC 56 UE W T @ ST i £
#H PCR ¥ K R LA R A Re 5k .

B AR s PR B 2 PE M 2 8 PCR K I 7 75 1)
FE IS 2 — HE B AR, A n] A A
ST DY PCR R I 7 32 v s B0 1 e I0AG H R
10° CFU/mL; Z2 B4 gt 57 jg U F PCR Ak &
FAGTIEE A 10° CFU/mL., A SCHESE Y 4 Fh 0% B
Z & PCR & W & & 09 & LK 4 R oAk 3
10° CFU/mL. #H# FHi A & 57 /9 P & PCR A il
D7 R ) R XA — R U A
SCETHI AR ST ) 5 L 5 B R A DE
PE. BEAh, 38 kX N TR A R B e FLH 2 &
PCR #0 LA K 55 [ B B AR 4 85 B 77 15 460 0 285 51 1)
oA L I AR SCHEE ST B 2 B PCR 7 3 T 3L o
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EH A 4 R LR R JRU 2 PCR A 7 AR B 5E 139

JELTE A I S 5 4 T AT Y, L AG IO R B9 e bR vk G
5~7 d 4598 %) 8~9 h,

4 & iE

AHFSEHE ST B £ & PCR K I J7 5 38 o — W S
50 [vi) B ARG 1 4 b Y 1 S0 T 5 S DR g A
FL o H DL DR R AR S TSR AT R R TR
W IT .

DY EEXT 4 g U5 B0 B 0 R 5 S R
F BER /AN [A] LR T EE AR ARL A 4 S 1 4 g S PR R
PCR K& 2 IF 304751 90 45 5 M 5000 , 5019 4 %t
S RO B bR B RS R 5 B R

2) i i xf 2 # PCR Rk R E 1718 KR B L 5]
Yy BE AT O0AL . R - e AR SR BE S 58 °C L B
TR B RE R AP B E R R R A K
B R U T IR TR e S M 5 ) e A TR AR IR Oy 0.5,
0.4.0.3.,0.5 pmol/L. FEHEMLK MK R T .4 Fls
J B S AR M B 35 3] 107 CFU/mL.

3) 43 2R FH 57, (9 22 . PCR K A 28 1 [ A
TR R 3 15 5% % 1 0T 22 £ P A D R JRR L 1 A 5 A
dn HEAT ARG A6 I 45 SR — 30, H £ & PCR A& & R
(ARSI FE 3 R 8~ 9 ho FEIEI AR 5~7 d (A &
KRG, 3% 2 W 57 1) £ 8 PCR K1k & 58 42
T T A 7 S B v X L S A A DR AR U

FE 7L 8 AR R T AL S R A W A
KR, 2 8 PCR KN 5 4 BT R & FE
BF A AR S L e, (AE Z & PCR R KR R,
T2 X5 PR AE — & 5 i s B3, Bk T
G X ARG I 235 R ) 1 ), T T R A 45 AT
FEoir. M8k, T ik — 4R m AR AR L 7 LY
PUTE PCR A&y vk i 6k 1 oF — 2 g v 1 S H
DL 2 8 PCR K J7 202 5 Se R 98 9 7 1l

£ 2% LTk /References:

[1] ABDELHASEIB M U,SINGH A K,BHUNIA A K. Simulta-
neous detection of Salmonella enterica s Escherichia coli and
Listeria monocytogenes in food using a light scattering sensor
[J]. Journal of Applied Microbiology. 2019, 126 (5).
1496-1507.

[2] ZELBK B, B0, 45, 2021 4R v [ i £ U 1 3 005 2 Rk
DNFOR AT ], o A2 35,2022, 34(4) :816-821.

LI Honggiu,JIA Huayun,ZHAO Shuai,et al. Analysis of food-
borne disease outbreaks in Chinese Mainland in 2021 []].
Chinese Journal of Food Hygiene,2022,34(4) :816-821.

(3] XU, WAL W SOAR L A5 TP 0 98 2 ST e o G 0 1 A T 5
HEJRLT]. BUAR & B . 2021,37(6) : 333-344,

LIU Hui,ZENG Xiangquan, XIE Wendong. et al. Advances on

[4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

detection techniques for foodborne Listeria monocytogenes[ ] ].
Modern Food Science & Technology,2021,37(6) ;333-344.
X WY AT % 2L PR 2 A R SR R () ).
FLih Tl ,2014,42(4) 1 46-49.

ZHAO Yueming, REN Guopu. Research improvement of
Bacillus cereus in dairy products[ J]. China Dairy Industry,
2014,42(4) :46-49.

FE— 5 FRE, TORURH A5 SRR 28 ALRT I Bt B K Y B AR
Y G B g B LT, b RO BE 22, 2021, 54 (12)
2666-2674.

CUI Yifang,ZHENG Min, DING Shuangyang, et al. Advances
of biosynthesis and toxicity of cereulide produced by emetic
Bacillus cereus[]]. Scientia Agricultura Sinica,2021,54(12)
2666-2674.

Ao A S A DL £ TR R R AR W A% R A ME A B BT Y
(D1 55 - L AR R 2%, 2021,

YANG Huandie. Research on Nucleic Acid Reference Materials
of Five Common Food-borne Pathogenie Microorganisms[ D].
Jinan:Shandong Normal University,2021.

WU Youxue, WU Meijiao, LIU Cheng, et al. Colloidal gold
immunochromatographic test strips for broad-spectrum detection of
Salmonella[]]. Food Control,2021,126:108052.

YANG Tan, WU Bin, YUE Xianglin, et al. Rapid detection of
Salmonella in milk with a nuclear magnetic resonance biosen-

sor based on a poly-

streptavidin-biotin system and a
amidoamine-dendrimer-targeted gadolinium probe[]]. Journal
of Dairy Science,2021,104(2) :1494-1503.
FEML.ERMAEYR R BORFEER R ] AR,
2021,27(2):108-110.

LI Yupin. Exploring the quality control of food microbiological
testing techniques[ ]J]. Modern Food,2021,27(2):108-110.
TAO Jing, LIU Wanwan, DING Wei, et al. A multiplex PCR
assay with a common primer for the detection of eleven food-
borne pathogens[ J]. Journal of Food Science,2020,85(3) ; 744-
754.

JUNG J S, HAMACHER C, GROSS B, et al. Evaluation of a
semiquantitative matrix-assisted laser desorption ionization-
time of flight mass spectrometry method for rapid antimicro-
bial susceptibility testing of positive blood cultures[J]. Journal
of Clinical Microbiology,2016,54(11) :2820-2824.
NYBAKKEN E J. OPPEGAARD O, GILHUUS M, et al.
Identification of Streptococcus dysgalactiae using matrix-assisted
laser desorption/ionization-time of flight mass spectrometry,
refining the database for improved identification[ J]. Diagnostic
Microbiology and Infectious Disease,2021,99(1):115207.
KIM S Y,KIM M J,JUNG S K, et al. Development of a fast
real-time PCR assay based on TagMan probe for identification
of edible rice grasshopper (Oxya chinensis) in processed food
products[]]. Food Research International,2019,116:441-446.
WANG Zhihao, ZUO Jiakun, GONG Jiansen, et al. Develop-
ment of a multiplex PCR assay for the simultaneous and rapid
detection of six pathogenic bacteria in poultry [ J]. AMB
Express,2019,9(1) :185.

] A SO R, . 2 PCR B AG I &E U105 %5 K 3 Fh
BEMEEORE L], & AR .2017,38(6) :295-302.



140

wWodt ok B

41

[16]

[17]

(18]

(191

[20]

[21]

FENG Ke,HU Wenzhong,JIANG Aili,et al. Establishment of
multiplex PCR detection method for three foodborne pathogens
on fresh-cut cantaloupe [ ] ]. Food Science, 2017, 38 (6):
295-302.

LI Fan, LI Fulai, CHEN Baoqing, et al. Sextuplex PCR combined
with immunomagnetic separation and PMA treatment for rapid
detection and specific identification of viable Salmonella spp. »
Salmonella enterica serovars Paratyphi B, Salmonella typhi-
murium » and Salmonella Enteritidis in raw meat[ ]J]. Food
Contral,2016,73,Part B:587-594.

FAE SRR R, 55, £ 8 PCR AW B4 L7 95k vh 3 F
ERPEEORE ], 5 TR, 2018,39(14) :213-218.
JIANG Hua,JIAO Yang, LI Yuanhong, et al. Multiplex PCR
for the detection of three foodborne pathogens in powdered
infant formula[ ]J]. Science and Technology of Food Industry,
2018,39(14) .213-218.

SHI Xiuquan, YU Liang,LIN Cui, et al. Biotin exposure-based
immunomagnetic separation coupled with sodium dodecyl
sulfate, propidium monoazide,and multiplex real-time PCR for
rapid detection of viable Salmonella typhimurium , Staphylo-
coccus aureus sand Listeria monocytogenes in milk[ ]J]. Journal
of Dairy Science,2021,104(6) :6588-6597.

PR R i A B M o L 4 SEIE 2O PCR 32 1 b 36 4G 0 L
5y v BRI 2 S0 R A Y AR ST LD ). A A A D A A AT
2020,11(24) :9425-9429.

LIN Yushuang,LAN Fusheng, LIAO Yanping,et al. Compara-
tive study for detection of Listeria monocytogenes by real-time
{luorescent polymerase chain reaction and national standard
method in milk powder[]]. Journal of Food Safety &. Quality,
2020,11(24) :9425-9429.

GB 4789. 302016 . & fh L A [E ZHRME B A BUEY 2GR
A% 40 0 18 A 2 0 IR T A 3 [ S .

GB 4789. 14—2014, & i £ E KA & 5 BUEY #1650 8

[22]

[23]

[24]

[25]

[26]

[27]

[28]

FEZE A B A 3 [S].
GB 4789.4—2016, B MEZ 2 EH FZirfE B RIMED EREK ¥
ITRE KRS

GB 4789. 62016, £ i %4 [/ Z AR (M A= &
B KM 5 7 IR TR K g[S .

M AR, 220, 55, GeXP £ 5 &R A W BE 20 B kA 5
F WA IR BOR R L)), T EE s T A AR, 2020,32(4)
386-390.

YANG Mengjie,REN Jia, LI Yang, et al. Detection of 5 kinds
of common foodborne pathogens by GeXP multiplex polymer-
ase chain reaction[]]. Chinese Journal of Food Hygiene, 2020,
32(4) :386-390.

Fng, £ BERELE WUER L2 B PCR A6 I £ I8 1 2
o T AR FELT ). bR, 2012, 37(8) :308-313.

WANG Rujing, WANG Yu, LI Yingjun,et al. Double orthogo-
nal design to optimize multiplex PCR reaction system for
detection of food-borne bacterial pathogens[ J]. Food Science
and Technology,2012,37(8):308-313.

GERMINI A, MASOLA A.CARNEVALI P,et al. Simultane-
ous detection of Escherichia coli O157 * H7, Salmonella
spp. »and Listeria monocytogenes by multiplex PCR[]]. Food
Control,2009,20(8) :733-738.

VKT BP0 AR, S5 SO0 R M B L VD 0T PGB R
R £ T PCR /W Jr ik 9 e 5 [ ], & & BL 24, 2016,
37(20):209-214.

HU Bingxue,SHU Yanyan, PAN Daodong, et al. A multiplex
PCR method for simultaneous detection of Pseudomonas fluo-
rescens » Salmonella and Listeria monocytogenes [ J ]. Food
Science,2016,37(20) :209-214.

R XM B A AR L AR 4 R R BUW I 9 £ T PCR PR
K7 AT SELT ). BRI E 5 9 % . 2019,40(21) : 164-169.

LI Cong,LIU Jianhui, LI Zhihui,et al. Study on multiplex PCR
of rapid detection method for four foodborne pathogens[]].
Food Research and Development,2019,40(21) :164-169.



