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Research progress on rapid detection of foodborne pathogens by multiplex
fluorescent PCR

LIU Zhan-Ao", PEI Yan-Qin, YE Hua
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ABSTRACT: Foodborne diseases are mostly caused by foodborne pathogens, threatening personal health and global
food safety. However, due to the long time needed for the separation, culture and identification of traditional bacterial
pathogens, some bacterial pathogens are difficult to be cultivated, which is difficult to adapt to the needs of foodborne
disease prevention and control. Therefore, it is of great significance to find an effective and reliable high-throughput
detection method for foodborne pathogenic bacteria to ensure food safety. In recent years, the nucleic acid detection
technology for foodborne pathogenic bacteria has been widely applied in the detection of foodborne pathogenic
bacteria due to its advantages of simplicity, short time consuming, strong specificity and high sensitivity. On the basis
of summarizing the knowledge of foodborne pathogens, this paper focused on the principle of multiplex fluorescent
PCR technology and the application progress in the detection of foodborne pathogens, so as to provide a theoretical
reference for the control of food safety hazards caused by foodborne pathogens.

KEY WORDS: foodborne pathogens; multiplex fluorescence PCR; rapid detection

1 8 = LR RERAW BT, Hh IR pR O I, &
PR B F R B BRI SR, H TS AR E

AT N R RR 5 FEAA 2 42 )7 16 2l i IE B URMEBOR AN 23T 300 R A4S WHO 2015 42 %A
THE, JF HEaE 225 R KPR m, AR ) CABRERVELOR GRS SRS ) P, SEREiREsR
SR MOk M TSR, AR IR R SR A ot SR N BLACTT, o IR T5 9 o e R B R i —

HEIAEE: X G2, Bl TR oy R E A R IR ST s SR A . E-mail: y28980@163.com

*Corresponding author: LIU Zhan-Ao, Associate Professor, Xi’an Medical College, No.105, Xian Road, Huyi District, Xi’an 710309, China.
E-mail: y28980@163.com



55 24 1)

X 5%, S5 2O PCR PRGN J5 1 20m B i 58 ik 9309

Kb, HESEREERRAMEK . TRk, ke
SIWARTR], B £ VA S50 TR A4 HH PR 200 T 24 1 b £ D
SO B Y WO B PR T R Pk . EIRE, (E
TG A W BAMA SN0 ) FAR I AR v A 1
T EL G b WA A0 R, A T O TR A I 17
SIS B B R B A DN 12 3 B B GB 4789
GB 8538 SFfnifE, LIArEsitse . AA LR AR S5 5 N
FET BB SRR, (HX AR KRR
FURHG, FRERE . AEST, MELLAEI PO H . B,
R A B R 8 32K ) 43K 5 ) & R, TRl Rk
B Ui SN 7 ST SN (1971 NS /v = 319174 e AL 7/ 28 1L E 5 N
F, fFEH M PCR, £ PCR, %2L32H PCR $ AL
P A S FE 2 IO PCR HOARTE I S0 B s
R0 Fp i R E R N LB gE 2k, DAHA SRtk — 5 Ay
T R A kIR S

2 RIEMBURERE

21 7 %

TEE TR, R R A e B, Al
G HEIREIE R 44%U0 AN 2 9 EE 22 R E S M,
DIHM R Z . & 0 SR 8ok W 228 A S IR . &
PERIGFFE . S W OEARRE . RIS . W ImE
BRERE . RIS IMONE . VI TIRE . ALY . SRIEAT I
ELHATT . S50 . A ERAFTE . PR SN Hoh
KA . VT TR . BRIEZEITRR G . &P O A BRI S
Yt 0 2 A R A R L
22 BEM

1 TR T SO TR R B A S I B AR, T
YT LU B B AR AT B — D, RIS
Al FEGE ALY R A S B DR & B
7o WG, AL EAMELEEY haF S, Wi
KRESEWEY PSR YE, ZhaEaERhsik, fF
PR e gRZE, I mAILRAT, Llak
s R A E, BRI —Bh 4~48 h, FIHERA SO, Sk
&, Y= MERS, FERRRA R | 85 11K, b
flitt, WITREGFEAEMFEF NS L NG, 3t
T ST LA, A6 3R AT 5T AR TR, Hh B0 T Y
Brim s, K UKBAFE N E, R HEowE L AR,
S RIGTEREE L ABORTE . iR . g G,
FEWAZIEIMENEA, 7EHAY L E—R K E
0157: H7 5IEEEYHE, 2 9000 £ AHhE!" Hf,
YITHR RS2 R s A A AT B O157: HY7 2R E ik H
VR A A AU R, AR Tk b, B
FURWAAEMN T, i85, HES DT NEIBRE, R
AR, R B IREBOR E R EE S, B4R N E

HAFFT oMY J5 T

3 E#H PCR EARYFS

FELE I A P B e vk T R ZERE TR AR 2% | AR A S A I
WHEFEREETRET B, AN, BAERE, 52 F0
FWTRZ I o SR TR S0 TR RS e AR 1) S PR A
FRRHUEREE | A 1) — 1 A KR R S 1 43 A B i) 119200,
Horh, Gy F AWy A I H AN Ry — TP A R AR SR S 4 3
HR, BT HOR R (RERR T 40 % FLEA T R i A 4
E DNA H B R o L5 4 i S (polymerase
chain reaction, PCR)W, i} 72, PCR K Wi Xt T4 7E H
B B B b TR B 5 . BRI S TR R AIG
TRBHPERER, 76 R BUE 7T, K% PCR & R X80k
K BR AT 35 %] 10~10* CFU/mL, i {448 )7 i 46 HBR 2 4
10* CFU/MLIP, % # PCR J5E3 3 1 46 45 2 H A% DNA
50 R ARG I B i HR A7 7 ) B — 2 B A, (Rt AT R FR
P, EeanaZE] PCR PPl A5 m i = A R B, Joik X4y
BRI P I 35 R i AR Y

4 ZEWS PCR EAHIL

4.1 BFAREERFFS

FEFHH PCR HiAR, Mz 2R Ty
%, ANZE PCR. LA ZOEE & PCREUCTHUN PCR 4.

22 E ¢t PCR J& T JLAR & JR e ok 1) — bR sk s 0
AR, EHAREIOCE R PCR BYIEAE b, F) WX ak 7 X
PLE B 5190 LA B SRR e R B, SEBLAE [ — A S Ak &R
Ht 2 A B AR 8 R B R AT A, e e S R Rk
Bf W 42~ PCR R, #5817 S0 %856 PCR 19 1 F Y
eIk T % ML PCR B 2228 R 2 PCR HiA 552
A9t f PCR 454, H i, £ PCR(multiplex PCR)
HARNFRZES Y PCR £ R4 PCR # A,
Chamberlian T 1988 4EE Y4 P, 16 [F— ik & h
A Z X514, RBP4t 24k i B R PCR
N, Al EE R 2 A BAR T, B . @ IR,
R PSRN, AT B B T A U0, s ue e
H PCR HARSETE VAR R I A SIS, i B (5
S BB A AR VE AT ST W, e 2 s o 2R Xt
KB e FE s B A, B T e kS E R F A,
B RS PCR WA 4 A — IR s A G ERDE 50,
M2, ZEYE PCR i FERH X R AR R PCR
SN AR SR AT AR A i, T AL T A B R A, B
Al ABUE . TT5 Y PR SRR, P46
R 0 ek A R R ORI N T AR I
AN T



9310 1% A T R A

81

4.2 RIFMERESN A

ZE Ot PCR FEARSESL brny FH v 25 F Z Rl i
TR B SRS TR L 75 RS A G, ZE R4S B AR B I B
BAE, s ESFYLIDITRE . S ek . [l
PRI . B A L AR 2R R R R X 52, B lE 2
%t PCR 26 2B S BOR A A N, &35 | AR
B, I R B LAXT R B0 B E bR ik 6 B, S5 WoR
PBAYE L BAYE . A5 (IR RS e, SRR —EG X
T N BRI FF I 16S-23SIDNA [R5F X | 4 5 (4 445
BRE I AL BRI (nuc) L K 7 51 TS FRZE AT cerA 455
HRTITE B FEREr, HERE . 2850 PCR Fik
FEIEXT 194 9y 28R4l L& S TR, &5Ree—3, 7
8 h TEM. ITAEARILF ST 2 E 5 PCR 1 2 S AII7E
A K™ i B LI A 10 FH % Je i, Zhang 51OV I 22
FHEE PCRAGIN 1 ZL At b () & B (O RT 4 BR T, ARSI PR
AIIK % 3x10° CFU/g; RIFEARUIME T IFIHH Yk PMA
() = B SEAT 9O B PCR )y 32 [R) I AGHI 2K 4% v 1 4 1
HWIEBRE . SRR RORD TR, R R AR B B
TR AE RN TE . 2% A0 PR FH B R TR AR IR AT,
HENT T — RN R BT B | A AR R AT T 0157:
H73 FhEUR # I 2P0 PCR ¥, 45 R BHAG Ik & T]
AR AR H A P SR, R B A .

BeAh, ZaE IR Z EmYet PCR FAR PGzl
MEPRVITRE . &M EMAERE . BWKHE, 49 H
3 ARSI, wEREER S 1Y, LIS BB RCY
X5, WEs | YRS, RSSO  PCR BORM AT K
F FF GRS 1) SRR 5 22, L A S B S R AT T
0157, WITHERMERIREr, R ZEW PCR Kl R,
AL R B SR AR HEA TR O A o

B AT A 1 2 e E AT SR, b X s
FEEE, A R (R R A ) e —Fh N & 2L AB e, A
YL JEREAR R R ST L I Z 0, EEAMELIAA,
At 2L B AR e A AE M S R B 5 2, B
T 5 30 0] A 6 TG A 1) 28 32 AR R TUAG I, (L FE B
Koo AELE IR RS ;o gt R el 2 O B A FG B
SRR, W £ E Tag-Man 2656 PCR H AR A
EICH, 4R BRZT LN REMEEL N PCR RALK
T FREIZK 10% copy/uL(13~24 fg/pl), &M PCR R
HOEE 1Y 100 17 .

HARHATE &8 K e SO st ix BoAR, (Hs2ka i
/b, TR AR T 2 B ARG I 3o 2 5 i R 3R 22 i R
BO™, WIERREARIRE. 51T, 28 PCR
SRR R B BT R M SR, 1 R MU AR e v
FEA, 25 HBm2z, BTk, X FZEVOL PCR 5
oAb e H AR S A B RIS A A S P R E S, E A,
Jannine 254541 T HANDS(Homo-Tag Assisted Non-Dimer

System)R 4, H R/ ZTE PCR AR A 1514 — B 1A,
[ ] 22 4 22 2500 vk 462 HANDS RS EE T [ NHAa 4
FEUR L Bt PCR ik, 45 R RIZ kA Tk
SR RAUE R F L EHOE PCR HAR S W B AR
AAGE A, A0 2L BIF 5 S AR A S AR L P T A oo 3 A
PRI LA, Yo S BRSSO B e e A L
SO g, R R ER A B E AR B B
FOWET, FE ZEIPOEE B PCR 454, AL
i T T o A ek SRS 22 Pl VR OB . A 4B,
T ARIEAG I 25 RS A TCIR, TF B XA A AR AT P b
Y, RAREEDSR AR T AR 2 X g — B 4 1
IAC, PPASHAGIRR M § AR & 5 B I E0s L 4
DNA Ht Ty hE S, I & H—A 0l T 2 Em i 5¢
St PCR Kl (4 384 N, bk G HF AR BA P45

5 HFiERRE

B A A EOE R B TR A, R AR AL
Alr) i, BEE AT, B IR O RS I BOR tL T AN K
(5 EANBIHT, AR AR I R 25K . 2 PCR lid
18 2 0 51 ki F B IR, R S THG N & s 2ok
PCR M3 id WM IRET s RORHE PCR ™I I HOL(R 542
PR MR 2 R e 1, 2 E 9O PCR 454 ik 2 Firik
PeaR, adis F 2 2R R B DN H B JEIN, 32 THAS I A5
R, 2 BRI ST I SRR A BB A H AR OO0 B
AT ARROR, 1E—ERERE b PR 7 AR SR A v B i
P, AR A S R ) 22 E SN i R R PCR AN 7 34 B
I H AT I P B R TR AN B, TR T
ARSI A U, HEE B — 1) T B O AN BE T 2 BB B A
R, ZREORIBH TR SIS R U . B2,
LSO T A5 DB AR 7220 i) RABE G | e
SRR AR T . KT RE, )
e AR E TP ISR R RS . 20 36 TR AT R
RN T B, BT Sy 2 3 TAE Rt ol i it R e T A
H BTk

SE Mk

[1] ZZ8. PCR HOARLEEIRMEAN AN dh i i FHERET]. 3RS fll
T34, 2020, 8(8): 42-44.
Li CP. Application progress of PCR technology in food-borne bacteria
detection [J]. Chin Urban Rural Ind Hyg, 2020, 8(8): 42—44.

[2] B, EUEEBOR BRI BUR S & A AR METAR ). i A
FRUEFHE, 2019, 10(4): 7-9.
Zhao T. Detection Status of foodborne pathogenic bacteria and food
microbial risk assessment [J]. China Health Stand Manag, 2019, 10(4):
7-9.

[3] World Health Organization. ZH Food safety: Home page [Z]. 2014.

[4] T, PN, 2SO PCR Iyl & ah dh 3o i s Fwr s ).



55 24 1] G, % ZEYOE PCRRERS I B I Hom 1 i A7 ik g 9311
AT, 2018, (14): 86-87. isolated in Japan [J]. Fems Immunol Med Microbiol, 2002, 34(4):
Dong R, Sun DF. Multiple real-time PCR method for pathogenic detection 289-297.
in food [J]. Mod Food, 2018, (14): 86-87. [18] Z=4:U, #77, BRI, 5. WEMH 3 P ERIEBUNEZ 2% PCR

[5] fRSR. B2 5 IRIEPR I RIUT T R[], Ry B2 AaE, K], R EAILTE, 2009, 25(8): 990-991.
2002, 8(6): 384-387. Li JF, Zhao F, Zhao JL, et al. Detection of multiple fluorescence PCR of
He XR. Research progress on food safety and foodborne disease control three foodborne pathogens in meat food [J]. Chin J Public Health, 2009,
[J]. Anhui J Prev Med, 2002, 8(6): 384-387. 25(8): 990-991.
(6] ol 3y, ALtk Al R B 075 Y OL o T 0], £ 2 A B AG [19] KET2, ARFi01, BogEill, % mRNA VR L5503 RS s bR
247, 2017, 8(1): 360-363. ATATPERSE[T]. hAREE A RINTIE A4 AR, 2003, 26(7): 419-423.
Luo YQ. Analysis of the microbial contaminations of packaged drinking LuY, Zhu LZ, Duan LA, et al. Quantitative analysis of mRNA as a marker
purified water [J]. J Food Saf Qual, 2017, 8(1): 360-363. for viability of Mycobacterium tuberculosis [J]. Chin J Tuberculosis
[71 2, ‘ﬁfﬁ%’i Aok, ZH PCR HARTE QIR S0 B 5w i Respirat Dis, 2003, 26(7): 419-423.
W], ik T FHE, 2015, 36(21): 372-375. [20] BPEWBL, SPWHE, Wk, & EUEMEBUREANEAR I SEE). &
Li F, Xu HY, Li FL. Application of multiplex PCR in detection of fi a4 RN 2R, 2020, 11(13): 43874393,
foodborne pathogens [J]. Sci Technol Food Ind, 2015, 36(21): 372-375. Zhong LQ, Guo YH, Cao J, et al. Review on the detection technology of
[8] Zhang H, Zhang Y, Lin Y, et al. Ultrasensitive detection and rapid foodborne pathogens [J]. J Food Saf Qual, 2020, 11(13): 4387-4393.
identification of multiple foodborne pathogens with the naked eyes [J]. [21] Turner KM. Efficacy of chromocult coliform agar for coliform and
Biosens Bioelectron, 2015, 71(12): 186-193. Escherichia coil detection in foods [J]. J Food Protect, 2000, 63(4):
[9] Rbkitt. Bk EOR B PG BORBE S (0], BB, 2012, 539-541.
(22): 336-337. [22] Kanki M, Sakata J, Taguchi M, et al. Effect of sample preparation and
Wu LH. Research progress in rapid detection technology of food-borne bacterial concentration on Salmonella enterica detection in poultry meat
pathogens [J]. Food Sci, 2012, (22): 336-337. using culture methods and PCR assaying of preenrichment broths [J].

[10] Suaifan GARY, Alhogail S, Zourob M. Rapid and low-cost biosensor for Food Microbiol, 2009, 26(1): 1-3.
the detection of Saphylococcus aureus [J]. Biosens Bioelectron, 2017, 90: [23] T PCR $HARTE GG Ui v it 1 FH 5 % RIS [0). A4
230-237. 1LT2, 2016, 2(2): 280-281.

[11] FMFE. ZLTIRELRETEAN KR T & S5 & 2 5 PCR K iR M B0w 1A Sun JH. Application and development of PCR in the detection of
[D]. 2L Rl K2E, 2019, food-borne microorganism [J]. Biochem Ind, 2016, 2(2): 280-281.

Sun C. Amino-functionalized magnetic nanoparticles enrichment [24] XS4E%%. ZH PCR KB AR & WA Wk v g 7 FH ], A=Ak
combined with multiple PCR detection of foodborne pathogens [D]. 5L, 2013, (1): 69-70.
Wuhan: Huazhong Agricultural University, 2019. Deng ZY. Application of multiple PCR detection in food microbial

[12] Xu YG, Cui LC, Tian CY, et al. A multiplex ploymerase chain reaction detection [J]. Biotech World, 2013, (1): 69-70.
coupled with high performance liquid chromatography assay for [25] kR, T, B4, & ZEYOER PCR 7ES IR i NI
simultaneous detection of six foodborne pathogens [J]. Food Control, 2012, IR B HCELER, 2020, 273(4): 77-80.

25(2): 778. Zhang RN, Yu L, Wang Z, et al. Application of multiple fluorescence

[13] Engt. =FEEMBUREZE PCR Pstkail ik MaFsE[D]. fRE: quantitative PCR in animal detection [J]. Shandong J Anim Sci Vet Med,
LAl R, 2012. 2020, 273(4): 77-80.

Wang RJ. Study on multiplex PCR for rapid detection of three food-borne [26] JEE, S, XV, % ZESrEEE R PCR KNS A AgE:E
bacterial pathogens [D]. Baoding: Hebei Agricultural University, 2012. JEWEET]. RESES T, 2014, 21(3): 86.

[14] Majowicz SE, Musto J, Scallan E, et a. The global burden of Zhou H, Zhi ZW, Liu H, et al. Detection of specific spoilage bacteria in
nontyphoidal Salmonella gastroenteritis [J]. Clin Infect Dis, 2010, 50(6): meat PCR multiple real-time fluorescence quantification [J]. Cereal Food
882-889. Ind, 2014, 21(3): 86.

[15] ZEE, XFFH, I, 5. 2010-2016 =Mk L3 X AT 6 i hEoR [27] Chambercian JS, Gibbs RA, Ranier JE, et al. Detection screening of the
B YLRBLA AT, AEr TR R4, 2017, (4): 389-390. duchenne muscular dystrophy locus via mutiplex DNA amplification [J].
Mai GT, Qu ZY, He Y, et al. Analysis of pathogenic bacteria Nucl Acids Res, 1988, (16): 1141-1156.
contamination in foods sold in a certain district of Foshan from 2010 to [28] XU, sEif £ PCR Hul S B ik E L [D]. N5
2016 [J]. South China J Prev Med, 2017, (4): 389-390. NS A K2, 2010.

[16] #mhA. &7 vh 25k KX R R K AT I 1 RS T AR R [D Liu ZG. Establishment of real-time multiple fluorescence PCR rapid
BB PURIMll R, 2018. identification of Brucella [D]. Inner Mongolia: Inner Mongolia
Yang J. Screening of compound traditional Chinese medicine and its in Agricultural University, 2010.
vitro bacteriostatic effect on different origin Escherichia coli [D]. [29] Chamberlain JS, Gibbs RA, Ranier JE, et al. Deletion screening of the
Kunming: Southwest Forestry University, 2018. Duchenne muscular dystrophy locus via multiplex DNA amplification [J].

[17] Hiroshi N, Kouichi K, Hiroyuki M, et al. Subtyping of shiga toxin 2 Nucl Acids Res, 1988, 16(23): 11141-11156.

variants in human-derived Shiga toxin-producing Escherichia coli strains

[30]

JEIEAE, B4, AR, 4. ST A ORI IR B0 B I



9312

B ah % A BR K I

1 Bk

(32]

[33]

[34]

[35]

[36]

[39]

[40]

[41]

[42]

[43]

RORIFSEHESRLI]. £G4 4 TR 24412, 2016, 7(9): 3497-3502.

Tang TT, Han GQ, Wang LN, et al. Research progress of molecular
biology technology in detection of foodborne pathogens [J]. J Food Saf
Qual, 2016, 7(9): 3497-3502.

M, MR, X, S SRS
i, 2020, (1): 23-25.

Shen M, Yang HM, Liu Y, et al. Rapid detection technology of food borne
pathogen [J]. Cereals Oils, 2020, (1): 23-25.

PRGBS, A, . 2T PCR HRTESZI S YIS ORI Hh i g
FH). A AR A2, 2018, 28(10): 111-116.

Zhang FY, Zhao L, Jin J, et al. Application of multiple PCR technique in

MG BRI e

pathogen detection in experimental animals [J]. Chin J Comparat Med,

2018, 28(10): 111-116.

Distéfano AL, Alonso A, Martin F, et al. Human cytomegalovirus:

Detection of congenital and perinatal infection in Argentina [J]. BMC

Pediatr, 2004, 23: 4-11.

Mosquera MM, Ory FD, Moreno M, et al. Simultaneous detection of

measles virus, rubella virus, and Parvovirus B19 by using multiplex PCR

[J]. J Clin Microbiol, 2002, 40(1): 111-116.

Boriskin ' YS, Fuller K, Powles RL, et al. Early detection of

cytomegalvirus (CMV) infection in bone marrow transplant patients by

reverse transcription PCR for CM V spliced late geneUL21.5; a two site

evaluation [J]. J Clin Virol, 2002, 24(122): 13-23.

Narayanan J, Mansel WG. Rapid detection of Escherichia coli O157: H7

with multiplex real-time PCR assays [J]. Appl Environ Microbiol, 2002,

86(6): 3169-3171.

Hubschen JM, Kremer JR, Landtsheer SD, et al. A multiplex TagMan PCR

assay for the detection of measles and rubella virus [J]. J Virolog Methods,

2008, 149: 246-250.

Celli J, De-Chastellier C, Pizarro CJ, et al. Brucella evades macrophage

killing via VirB-dependent sustained interactions with the endoplasmic

reticulum [J]. J Exp Med, 2003, 198(4): 545-556.

X F5UE, sSmAe, W, 4F. ZEUOE PCR RIELL L& i o WLy

JERIT]. MR B 2424, 2013, 19(5): 15-17.

Liu XF, Qiang H, Pan ZY, et al. Establishment of a multiple real-time PCR

method for detection of pathogens in infant food [J]. Strait J Prev Med,

2013, 19(5): 15-17.

Zhang Z, Liu W, Xu H, et al. Propidium monoazide combined with

real-time PCR for selective detection of viable Staphylococcus aureus in

milk powder and meat products [J]. J Dairy Ence, 2015, 98(3):1625-1633.

RIER. Z TG PCR BOw A7 2 ke g K HAE A3 i g
D]. BuH: Wi K%, 2018.

Suo YJ. Construction of multiple real-time fluorescence PCR pathogen

detection method and its application in milk [D]. Hangzhou: Zhejiang

University, 2018.

Al AR BORTA Y 2 3 S PCR RUFSE[D]. R A

Al K2, 2008.

Li JF. The Study on multiple real-time PCR detection of three foodborne

pathogens [D]. Wuhan: Huazhong Agricultural University, 2008.

ZEH, JAE, K, A FUR R ILEORTE A9 2 AOE PCR A T

JUIHTE K224 SRBHFAAR), 2014, 38(5): 513-517.

Qin L, Zhou W, Zhang M, et al. Detection of multiple fluorescent PCR of

common pathogens in milk powder [J]. J Hebei Normal Univ (Nat Sci Ed),

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

2014, 38(5): 513-517.

A, XBELL, £5, & Bl KBE 0157 L EYSE PCR
JTIERAENL[T). TR, 2010, (4): 160-163.

Li R, Liu XH, Wang F, et al. Development of multiplex real-time PCR
system for detection of Escherichia coli O157 in food [J]. China Brew,
2010, (4):160-163.

KR, BB, BN FOEER PCR AN T TG RIE GBI FEEA
[7]. R EHT 2R, 2012, 31(5): 347-350.

Zhang L, Cui BY, Mo N. Application of fluorescence quantitative PCR
method in the detection of Brucella [J]. Chin J Endemiol, 2012, 31(5):
347-350.

X, B, 5], 55 ZEIOEER PCR iESEMiE HE
BB 2R AT B IC TR W T [0]. N B 3 R 2R i, 2012, 28(9):
869-874.

Liu ZG, Luo CW, Zhang L, et al. Multiplex fluorescence quantitative PCR
detection on Brucella spp., Brucella abortus, and Brucella melitensis [J].
Chin J Zoonoses, 2012, 28(9): 869-874.
H PR, Z TS PCR S IBORE sl s I AR (A 2R ¥ ey S5 7
JH[D]. 7 AR T K2, 2010.
Xiao XL. Establishment and application of multiple fluorescence PCR and
high-throughput pathogen detection system of liquid chip [D]. Guangzhou:
South China University of Technology, 2010.
Hodgson J, Zuckerman M, Smith M. Development of a novel internal
control for a realtime PCR for HSV DNA types 1 and 2 [J]. J Clin Virol,
2007, 38: 217-220.
Jannine B, Susan S, Jane T, et al. The elimination of primer-dimer
accumulation in PCR [J]. Nucl Acids Res, 1997, 25(16): 3235-3241.

A, MR, Ff‘Eliu, . ZWEITE PCRE54G HANDS F 4 REAN
4 ﬁﬁﬁ PEEOR AT BRI EE, 2012, (10): 2516-2520.
Lan QX, Lin L, Chen GP, et al. Rapid detection on four foodborne
pathogens using HANDS system combined with multiplex real-time PCR
[J]. Mod Prev Med, 2012, (10): 2516-2520.
Han X, Wang H, Chen H, et al. Development and primary application of a
fluorescent liquid bead array for the simultaneous identification of
multiple genetically modified maize [J]. Biosens Bioelectron, 2013, 11(49):
360-366.
BREE. AR R BR iy SRR 5 1oy L g 1]
9(3): 225-231.

. AR R S BE A, 2008,

Chen W. The Principle and application advance of suspension array

technology [J]. J Chengdu Med Coll, 2008, 9(3): 225-231.

SERIE, PROE, HARE, S ARG R ARG 2 PCR Pk
I P o DL R SO T R (0], I BE 2R 4R, 2015, (6):
735-740.

Jin YJ, Chen YJ, Gan LP, et al. Application of a suspension array
technology and the multiplex PCR for rapid detection of four common
food-borne pathogens [J]. J Trop Med, 2015, (6): 735-740.

[0, AR, WET, & SRREER W ORI A R R SR R
RGN AR TR [J]. AR TRREHR, 2013, (5): 672-680.

Wen YM, Li ZQ, Tong JY, et al. Rapid detection of Listeria
monocytogenes by immunomagnetic separation combined with selective
medium [J]. Chin J Biotechnol, 2013, (5): 672-680.

HIER, WREE, B, & LA RORTE IR REE AR o i
JHERRT]. HMER Tk 2=Be( B SARFARR), 2014, 293): 7.



5524 1) G, % ZEYOE PCRRERS I B I Hom 1 i A7 ik g 9313

Hu JQ, Lei JT, Zhan LJ, et al. Application of immunological techniques in T R E A A 2 AR AR, 2011, 22(6): 531-534.
foodborne microbial detection [J]. J Zhengzhou Univ Light Ind (Nat Sci Ji SZ, Yang Y, Wang J, et al. A method for quantitative PCR detection of
Ed), 2014, 29(3): 7. three pathogens in mice with multiple fluorescence [J]. Chin J Vector Biol

[56] Liu XX, Tu JM. Immunomagnetic beads separation techniques and its Control, 2011, 22(6): 531-534.
application progress in detection of food borne pathogens [J]. Chin J [61] Bifkler, MR, L7018 R EPEYE R > 28 RT-PCR Jyik#F5T
Antibiot, 2014, 12: 956-960. [J]. B SHK, 2017, (15): 156-162.

[57] Guy RA, Tremblay D, Beausoleil L, et al. Quantification of E. coli O157 Chen XT, Ke ZH. Research on multiplex RT-PCR detection method of
and STEC in feces of farm animals using direct multiplex real time PCR animal and plant derived ingredients in goat milk [J]. Food Res Dev, 2017,
(qPCR) and a modified most probable number assay comprised of (15): 156-162.
immunomagnetic bead separation and qPCR detection [J]. J Microbiol ( ﬁ 1’1‘ z% ﬁfi é% H}f‘_‘, él)

Methods, 2014, 99: 44-53.

[58] Fbw, g, AR, & SRMEBUREZ EINTFOE PCR KIY-
BENARII A BT [T, Frih S R IE Tk, 2011, 37(8): 148-151. {EE=N
Suo B, Teng YH, Ai ZL, et al. Construction and evaluation of an internal
amplification control for multiplex realtime PCR detection of foodborne

e 23 7 15 K
pathogens [J]. Food Ferment Ind, 2011, 37(8): 148-151. MNEE, BB, ERARTERE

HMELEMSHRHE.

[59] Burggraf S, Olgemoller B. Sim ple technique for internal control of E-mail: y28980@163.com

real-time amplification assays [J]. Clin Chem, 2004, 50(5): 819-825.
[60] HME, BT, Eiff 5% ZEISEE I PCRAGIN FURYS 3 Fifps 54

SRY A oY Y oY Y R RY ARY HY HY Y Y Y Y R ARY Y AY oY oY) oY Ry oY ARY ARY A Y oY oY Ry Y R ARY AY A oY oY oY Ry ARY RY Y Y oY oY Y )

“EMBERMR" THAERE

WAL TR R, NRBORBOCE ML anE, £ H & EE D, S hifna s, £l
M, YRR TR S H B AR R A AR P B A AT BRI, S S A B
. MYER . HYERAEEGTEE . EYERAIOHE R RS R E, IR, MRl . &
BOK ATl B R &Gk . BRIk, SREE AR R E 4, BT ERA U SCHFHF
=S &NE A

T, ARRFIRREFBREWRCE. CEEESEYERNTESRENR . EWFRHIGE
Bl SRR | EMFRNBETE SN VR OFER SR AR ERPER
A RBBYHIF ZPREFRBRETE, THRIZE 2021 48 3~4 A HAR.

YT AR SR A, SR G KR A KR P4 0 SRR TSR 5 R i R 2 R A A 1) 8 07
A KA ST N RO AR L R E R T, DI B3R THZ G 2 R B M ) o SRR BRI 3y
A, FE7E 2021 45 1 A 30 B AT R 058 E-mail $05. FRATE PO B2 AR ek £ .

[F) B T3 ST AE [ R 22 A ke — T, A RIS RE S HE A S A DG B GO R BE IR A E-mail . FRUUE
NPT ERT

el )y X GFE & A Y B R BF):

W3k www.chinafoodj.com(£ T 43 R i 5 57 1 il 48 4 B AGH I 23 48 25 0T 8 S - T H B - B R ke
“Hll: EYIBREPIR)

HEA 1 H: E-mail: jfoodsq@126.com(# 1 AEMIBERBIST L MIBLA)

(R eu &AM IR %



