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Research progress on the application of rapid detection technology for foodborne Salmonella
KANG Zhaodi'?, LI Hongna', YUAN Fei'
(1. Chinese Academy of Inspection and Quarantine, Beijing 100176, China;2. College of Food Science
and Engineering, Qingdao Agricultural University, Shandong Qingdao 266109, China)

Abstract: Salmonella is a foodborne pathogen widely existing in nature, which can cause human food poisoning,
gastroenteritis, septicemia and other diseases, seriously endangering human health. Therefore, rapid and accurate
detection methods for Salmonella are important to prevent and control Salmonella disease. The immunological technology,
molecular biology technology and biosensor technology in the application of detecting foodborne Salmonella are analyzed in

this paper. Advantages and disadvantages of different detection techniques are expounded to offer reference for developing
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rapid detection methods of foodborne Salmonella.
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AR dEgeit, 3 E AR YT IR S B
MR EREEy bR EREEEY D E
R 70%~80% , i 5 1 BE4F AT 8 000 J7~9 400 J1 )
NPT R B G i, Hoh T A3k 5.9 J7 ~
15.5 5 N0 ERTE IR VD 1) ICRE 45 gE R I
12 7 B I A o B AR A SRR T R AT
SE L AFTE A R R S AR, A N 5 R A 2 1) e, T
T2 38 R i A DR G I Y SR . T AR Ok L Bl A B
PR AW e 8 55 5838, 8 TR E0 B Y B A
TORAF RN TP 3d S, o PR AG: I 5 A g A I 3ot
(TR A RN B NN (B S I RS
Eog Rl TEL A

H R b 2050 s 280 g bR G 0 £ P B0 T Y
A R KD B R (Immunological detection
technology) TR Y 2 R (Molecular biology
technology) . AR 5} 27 4 I 37 AR (Metabolic detection
technology) A1 = #) 1% 3 2% K M B R (Biosensor
detection technology) & . 7 3@ 1 4 24 PR 1 A6 I 7
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ARAE BT AR VD ] QR AR I o B 2 R AT, O R R
VO T] TG TR T 2 AG: I 52 A ) o 57 5 0 2 R 2

1 B RERE SRR T *

BAT B V0 177 F T A% G0 b A I 5 % DL B AR
1 180 6579-1—2017{Microbiology of the food chain -
Horizontal method for the detection, enumeration and
serotyping of Salmonella-Part 1: Detection of Salmonella
spp. )R E F AR ME GB 4789. 4—2016( 1 & 4 4 [H
FKARUE £ R W R V) IR A ) AR
o M GE RN B AR S Vb 1Y G TR A AR I 3 R
OB R R B 1 R R L 20 B R AR R R B R AR A
S8 FILIL T 27 43 80 A S [ 8 B B, 3k o A ) 2 A
P U, EL G A 5 2R B A A i 1 i A L R
ik G AN W) 7 ik R 63 4 £ R L b T IR
I, 45 R R AL 5L [ bR GB 4789. 4—2016 J5 1%
Kt 2 Gy BHAERE Al A 38 3. 29, K I I K 2= 0 O
6 d , 1115 5 Tt A= A% TR T IR 4 ¢ DI A T L AR A
MICRO FAST 5[] G PR s A I ) 05 vk Bk i 1
3 0y B PERE G R D 4. 8%, IF HLAT LUAE 30 h
P ZE 2R AT AR e A I 7 2 454 OB FE N
B 3, K I [) s R A A T3k 1 AT E A B A D 45
AL AN RE S I B R B R B G SR PR
G I A U AR G b fft e 13X — XA

2 IR E A HRE R 7 A
2.1 S PRI O

O3 A 2 S I 5 AN L DL B B ) AR L A
A FNAR BRI R 22 7 5 e B0 BB 8 I, AT
PAAE 43 F 7K bR A R 9 R 5 v e D02 5 55
ARSI R B X R O IR R b o TR R R
W77 3% . H e % FH ok Ao DU £ U8 PR VD 1T I Y 43
F AR 7 1k A A R A B EE XV (Polymerase
chain reaction, PCR) 4% R | SZ B} %¢ ) PCR $ R |3
RS BRI FR AR ST B R 45, DL R T R B
PR R R R R A B C T2 b
T L P A 4
20101 R A w2 R R

PCR J& —F BE % S0 BLAR S0 16 K5 2 DNA | Bt
195> FAEW R AR o B AR e KA SR TR
B A bR AS T JC T 5T A B A A B R
I HLAZ 7 W o R R UE = R SR D
J7EZ N AE RS R PR I 1991 4 PCR
AR W H T TR R, Oz 557 TF &
T — B B AR TR P B o X80 PCR
(Droplet digital PCR, ddPCR) i %€ J7 % , £83d 3 h &

£ J5 K I, K I BR S 1.39 CFU/mL. KAUSHIK
AU IEL Vb T B Y invAd 2K AL PCR, D 3% 22 7
BRI 20 TR 55 3R 0 b % B PCR AT 52y 8%
10° CFU/mL, 11 & £ 4 h J5 iz 25 5 A 5l 6% A6 ) 2R
% B8 2x10° CFU/mL. YANG %5V i % 1 3%
B3 (IMS/ 85 3% F1 £ # PCR(Multiplex PCR, MPCR)
SR IER VS T R SR AT T A, 3 83,95 AN
104 ASFEA 53 5 8% e BRUD TT IR BH: . 45532,
MPCR B 7 B 5 T B AE R 52 R0 IMS /5557071 .
2.1.2 SERFPEOL PCREEAR

S 9¢ )G PCR(Real-time fluorescent PCR) £ AR
7~E|é_‘ ;FIJ }EH % j\lﬁ ;:t:yl_‘% ﬁg % i‘?’f *5&7 (FIUOI'CSCGIICB resonance
energy transfer, FRET) (1 JfL L, Hy T 4% IR 7% 58 R A% 12
K A7 RE 5 T 026 3 ) 5 Vi K S 25 5 5 T, 7T
DL 3k 0 5 B 3 19 2 't kAT R AR K L AT SR ARl
LR AT 551 W), 2 37 N [ 2 L 11 S i 28 9 PCR 4%
AR R AEPVHE S, T — PP 3T TagqMan R £ SE R
Pt PCR A I XS 57 FE U0 11 1 B A4 G0 I 4 R L 1% 1
14 F A A I & B2 9 5 CFU/mL. ZENDRINI 46122 1)
& 45 A A 5T 1 (Loop-mediated
isothermal amplification technology, LAMP) Fl 52 I} 2%
I PCR B 15 Y 8 A b AS )k B2 A 0 171 1 T R 25 i
FFEE L, BF 9T 22 B, SRS 2 PCR AT LRI v0 177 [ 1A
25 B, B AR ] L 1SO 2 % B SE Y I ) A
HUANG % i fj %4 fi# Siphovirus W B /& LPST10
HEST T b A 0 VD 1T B A T D U £
JoE A G T BR <30 CFU/mL, # K Ry 1.5 he F
S ZE 45 2] e GB 4789. 4—2016 A51fE AT TagMan
S B 9O A B BE BV VP TT R ACAS-PTS26 fiE
J7 90 ERE S UEAT R A5 4 SE I 28 PCR K I 45
5 5 BB IR A I 25 5 — B, JF BLSERT 98Ok PCR
G0 5 Sy R AP S, 45 S AT AE B R RE S S AE R
SRR PO VD ) G TR AT DR R AT L R AR S
I PCR SO 0 528 3 He . 58 480 B v &% SR v f L (RS2 A
3oL 8 v BT R 0% 3500 R B A A AR X v R ARG I g
P T Ll i N DY HEAT R ) A R R R B A
FAERE iR E N S
2.1.3 HFPCR

% PCR(Digital PCR,dPCR) & —Fh 843 7 H
PRAZ TR 4 F 4 X s BB R . X & PCR 4%
AR LECF PCR HR AT DL HAZEH DNA 4 F R4,
FE 0 X6 A U B A 40 X R O i R A R TR R
FIRWFFE miRNA IR 53 Hr 50 40 B 35 IR 3R 58 43 B
SRR B T N o R AR TR TR 2
F PCR BOARHN TP TR B R PRI invA 1Y
Rl 73k o 55 4% G0 0 B S AR ME VD 1T IG B R I
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LG, i vk BT W A R S R R A JF H
FE S0 548 5 B bRk X L, B A F 100% .
CREMONESI %" JF & 17— Fh 3 T W% dPCR A )
1 UR M SO B Y D7 L R TR I R v A 2 R
W E P TTIC B R L A 40 i 28 R 9 K FF o R
i B S B g A b 36 B O A T v R
BE L IF BJC T bR 4k
2.1.4 FRFEERHEA

Fodor 7E 1991 4FE48 1T AE .0 7 A&, Ik
KT AW R B HF T 5 R A
AR D B R A R A3 T ARG BB 343 A e X N Y
AR L, R AR S hRIC B RE S E — R R EE T
PRy F 24 58, 78 e asd 8w 1) ARG T 15 5 308 3k A6
W 2% 22 15 5 110 5 555 LA K 738 Ak DA S 300 %o A6 0 B
P A B A A0, SRS B8R E Tz v F 4R
i BF 2 0 5T 1 W 28 G G T R s R ) A5 40 ek
1) 22 5 S b B PR R i R R I G
5P BOR B, A5 T B R R R R A 4O PR A
HH B U SO TR, TR AR R R 1k SO T HE AT
Rl 0 253 o R e i S8 DV ST T — B B A8 X i B
PR R AT G Y S 1 R RS R R A S R AR v
& B LT ) 2% 10 i A A L R OES R A8 PR el R A b
S U T B R AR BB TR R A Bk R R R AR
W o SARENGAOWA ZE7S Ny 17— Fl FH 3 46 )
DI BE b U SO T IR AL A BUERE R T
G I i L) s % IR A S b i A BRAG FE TP 1T G
FE N B T FR B0 B, 45 5 R %7 Ik 0 S A A T
FR 24 1000 CFU/g, Kl B A 24 he
2.1.5 HAFERY B

LAMP $ R & —Fp R 1 B R, BA i
LN ST N R e S R /R 7S Sl BUB.OR LS
196 AN X 4 BhERE S MRS, A B 4 4
IR R A B R, 58 O R 16 s i
LAMP $ R AT 8 PCR ACH &y 53 (19355, B X5 519
M TE AT 25 58 R ks Bk, LI 3P ST 17— Fp
EEXTIEH 62181533 (A A 55 WY vk, HF
R I £ P A T IR L LAMP 78 32 b 1) IR
PRAN 25 B AR VD 1] IR R BE 09 DU E B A 100% 1Y
Fi 5Pk, SAROWSKA %% Hl LAMP 4= ¥ K
1 AR 06 2 BT B R R VD 1D R R T AR R
gL R AE 8 Fh A REG 399 Ak & 5 RE AL
LAMP XF 70 177 FGRR B K H %50 100% , HoiZ 5 v i R
50 8 R VA B BB R 7 . MASOJT 25~y T 3R A
S AR HG N, I PEAG T T I A W 1 Rk
PERURE S0 & B 7 e S v, L R O R
fbJG PCR 19 10 5.

2.2 REWMEREREOR

A W A SR BE A8 R AR W W o R B R R A i
A ) A SRS e LB S il LA S, 2 E e AR
TG4, DTS2 30T AR 0 o e A L AR A A3
PN ITTIF B AN 6], 0] LUK A= 9 4% A 73 O il A %
(Enzyme sensor) A WA R E% (Microbial sensor) .
o PE AL 2% (Immunol sensor) | 20 24 4% 7% 5 (Tissue
sensor) I 40 L #5 1% B &% ( Organelle sensor) . Kk,
UL B A W U BRI o £ A Y LDNA
o RNA S5 A Y& W B0 . 5 BUAT 1A% e bR e G
DN J7 122 K0 L, A 0 A I i R 0 3 AR g A 0 235 2 R A
JET R e — PR R R EE AR . NIYOMDECHA
SR W TR A O A A SR AR AL RN T —
LA A W A5 AR B TR I B R AR D TT I
B, 5 IR e B S 200 CFU/mL, IR Sy 100%~
111%. LOPEZ-TELLEZ %' 3t F Hechtia argentea
BEAR 2R W PP AL WAL AR A I VD 1T IR T, R PEBE &
U T) I T S A G I, A TR AR W A IR A SR T Y 4
AROINT BT, BT 15~2. 57x107 CFU/mL Ze k46
WY R, KRR Sl 5 CFU/mL. QUINTELA 45 ffi
FHZE A% R -4 9 2K UKL 38 O 27 2F A% A I
an AV ERBERE Al A9 V0 1T IQTA , 45 2R 3R], 062 AuNP 4=
Yy 1 P & AT LA TR] IO e 19 s B9 v 1T
PR S PE D 100% , 20055 3% A Ze 0 o 130 /Y
PR ¥ <10 CFU/mLo R R SO B A I 2 458 n] LA
B35 DR A2 R B o R PR 8 R B PR AR AR TR U T IR
FRT T A ) 9 20 R A 00, DA T o A1 975 2 DXL 1 £ 91
PRI Y AR
2.3 BB AR I HOR

PR 5 OB 2 18] a] LUK 5 M R0 4 92
T AR 5 A 39 2 AR X — L A T T A X B
SR B AR P R R S PR B T AR
BERYAME L 3 S8 W AN ASORT DR R I B 79 45 5 2R AT
JBOAK 3 BB I LAAS SR 8 20 R ok gy
B B0 AR BLAT 53 85008 vy ARG I I ) L v e o 4 G
SR BRI AR P % B B T U
Py PR AR 12 W4
2.3.1 MR HAR

ﬁ@ﬁ?ﬁﬁ,?}’é%(}ﬂnzyme linked immunosorbent assa,
ELISA) /& MR 46 T I 68 98 4 5 P A9 RS0 AH XoF 1 1) BT
A, I A R 2 5 1 it B AT BT Y — o B 8 2 A T
FOAR 5 AT LUAR 46 2 68 B R DLW 5% AR T Y &
RO IR g R AR A A LR R U R
o sE PEsR HE BRSO RR L L E T N T Y
G0 R il A A R A R B I A
FH A 309 56 i G B2 70 B J7 125 %0 £ il v B8 £ I
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PEVD 1] IR T BEAT AL, A ST 45 R R e 4 A
Bl 9 N Tl JK 5 ARG 0 2 e U 1) IR R A AR VR T IR
B AR E R FEAT AR DI I, b U T IR A R
100% , I EL 75 K5 00 49 8] 35 A7 3 B0 A8 A i) 15 00
AT — JOK 2 Ao B R 26 U 1) IR T A K B AR ST
T T 9K PUIR Nb13 B BUPLAR Je > ELISA %
K J7 %, 2 s el W R b 1) TG T 4G N 52 50 32 oy
1. 4x10° CFU/mL, 7£ 52 P B i A0 Hh 32 7595 A6 0
T R A A T R R [ 1~10 CFU/mL
KHOSRAVI 855 7 i 37 =7 B9 45 0 D7 ¥ 1) 5 i v
NN HUR 13 2 1L W) i ( Horseradish peroxidase, HRP)
WEE AP T RE UK, 45 R R B 205 e TE A
) 20 min P43 K (PBS A 75 RS AL A b
5 30,30.3x10° fil 3x10° CFU/mL {1 B 15 JE 70 1T [G
B o B A fuE R I S 5 I S ARG I, T ARG I ok B
TR 4.3~70 pwg/mL BT . HU F5IF LT —
B X0 1] QT 4 2 B I invA 9 XUEE PCR-ELISA
O AR R 2O EEAE L 25 B AR B AR 40 T R
BRAE Jy %08 B, B R S, O HASTUER > 1 CFU/mL,
HIF 53 2 57 1 WUE PCR-ELISA J5 % © B iE I B A =
JE B A S P R RN T A M, B N T R
PEBE G G R A2 W B T AR 0 R o g D A A
SR AV )
2.3.2 BBETOCHTI LA

9% 52 )G B2 R (Immunofluorescence technique)
S AR S PT AR B AR SRR W Dy vk R 65 K g
KR BUbR ICAE B ol PR BBTR L S w
DR S TP B BT R AR R SR 25 5 )5 L th T2
i RE 8 7E — 5E W 454 T K i 2Ot , wl & Bh 2¢ ' i il
B WS R IR rh R A R POk AT RLEE
1975 4%, KARLSSON 45 g JF & T ¥b ] IR B B %
FTR] 42 G 95 O Y 5 19 2 B BF 5T . PANDEY 4
PAHT Vi SR R0, 2R FH 92 516 70 v 5 5+
PG I 5 9 V> 1T G, K R 10 CFU/mL.
SINGH 45 # 37 T — F LA 4 4 K KL 1E R bR i
R BA B58 ZK A TR 5 FE VD T IR L 85 2R R BZ T ik
12 Wr B8R A oy B BRSP4 ) O 1009% Al
86. 7% . M % % 2 M1 (Lateral flow immunoassay ,
LFIA) 255 (R SV 100% . ¥0 11 G LFIA 454
{10 4 80 B A 93. 1%, LFTA %417 BH Pk B A O 1, B
PRI E 0. 875,
2.3.3 RIERETR B HR

o B G BR 7 3 B R (Immunomagnetic beads
separation techniques, IMBS) 14 J5 ¥ 2 7F g ¥k I A9k
AE % FIHTIRURE 25 5 A 45 S P PR B A b 5 H
PRyt gl & S8R i wg 5 , i T REBR B RE , H

PRATIEBE R . R ER o B BR B R UE
[ S W - A R R SR S A
SOCBLE Tz N T IR R R R e
BT 4519V F] FH 52 LAMP A1 IMBS AH 45 4 K6 0 B £
PR YD T QBR300 06 AT LR SRR 0. 85%
KR PARE 5 CFU/mL W V0 1T IR, IF HEBEAK
ML FERTAE 3 h W oE K. 2 a4V sy T —Fp 3k
TG W 53 2 AL I ¢ O E i PCR AH 5 A il v
BB 1 7 2% % 07 3R BRAG FE VD 1) G B 1) B A A
PR K 5x10' CFU/25 g, % 5% 8 8L Vb 1 B 10 B A%
K B A 5%102 CFU/25 g, XF B & v0 1 1K 1 A&l A
FE A BV T IR A S IR R 2 1x102 CFU/25 ¢
DAT S5 58 T PCR AR 25 A e 5 06 1 43 35 10 1k
K TN K G S8 Bk ARSI V0 1) B TR 9% 9k 1) e IR
KR 2 10 CFU/25 go 3205 ¥ %0 U0 17T EG B 5 | e 1Y
R M 1 B 4 B SR
2.4 PR A I B R

40 K F AR (Nanotechnology ) & — Fl i 57 45 #4 R
SHAE 1~100 nm {5 [ P AR 7 FH R0 5T 0 R
B 5 40 K B R A W7 & R RN 52 3 40K R R —
Tl LA 0k 5 0 B A 2 M O A T B b AT v — s
G KA R RS A £ VR O TR A A R 8] AR
oA S RAOKE FE TR S R AOK R
SRS g R ARG T B R LA S g R T A R B 1
A5, AT S BB A o A YU VST T
— b T 2R 3 B SR I Fe, O, 40 K KL 1) 56 e A
AR VD TP 7 o Rt T — x5
FUTTICE S invd W9 RE ST, 1 T A X
PCR A=A K H b 5% DNA(Single stranded DNA ,
ssDNA) , ] Fe,0, 44 K KL 43 B H A5 ssDNA, 5 &
R A58 e, 9O MR 5 B IK B vh R R T R 7. 4
10" CFU/ml, £ spiked lettuce A S I BR 6. 9%
10° CFU/g. ZHANG 55725 o 2 K W 32 45 5 40 0K
WA ZE A ST T — R R D R O A ) R R
Py H AR . %R A K A 5 Fn XS R b v
TR e A I BR g 9 CFU/mL, B A4S K6 ) 3o 7 A
7E 50 min N 5E L. WANG 257250 i 4 4 4 90 oK ki
+ (AuNPs) Fl DNA it £ (DNA-qds) , # & | —Ff
B R 2H 2 B - 52 S5 PO ERET (DNA-gps/AuNPs,
DQA) IR AW 45 FE VD TT G o 45 R LW 5 FEVT]
PGB YK YT BBl 10~1. 0107 CFU/mL, A& H BR A
13.6 CFU/mL. 7E XA 5% BT 4845 9 DQA R %
HA R RS E . BT DQA #4EHG
Dy A A] A L R S Lk B AR N B A e i
VD 1) TG -
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B 22 A de N ATTIE B AR O A O A A
6 e o A R Gy o PR R IR AR v T R
PR 2 W B N S it B 1) 2% I8 T A [ AT ) i 2 )
0= T A1 1 2 O BT 8 S S R o
X AT BRI i Aol B T R e R H A B

e G0 1 B PR U 1 BT A A TN O 3k T e 0
A BRAE I A REAF B A5 IR, R4 B B &4 2R ofie
B, AL R I B0 AR A DR S A A A I D 1T I
BRI, DT AN BE % B Bk 99T 97 B 5P U0 1) B T Ay S g
PRI, e R SR O R vk e D
LR E 7 B £ PR R v 177 PR PR S8 AG I 4 R 5 1%
GE A DN 7 VA AR e R B AR 20 8 X S IR TR T
DA ity 256 Joi A A 00 BIR | SR AR S R A AR
5T 2% A7 AN [ B 00 3, (H ) mf L BAT — 5 A i B
LA gy ¥ A2 W2 FE R A2 TR B PCR R (2 2%
Jt PCR B LI R R FIAZ TR AR B B 5 A A
PRI | R A% R R AT AN R S R RE A
(P4 Rl PO & NUNIZRECT (780 A DN
FEOOF g, 7 ) 2 S B 2R BB P . DUTREK £
Pk AR 18 G 2 50 W B R RE 8 A8 AR JE Y I 8] A
o S A 0 R HR R UE R A T P
WL R PR By RS ey e — R SR A A
s I HAT LS A f A I B AR A2 5 o (HiZ R
P AE G 0 A (B, 0 #4553 0 5 30 PR 05 1 2K
LA X 5 g A R R, S LA A S A LA R A
20 K AR T T S AR A TR 4T R AG I B AR 0 K
AR R RS I B R R 45 BE PR R
DRt R AR LS ARG I B AS R R A
b, b A7 AR 22 FE A i K I 5k B 6 T AL X B R AT
R PR TR RS K

TEAR 2 B IR0 17T FQ B A I 07 95 o 1 Aol
g L b AR I T vk A A Al 2O — R R
TR P9 A 000 B, oK AR il ) e Ak 2 RE B 1P Rl AR B
PR B A R A AR T Y B R R T I
BRI 82 o £ Rk B0 A A K S o B R, R
H8 o DR A I B2 R R A3 B R BEOR R A B
B BRI EOR m iR . BEE R ROR AR,
T S AT PR | Af A O RS I D7 32 f 2 B
NG AR5 R) B AR . It , 7E R R ILAE N, 4k 2k
ATF 9 DR S AG T  AR AE AG 56 T FRA EE
BEX.

S % ik
[1] ZR.UITIKRE S sRNA B A Hig 3L H 1 F [ D], 5
FA . SEH K24, 2019.

[10]

[11]

[12]

LI C. Screening of sRNA chaperone hfq target gene in
Salmonella[ D]. Guiyang: Guizhou University, 2019.

A, TORM, BEEW, 5 W] SR A I B AR T TE k(T ).
WA EARE, 2017, 37(4): 126-132.

LI J, DING C C, ZHAI X Z, et al. Advances in Salmonella
detection techniques[]]. Journal of Microbiology, 2017, 37(4) :
126-132.

SR EE PR L 22 A [ SRR T G A 2 A 0 T s 1 LA
SRCHL]. BHE AR, 2011(4) - 37-38.

LIANG Z A. Qiantan dui shipinanquan guojiabiaozhun weishengwuxue
jiancefangfa de lijie yu yingyong [J]. Science & Technology
Information, 2011(4): 37-38.

ABDELHASEIB M U, SINGH A K, BAILEY M, et al. Fiber
optic and light scattering sensors: Complimentary approaches to
rapid detection of Salmonella enterica in food samples[J]. Food
Control, 2016, 61: 135-145.

XA, XV, BB, A5 POl 2y v ]I R S P
PCR R 2 1y st 5 B [0 ] b E R 25 A 40K, 2022, 17
(1):59-63.

LIU W D, LIU X P, ZHANG Y, et al. Establishment and
optimization of the real-time PCR detection method for
Salmonella in Chinese patent medicine [J]. Chinese Medicinal
Biotechnology, 2022, 17(1): 59-63.

ZEX, MG, 2R, A R 5 A PREUAG I HE R B 5
JELT]. A2 A B A~ 4l , 2019, 10(17): 5575-5581.
LI S, HAN D P, PENG Y, et al. Research progress of food
safety rapid detection technology [J]. Journal of Food Safety &
Quality, 2019, 10(17): 5575-5581.

ISO. Microbiology of the food chain—Horizontal method for the
detection, enumeration and serotyping of Salmonella—Part 1:
Detection ofSalmonellaspp.: ISO 6579-1—2017 [S]. Geneva,
Switzerland : International Organization for Standardization, 2017.
[ 5 A AR AR B 2 B2, R G 24 B A LR )
i A AR E B R R YT IR GB
4789.4—2016[ S]. b st . P BRHEH ARAL, 2016.

National Health and Family Planning Commission, National
Food and Drug Administration. Food safety national standards,
Food microbiological analysis, Salmonellatesting: GB 4789.4—
2016 [S]. Beijing: Standards Press of China, 2016.

fLMEAE, AL, 8 LA, A5 LT I 0 il 106 e 928 W B 1 S
YD TTRE 1], £ dh TR, 2014, 35(10) : 62-65.

WU Y H, NIUR J, LAI W H, et al. Detection of Salmonella by
double antibody sandwich ELISA[J]. Science and Technology of
Food Industry, 2014, 35(10) : 62-65.

TRV B Ah P Vb ) IR I 7 i e () ). BoR B
2018, 46(30): 202-204.

CHENG H. Comparison of detection methods of Salmonella in
food[J]. Journal of Anhui Agricultural Sciences, 2018, 46(30) :
202-204.

SAHIB H. Molecular Biology: Lec 1 Molecular biology History of
Molecular Biology [ M/OL]. 2020. https://www.researchgate.net/
publication/347553382

b, S, W, 55y AR T A T ) G
WP L) ], & Lok, 2016, 37(9): 372-375, 379.



PR TR AGE T B A TR £ YR U 1T R ARG T v #) O F 5 O S —— AR U

& —853—

[13]

[14]

[15]

[19]

[22]

YANG L, HU W Z, JIANG A L, et al. Research progress in
molecular biology methods for detection of Salmonella [J]. Science
and Technology of Food Industry, 2016, 37(9): 372-375, 379.
KIM K, PARK S, CHO Y, et al. Comparison of different primers
and enrichment media for the rapid detection of Salmonella using
polymerase chain reaction [J]. Journal of Preventive Veterinary
Medicine, 2014, 38(3): 69-73.

FITZGERALD C, COLLINS M, VAN DUYNE S, et al. Multiplex,
bead-based suspension array for molecular determination of common
Salmonella serogroupS[J] Journal of Clinical Microbiology, 2007,
45(10): 3323-3334.

KIM K, KIM D, SUN J S, et al. Comparative evaluation of the
murine immune responses to Salmonella enterica serovars Enteritidis ,
Gallinarum and Typhimurium infection [J]. Korean Journal of
Veterinary Research, 2013, 53(2): 95-101.

MALORNY B, HUEHN S, DIECKMANN R, et al. Polymerase
chain reaction for the rapid detection and serovar identification of
Salmonella in food and feeding stuff[ ] 1. Food Analytical Methods,
2009, 2(2): 81-95.

0ZYY, SONMEZ O i, KARAMAN S, et al. Rapid and sensitive
detection of Salmonella spp. in raw minced meat samples using
droplet digital PCR[J]. European Food Research and Technology,
2020, 246(10): 1895-1907.
KAUSHIK P, ANJAY, DAYAL S. Rapid PCR detection of
Salmonella from stool samples [J]. Journal of Veterinary Public
Health, 2014, 12(2): 71-74.

YANG X J, LIH G, WU Q P, et al. Comparison of direct culture,
immunomagnetic separation/culture, and multiplex PCR methods
for detection of Salmonella in food [J]. Food Science and
Technology Research, 2015, 21(5): 671-675.

e I YOLPCREEAR M) Jbat s NRZEE AL,
2007.

LI J M. Real-time fluorescence PCR technology [M]. Beijing:
People’s Military Medical Press, 2007.

X, B R, FhERDE, SF L T SEHT 9Ot PCR PR E G
b T RG AT TE Y T I A T vk [T ] 3L T AR
FH#A, 2014, 37(2) : 252-257.

LIU R, ZHAO Y Z, SUN M Y, et al. The rapid identification
method of Salmonella gallinarumby real-time fluorescent PCR[J].
Journal of Liaoning Normal University: Natural Science Edition,
2014, 37(2): 252-257.

ZENDRINI A, CARTA V, FILIPELLO V, et al. One-day
molecular detection of Salmonella and campylobacter in chicken
meat: A pilot study[J]. Foods: Basel, Switzerland, 2021, 10
(5): 1132.

HUANG C X, MAHBOUBAT B Y, DING Y F, et al
Development of a rapid Salmonella detection method via phage-
conjugated magnetic bead separation coupled with real-time PCR
quantification[ J]. LWT, 2021, 142: 111075.

TR, T} . TaqMan 20§56 PCR X701 G 1A fE 1 5631F
R it 1 BRG] BLAC A R, 2020, 36(12)
300-306, 83.

WANG F J, YE S D. Rapid detection and identification of Salmonella

in proficiency testing samples by TagMan real-time fluorescent

[33]

[36]

PCR[J]. Modern Food Science and Technology, 2020, 36(12):
300-306, 83.

oL, WM, £, AR R THCT PCRIGTS T DNA GE HE 1
ARBEGEERE )], A 5 Y Bk | 2012, 39(10)
1017-1023.

LI L, SUIZ W, WANG J, et al. Progress of digital PCR for single
DNA quantification[ J]. Progress in Biochemistry and Biophysics ,
2012, 39(10): 1017-1023.

R, XA, SRPKEE . B PCR R B TR IR B2 27 T Y
ALY ]. v Ak S 2019(6) - 31-35.

SHANG L P, LIU J J, ZHANG Q X. Digital PCR technology
and its applications in forensic science [J]. Chinese Journal of
Forensic Sciences, 2019(6) : 31-35.

BT, 22 R, BREL, A . R B PCR AR P
EHE PP TTRE ] iSRRG, 2017, 36(3):
315-321.

ZHAO X, LAN Q K, CHEN R, et al. Rapid detection of Salmonella
spp. In edible fungi by droplet digital PCR[J]. Journal of Food
Science and Biotechnology, 2017, 36(3): 315-321.
CREMONESI P, CORTIMIGLIA C, PICOZZI C, et al. Develop-
ment of a droplet digital polymerase chain reaction for rapid and
simultaneous identification of common foodborne pathogens in
soft cheese[ J . Frontiers in Microbiology, 2016, 7: 1725.

LEE M. Microarray Technology[ M 1. US: Springer, 2004; 19-43.
30, WE i, P, A5 BERE FHOR K AR A b i R
LT @A AR, 2010, 38(26) : 14279-14280, 14297.
YUAN W L, KANG Z H, TAO B, et al. Gene chip technology
and its application in plants[J]. Journal of Anhui Agricultural
Sciences, 2010, 38(26): 14279-14280, 14297.

K, AW B R TEARERBE S T s R[], R
EHPEEIEE, 2014, 42(4): 72-75.

MIJ, WU Y M. Application of microarray in chlamydia study[J].
Progress in Microbiology and Immunology , 2014, 42(4) : 72-75.
Il SRR R R R R T R )] TS
i, 2021(23): 191-192.

YIN C. Application of microarray technology to food testing [J].
China Food Safety Magazine, 2021(23): 191-192.

A B PR A5 RS I 12 7 £ DR B v ) S X L
SrArL]. B A BT 229, 2019, 10(19) : 6478-6482.
LIU Y. Comparative analysis of application of gene chip method
and routine detection method in foodborne diseases[J]. Journal
of Food Safety & Quality, 2019, 10(19): 6478-6482.

TRIEHEE, SCRG, #63% . WHEE RS R J7 AR DI L I 36
[J]. fedede 41, 2007, 22(1): 182-183.

XU X J, WEN S Y, HAN Y. Detection and identification of
intestinal bacteria by oligonucleotide array [J]. Acta Agriculturae
Boreali-Sinica, 2007, 22(1): 182-183.

SARENGAOWA, HU W Z, FENG K, et al. An in situ-synthesized
gene chip for the detection of food-borne pathogens on fresh-cut
cantaloupe and lettuce[J]. Frontiers in Microbiology, 2020, 10:
3089.

XK, THE, A A 4R (LAMP) £ R (4 52 H]
WFFELT]. g A, 2010, 26(8) : 87-89.

LIU Y S, DING Y Z, ZHANG J. Application and research of



—854—

B AR R
CHINESE JOURNAL OF FOOD HYGIENE

20224E%0 34 55 4 W

[39]

[41]

[42]

[44]

[47]

[48]

loop mediated isothermal amplification (LAMP) assay[”. Chinese
Agricultural Science Bulletin, 2010, 26(8): 87-89.

SR, SO LU R AR B R ROy i R e SR L) ). &
44 TR 24T, 2015, 6(5) : 1834-1841.

ZHANG P, FENG F. Research progress of Salmonella detection
techniques and methods [J]. Journal of Food Safety & Quality,
2015, 6(5): 1834-1841.

LIJJ, ZHAIL G, BIE X M, et al. A novel visual loop-mediated
isothermal amplification assay targeting gene 62181533 for the
detection of Salmonella spp. in foods[J]. Food Control, 2016,
60: 230-236.

SAROWSKA J, FREJ-MADRZAK M, JAMA-KMIECIK A, et al.
Detection of Salmonella in foods using a reference PN-ISO method
and an alternative method based on loop-mediated isothermal
amplification coupled with bioluminescence [J]. Advances in Clinical
and Experimental Medicine: Official Organ Wroclaw Medical
University, 2016, 25(5): 945-950.

MASOJI V R, ZENDE R J, SURYAWANSHI R D, et al. Rapid
detection of Salmonella spp. in animal origin foods by in-house
developed loop-mediated isothermal amplification (LAMP)
assay [J]. International Journal of Current Microbiology and
Applied Sciences, 2017, 6(4): 2523-2532.

M TAE L A W) AR IS R SRR ()] AR BORHE R
2014, 11(3): 127.

PAN Y X. A review of the development of biosensors [J]. Biotech
World, 2014, 11(3): 127.

5 T HE ] 129 K AR W A SRS BT T R (T ] OB
2010(5): 64-67.

FENG R H. New developments in foreign nanobiosensor
research [ J]. Advanced Materials Industry, 2010(5) : 64-67.
PEIE T, WA, WL N B R IS AR AR W AR R R AE VD TT IR
R R I P B LD ] AR AR B, 2019, 46(10)
114-122.

BAN M J, MAN Y, PAN L G. Application of aptamer biosensor
technology in the quantitative detection of Salmonella[J]. Guangdong
Agricultural Sciences, 2019, 46( 10): 114-122.
NIYOMDECHA S, LIMBUT W, NUMNUAM A, et al. Phage-
based capacitive biosensor for Salmonella detection[]]. Talanta,
2018, 188: 658-664.

LOPEZ-TELLEZ J, SANCHEZ-ORTEGA I, HORNUNG-LEONI
C T, et al. Impedimetric biosensor based on a Hechtia argentea
lectin for the detection of Salmonella spp [J]. Chemosensors,
2020, 8(4): 115.

QUINTELA I A, DE LOS REYES B G, LIN C S, et al.
Simultaneous colorimetric detection of a variety of Salmonella spp.
in food and environmental samples by optical biosensing using
oligonucleotide-gold nanoparticles[J]. Frontiers in Microbiology,
2019, 10: 1138.

JEIWET , fRAL T, W AR L B O AT HORTE A BT Ak PR A T
s R L) e 2, 2010, 32(1): 53.

ZHOU Y X, JIAO B N, PAN J R. Application of immunoassay
technique in detection of fungicide residue [ J]. World Pesticides
2010, 32(1): 53.

VRE, BEM, S/AMA, 5 SRR G S RO R BT ik

[49]

[56]

[57]

[60]

JeLJ]. AR RUE S g2 4535, 2020, 40(2) : 160-164.
TANG J B, LITD, GUO X Y, et al. Research progress in signal
amplification for immunoassays [ J]. Chinese Journal of Microbiology
and Immunology, 2020, 40(2): 160-164.

B BB I T R A S 20 W BRGNS LA T A O
ST K HAE T 25T R W R LD 7N RO B AL
2018.

XIONG Y F. Development of A Novel Homogeneous Assay to
Detect Protein-protein Interaction and Application to Screening of
New Drugs [D]. Guangzhou: Southern Medical University, 2018.
TRAT I, BT K A EE RO R I S [ JE T Bl
JiAL, 2012.

ZHANG Q Y, GUI J F. Atlas of aquatic viruses and viral
diseases[ M |. Beijing: Science Press, 2012.

R, e AR, A, AF . A A B9 I S T 1 A
AP TR (1] BRI R 2010, 38(10) ¢ 5320-
5321, 5323.

HUANG C J, HUANG X R, ZHENG J, et al. Detection of
Salmonella in food samples by VIDAS method[ J]. Journal of Anhui
Agricultural Sciences, 2010, 38(10): 5320-5321, 5323.

Al — JU . W 98 U 17 I T 48 DK AR £ ) i B B 8 B A D0 Dy
MRS ID ] B PEALRAMBLE R, 2019,

HE Y X. The development of nanobody and construction of
immunoassay towards Salmonella enteritidis[ D ]. Yangling: Northwest
A & F University, 2019.

KHOSRAVI M, GHARIBI D, MORADI N, et al. Evaluation of
a rapid enzyme immunoassay test for diagnosis of contamination
of milk, water and feces to Salmonella Typhimurium[]]. Veteri-
narski Arhiv, 2020, 90(5): 509-516.

HUJQ, HUANG R N, WANG Y, et al. Development of duplex
PCR-ELISA for simultaneous detection of Salmonella spp. and
Escherichia coli 0157:H7 in food[J]. Journal of Microbiological
Methods, 2018, 154: 127-133.

R RIETOLH AT Il & B B2, 1988, 18(4):
37-39.

ZHU X Q. Immunofluorescence technique[ﬂ. Gansu Animal and
Veterinary Sciences, 1988, 18(4): 37-39.

A . AR T HUAE AR S HE R 2 W ()], R TR
1987, 7(6) : 52-56.

SHAO H X. Labeled antibody technology and rapid viral
diagnosis[ﬂ . Progress in Biotechnology, 1987, 7(6): 52-56.
BT, AR, R R AT A B AR [T R R,
2016, 29(21) : 199-200.

YANG LM, REN L L, LIU L P. Analysis of immunohistochemical
techniques [J]. Medical Information, 2016, 29(21): 199-200.
KARLSSON K A, THORE A, KUDYNOWSKI J. Quantitative
studies of direct and indirect immunofluorescent staining of Salmonella
bacterial J|. Acta Pathologica Microbiologica Scandinavica Section
B Microbiology, 1975, 83B(1): 17-24.

PANDEY S K, VINAYAKA A C, RISHI D B, et al. Immuno-
fluorescence based Vi capsular polysaccharide detection for specific
recognition of Salmonella enterica serovar Typhi in clinical
samples[ J]. Analytica Chimica Acta, 2014, 841: 51-57.
SINGH J, SHARMA S, NARA S. Nanogold based lateral flow



PR T AGE I B A TR £ YR U 1T R ARG ) v A R F 9 O SR —— AR U, 4 —855—

[62]

[65]

[66]

assay for the detection of Salmonella typhi in environmental water
samples[ J]. Analytical Methods, 2015, 7(21): 9281-9288.
TRRRA, WA Sy TR 20 B AR TR SR AE s I e Y
AL P E R A SRR, 2011, 23(5): 478-481.

SHENG Y Y, CHEN M. Application of immunomagnetic beads
separation techniques in microbiology [J]. Chinese Journal of
Food Hygiene, 2011, 23(5): 478-481.

KU, AR . S BE il BR 15 B AR B HAE B DR B0 B s
R ARG L] A A AR, 2014, 39(12) 1 956-960.
LIU X X, TU J M. Immunomagnetic beads separation
techniques and its application progress in detection of food borne
pathogens [ J]. Chinese Journal of Antibiotics, 2014, 39(12) :
956-960.

BI Y, SHU M, ZHONG C, et al. A novel SDS rinse and
immunomagnetic beads separation combined with real-time loop-
mediated isothermal amplification for rapid and sensitive detection
of Salmonella in ready-to-eat duck meat[J]. Food Analytical
Methods, 2020, 13(5): 1166-1175.

A, M, AV, S G R Bk B -SE I 988 PCR
PR AS UAF b TT R[] BUCA Sh R, 2017, 33(11)
235-242.

LIY R, ZHOU D G, XIA X Z, et al. Rapid detection of Salmonella
in shrimp by immunomagnetic separation combined with real-time
PCR[J]. Modern Food Science and Technology, 2017, 33(11):
235-242.

DAIF Y, ZHANG M, XU D X, et al. The development of methods
for the detection of Salmonella in chickens by a combination of
immunomagnetic separation and PCRs [J]. Biotechnology and

Applied Biochemistry, 2017, 64(6): 888-894.
g Ae A ARGOREAR LT UGS E L 2019, 4: 54.

[68]

GUO M H. What is nanotechnology [J]. Contemporary Prosecutor,
2019, 4: 54.

g, BT, IEAL , AF . BR Y8R AR TE A W) 1 o B
1 0 P BRCAR S e LD ] A2k g, 2013, 25(S1) : 397-408.
ZHANG J C, YANG K N, ZHANG H S, et al. Application
status and prospect of carbon-based nanomaterials in biomedical
field[J]. Progress in Chemistry, 2013, 25(S1): 397-408.
KURT H, YUCE M, HUSSAIN B, et al. Dual-excitation upcon-
verting nanoparticle and quantum dot aptasensor for multiplexed
food pathogen detection [J]. Biosensors and Bioelectronics, 2016,
81: 280-286.

R, I, Ba Ok F LGOS RS0 I RS
Oy G ) 450 ) AT 5 R [0 )L VR TR R R 2 B A
2020, 20(4): 1-7.

HUANG F, ZHOU H, MAO Y F, et al. Research progress of
nano electrochemical sensors in cardiovascular drugs lesling[ﬂ.
Journal of Jiangsu College of Engineering and Technology, 2020,
20(4): 1-7.

YU S, TANG Y Z, YAN M Y, et al. A fluorescent cascade
amplification method for sensitive detection of Salmonella based on
magnetic Fe,0, nanoparticles and hybridization chain reaction [J].
Sensors and Actuators B: Chemical, 2019, 279: 31-37.
ZHANG L D, DU X W, CHEN Z X, et al. Instrument-free and
visual detection of Salmonella based on magnetic nanoparticles
and an antibody probe immunosensor [ J]. International Journal
of Molecular Sciences, 2019, 20(18) : 4645.

WANG Q, CHENG X C, LI H H, et al. A novel DNA quantum
dots/aptamer-modified gold nanoparticles probe for detection of
Salmonella typhimurium by fluorescent immunoassay[ J]. Materials

Today Communications, 2020, 25: 101428.



