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# E: BN RIEHRNFERY BE AR (oop-mediated isothermal amplification, LAMP)i 7| A #8 ZEAS [H] L,
il i O U SO ARSI T B ROR . AR B EIZLE S e W IR PEBOR T, 38 FH LAMP g7 f#
OPRER L ARSI i, DA SE IS S A A DA R N TI5 G L SR ST LAMP A 5 | i A RS A
B P S A AR AT O B AR MR R 7 A, R TR Ty 1Y, P RGR I 2 B
ik 10" fg/ulo FHEIFARHEL I LAMP J7 ik RIS S G L0k . WM AR, A INZ5 058 42— 30, X R
£ S A TR B KT B O157:H7 T4 A A 3K I 2 0 R A7 A 45 28 o A SAERT A 3 30 min,
20 RN GeniellSZ B2 GG SCHRAE R 8, (EHERSME, AT S2HE A R ZLE] 5 b 9 KIBFF R O157:H7
LW AOAAERE DT TICETs Y, FERETR . BUSE S, 16 Gkt B aE A .
KA SERYHY AL AL BUREEBONE, SERPOL; B PRI
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Detection of common food borne pathogens in different dairy products by
loop-mediated isothermal amplification

XU Wen-Wen, SONG Hui-Yue, LIANG Yu-Lin, LIU Xiu*, YIN Jian-Jun, SONG Quan-Hou,
DING Meng-Xuan, ZHOU Peng-Fei

(China National Research Institute of Food & Fermentation industries Co., Ltd., Beijing 100015, China)

ABSTRACT: Objective To verify the application effect of loop-mediated isothermal amplification (LAMP)
detection reagents and instruments for the detection of common food borne pathogens in different dairy products.
Methods Aiming at common foodborne pathogens in different dairy products, LAMP was used to establish a
convenient, rapid and efficient detection method. The applicability of LAMP detection primer reagents and
instruments in rapid screening were evaluated by laboratory reserved strains and artificially contaminated dairy
samples. Results The selected primers could only amplify the nucleic acid of the target strain, and the other strains
had no amplification. The detection sensitivity of amplification was 10' fg/uL. The national standard method and
LAMP method were used to detect infant milk powder and cheese samples at the same time, and the detection results
were completely consistent. When the fermented milk samples were detected, Escherichia coli O157: H7 and
Saphylococcus aureus also showed good detection results. The total test time was less than 30 min. Conclusion
The genie II real-time fluorescence detector is easy to operate and portable, and has strong specificity, high

sensitivity, fast and accurate. It can monitor Escherichia coli O157: H7, Saphylococcus aureus and Salmonella in
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different dairy products in real time, which is suitable for enterprises to conduct rapid detection in batches.

KEY WORDS: isothermal amplification; dairy products; foodborne pathogens; real-time fluorescence; on-site rapid

detection
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L AR AT R AR P W B E RS R
it 45 BB, 2010—2017 4E, & EP T RAAE
3650~3870 J3 t [A] P 3; 2018—2019 Y- B 4 THE,
B7E 3050 J7 t LA RN E R A I ShAe T sh 2 5 &
V14 T % 2Lt 2 4 T RS s 23R 0 T A, R [ N A
Xt Ll A Ae 4 ) B G TR R B P E KA
O157:H77 | & O HAERE ", W1 TR 5.
KIHFEE O157:H7 2 F3E B P o — R B IRk BU% 14,
FORX e b 2 RRKAG G, o ml i 2k B 2 ik % 4%
— HURYL ) O AR I o A A A R AT T IR
[T S EU NN it I (ERE S 2 CRT v NN e S B a
A DR 4 R A BR A 5 LS 1 W b B S O B TR M
YR 33%, VIR B TS Y FRAE 40000 61 L4
DR I 2 e — 7 e Ak ke sk A 90 e S0 T G 0 O 9 ke T
B A A R B B E L,

UL P L A R SO TR 2 R A% A 4 R
2 UV B 5 4 i 4% =X 2 1V (polymerase  chain  reaction,
PCR)!' kAT GBI M E R ARk, kiR R
BN, (HFERTHRE T7, TOuk BB Al 42 43 i a2 JRUBGS 191
PCR HiARBA A T _FaR e, HXF 250 2 f N B 36
BR R, MELUTE R ML Z B ROT . & T AW
BARMKE, AN FEHRT HEHAR LAMP KR 5408 |
R . SO E L B S 2 ar st AR s A
SEG 2 A A IR BOW B 28 8 PEOBRTI RS GeniellSE B
PEHEARTMAL, N ASRFLH A P R IAFFR O157:H7 . 4k
EEAEERTA B VDT IR T S I 38 5, 43 50 LA I R o
B, SEATRE SR . REUE . N TSR IE, DAL
M 5 |30 A s

1 MRl5E%
1.1 #R5EHE

TE IR 2 e HRE P 1 2R 451857 (isothermal master mix,
IMM) (3 [E Optigene Limited /A Fl); it 3 EilE (plate
count agar, PCA). fIi.C>#2 #& [N ¥ (brain heart infusion
broth, BHI)(Jb 5t B B AR B3 A7 FR 2 1l); 407 DNA $2
Bk 5 & . % & F /K ( DNase/RNase-Free Deionized
Water ) (RARAALFHEZABRZ ), LAMP 473 5| ¥ [ 4
FEE ()R 5 H ARG .

AW FE BT ARG K FF I O157:H7(Escherichia
coli 0157:H7) CICC21530, 4% 44 BR 1 (Saphyl ococcus
aureus) CICC10201, Vb ]FHi(saimonella) CICC21483, i
Ui 5 % 45 W #F 14 (Cronobacter sakazakii)CICC21546., BAtfizs
W (Listeria monocytogenes)CMCC54001 . ¥4 L P BR
(Sreptococcus pyogenes)CICC10373 . &l i P4 9K 12 (Mibrio
parahaemolyticus)CICC21617 . 4 £ % ifd 7 (Pseudomonas
aeruginosa)ATCC 27853 . J %% & 7% [ i (Shigella dysent
eriae) CICC23829(H [ 1k flA: Wy e I s i B 0 ) o

1.2 UE5EF

G49194G EB T &% . 5804R WEL.LAL, 5424 7Y
DAL (T8 E Eppendorf 24 #]); SX-700 15 H K B A4 (H A
Tomy Digital Biology /A 7l); CPA323S X5 % K- (ff &
Sartorius /3 F]); VORTEX-5 i (¥ (Kylin-bell 2> #]);
AC2-4S1 A=W % A 4G G Y% Bsco 23 A); Genie 1T %R "
AL (FEE OptiGene Limited 23 7).
1.3 LAMP #0545 S

BRI 3 b FL SR B U BOW T, R KT
O157:H7., ¥ EAMAIRE . WITKRE, @Akl T
A SCHR, K15 LAMP 5415 21021,
1.4 3 FEFEMBURE LAMP & {ARAE

STEE 1 FPE R LAMP 5143570 8 57 LAMP K3l 44
F, Hdr 12,5 pL S ik R 4dE 7.5 uL IMM, 3.5 pL
RASIYIEFSNE1Y F3, B3 24 2.5 pmol, H5[# FIP,
BIP *fy 20 pmol, 354 LF, LB 2} 10 pmol) % 1.5 pL %t
K20 DNA. S &1k 65 °C, 30 min,

1.5 LAMP 3|40 FI891FEM
1.5.1 HEHREILA DNA R

R O15T:HT. & ¥ OEERIE . WA R
FiAth 6 B PARRERD T BRI, 36 °CHEF% 24 h, B
WCEE B . LUK BRI AR B K I AS AR UE A T EE R, FTAMRAT
JEHC 1 mL A AR S T 25000 5000 r/min 200
10 min, YA FEARTTIE 4% AN DNA RG] S i
BRI ZH DNA, —20 °CUKFARAR4S ] o
152 #F#%

Yo B AR, BN T FP, B 5 —Fh 54
HiAH, HAH 9 MEEZRIETTY I, Hdr gk
RIS, PEAN 51 P R 5 1
1.53 R&EE

PR BRI DA 25 8 T O R BT 1/10 BREE
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T e, HEIL 10° fg/uL~10% pg/uL #4FE A% R HEAT R,
SE K AR
1.6 MM EFHITMA

528 GeniellSZ B 5 645 AL AT PCR X 2 g™
B ER PEAT . P Geniell 52 I HE K AL FE T LAMP
AR S55a 9 e AR B A&, ol It 7R B AR b B R
PRAGE R AN B 16 @ IE, — YT [ I A6 0
16 ANFESS, FRHAEN (XA Sh AR, N EBRIERS, K
PEET N EERIEEUS, L GeniellSE B 2 G A8
{SCRT PCR ASCY™ S8R W0 i) | 48 S 4k AR SR A8 0 v 25 2R
AL Geniell S i 2 A I 2 44 o
1.7 5|494R 5 F{ 2SR B2 R

A3 UL Bl JLEC T W5 Ky . W . TR AR S B o
&N LI RE S, BEAFE S HIAE 10 0, b 3 43 4E B
PEAE AT IR, 7 43 A 10° CFU/mL ¥ B A 75 46 0 1 Ak (52
B D ok 3 2o B 35 0k MEAT T EORAS)VE 5 e ke B, R
WHRE LG Y B R AT 2 10" CFU/mL W .

XiF DA B SR AT E R AR AETL AT LAMP 4G, H
HE FERHEME N LAMP ik 360, LAMP 35 3% I E K
FRUEEEAT VI 5, B 1 mL ¥EFT DNA 2B 1K
M, BT 53500 4 AR 04 S Br A {8

2 HERESR
2.1 SR FIBATEHLER
2,11 4FFAEER

5| YR SRR RAIESE SR ANGE 1. 3 Fh5 98 R s bk
PIRERRIE T 3G, S HARRMRAZ IR TS 14, VLA S [P Re stk
U, FTLARF RGBT . S EMARRE . T TR BRI,
2.1.2 REEFEE

DA 25 88 17K Ay s 88 YK 2 B4 TR A A R AT
T Bg, B UEAS R B 0 B2 0 R AEE, 25 IR WLE 2. KAT
Geniell SZ B 28 SR SGHEAT I R AP . & 31 (O A BR
W, WITRE LAMP BRAG I A R B Rl 53,
30, 20 fg/uL, TKFE PCR {LHEAT Y PCR 2% B A I 45 1%
FREE ZTE 107 fg/ul &L E

F1 PBEEIEER

Table 1 Results of specific experimental

s H KIBFF&E5 19 G EEEIRE S 1Y) WITIRES )
LAMP #Eif PCR #ERT
SR LAMP/PCR LAMP/PCR 7% LAMP/PCR 7%
PN 7L ++ —/- —-
4 VO A IR T - ++ —/-
I IRH —/- —/- ++
B e J T T4 /- -/~ /-
FLIE AT B —- -/~ ~~ <30 min =3h
P I A R R ~/- ~/- /-
Rl TN ~/~ ~/~ /-
GIESS PR Y] /- -/~ /-
TP S /- /- -/~
TE: “HFoRA i, o FoRARA I
%2 REERRLER
Table 2 Test results of sensitivity
KIGFFE S AR E IR E WITRIE
iR B LAMP/PCR LR L LAMP/PCR i MRV % LAMP/PCR %
530 pg/pL +/+ 300 pg/uL +/+ 200 pg/pL +/+
53 pg/uL +/+ 30 pg/uL +/+ 20 pg/uL +/+
5.3 pg/uL +/+ 3 pg/uL +/+ 2 pg/uL +/+
530 fg/uL +/+ 300 fg/uL +/+ 200 fg/uL +/—
53 fg/ulL +/— 30 fg/uL +/— 20 fg/pL +/—
5.3 fg/uL —/— 3 fg/uL —/— 2 fg/pL —/—

A LR = N
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22 RMNUEITHER

N 1.2 2 7R, DL Geniell ST FN PCR Y
XA — BN EA T SR, 4555 I AR A 25 5 —
, FRSE 100%, AN Geniell S22 G I HEAT R 52
BE 1 SRR B R EE IR S5 SR, 30 min DAY
RVRT 52 1 H AR bR T e, B REUETE 101 fg/uL,
ML PCR {SGHA T ST AEY S A5 o iR 7 A TR L i
MSERLZERHE, BEAIE 3 h DLk, REUERMTRE
1~2 MRS, BEIAIISE R GeniellSEHT 7 AN I
FAF S s IR SR, 245 58

2.3 SIHAERTIANE N AER

2.3.1 BRYyIUEe 7 Wi AR an i B 45 R
iz AR PR A A IR v 3 Fha TR BOR 1 15 YL kR T A

A, A B LB Wik T YL iE, T B 3R R 43
1T LAMP PR 5 £ or W A0 ) S pm i vk Aar il o 45 2R N 3% 3
FiR, 10° CFU/mL ¥k BE B KA O157:H7 . & T (s
BERE . WITRETG AR, 4 36 CHITEEFR 120,
R W0 15 29 45 SR R AR R A5 R — 8 R
PR B . BRSP4
232 WAEEAE SR R 4R

e FRERAE A0 R v 3 b £ Rk B80S BT G e it i 4
K, WY TS Y re, TS PR35 40 WA T LAMP R
R 15 4 6 00 0 ) A SR AG I . 45 SRR 4 FioR: 10°
CFU/mL ¥ E M KIHFFE O157:H7. 4 ¥ @ AERE .
I TIRBATS Y ke N, %5 36 CCHETE 12 h, PR k3% & K
AR E F AR A A R —2, RN B
B 25 5

®3 EY)IESTMHERIBERGITER

Table 3 Statistical table of experimental results of infant formula milk powder samples

- KGHFE 0157:H7 B A AT R T IR
LAMP 12/ bRtk LAMP 12/ bRtk LAMP i/ bRtk
15 ++ +/+ e
2% —/- /- +/+
35 —/- i+ /-
4% ++ ++ +/+
55 ++ i+ H+
6 /- 4+ e
7% +/+ - 4
85 ++ ++ i+
95 it - wh
10 5 +/+ +/+ +/+
T FORKH, " FRARK .
T4 PRHERIEERFITR
Table 4 Statistical table of experimental results of cheese samples
KEF 1 0157:H7 A AT R T IR
FE i G
LAMP ¥/ bR LAMP ¥/ bR LAMP /I bRk
15 ++ +H -
25 ++ +/+ 4
35 /- ++ ++
45 +/+ /- +/+
5% ++ +H e
6% ~~ /- +
7% ++ +H -
85 ++ 4+ i+
9% ++ - +H
105 —I- ++ ++

R, <R
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233 KBS AR

Fig FRERAE A U8 o 3 b V5 B0 B TS e b b i 45 0
2, il R BT YR, TG B 55 05 43 0 #EA T LAMP
PRETHARGE W 18 £  00 R ) SR AR EAG I  25 SR AN ER 5 R
10° CFU/mL ¥ FE A KRG FF I O157:H7 T5 YL b il il 4 #
O A BRIAS AR O, ZRMSTH 12 h 18 h AE PR kil 1%
& EAYBIREH 7 A PR, AN E R AR T R A R
KPR BAE . EBAPESS R, W 10° CFU/mL 3¢ FE Y 70
PTRBETS ke b, 4 36 °CY4TH 12 h. 18 h JF7E TR X %
E¥RKG . EEYTTRER S 10" CFU/MmL, 15 Y4FE 5
BT 18 h FE PR AR B 4 EAG 4 AP, [ E SR
WEBAG 7 A BE R, R G 00 92 0 ) R A v i A e 4
RARAFE

3 FHi5iie

A58 F L ) B R S0 TR RS R ARSI B
BeVE 2k, B53%)R T UEA T BERG AN A A fb S 0E— A A
A3, ELLH R I A I T R o Ak, AR B4
FEARBEBIFE R, JUHAE LAMP AR, 7 B37 bR b I ik
JERLFDT ERBL E R LAMP FiA R A %
ZMF T EEXT 6~8 4 B AR X ISEA TR L B X AZ R BE LB A, fRIIF
b3t 2 SRR ST A [ A U D T KRS T A AR
A LAMP AR FER 6, AP 1A 30 min PIEIAT
SEI, MR HRE B TR ASCR H R B =, IS B ATk
145 012 5 AR FCA R Y 18 A TR A9 PCR M LL, 24
FEARXTHE R 10~100 £%.

WESE vhiz PS50 28 i) LAMP Ak 2R, Xt 3240
LK . WhE . R DR B R IBAT R O157:H7 . & (A4

R . WITREEATEN . 2160, 51¥ERrmR. R
TR R . LA 10 (R B2 G LRy . R 5 YA S A T I R A
B, G5B HR BE (A TS Y Rr S 2 TR 12 b, DR ARG
WA WA H RO B R o T A SOR — 8, B ST Y
O VR SO A A I T A R TR A A A DU P
ANE, SUH R B A SRR M T, SR
H B IR BOR TR AN 5 £ Ry h i A K, K
FFB O157:H7 F4: # O A BR B AT F U0 1T IR Pk 4
R, LKA O157:HT 15 YLkt i i 4x 3 0 2 BR BT
VSYLRE AT 12 b 18 h, PRGN AT 10K AR 5
] bR U T VR AR — B, VD 1) FR R V5 e kB 1
JnE] 10" CFU/MmL, e ke % 45 46 i 45 SR AT SR A B4R,
& H MR TOAG I 152 4 A6 AR VR B2 U0 17T ER B s G 19 2 T 0 4
TEAE—E W TR AR KBS, i 3 ik — 2401k o

WFFE A FH Y GenielISE I 5% S A6 I 4347 53 46 I st
B . R . WEWIRESR, RENSTE LR IR R SR Y 1
(14 ) Bsf 52 B W45 2O (. BT AR Ak, T B iy 25 2, kb
T YRR ERAE . R, 7R AR 4G G T 3 R AN
T — KRR IMFE, 5 T R 2T 56 5 B R T 5 K
oo ANERIRAE, (T, — 4R VE R B AR T X 5K
MR Ll F R TR, RA e T AUER A Ak
20 FH DRI S () B, ELANCER P9 A 16 MR FL, mT [E A 3
BRI 16 SRR, B A HETI PE A A

g B Arik, T LAMP I Geniell 32 i 2 64
WS 37 B A R LS H L IR BOWR B LAMP &
JTRFERTE . REUE . AR TN, W
N TR LB WA« W A b R LA R B0 A
BB PR, Ay L o et s ol JRU R A 4 AL R

x5 ABNERIBERGITER

Table 5 Statistical table of experimental results of fermented milk samples

KIGHFH 0157:H7 B A A BRI IR
L ETRE
PRSI/ bR PRSI/ bR PG/ R
15 ++ ++ —/—
25 —/— +/+ —/—
35 +/+ —/— +/+
45 +/+ +/+ +/+
5% +/+ +/+ —/+
65 ++ —/— ++
75 —~ ++ ++
85 ++ ++ I+
9% +/+ +/+ —/
105 - ~/- —/+

?I‘E: “+”é%‘i_\‘ﬁm, ‘A7’9%€E_\‘*ﬁmz
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