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Abstract: In this study, the 3-tube mini most probable number (mini-MPN) counting method was used to establish a fluorescence
quantitative loop-mediated isothermal amplification (QLAMP) method for rapid and quantitative detection of food-borne Salmonella. According
to the ttr gene sequence of Salmonella, the primers for gLAMP and quantitative polymerase chain reaction (QPCR) were designed, and in
combination with the Sh BPW amplification and MPN counting, a rapid and quantitative detection method by mini-MPN-qLAMP for
Salmonella was established, and the consistency between the analysis results obtained by different assays was compared using the Bland-Altman
analysis. The mini-MPN-qLAMP method was validated using two artificially contaminated samples, The results showed that the established
qLAMP method and the qPCR method had good specificity. The pure culture experiments revealed the detection limit of qLAMP of
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500 CFU/mL. The Bland-Altman analysis revealed that in the quick-frozen black rice, the established mini-MPN-qLAMP method had a
relatively high consistency with the mini-MPN-qPCR, the mini-MPN counting and plate counting method, with the R® not lower than 0.994, and
the detection limit being -0.44 Ig MPN/mL. In quick-frozen chicken breast, the mini-MPN-qLAMP method had the highest consistency with the
mini-MPN-qPCR, with the R® being 0.990 and detection limit being -0.64 Ig MPN/mL. The spoilage bacteria in the meat products could affect
the mini-MPN counting and plate counting results, whilst the mini-MPN-qLAMP method could eliminate the interference of spoilage bacteria in

meat products. Accordingly, the mini-MPN-qLAMP method established in this study is simple, easy to be used and accurate, thus can be used

for rapid and quantitative detection of Salmonella in food.

Key words: Salmonella; ttr gene; mini-MPN; quantitative loop-mediated isothermal amplification (QLAMP); quantitative polymerase

chain reaction (QPCR)
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qLAMP ttr-BIP GCGCGGCATCCGCATCAATATGCCCGGTAAACAGATGAGT
ttr-LF AGGGAAAGCCAGCTTTACG
ttr-LB CCGGCCTTCAAATCGGCATC
ttr-F TGAAAGAGGCGGCAGAAA
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T 12 000 r/min 250 5 min, 7NCoF8 25 FIER 900 L,
I 1 mL EH7KEIRAIF 12 000 r/min 2.0 5 min,
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Table 2 Specificity of gPCR and gLAMP

A5 Rl A5 E RNl
R TR E ATCC14028 + X M¥kAr KA 0157:H7 NCTC12900 -
TR &5 ZiY K E CMCC(B)50093 + KM% K EPEC CICC24189 -
A S5 E Y TR E CMCC(B)50094 + K% A KA EAEC CICC24188 -
KA P IR B CICC21511 + KW¥kA K H ETEC CICC24187 -
ZOUWTTRHE CICC21649 + K M3k Ar I H EHEC CICC24186 -
AV TR E CICC21499 + $ A% A B KE ATCCL9115 -
FEA TR E CICC21488 + L413kE ATCC6939 -
£ TR E CICC10982 + FE B MAFE ATCC33090 -
WK B A ZAR I A + A 0T H ATCC11778 -
T REITTRE* + FHTERIATH ATCC14485 -
WK & 2009 + 1 AT E ATCC8014 -
WK & 2010% + R EAEZLAFHE ATCC15967 -
WITKHE B 2018* + A% & F3RE CICC21600 -
WV KHE B 2078* + LA AR E ATCC21059 -
ARV TR G * + FEAATHE ATCC35028 -
B A IR E ATCC10782 - EHRE ATCC29212 -

7@ KA KHE ATCC 12022
PR PAATH ATCC 29544 -

ARLFAB R ATCC27853 -
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mini-MPN 2118545 FAHIT . oA mini-MPN-qLAMP F1

WAKZERN 028 Ig MPN/mL. Jlif5 it%i4s 17
mini-MPN-qLAMP ] 95% E{5IX AN . SLinss R ER
mini-MPN-qLAMP £ Hi R A-0.44 1g MPN/mL.
NEGIE mini-MPN-GLAMP [ %50:, 52862 mini-
MPN-qLAMP VEFIH & e SRl 225 54T Bland-
Altman FIPEHE T, 55 WA 2. mini-MPN-qPCR.
mini-MPN  F1-F 4R T+ 405 1 € &= 45 R 5 mini-MPN-
qLAMP 255 — MR EER . ~PARHERZS mini-MPN-
qLAMP f{IAH% 254 r*=0.997, 1] mini-MPN 5 mini-MPN-
qLAMP IR 58 r=0.998, AL R. M
EF T A, mini-MPN A1 mini-MPN- qLAMP 23] 95%
BEIXIE] EZER8-0.19 F10.28 Ig MPN/mL 2 Ja], iXpifh
THFAE 95% B G X A1ZE AT 0.15 Ig MPN/mL, [Hlt,
5O Z AT MPN THEGEAHEL, mini-MPN-gLAMP

mini-MPN-qPCR VA5 54522 55 0.02 1g MPN/mL, DT TR E SRR AL | — R SRR A%,
3 WERERIRHICITTREESRNILER
Table 3 The quantitative detection of Salmonellain frozen black rice
mini-MPN-qLAMP #%/(Ig MPN/mL)

Ak mini-MPN-qPCR /(g MPN/mL)  mini-MPN 3%/ FAritics/ 323844/
MPN 95%EfE T 95%EfE LM MPN 95%EIEFR 95%%E1: kR (gMPN/mL) (IgCFUMmL) (g CFU/mL)
1 044 -0.85 0.58 044 -0.85 0.58 044 <1 -0.70
2 063 0.26 1.62 0.97 0.26 1.62 0.97 <1 0.30
3 166 0.95 2.30 1.66 0.95 2.30 1.66 1.46 1.30
4 266 1.95 3.30 2.66 1.95 3.30 2.66 2.53 230
5 3.66 2.95 430 3.66 295 430 3.66 3.41 3.30
6 466 3.95 5.30 4.66 3.95 5.30 4.66 436 4.30
7 563 495 6.26 5.18 457 6.62 5.66 5.51 5.30
8  7.04 6.26 7.61 7.04 6.26 7.61 7.04 6.58 6.30
ag bz 06
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Fig.2 Bland-Altman analysis of mini-M PN-gLAMP and other quantitative methodsinfrozen black rice
£: A a.b 4 mini-MPN-gLAMP #= mini-MPN-qPCR % & Bland-Altman 247, B ¢.d  mini-MPN-gLAMP #=mini-MPN % 3% Bland-Altman
247, B e. £ mini-MPN-qLAM Fo-FAR+H 5445 R Bland-Altman 547

23 AT 7533 R B AR A TR B AR

SIS PV 4x10° CFU/mL BT 10 1578
Jei, BB AIEL 1 mL & 25 g XS PIRE T AR 8,
B 225 mL BPW Fif f5 13 229K N 6.20. 5.20.
420, 3.20. 2.20. 1.20. 0.20. -0.80 lg CFU/mL it
W, 3 Af# A mini-MPN-qLAMP. mini-MPN-qPCR,
mini-MPN ZFI PR 1056 80 3 R b 1) BT
BT E A, 45N 4 FoR. 2T MPN (7%
FE For H BR 77 T A BE ST AR T 202 1R RE B B AR 3.
mini-MPN-qLAMP #1 mini-MPN-qPCR 72 [/)45 P2
Z590.51 1lg MPN/mL, £ K7 74 1.03 g MPN/mL.
FHE TR oK, 7RI AS M A mini-MPN-qPCR
mini-MPN-LAMP., mini-MPN AP 15502 P07 i3
(P25 R — R A, SRR mT B2 A ATt A2 A
B I MR B B B 2 e 4 SR R T4 4k, 38
TSR0 R IR I PR AR R B KBRS T
, IXEELHER 7% 5 6 KT mini-MPN VAR 4L

M oG R, TER IR, KRB
I, 1 mini-MPN VA8 R, K
JB TR, S5 mini-MPN (0145 RAFAER KR
ZEo IXLLLE FLG AR 11 SR K Hr DT B A
SEEARMS, Szag sk B SR mini-MPN-qgLAMP (1)
K6 R 9-0.64 1g MPN/mL .

SEIGH mini-MPN-qLAMP VERUH S & B4 7
145 BT Bland-Altman AT, 2558 LK 3.
TR 405 5 mini-MPN-qLAMP F{IAHSE 2 % r%=0.963,
mini-MPN 5 mini-MPN-qLAMP f{JAH 5% 23 r?=0.970.
mini-MPN-gPCR 5 mini-MPN-qLAMP #H5<26 4 B it
r’=0.990. EFTR, mini-MPN-qLAMP VEHIH A%
M T7 20 95% B A5 X A | % 5 i w oK,
mini-MPN-gPCR 5 mini-MPN-qLAMP [¥]455AE 95%
B5XE_EZ5FN-0.40 F11.18 Ig MPN/mL 2 [a]. #H
LI s, fEEVs kw44, mini-MPN-qLAMP
VDT IR 8 AT AR T —Fim] S Ry i,
BT A RS

4 BRRR A RGO NREESRNER
Table 4 The quantitative detection of Salmonellain chicken breast rinsate

mini-MPN-qLAMP #%/(Ig MPN/mL)

mini-MPN-gPCR #%/(Ig MPN/mL)

mini-MPN 5%/ -“PAatdcE/  3Eaa/

MK,

MPN 95%EAZ T 95%EfE LR MPN 95%EAZ T 95%EfZEMR (IgMPN/mL) (IgCFU/mL) (Ig CFU/mL)
1 -0.64 -134 -0.03 -0.64 -0.80 -0.03 -0.64 <1 -0.80
2 037 -1.05 0.26 037 0.20 0.26 -0.03 <1 0.20
3138 0.51 2.00 1.66 1.20 2.30 0.97 126 1.20
4 238 1.51 3.00 2.66 2.20 3.30 1.63 2.28 2.20
5 297 2.26 3.62 3.66 3.20 430 2.63 3.30 3.20
6 3.63 2.95 4.26 3.63 420 4.26 3.63 432 4.20
7 463 3.95 5.26 5.66 520 6.30 4.97 5.18 5.20
8 588 523 6.30 6.66 6.20 7.30 6.38 6.32 6.20
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