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mini-MPN-STE-qPCR
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Quantitative detection of Salmonella in food by mini-MPN-STE-qPCR
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ABSTRACT: Objective To establish a fast, easy and quantitative detection method of Salmonella in food.
Methods Primers based on the invA gene sequence of Salmonella published on Genbank were designed to establish
a quantitative PCR (qPCR) method for the detection of Salmonella, 5 tubes mini-MPN method with short time
enrichment (STE) was joined to establish a mini-MPN-STE-qPCR method. The artificially contaminated chicken
breast mixture was used for quantitative detection, and the detection results were compared with the traditional MPN
method and plate counting method. Results The qPCR method established had good specificity with the sensitivity
of 50 CFU/mL. With min-MPN in 48-well plate and 4 h short time enrichment in buffered peptone water, the entire
experiment process of mini-MPN-STE-qPCR was shortened to 7 h. The quantitive detection limit was —0.347 log

MPN/mL in the artificial contaminated chicken breast mixture. The Bland-Altman analysis showed that the
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correlation coefficient r* between this method and the traditional MPN counting method was 0.994, and the

correlation coefficient r* with the plate counting method was 0.992. Conclusion This method is accurate, reliable

and low-cost, and can be used for rapid quantitative detection of Salmonella in food.

KEY WORDS: Salmonella; invA gene; fluorescence quantitative PCR; mini-most probable number; short time

enrichment; quantitative detection

Il

0 3

IR — s I S IR SO, X A& A
BoRfEA, BBREYhENERZ M, 70%~80%
P EOR T B R D T R S R A, b o
WITIRH MR EE, WITIREER SRS &S
A L LA LA S S TR 1 5 A R Y,
HRFRE IS YL T, T H A B B TR AR AR
LR RHPED O Rl BURHUE R R, K&
T8 AR M TR (LS VD 1T R DI B A B 7 A B
P, XTCEEL B NS MR, UL E b ] G B A
— T [ N M5 1 2y g 6L

FE AL AR W A o, SRRSOk N 2 A T
(most probable number, MPN)2&if FH i¥) € & /1, MPN &
DR LB S 8 RN o 7 N e T B G AR T
X 455 % B (1 2 B SRAR, R s BRI AR AR 0 A AR R A T
&, FIt MPN i AT RSP RIGERE . &6
A R RN BRI AR R S R I E LR S . SR GB
4789.4—2016 (iR EFARME BMBUEYER T T
T ECTAAS I ) H A 2 Vb 1 EQ AT A 8 S Aar I ik, (HSE ]
2 M Ak 2% R Wp 45 (Association of Official Analytical
Chemists, AOAC), E[E ¥ {45 (Environmental Protection
Agency, EPA)ZE ML ] E 1) [ B bR fE P A V1T K
MPN 5k i, AT 0L MPN 38027 58 A vb 1)
D A A

LA MPN THEOL R T E A T, HREmi A 4R,
RN ] 7522 4~6 d, JEEFRE] T MPN ILEEH, Mk, 48
SRR | &L SAT I E By SRR A2 B [ N S MR
SR AR, YT TR I T AE WA IR S ek,
7€ 1 I 5 W 5% 2V (quantitative polymerase chain reaction,
gqPCR)"), £ PCR (multiplex PCR, mPCR)!'" | 3R/ G465
1 (loop-mediated isothermal amplification, LAMP)!'! |
9245l K2 )% (recombinase polymerase amplification, RPA)!'?
FHARARRXTEE PCR LS FANE, AT LU DT TG
H RS TAENECR S 25U . AR AT 48
FLAR B mini-MPN T35, 38 13 %5 B9 8] 3 14 (short time
enrichment, STE)'HIE R, 454 qPCR ¥, #57 mini-
MPN-STE-qPCR PR S A i rP VD T T EC T, LARASE
PRSI IR TR A PR A

1 MRF7EE

11 ER5ERF
111 B E

QuantStudio5 ¢ %5 & PCR {¥ . LEGEND MICRO21
1o B O HL(E [ R B G R B A F); QIAXPERT #41R
TR (R E BN AE YRR R F); IN260 A b5 57
6 (18 5 55 BB /R KA Wl ); HF-Safe-1200JE A2 9% e () B
Y BERST R IRA PR A A,
1.1.2 M5 KA

Ji T A O 5 R 1 1% 3% 3 (trypticase soy broth, TSB), 2%
W EE E /K (buffered peptone water, BPW), [l F-# . A
H = R I S EER 3518 (xylose lysine deoxycholate, XLD)(J ™
ARIPL APl R A R WD), S RVRI P FE V1) IR A it
R HR CMCC(B)50094() AR RHEAT IR 2 wl);
TBGreen Premix ex taq R . 5 b2t ROX(FE H BEAY)
HARFRR A
1.1.3 @AA5]4

A AEOLLER Lo ARV IR I B e e 3RaA
invA LK mRNA 341, {#f Beacon Designer #4145
SIS, 22 BLAST Bl HARAFIE, i B TAH) TR
HRAF G 519F51h:

F: 5’>-CACCGAAATACCGCCAATAAAG-3’

R: 5’-AGCGTACTGGAAAGGGAAAG-3’,

1.2 SKWHE
1.2.1 EAH &

A4 AR TR VR ORAF 1 P AN 2R 1 i AR, 36 °CHE
7% 24 h EATIGAL, FEEERNT TSB 85356, 36 °CH53% 16 h
15215 i PRIV o
122 %\ DNA Bt 4RI

ZHECcRMY, s, SRAEIAIREUNE DNA,
B 1 mL A& T 1.5 mL BL.04, 12000 t/min 8.0 5 min,
INDFEE LIEW 950 pL, FHANA 1 mL JGw PBS A
12000 r/min #.0> 5 min, /N0 EIFR 950 pL. B0
BT 100 °CHIH R 10 min, 538940 E DNA IR
12000 r/min &> 1 min, 5 EIEHT qPCR L5,
123 qPCR k#y#

qPCR W & % : TBGreen Premix 10 pL, 1EJZ5|¥)4%
0.8 uL, 275t ROX 0.4 uL, 4075 DNA HIEEH S uL, S
JCHIKE 20 uLo SR A 95 °C 30 s, 40 MG
(95°C 55,60 °C 34 5), M2 EfFINL .
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SN R E . BOR i ] 45 TR T 10 F5 RS
Fike, BAMREERSE 1 mL FBRGE I TAIE DNA B
qPCR 5255, Wi RV R, STt .

eSS S VR PR S R B A e I FAR
36 °CHEFF 24 hilfATi6 1k, FREERIT TSB 3E3R3EH, 36 °C1%
7% 24 h SRR, A 1 mL BRI T DNA BLs LR,
#E4T qPCR L85, Zehilisfrihse, W B iknreRd:.

124 FHGHECELZ AN ITREA

S FIJE1E PBS M RERIET 10 15 RAVFRE, 1 HEL
100 pL % XLD FAR4AR, 36 °CH535% 24 h, AR i B 46,
7%, IEZIR GB 4789.4—2016 M7 /5% TAE,

1.2.5 3@ RA3E B 1A a9k

fcHE 1.2.4 ARHE R A I R VRO B, 5l TSB
1 BPW FBA55] 100 CFU/mL B, 2851 F 0. 2. 3. 4.
5 h BUE BUHCE REME 100 ul 345 2= XLD AR, 36 °CE5 55
24 h BRI TR K .

1.2.6 454 MPN iH40k 2 400 1K H

i P BBV R HEAT 10 15 RV RE, UL
I mL Z 48 FLiR, BRI 5 7L, BT 36 °CH5F% 16 h, X4
MLIBEFR S IR GB 4789.4—2016 HHTXRIZ B 4E,
MPN %02 B 36 B & 4, Al 25 90 45 PLR) (Food And Drug
Administration, FDA)ZI 4347 F M (Bacteriological Analytical
Manual, BAM)f 3% 2151,

1.2.7 qPCR Z M 1TKHE

i P BB REROHEAT 10 5 RV, e
FIECT mL 2 54 1.5 mL B0, #47 DNA $2HUH qPCR
SESLE . MPN 3520 1.2.6,

1.2.8 mini-MPN-STE-qPCR # & Z#0 ) 1T KH&

i FHAS BROBO REIRGHEAT 10 R RSITRRE, B UREERS
FEEC 1 mL 48 fLk, BMRIEN 5 fL, BT 36 °CHEAT[H]
RS, ABUSER 1 mL T 1.5 mL &0, 957
DNA $2HH qPCR %7 55, MPN i1 1.2.6,

1.2.9 2B R IRARAE 5L 69 240

AR T DA 5 i XS M) PR G B 2 A% v ik A S
H, BEMEEETFKADPRERAE. 2B GB
4789.4—2016 FHATRIRAHINTCID I TIRES, T RAE G i
HJE B PRI 25 g, BINAS IR E VDT TR R A BPW 50 mL
(10°~10° CFU/mL), i Al a4 3 min, 753149
FE G RIS M R G R, A3 e PP AR B | %48 MPN
1% . qPCR ¥ F1 mini-MPN-STE-qPCR 5 & &6
1.2.10  #dB L4

il SigmaPlot HEATHHRS 1T, % Bland-Altman 3
FIARSAE ST

2 HREHR

2.1 qPCR REEMFHFMEIL
SIS PR 5x10° CFU/mL BB AT 10 f5 54

ke, 193] 5x107, 5x10%, 5x10°, 5x10%, 5x10°, 5x10%,
5x10" F1 5 CFU/ML MBI, A BE 43 B EL 2 A1 7 ik
TP DNA $2EUR qPCR 325, LA Ct {H MALER, LI%S
AN BTBOHR FEE (R %6 B R A A bR 22 B v 2R (A 1a IR
SEEG RIS RIARAERN Ll Y=-3.345+39.265, r’=0.997, £k
R, P HERR N 99.05%, 11 A T e X B S Ct
HZ M HA RIFMEEXR R, &5 AR e A5
HIYHROR, FTET Y qPCR 45 SR T4 . [AF & 1a
R, SV TRERERBEE 5 CFU/MmL BTG Ct 1A,
qPCR R4 HH R J9 50 CFU/mL. &l 1b AT, V%
Ml £ )V AR T E O (81.8+0.5) °C, W ffilk R AR e, REAES
PEP invA SEBE PR, B, SEESETEE ST 1) qPCR
ARG EA W] R AL

h T W UE TS Y qPCR 7EBURESPE, S2I i F 2
WREI#FAT qPCR 528w, Z5R WK 1. H3E 1 AIHI, qPCR %
YEMWITREYERE R WREERME, S+ GB
4789.4—2016 HEEIRILEMELE 2 VD 1] EC TR 8 R 2R
R RR S SIRE ) AT . 25 G R BT, ASBEoe ey
) qPCR ¥E%F FHALE IR SURF S ICEK B, 4558
X FUDT TR R S S IR o 255 b, ARG i el Sy 1)
qPCR JERFE I R AT o
2.2 HEERMREEERENTRE

Shy {8 52 56 W) i) i e R LS P AICR A, AR BF IR BRI
ARk 35 AT R TSB Al BPW E g8 ik, Lbig 2 fh
B R S S RS P ROR, SR A RN 2 R, Z5REE
i, TSB il BPW #RREA ALV 1] FR BRI HE WA YR BE T,
SRR IR IEOY, WP 5 b, TSB #1 BPW [ 1
Rt 3 T 23 22 5 (P > 0.05), %5 i F) AR 5 1% Js 0l A1
GB 4789.4—2016 FRAUERIXTIIYE, 2% BPW ARG HI 4G I
W ZUGRRZEREMN, KKE TS 4 h BRE R AF
qPCR L1 B, PILAMFZE I BPW ST HIBETE 4 h
14 qPCR L3S TR 2 .
23 ALSHEBRRESREERM G AR

WG 555 FH mini-MPN-STE-qPCR . 4% MPN
T8 . qPCR IEAPFA 02 % 38 H TR AR R VDT TG
P AT E BRI, SRS R 2 TR . mini-MPN
-STE-qPCR Ff& 4t MPN Jr kA8 2 (1 8ds — Btk ey, ik
B 255K 0.07 log MPN/mL, St KZFH 0352 log
MPN/mL. 534503240 b, mini-MPN-STE-qPCR 1)
Y1254 0.023 log MPN/mL, It K25 0282 log
MPN/mL. 1444 FHB7E mini-MPN-STE-qPCR £ 95% & 1%
XAl .

H45 MPN HHE36k%, 1548 MPN J 1502 O B AG: HE BR
0.2 MPN/mL, “F-#it%uik MBS E =W E N 10 CFU/mL,
qPCR A RBUENHy 50 CFU/ML, MEABISE FFEH 4k
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BEIRARIE YR 1.301 log CFU/mL, qPCR AR E
HUE I 2.061 log MPN/mL, 8 qPCR %23 7 R
JEFRIBRA, 6 H R IRAG . qPCR APPSO i E vk
FERITPT RIS 7E 10 MFEAH, mini-MPN-STE-qPCR L
qPCR IEAPEHHEGR A SRR R, 5148 MPN 1144

PAR—E HEARK e 8-0.347 log MPN/mL, fii T4
B gkl R qPCR AP BOE Y oA
Mo R, AT A mini-MPN-STE-qPCR ¥: AH 4L
qPCR FIPPAH O i HAT AR R BR, 551548 MPN 1144
PR R, HATL R A, HAT R

14
12t
5%10® CFU/mL
1.0 5%10” CFU/mL
@ 5><10: CFU/mL
3R 038 $4100 CRUML
#_5 5x10° CFUij
= 5x10% CFU/mL
% 0.6 5x10' CFU/mL
04
02}
0.0 . . .
70 75 80 85 90
Ct{H R /PC
i a o qPCR MIXT AR M2k ; b SAbr v il £ 5t 107 (i A il &
B 1 qPCR 3 R G0 A Ak i £k
Fig.l Sensitivity determination and melting curves of gQPCR
#z1 qPCREFRMSLINGER
Table 1 Specificity test results of gPCR
[LE ey Ui RS A2 R P33 e
FUHFET T TG ATCC14028 HPHE Y + AR ZEMLFF B CMCC(B)63303 WHUA Y
AR IRV TTIRE CMCC(B)50094  FRELi A4 + I LS ATCC10782 WA
o U TR AREI + PR MR T ATCC13124 WA
PEIR VLYD ) FR TR ENE AT + SRR B ATCC27853 WA
VO 1T EG T Ja S SRR I N + BRI AT ATCC 29544 WHUA Y
WITIREE AREIE + KIp %A H 0157:HTNCTC12900 WA
S EERET ATCC25923 B IR GR | - KWi¥dy KT EPEC CICC24189 cIcc
PR AR HT AR ATCC19115 P Y KR % R 1# EAECCICC24186 cIcc

RN BEE, SRR, USRI RS A BR 2 F], CICC: China Center of Industrial Culture Collection, H[E Tl fik

AR R T L

6 -

= BPW d d
5t CTSB

Y1 B/ (log CFU/mL)

1.5 20 25 3.0 35 40 45 50 55
H B/
T a~d: ARVNG SRR 22 57 B #E, P<0.05,
12 VDT ] G T 9 Jd I ) 1 T S B 25 2 (n=3)
Results of short time enrichment of Salmonella in TSB and
BPW (n=3)

Fig.2

X} mini-MPN-STE-qPCR #1545 B 51445 MPN
HHEOE . PRI EOE R QPCR B #EAT & A,
Bland-Altman BHEATHIOCHETEAS . 4550 WK 3 FfR, B
B SAC R FRE O 0 57 55 N4 B A e, Hodp
mini-MPN-STE-qPCR 7% 514t MPN %k B &= A
Kbk, r’=0.994(I%l 3a, b), i mini-MPN-STE-qPCR #: 5
M A 4 i A G, rP=0.992(F 3¢, d)o HH T
SEARHH0EAH . mini-MPN-STE-qPCR ¥ {5 3 2H % 1k i %k
P, T AR 56 BE A X AR (B 3e, f), 17=0.970. % I,
mini-MPN-STE-qPCR %5 {Z A Al i A9 MPN 153k
FIAHCPE Bt HO5 AR B0 B 5 m A e,
R T

i1 &l 4 W41, mini-MPN-STE-qPCR ¥4 R 6 10 i) 8] 7]
PIgEig 3] 7 h A4, RgE R TR, 3f s A
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WG, BA BEH LS MPN %5 ARk % mini-MPN-STE-qPCR #5283 T %6 8 19 T4 1 1 72, RE
HATHE— LRI TR, R B EDTE 3~4 d BIETH], Fie 2, sk HPiA#] 0.2 MPN/mL. IﬁJHq“ W
BRI %77 o FESEBRRE SN, VDT ER B R RS Y, gk IRTE SRR P AR o, AT DR SE bR s R HE A AR A1k,
S5 AR STV R B -5 BB 45 1 s e s /K R U0 1) WK BOCRE R, A B, iﬂﬁﬁukﬁ%%%@%ﬁmg%
ICTE, W3 m TR %, (AAGE TR SRR 5o T TROWERG RS, DAIE N R D 1) ER TR AR B A A

*F2 BHRARESHNPIIRKEEERNER

Table 2 Quantitative detection of Salmonella in chicken breast rinsate

i mini-MPN-SIT-qPCR :/(log MPN/mL) &4 MPN H4%/(log MPN/mL) GPCR G AR
MPN  95%EMETFM  95%Ff5 LM MPN  95%EfE R 95%gEfy kg (log MPN/mL)  (log CFU/mL)
1 -0.347 -0.959 0.255 -0.347 -0.959 0.255 EN i A
2 0.690 0.176 1.204 0.519 0.041 0.996 A A
3 1.519 1.041 1.991 1.230 0.813 1.643 A 1.301
4 1.954 1.447 2.462 1.954 1.447 2.462 2.061 1.845
5 2.653 1.857 3.447 2.653 1.857 3.447 2.389 2.643
6 3.114 2.653 3.556 3.362 2.892 3.833 3.061 3.322
7 3.653 3.041 4.255 3.653 3.041 4255 3.243 3.681
8 4362 3.892 4.833 4362 3.892 4.833 4352 4342
9 4.964 4.462 6.462 4.964 4.462 6.462 4813 4708
10 5.380 4.903 5.857 5.230 4.820 5.653 5.431 5.380

TE: RPEF AN log B2, B AEARIARK D

I
H
- &
g 6 . #E 0.4 b
Z. =
S st =
> D o2 ° OEME+1.96H% 22
S 4l |
= N
% 3 g
i@ r ﬁ 00 + ° ° o o °
_|_
=t P
- 2 z FHE
21 & 02
& P .
H oot & )
& £ 04
£ 7 FH{E-1.96 X 22
z =
§ @
) \ L 1 L L L 1 Z ! \ ! ! L 1
2 -1 0 1 2 3 4 5 6 5_0'6_10123456
mini-MPN-STE-qPCRE:AG IS ] EC BV BE/(log MPN/mL) E IR U B/ (log CFU/mL)

7:: a, b 24 mini-MPN-STE-qPCR 51445 MPN 403 i AH ¢ 1 26 55 Bland-Altman 43#r; ¢, d 4 mini-MPN-STE-qPCR 5 3F-#a %0k (14
Fe £k 5 Bland-Altman 23#7; e, f & mini-MPN-STE-qPCR 4 qPCR #:[{J#H 3P #1285 Bland-Altman 23#7 . JEFAS R0 32 194 H FRAS
[f), FrHA AT BE AN — 2
13  mini-MPN-STE-qPCR i 5 HAthiE 1 J77%: (19 Bland-Altman 43 Hr45 4
Fig.3 Results of Bland-Altman analysis of mini-MPN-STE-qPCR and other quantification methods
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26 ¢ g 04,
zZ &
S 51 K 03l
o - P+ 1.96 KRR
S 2 °
™ =
41 = 02+
=h = . FHi
2 & ooof s °
= 21 ﬂ °
2l x o
% & 01!
% 1 %" o
= =
3 E 02}
B o . . . . . = SEH-1.96 %
0 1 2 3 4 5 6 S 03 - s . .
mini-MPN-STE-qPCRIEAGIIYY ] FC B ¥k B /(log MPN/mL) ;E 1 |2 - ;th:%eE4 5 6
v /(log CFU/mL)
i
7 =
o e 2 08 |
5 &
p
g 2 o6} FAE1 ORI
g 2
< 5t = o
2 5 020 o Ffi
5 7
% 3l *;‘g"‘ 0.0 | o
K c °
& 21 B 02} °
& A
) 1 . . . . . § 04 L FHE-1o6GRIX 2%
1 2 3 4 5 6 7 2 15 20 25 30 35 40 45 50 55
mini-MPN-STE-qPCRIEHANYN ] & /(log MPN/mL) E YOI TR F- 3% /(log CFU/mL)

IE: a, b 7 mini-MPN-STE-qPCR ‘54448 MPN H-%7: (4 AH M 1485 Bland-Altman 43#7; ¢, d & mini-MPN-STE-qPCR -5 #5512 i 4
Kotk 285 Bland-Altman Z34T; e, f 5 mini-MPN-STE-qPCR 5 qPCR % f{AH % #1285 Bland-Altman 2347, T 7] 7 2 946 BRAS
), FrHCoprde BEA—2.
5 3(4%) mini-MPN-STE-qPCR ¥ 5 HoAh & 7 /75 (1) Bland-Altman 43 Hr45
Fig.3 Results of Bland-Altman analysis of mini-MPN-STE-qPCR and other quantification methods

| mini- MPN-STE-QPCRY: | | fesiMPNitgE | | Faofsor | | oPORERNE
¥
| asflinmpngm | | 4sflivPNERE |

P
v
| BPwif%M | [ EFEFEXID 1d | [ DNAMLHE20 min+ |

| DNAKI$£20 min+ | | ﬁﬁ"ﬁfﬁl d | L l
FE—EHIN3 d+ PCR 1h
T R = )
gPCR1h

(270, Foolenh | [ 22s o, MR | [ 274 o, Rt iR || 22 b, Btk |

B4 UITIRRE =T kw0 L i

Fig.4 Comparation of quantification methods of Salmonella
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3 Fig5itie

AWFFAERE 48 FLAAE N 245 R EEA A%, "I SC AL
PRER: 1 mL, A KIM 250857 (9 96 FLH mini-MPN ¥
TEEEAR R S AFRAL, W RRA AR, FLAR RN
0.2 MPN/mL. 5 FARIT504H L, MPN HHE0E A —E 1
Rz SoppiR2E T EE TR AIR 2, (H MPN k5
SRR B i (=2 1R A AR AR R A IE AR DG O6 R UL MR
MPN AT, MPN IR A RS 2, 51 AT R
ZEMN RRFEE M ZE, ST A, a2, R
TR ZE, B, AT 48 FLARM S FLE
P, L 95%E A X A1 R g /D iR 2 (], FeF MPN
THEGEL iR, AWF5EIT & 5T mini-MPN 5/ gPCR
o FT 48 LAY mini-MPN 35 HAT AR e /INFITRS: Hi 3R 85t
KA o (0 MPN 2% F V0T R A A 0k, HUA
W ERLF 24, FRAVALO ZER020R o K 250 1%
DRSS SRR ETE & T 38 mini-MSRV-MPN %, &R
BTV TRE R R, B A EPA K bRiE, H

R AT R I TR IR, A R

AHFFE LY qPCR IEX VP R BE#EPELT, DNA $2
Bk fa7 5, ITRE 2 10 AR I . R . R i
RLAF, BESZBLHREAGI, (B qPCR 11 73 6% Jo kil 2 1
WYL IR R, TR B e R R AN DY
Tiff % ) 5L £ 3% 9 Y (tetrathionate broth, TTB). Rappaport
Vassiliadis 4 BVRSF HA RAFARE S, HXF 32 210 3
PROG(RTEL . . A2 RAR B A VDT T ER BRI 5, 7 2
T R IREE, e PR BB AN B e S R R,
PN e BPW 1A 38 BT, 383k 4 h 1 Je RF i) 4 o R ik
F| qPCR M9 R MU o AR AT LI 2 6432 225K B AR 1Y
LAMP HiARSZEVDT ] B OB A, (B 5] 9322
SRR, T L AR A B A [ R

2% | iR, mini-MPN-STE-qPCR & —Fh a] {Z 1% 4¢
MPN Rk, SR E 2N, ki,
A VD TT PR TR A B A, [ sty At £ VR SO T
(1A FR 2R S A R AR B

SE MR
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