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Abstract: According to GB 4789.4-2016 standard, the conventional culture method was used to test the ACAS-PT526 proficiency test
sample for Salmonella, and TagMan real-time fluorescence PCR was used to detect and identify rapidly the pre-enriched culture. In this study,
specific primers and probes were designed and synthesized through using the Salmonella specific gene hut gene as the target gene. The nucleic
acid DNA of various foodborne strains was extracted for real-time fluorescent PCR reaction. Only Salmonella showed positive amplification,
while non Salmonella species, negative control and blank control had no amplification signal, confirming thee relatively high specificity of the
designed and synthesized primer probes. Secondly, after pre-enrichment, enrichment, isolation, purification, biochemical tests and serological
identification of the proficiency test samples and spiked samples, as well as real-time fluorescent PCR detection of pre-enriched culture, the
18-D319 and spiked samples exhibited significant S-type amplification with the Ct value being 24.34 and 26.21, respectively (which were
positive for Salmonella), whilst 18-M906 had no significant fluorescence signal with the Ct value higher than 40 (which was negative for
Salmonella). Based on the determination using API20E reagent strips, 18-D319 was a subspecies of Salmonella cholerae in Arizona, with the
percentage of identification as 99.90% and T value as 0.97. 18-m906 was Escherichia coli, with the percentage of identification as 99.80% and
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T value as 0.94. The results of real-time fluorescence PCR were consistent with those obtained by the conventional culture method, and the
PCR method was simpler and more rapid, requiring only 12 hours from pre-enrichment to result determination, and leading to results with high

accuracy and ability to detect multiple samples in one batch. This method allows rapid screening of Salmonella in a large number of samples and

detection and verification of proficiency testing samples.
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PCR R Jiff13E4T, PCR RN =AM BRit, KIfE S
SEFEHAELLEIE . el —AMER, ek
SRIEAES, AR =P A S A T S A A
BRGEVERAAT . TR R, A
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1.1 eS8

HH e B A LB T e Rt b T I
PRI RE DI UE RS, THRIgR 5 A ACAS-PT526, K
RS 2 0, RS ATUMOM, EERR, HEngs
435179 18-D319 A1 18-M906.

XTHERE S RUGFETTIRE CMCC(B)S0115, 1
FEVITIRE CMCC(B)50071, HAIRIGFEVD ] K
CMCC 50093, ZAYEITHFEIDTTIRE CMCC 50094,
FEFLIT TIREEE LA DSM4224, 7 90T TG
Ja R A ATCC14028, FRIGEZHFE ATCC19115,
1K E IR E ATCCI2022 . 4 ¥ 0 7 &) Bk B
ATCC6538 FIEIA ML I ATCC17802,

TR B ARG A5 % 32245 . DBI-05 V011 G
JE TS e k&, bR A ] API20E fgiE
PRI e 2%, EERERATE; AF WITKEEZ
Wrifnys, T3 RIEAF; Koning®il FH LK ZH DNA
AN ERR &, BUN A A AR A A
AceTaq®DNA K4 (Vazyme). dNTP mix (10 mM
each). 10xPCR Buffer (AceTaq) (Mg plus) . PBS,
R MER R AR REF 5511, ZRIEEE
Invitrogen A% & ; ABIQuantStudio Q5 SEHf 5%
PCR 1%, Z&[& ABI /A 7]; NanoDrop #ZFREE FH 0T,
ZE [E Thermo A F] .
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12,1 A-FHredk4e

FHE LR 40mL KB KR Hoel
WEEIETF R A, FERTFRES, SCEDIAN 4 mL
PR AT KA, FRAfdE, WHBNTEET,
R4 PRI RERE IO P B (BRI ZE), [
BB R TR, LR RRIRE &
G140 mLo ARG IR R T 40 mL 64
P o
122 ¥@EAnBHER

T TR N N TS RE TR
A ARSI E N, T KA 40 mL FIAE S IR ER 25
mL ¥ %2 225 mL K& EEFK (BPW) H,
36 C T E IR 10 ho ARG HIWEL 1 mL TR 5
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PRVR K 0.5 22 IRPH A, P 201 IR & T4
% el FIER API20E Wi i ik e 4, XEE
IUEEFE 18-D319 A1 18-M906 HHAT ALK 8, HE™
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e
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B R TEY 1| mL BT 1.5 mL &0 Y, 12000
r/min &0 5 min, 7 F3E, Y0E A K HE 28 187K (ddH0)
PP 2 %, 12000 t/min &0 5 min, F_FIEBE A
100 pL ddH,O, g, H OB, KGEH 10
min, B T-20 ‘CZ&MH4 T 10 min, BUHEM, HERES
PRI RSO R, 12000 r/min B> 5 min,
R R AR, 20 CORTE, #H.
12,6 Fl4FdR4t

1 DIRES $FERE 5
Table 1 The primers and probes of Salmonella

HEZLRE

WA

5’-GGCGTCTGGTCGTTCTAACC-3’
5’-GTATCGCATTTCGCTACGTTCTT-3’

5’-AAACGACTCTCGGCAACGGATATCTAGGC-3’

ASEEG DAYD T T QB RE S ML R hut FEDROVREEEA],
fE Genebank HATHEIRZ % hut ZEHFHI, FHFIH
DNAssist AT FIVEHE AT, RO AR X B,
FI PRIMER 5.0 %41 Primer Express 3.0 {43175
YA TagMan $R5H B, fieir R FH FAM A5id, K
FFH TRAMA Fric, FHE4e eI ik B 5
B EERI S AREE, B 1.

12.7 85K PCR RLAR &

£ 0.2 mL Jt% PCR JRBE FAKIOMA: ddH,O
14.75 uL. 10xPCR Buffer 2.50 pL+ dNTP (400 pmol/L)
0.50 uL+ 5147 (10 pmol/L) 0.40 pL. %t (10 pmol/L)
0.20 pL. 500 U Tag DNA % &1 0.25 uL 1 DNA ik

1.00 pL, SR A ¥IRCE S 2 i PCR AR EA T4 1191,

SN AT BEE N 95 CTRALEE 5 min, FELL 95 CAE
30s, 60 ‘CiEKIEM 1 min, BHT 40 MEH. 7EIEK
DRI S -
1.2.8 ZIBEAE

SR PCR S HH 1 B B P B %o R
X A BHMEXTHR LD T TIRE N DNA B,
BHPEST B LAY T TG BN DNA B, 25 XTI
sk DNA, TLh ddH,O AFE, H TR & ST
PCR {5 4RI R i 51 ) — AR5 G o 38 AT T
B57% 111 = & o NN = A L a1 o 7 L e ol 52 o = o7 N
FBAMENT R BHAAEST BN 2 (I IR S S REA Y AT
SANEFLICE AT S RN RN Ct A SER
AR PO E SR BIFRE B OGP A A . =
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10 i RBUBLFERRE, 3 5 ABARE, SEHCE AR5
[RIZH DNA #4752 ¢ PCR &, S36IE 7RI R
1R, TR FHAZ SR 9% PCR i3t N Li5 ey 4F
YR RN P ERIRE TR I,  CUIRIE VA IE
FME.

2 ZR51He

21 #HBEHLBEER

FE i 18-D319 7EVD 1T IR @ 2 TR b 735 Hi vk
KOV, 8BS TR Er s KGR ERETE, /£ XLD
AR BB HARE R, HPOERBEMEE. 1
FE&H 18-M906 TEVD | K B JB i (0 FAR 433 HH vk 3 £
RGBT, 18 BS PR EAAELK, 78 XLD PR |
SEEAEHEAREE. WITIKHEBERE S, 7
SrEEE R EIEEIEASAME—, LRI AnAET
R B BRI VR R O] BE B T R AT IE— P IS, T
FEdh 18-D319 Fl 18-M906 ¥ A EvD | T IKHE &, Fid
BB I A AL SR AN I T 2 2 e A
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MBS T T IR TEAL iR 70 s MR AR, 2 n
JEMIA S R TR, fEREaREFERE LI TR EM
PsEVD T TIRIE Y R B, KGRV, BTEAT
NI, BN AL 18-D319 1EVD 1] IKH & &

PR o SRR 2, {H 18-M906 TERS TN
W, FEER IR A I KOZ AL I

22 THAMKANEZE R

=2 AEULITIRENEUREELER
Table 2 Identification of suspicious Salmonella by biochemical reaction

Bs TSI iX3e A X
#m KE HS A BABMHRE pHT2 fE  fubsy #%  LEEE  ONPG
18-D319 K A + + + +
18-M906 A A - + + + + +

A OCNA B, KA TR AN, VAR,

% 3 #54 18-D319 0 18-M906 AP 20E APLAB PLUS ##rHI4ESR
Table 3 Results of samples 18-D319 and 18-M906 with AP1 20E APLAB PLUS

H b T E A% %R
ERiES API 20E V4.1
A 6704752
A5 18-D319 HiE S
SanR A BN KA Salmonella spp
52 % 99.90
T4 0.97
KA & API 20E V4.1
A 5044552
Hd 18-M906 I A AITHER
w HEL»k¥4z  Escherichiacoli 1
e BR% 99.80
TA& 0.94

B3 B~ TR S P v b 22 78 TR B IR At
ITaiifh, BCEFRBINE LI AR VA LRV ] IR & T
AR TERAE . FRAY 18-D319 [T A4k
RN R . Fetm. JRER. misE) 5
WITIKREBHTERE ATCC14028 45—, NAlw A
BEVD I QTR & o AR AL 18-MO06 ) F.3m S 7R A £ g 97
AR B, SRR, JRE. BiED 5W11IKE
FHIE R ATCC14028 Z5 3R A3, HAHeEE AR,
AL E AR IR R, IR 2.

23 API20E A RF| % &4

0.5 2 RIRFEIIRES 18-D319 M Bt &
API 20E itifl1%k, 421 MEA RN SEEGHEI, S vigh
Rl mergi G IR, FIFH API 20E APLAB PLUS
WAFRAT 08T, 18-D319 Kb Hi4ufis 67047527,
Y E RN 99.90%, KT 90%, T{EN 097, KT
0.75, VHFENNREFHI%E, BTIWITKE. 18-M906
FE SRS i 50445527, %5 HEN 99.80%,
KT 90%, T1ENN0.94, KT 0.75, PHEAMEFHIE

ST, e A RN KA I .

API 20E AE40 % 2 i 25 R AR DA B s B B AR
PRSI A R R —Fh Al i % vk, |z
TGRS Al 22 I AT B e S . o
Y58 A BN A LA S 5 PR N R 26 H
TELLE:, SRR RIME S e et Bk
WS BT AN GBL 8, B, THEFR
FAA B R 5 e AR R R . Y
Y SE F P RAE 90%LL b, H T 45 R7E 0.75 LA E, &
TGS TRRR I S e 45 FR T R, BNHR L1
YN . ARG A BRI 4 e b A T4k
ESR, MOATHIE 18-D319 HEFRM T ARYD | K,
18-M906 HiF-W AT TIRE AR, 45 R W% 3.

24 mEFRBER

AT SED 1 R (P PR B Al B = VD T T IR
IR LTS O RS . 18-D319 A5 HI I BT
R, T 18-M906 ¥ ity B 75 15 7= 03 Bt i3 B e
FHIEEE BT LA E 18-D319 FEMC AV IRE R H ,

303



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.12

18-M906 i ATb I TR A H
2.5 HEEAE 4 DNA B4R B

4 1.2.5 FEELT) DNA ¥REAZIR R (43 AT AR
OD 260/280 nm 7£ 1.75~1.95 2 [al, 0.7%35 ek
LKA U 2% 5 T T, SE R ML, SRS RN
300~500 ng/L, 4R R4F, Wl R eI EK .

26 SFHROLPCR ELZR

2.6.1 4FHAEMLER

NESUEVS 1 KB 5| PIERET TR 1, B st s )
RIS FREUZIR DNA {ERBMRGETY 1. &
SR PCR R, BN RS2 AT 5 BIA B E 1)
BRIE P FITE2E D T RA BN Ct AH . 45 B B RAGFEVD ]
KB CMCC(B) 50115, £A7€¥0[ TR CMCC(B)50071,
FAYEIGFEVDT TR CMCC 50093, ZAUEIGFEVD]
K CMCC 50094, %72 LD T IR pE A& 2 &L A
DSM4224 iz 01 T I 98 A ATCC14028 257
ITIRHEIA S By G2k, Ct fEH/MT 30.00. 1
AR ATCC19115, 4 FGEST R ATCC12022,
4 0 0 A ER B ATCC6538 Ml E ¥ 1 14 I
ATCC17802 ZFEVDT ] QBRI oA H L BH S PR 3G i 28,
ULATEVD T TIRE M SRS T, AR T TIRIE R oA
W, TPOuES, WK 1.

100 -
10+ ——
CMCC(B)50115/50071 <~—
£ of CMCC 50093
/50094
0.1}
/X /K ATCC14028
O'Ol 1 Hi Il 1 1

2 6 10 14 18 22 26 30 34 38
Cycle
& 1 ¥ 18-M906 SERTIISE PCR 3 HEphLLE
Fig.1 Amplification curve of sample 18-M906 by real-time
fluorescent PCR

DATIUE PR B TR ER U AL R DNA AR T 5
BF2¢ 6 PCR B, FEU 8 R V01T I ) 28 I Fh
ATCC14028 NFHMEXS IR, FEVD TR E (BRI 2E Ty
WD AT, oA R AL R SR
Jt PCR il S, BT BRFN 2 0] HEAE fh 223
Ja, Ct{E>40.0, LRIGES: FHMX A mEd 15
Ct1EH N 24.34, i 18-D319 () Ct {EH N 2621, HP™
W SRR S FREUEKAY; FEat 18-M906 1
Ct f5>40.00, LG5S, WAHER: M 18-D319 H
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WITKERH, FESL 18-M906 Vb TE A4S H WL 2

A 3,
1000000
100000} ATCC 14028 <~—
D39
ag 10000}
1000
Y
005—"5""10 14 18 22 26 30 34 38

Cycle
[ 2 4 18-D319 SERTTE PCR 4 15phLk[E]
Fig.2 Amplification curve of sample 18-D319 by real-time

fluorescent PCR
1000000

100000 - ATCC 14028

M906

ag 10000

100 > 6
Cycle

[E] 3 #£4h 18-M906 SERTZIE PCR 47 1 RhZk &
Fig.3 Amplification curve of sample 18-M906 by real-time
fluorescent PCR

2.62 B EAFRAL

BKERERBEEMGY)5 Taqman #REF LGRS
M SN ¢ 5% PCR AR IR B 25 A o O T T a8 SR L
RN EAERAE, DASRASHUF 1 RIS, ASCE ik
BT 56°C. 58 °C. 60 C. 62 CHI 64 CHEATIEKIE
1, SEREIRIB KRN 60 CH WU E SRy
RIS RERRFE LU 7008 1:20 101, 2:1 F
4:1, SEREIR UGV ERENIREE LR 2:1 B AR i
INFETREE K
263 FAECHAMLER

FEHL 10 fEHhEERRREIIVD 1] QTR b vt B R R 21
DNA, KHSERYE PCR 753 T4 48 DURH e A6
RIGE. [P TREGREM 10° cfu FEE 107 cfu
i, YJRITE 40 MEA AN IR 1Y, K yigieE
N0 cfu IS, YOI TRE=ASEE LR Ct
B3 3N 35.69+ 35.87 A1 35.74. I T4 A 3L R4
DNA J& PR A 100 L, B 1 pL #EATSERF 58
PCR JZ [, PRIA T VB IIBR A 1 cfu/PCR .o
2,64 ERMEACDLER
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Table 4 Test results of artificial pollution and customer entrusted samples

o u ik o [ERE ;A T e BR, A= Ro i P Rl A
Ctid %% CtiE %% CtiaE %% CtiE %%

F5 (FedR) 20190421 2001+ >40.00 - >40.00 - 21.30 + +

BERRY 20190423 1952+ >40.00 - >40.00 - >40.00 - -
AEE 20190438 2026  + >40.00 - >40.00 - >40.00 - -
& &, 20190445 1935  + >40.00 - >40.00 - >40.00 - -
E S 2019476 2202+ >40.00 - >40.00 - >40.00 - -
AL# 2019498  21.09  + >40.00 - >40.00 - >40.00 - 3
A=F 2019512 2056  + >40.00 - >40.00 - >40.00 - -
2F 2019523 2201  + >40.00 - >40.00 - >40.00 - -
L3 2019538 2324  + >40.00 - >40.00 - >40.00 - -

SEBER 2019562 2190+ >40.00 - >40.00 - >40.00 - -

fHHZSERT 2t PCR 7 EXN N 15 414 9ok Moy iEAE, HOTEER TR, (BRI ik A A

RN P BFERIRE A TR, LA 201 T IR A 2
AEFH ATCC14028 JFHMXT IR, JE s 2= KR F ATCC
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PCR All, s F Ce{H/NT 30.00, VR AES
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A2 RS T AR I T 8 i % Tt e,

3 Z5ip
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REAL, R TAR L RV AL A R MO B Y
(SRR

3.2 ARSEGFIF S D8 PCR 5k B 1Y B st
ATREN, 4825 7 5 B S e AR v B FH IR [ AR 7
B [ E T PCRIRERE B UK AN 4050 A Bty >R 1)
IREE 15 YA [ HE 5% o (H S 58 5 PCR 70N TH
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R T HZ% BB A S 56 7 s — 25 1)
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AL v AL VAL VIZ R I B (WRISEAE) 6
AN, PRSI E S, S 2000 ZAN ME B A4S
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Dy LA AT, 7ERE SISl BB %A Th A E
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RV S FRIEANGE S 0578, BRMRORER RS, SR A2
RS A LR Aor g TAE 22K

33 [AUt, sEmPOE PCR EEE & T AL
TR it R PR 2 A6 ot B A S R S PR AR P 7R 2
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B TAE, KA SR 26 PCR Ui a Al [ brfh
GILFEEAG G, HReTE, HERA, SR ik
TR AN 25 AR5
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