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Abstract: Objective To make quantitative analysis for the quantity of Escherichia coli in Angelicae Sinensis Radix (ASR) and its
processed products. Methods The fluorescence quantitative PCR method was established to quantitatively analyze E. coli in ASR
from different processed products, different producing areas, different enterprises and different storage time. Results The number of
E. coli in different processed products was ranked as follows: ASR > ASR stir-frying with soil > ASR stir-frying with wine. And the
number of E. coli in the three producing areas of ASR in Min County of Gansu Province was less than that in other producing areas.
Compared with the retail enterprises, the number of E. coli in ASR and ASR stir-frying with wine was less in production and sale
enterprises. Different storage time had certain effect on the number of E. coli in ASR and ASR stir-frying with wine. With the increase
of storage time, the number of E. coli also increased. Plate counting method and fluorescence quantitative PCR method were carried out
at the same time for some representative samples. The results showed that the results of the plate counting method were mostly
negative, and the results of the fluorescence quantitative PCR were positive. Conclusion The quantitative fluorescence PCR method
established in this paper is superior to the plate counting method in specificity, sensitivity, reliability, and reporting cycle, which can
provide an effective method for rapid and accurate quantitative detection of E.coli in different processed products of ASR.
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1 76 LR HRIR
Table 1 Origins of 76 batches of ASR
s fits e AEPERE RS S e EPERE) RS S e AR
S1 M-1-1 Hil Rk 2 2018-03-09|S27 2017081702 H il 2017-08-17J18 1602017  HiH 2016-02-17
S2  M-1-2 Hilt ALk 2 2018-03-09(S28 171201 Hl 2017-12-11|J19 1609054  HiHi 2016-09-23
S3  M-1-3 Hil Rk 2 2018-03-09|S29 1706200191 H i 2017-06-20\J20 DBB161  HiH 2017-12-16
S4  M-1-4 HilRYK 2 2018-03-09|S30 1804002  HiK 2018-04-01(J21 20170813  HiH 2017-08-13
S5 M-2-1 HilRYk £ 2018-03-09|S31 18010261  HiH 2018-01-20J22 171101 HM 2017-11-21
6 M-2-2 Bl RYK 2 2018-03-09|S32 20171202 HiK 2017-12-29(J23 1610260282 H it 2016-10-26
S7  M-2-3 HiRR3KkZ 2018-03-09(S33 20180101 ik 2018-01-20|J24 20161103  Hifi 2016-11-03
S8 M-2-4 HilRYK 2 2018-03-20|S34 20171002 H K 2017-10-26(T1  M-1-1 Hili ALK Z 2018-03-09
S9  M-3-1 HRURE  2018-03-20{S35 161201 Hl 2016-12-14|T2 M-1-2 HRAYKZ 2018-03-09
S10 M-3-2 HifikE  2018-03-20J1  M-1-1 HHAKIKZ 2018-03-09|T3  M-1-3 Bl ALK Z 2018-03-09
S11 M-3-3 HifikE  2018-03-20(J2 M-1-2 HHAKRIKZ 2018-03-09(T4 M-1-4 Hi R4k Z 2018-03-09
S12 M-3-4 HifikE  2018-03-20J3 M-1-3 HHARIKZ 2018-03-09T5 M-2-1 BRI Z 2018-03-09
S13 M-3-5 HifikE  2018-03-20(04 M-1-4 HHARIKZ 2018-03-09(T6  M-2-2 Hili ALK Z 2018-03-09
S14 W-1-1 HiliEE  2018-03-08)J5 M-2-1 HHARIKZ 2018-03-09T7 M-2-3 Bl ALK Z 2018-03-09
S15 W-1-2 HiliEUE  2018-03-08)J6  M-2-2 HHAKRIKZ 2018-03-09(T8  M-2-4 Hili ALK Z 2018-03-20
S16 W-1-3 HifiEUE  2018-03-08)J7 M-2-3 HHAIKZ 2018-03-09|T9 M-3-1 HRIRE  2018-03-20
S17 W-1-4 H7R7EIR  2018-03-08[J8  M-2-4 HAARIKSZ 2018-03-20|T10 M-3-2 HAIRE  2018-03-20
S18 1705052 Hifi 2017-05-17)J9  M-3-1 HAFIRE  2018-03-20|T11 M-3-3 HAIRE  2018-03-20
S19 1705054 Hifi 2017-05-16[J10 M-3-2 HAFIRE  2018-03-20|T12 M-3-4 HAIRE  2018-03-20
S20 1709099 Hif 2017-09-21)J11 M-3-3 HAFIRE  2018-03-20|T13 M-3-5 HAIRE  2018-03-20
S21 1708021 Hif 2017-08-20(J12 M-3-4 HAFIRE  2018-03-20|T14 W-1-1 HRVEE  2018-03-08
S22 C1605016 Hifl 2016-05-16[J13 M-3-5 HAFIRE  2018-03-20|T15 W-1-2 HRVEE  2018-03-08
S23 1705108 Hif 2017-05-11{J14 W-1-1 HREJR  2018-03-08|T16 W-1-3 HNEE  2018-03-08
S24 1705109 Hif 2017-05-31|J15 W-1-2 HREJR  2018-03-08|T17 W-1-4 HNE  2018-03-08
S25 171002161 Hift 2017-10-12|J16 W-1-3 HNEVE  2018-03-08
S26 DC5061  Hift 2017-05-06)J17 W-1-4 HNEVE  2018-03-08
x2 KBRFAESEMSY Ay, HUkEMEN 160 V 1E & 30 min. 3 i #E R AR
Table 2 Specific primers of E. coli 1 R MTRES 45 5 . PCR P24 4k it 7 & HE4T
EIRZELS 51775 (5'-3") Jr BER/Mbp afifh, M e . BAREAE R U T .
ECO-F  CATGCCGCGTGTATGAAGAA 96 Al =W T S ) e R SR .

ECO-R CGGGTAACGTCAATGAGCAAA

A I B AR PR A F B ke
2.3 PCR ¥ K&Kk

PCR ¥ 114 £ Jy 25 pL: 2 X Tag PCR MasterMix
125 uL, AR 1 uL, 514 F (10 pmol/L) 0.5 pL,
5% R (10 pmol/L) 0.5 pL, 10.5 pL ddH20. PCR
SN AR 94 CHIAE 5 ming 94 “CA:% 30 s,
60 ‘CiRk 305,72 CH#EfH 30 s, 3L 35 MEH; 72 C
B AL 7 min. PCR F=¥)%4 1.2%35 iR Hil ¢ FL ik

24 BWEER TA =&

H4lifL i) PCR 724 0.5~8 uL, Ptopo-T Vector
#4k 1 pL, 10X Enhancer 1 pL, ddH0 % 10 pL,
BERS), EIE (20~30 C) ##ES5min, Wik
FERIINN 100 uL DHSo /852 25 410 i Hh 247 28 28 o ki
AL, BRI 500 ub AN EHIA R LB #5775, 1’
%1, 37 “C 200 r/min #iz % 30 min, {40 78 5Kk .
WIE R EME, ORI SHEATEER
(Amp) MIBRAEE: -5 b, 37 CRIBER SR, #k
BCEARCHBHPE BB 75, PCR RN, 30 me 5t b A
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MIE AL IR A & AT T
25 RHEE PCRIMERZ. REEER

B I PH M B MR A 2 Amp 1 LB #5978,
37 °C 200 r/min #EEER . PREUTRE, @I )
Ja . EWCERTIF= . A8 R S oy e BE TS v
JHRREL A S T AR v SR S 5 DL
XTFRAESLBEAT 10 F5 6 BEMRE , SR DABRHE S SR
BT 6 & PCR N o N SR, PAARTE Sk
FERIRTEONME A R, BUETEIAEL Co (RIS B
W 2S5 1A B e I A I BT 48 7 R A 0
NP R bR ERT 2 . SR FR A SYBR Premix
Ex Tag Il (Tli RNaseH Plus) 10 pL, 1E[A5141. &
5] 5149 (10 pmol/L) 4% 0.8 uL, ARAR/FE[K41 DNA 1
uL, ddH,O % 20 uL. #JeE R PCR RN A&MFN:
Priaghsk. 04 CHIAYE 30s; 94 CASE 105,60 C
Bk 12s, 72 ‘CHEMH 30's, ¥ 45 1k, 72 ‘CH A
RS S, Ismihek. 72 CIFURKGI, LL 05 C
NEMIRESH 15 s REX .
26 KBBERFERITESGE

RIEZ e R PCR EMELS R, MY
B RA R A 2 5 A B B A AR TR A
AT AR BEA I  FREL 25 g A TN B 225
mL B EK O U WA MR R, T
ERAE T ORAUE ™4 TR , B BIARRE b S0 (L
100. 1 mL MEBBESBIFES S 1 mL, 7
EREEEENE ST 9 mL A E KR E
PRPBARE, IR A IS, il 1 2 100 FFE & )3 o
e Bk ERAE, KU 10 fEehig RAIRRARE A
o HU L 010 R K 3 ANIESE 10 5 RE R, 739l
U1 mLyEIL, ~PATHI 2 AP0, [FRTE L mL A4
HEER KON TG B P LA 2 o B, 7R P I BN
15~20 mL AH1E 46 CHI4E i 4 iH 3h 3 i
(VRBA), /NUJEEFIL, #3577 SR iR
5], BibEERREK, Tk RrBUiREE S,
N 3~4 mL VRBA B K=, -1, &
T (36+£1) CHi3: 18~24h.
3 HERENH
3.1 DNA{ZEl5S PCR #/ 1%

KBTI R 354 B 51 00t K 35 7 v 2 A
/H DNA #t17 PCR ¥3, 4558 (K 1 EoRpefs
SRR BOK/ME—E (96 bp) Y DNA 457
32 BWMFREBNRESEE

[ K g 4% 45 1 PCR 74« 1% 4% Ptopo-T Vector

JE A S AN, PREBA M SR v, SRECE AT
KT PCR %58, 455U B /IME— 5. 45
FLE 2. BHMEE SR P45 R 5 GenBank
HE A RLT BT R, KGR A Y 18 5 B
F1) -5 FH L B R 1 [ 9050 v P — B, 00 B TS A oA S
WL BT TR L) H B JSURL .

M 1

2000 bp

1500 bp

1000 bp
750 bp

500 bp

250 bp
100 bp

M-DL2000 DNA Plus Marker  1- K734 i
M-DL2000 DNA Plus Marker  1-E. coli

1 KBpIRFHE PCR ¥ 18
Fig. 1 PCR amplification of E. coli

M 1 2

10 000 bp
8000 bp

6 000 bp
5000 bp
4000 bp

3000 bp

2000 bp

1000 bp

M-1 000 bp DNA Ladder Marker 1-KiZiR# 5 16 S ki  2-2k
AL KGR B 16 S BTk

M-1 000 bp DNA Ladder Marker 1-16 S plasmid of E.coli
2-Linear 16 S plasmid of E. coli

B2 EHRKNHBEYILE
Fig. 2 ldentification of recombinant plasmid by restriction
enzyme digestion

33 HMmXBIRFEEEZ PCR BIEIL
PLK 27T 16 S rDNA F B 55 41 5 s (R i
FoRR P NARERR , AT S 9 6 2 B PCR 71, 153
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KIG A 56 B G2k (B 3D, FrifEih 2k
(K 4) LU dafmmhsl (B 5). WE 3, ek
JEH, BRI ST LR, S IE BE A R
5. WNE4EH, KHRAH 16 SrDNA Jr B E 4
KLY $8 R R, LR R G FE N Y=-3.595 7
X+435.392, r2=0.9995, & MHLEMMARIEENA
IRUFIILR R R MBS WLLEH, BREERRAE
WSR2 ZI AR, R B A 0, 08
HILTE 81.3 C, RIAY M= Ry, H
Lo R R ek FRa, U IR ORI
VALY —, 3= e T

40

TEIEL
PEEFRRERE R R IR 3 AN TAT, W B ARHE SRk
fRIKJ 1X10%, 1X108, 1X107, 1X 108, 1X105, 1X104, 1X
108 copies/pL

There were three parallel dilutions for each dilution in the gradient
diluted samples, and the concentrations of the standard from left to
right were 1 <109, 1 <108, 1 <107, 1 %106, 1 <105 1 x10%and 1 x
108 copies/pL in order

3 THZEE PCR ¥ tghihsk
Fig. 3 Amplification curve of fluorescence quantitative
PCR
30
25 .
20 *

3%
(8,
4

1
1

X
4 K EE PCRARERLZ
Fig. 4 Standard curve of fluorescence quantitative PCR

—dF/dT

72 76 8 84 8 92
TI'C
0 R R i PR B2l 1X10°, 1108, 1X 107, 1X 108, 1X10°,
1X10%, 1X10® copies/uL
The concentrations of gradient-diluted samples were 1 x<10°, 1 <108,
1x107,1 x10°%, 1 <105, 1 x10% and 1 x10° copies/pL

5 WHEE PCR IAfEEIL
Fig. 5 Melting curve of fluorescence quantitative PCR

34 #HEmPRKBERFRHKE

AR SEBG 8 I A K 7 15 45 1R 16 S rDNA J: R 4L
HR R T KR mw s e . &R 8w, Fr
A VAR I B A KE ) 16 S IDNA B B .
LB KRS HET 16 S rDNA R $2 1L
704, S Sk 4 s SRS B AT T S AL,
SRR 3. g EREAEMAME, WEM+
102K i A AR A b, T4 R
MR FERK o AN A = b 2 )3 oK 3R A B R LU
T, RIS [F) M ] 5 oK R 45 A 1R A 35 DA
IR R g b o XHAE P4 Al DA R Z Al
(10 A2 224 U R 22 V3 o oK i 35 A B S AT L oy
B, SRERFEM Y RGEAEEES T
AP A A o RIS AE X SRR 2 ) AN [ i
RIS RDE i () K B 3 A R B AT B 80 A, R
fift LIS )R (O i, HOR W35 R 2 AR b
ZERILE 6.
35 KBAERFRITETGE

M H R V% /e 15~150 cfulg HISFAR, 5
I SRR T K TR R VR, KR A B
TURR VR N R AL, B LA 20 B IR R Tie 38,
W% BN 0.5 mm B K. LS~ P4 R v 2
PO i R O SES R = Ul s N M )
SERLRI, TR B 10 MREAR TR A AR A
[ S8 I S27 ‘AL KR A i, HEERD,
HARYAREM . g5 R IE 4.
4 Tig
4.1 FEEBIMEEM

HAT, KA R T BRI 5 12 B IR s
ST CELISA) VEI®L KA SE55R 51 (LAMP)
BRSO F RIS F AR HPLC 08145 {5 ELISA
EARLST 2, H o2 e & &, ek,
Rt s EZRETI: LAMP AR TEER
FULEHATZEY Y, BEEREEHR 51
TR BB AT S N A 2 8% 1 G 1) 0 L DRES B
AR I SR BRI K HL SR & 5t . AN AL IR S
WA AP & PCR AN 2 8 37 2 A AN [F) i |
dn KI5 A5 1 1) AT 5% . T 16 STDNA 2
AU 1 = FE AR SR P 1, AT AR X FEAS [R 41 g 2 (8] A7
E—ERENES, BAMEESR R k5
AR X BTt PCRRESE I 519, W RTHE AR A o 1 40 B
Y BB E AT, SR 4 BN AR
F o0, AR AL AR B 1545 B 16 S IDNA NP
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Fz3 76 IHAMRKIFEFERE (n=3)
Table 3 Number of E. coli in 76 batches of ASR sample by fluorescence quantitative PCR (n = 3)

v KR @ E R, . PN 7EE R . KR E RS . PN /R Rk
FE et FEh - B et bt P
~oh (] g g™
s1 8.18X 10° 520 1.04X10% 4 9.32X 108 23 1.61X 10
) 9.62X10° s21 2.28% 104 35 7.96X 10° 124 1.15X 10
s3 1.07X 10% 522 1.21X10% 6 150X 10% T1 7.17X10°
sS4 7.82X 108 523 1.25X10% 7 2.09% 10° T2 2.08X 10°
S5 8.04X 10° S24 1.32X10% 38 1.11X10% T3 1.00X 10%
S6 1.16 X 10% 525 1.08X10% 39 5.81X 10° T4 6.81X 10°
Y 1.01X 104 526 2.07 X 104 J10 5.14 X 10° TS5 9.70X 10°
S8 1.34X 104 527 1.90X 10* 1 7.26X 10° T6 1.32X 104
S9 438X 10° 528 1.69X10% 12 1.33X 104 T7 1.68X 10%
510 4.05% 10° 529 1.68X10% 13 6.25% 10° T8 1.26X 10
s11 8.55% 10° S30 1.76 X 10* 14 8.18 X 10° T9 1.38X 104
512 8.18X 10° 31 1.66X10% J15 8.41X 10° T10 5.25% 10°
513 1.05X 104 532 2.54% 104 116 9.14X 10° T11 8.43% 10°
S14 1.31X 104 533 1.72X10* n7 1.49X 10° T12 1.32X10%
S15 1.15X 104 S34 2.66 X 10 18 1.23X10% T13 1.32X 104
S16 113X 104 S35 257X 104 19 1.34X10% T14 1.77X 10
517 1.39X 104 n 7.26 X 10° 320 1.03X10% T15 1.29X 10
518 1.09X 104 ) 9.74%10° 21 1.82X10% T16 1.05X 10%
519 8.04X 10° 3 1.04X10% 22 8.66 X 10° T17 1.40X 10°
- 20+ E
_ 254 A R _ B3 il A% 2 8
S 20- = 4 ? mﬁ@f%
> = 4455 > 154 EE HilER
X 15 —_ T X
b= i 104 pin
£ =
b= S b
s | B P & 5
= S S =
0 B | 0-
3017 c 257
_ e %1k ~
2% /L 7 204 O I 71
3 20 =R el 3 (=i
X = X
% 157 — ] =
5 L, — = =
v — ] X
= — =«
X 59 — | — b
X — = -

o
L

E=1E| =R
ARSI BAFH CAFWERM  D-ANF I [

A-different processed products B-different producing areas C-different collection enterprises D-different storage time

6 LHAMRAMERFRRALERE PCRERSH (X+s,n=23)
Fig. 6 Analysis of fluorescence quantitative PCR results of E. coli from ASR (X s, n=3)
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x4 0HYEAERABEFELNE
Table 4 Number of E. coli in 10 batches of ASR samples by
plate counting method

Fedh KInRAs sl (cfug?) | Fiim KIIRA H/(cfug™)
S8 100 J14 0
S10 0 17 0
s21 0 J23 0
S27 250 T3 0
$32 0 T12 0

R, ¥ PCR =¥ % % Ptopo-T Vector #i4A 1, i
FEORLAE FERR R B AR il o R 7 T B s v i
LRER TR FE N Y=-3.595 7 X+35.392, r’=
0.999 5; i ki PCR %8 FI 74347, sl 541
L5 T bR o TR AR 00 470 [ R v FE — 30, R SEAR it
i A S R T P A il 28 2 P OR I8 E L SYBR
Green | NRIGYLEHE & PCR ¥ I 1R -1, F
FH SYBR Green | 57500 DNA 1 s 114 J57 >k 53 #
PV, AT EAER T PCR E R4
o MIBWATASLIR AR, EREIOCHTBE — NI
U 81.3 C, Mgk T HHERRAS, 38 =)
NRUVEELERE, B4 5 P TRARKE P4 YA T3
T A5 52 2 B A A
42 HEATREMESIRPRFEEEHRESTHESR

M EA R R KR A A E AR E
AN Kb P Re gk K 3 7 T R B i, A0 L Jit
PRI 1% B0 AT /085059, 28 55 “Cn#k 60 min B¢
60 “Cln#k 15 min BRI KA w22, B
P SRV s ey 17 NS e T S U AR ER ST ¥ N 7]
BAAWEIG G, MMAE b A2 ik — 2005 4y 1 3k
i, RGPS 2 9 KA s T R & T L
M. AT AR B 2 E R 7R AR A4 I A B
HE, — 7 AR TE SR S, 7
T I IR 77 TR K 5 A R A B A B
A KA
43 AREMAEEHEPRKFBREEHE ST
R

4[] 959% DA A FE A HEZK IR T8 A5 7K Ab B
ARG, RFHLIX 5K 2 B LB HEITE 2N 83 HE
AVUEEAR TS, NG s L3 K T Ks
Jel23, TR R K R I S, KRR ) S
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