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ABREKEES KERSEAXNFERRE
Escherichia coli O,s 8930 & 1E B

koM HEAR IR F R OMAH EmE
(1. W R K 2E SR S B - PF RN £F 0100185
2. NS Al K2g B PR 24 B, I AL 4% 010018)

i E AMRIABRHBRADEZisin RERESBHASFRABAERBABONAEN, BE ZBHFHN L
nisin, K F RAEZRBESABOZIWRAREMIO ;#mmEMN L& MICH B THREXBDABO ALK Y
& BB EE(AKP) LA S &K G 45, 4R & Dnisin £ 4k4& A 5+ Escherichia coli O T30 H 2R 3 K 35 %
&8 i MIC % 62.5 mg/mL, 4 A % 49 MIC % 0.016 mg/mL,nisin fe X % B 412 8 MIC % %] % 0. 333 #= 10. 417
mg/mL, 2) X % Fo nisin B A 25 2, e B A 20 H) E. coli O 08 £ K 542 5T 3080 2 B 48 F K 4 (P<<0.05) .40k
F 4t 4 F 4 (P<<0.05), 3)nisin #v kK B AL A 2 E. coli Oy 84 2 IO B Fo tm B BE A AR WG B30, 8 AKP 2
REFORHOAZD ZAREZHTFRAEEZ . KRH(P<0.05), BT, K#F F nisin AR E.coli Ot , &8
HRBTHAZ XA WAKRB TRA K TRAEE.

XER LBREARBA LKA BRAMERWHAMNIEE. coli O s s W H R E

hESFES S852.6172 XEHS 1007-4333(2016)07-0092-06 XEARER A

Study on the antibacterial mechanism of nisin combined with
rhubarb on bovine pathogenic Escherichia coli O

ZHANG yan', AO-ri-ge-le'” , WANG Chun-jie’, JIANG Jing' , ZHAO Chen-he', CAO Xiao-bo'
(1. College of Animal Science, Inner Mongolia Agricultural University, Hohhot 010018, China;
2. College of Veterinary, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract The purpose of this study was to study the antibacterial mechanism of nisin combined with rhubarb on bovine
pathogenic Escherichia coli Oy . Nisin, rhubarb, combination drugs and antibiotic were determined by two times dilution
method to measure minimum inhibitory concentration (MIC). The growth curves, AKP and protein contents of MIC dose
of the drug were determined by the method of micro plate. The results showed that: 1) Nisin alone has no effect on E.
coli O ;rhubarb alone MIC was 62.5 mg/mL,antibiotic MIC was 0.016 mg/mL,combination MIC of nisin and rhubarb
were 0.333 and 10.417 mg/mL. 2) Rhubarb combined with nisin could effectively inhibit the growth of E. coli Oy,
shortened the logarithmic phase and the effects were better than rhubarb groups (P <C0. 05), but second only to
antibiotic groups (P<C0.05).3) The combination of nisin and rhubarb had strong destructive effects on the cell wall and
cell membrane of E. coli Os ,which led to the increase of AKP and total protein index.,and the effects were significantly
better than antibiotic groups and rhubarb groups ( P<C0.05). The combination effect of rhubarb and nisin against E. coli
O »the germicidal efficacy was higher than antibiotics and rhubarb;and the antibacterial effect was higher than rhubarb
and lower than antibiotic.
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GRIHESE . FLMREERR W F 5 R E A ME XA IR BOR M Escherichia coli Oq 1430 B /E H 93

FLIR BE PR A R (nisin) J& FL IR FL K 147 7L 02 1 i
T K T 2ok i v G e AW R S UBIL A 7 2R B — b 2 Ik
PRI . EAE N — Bl KR LI035 B AE A9 %
Yy i 2 A bR A DG H AR B A A A A — o 1 R
R, $E0FoE R BAN  nisin P05 KA, B
=2 R BH P TR AT 2% A T T 0 = B P oy S I B
ST A BIFTIESE  nisin Z3f — LRk
b FRS XT U0 TIRT T R A A A 22 IR T AT
G RTANE R (S P SR VA L PN - S DN L7
T JECR IS A W o A TR AL A S A0 S 200 R ) O R
T 5 W60 2 11 5T LA B R R ) PG B o T e 4 AR
18 KRB R AT B A BRI BE ) 5 )
I AR T R AT B8 PN 2 2R A0 R I BLAE I PR X
N B R IMLAE A6 7 BT B IR . R R B R
i R TR F) 200 iR LA % A4 L 240 i BE 5 B0 BIL A 2 2k
240 6 JE P 1) — SR o0 1 W RS I AR R B i
i D RE A R OB S WA R I8 A% g 7 AR B AR
FIRT > Fi Z0O0 PR AT BT 51 A 19 45 S0 1 H R
MPLA 2R YT AR PR B AW 2 51k 3 91 19
P 3 W AT A B 7 ol 25 ) Bk R 2 AR )
B ANATTOT B 3 P 2 (0 0 Of B 7 b » B AR BT 2
o GG IRBON 22 QP I AT T A S 40 T 28R
R (UL R | E S SR S B GRFE (R N
o P ARE Y5 T A R  6F eh E00 P R AT R B9
PR KA BIAR B 1936 97 ROR . nisin HIR B0 (f
FH 0 — 6 T A AR e 3t 410 TR 28R & T 7 2 BB
2477 T30 R WL AR 5G4l L A BF 98 a1 1 A 5
nisin 5 R8P AR FIROR - 9K #b =3 fph i A
WRA L BAERM L EMEFFE L. @il
X nisin FIK 8 A T 2540 R AL ER B BIF5E - 15 AR 4 98
nisin MG . T HP0LE R AU TT KOBT B 4k (0 3R
PRELZG ) I HLudi > KB A o AR 5 R 5
WS T FEAR2G AR B O & O T AR IR T o R AT
T 51 BB B B BRI 4R S MR A AR AR

1 #MH5RFIE

L1 s

ZiRE B M Escherichia coli O 2 H
NS AL Ry sl AR 7 o S B A NS A L A
o B Al Al 5

FLRRHE PR B &R (nisin) : W A Jb 50 85 OR R ECA
FR 2w B BB .

AR S PE BB 25 e A IR A

B2 & FRICK B 50 g B St g 4%
BT 500 mL ZEMRK , E R . &0 1.5 had
U2, B N 250 mL K, E W 1 h i UE, 2 IR
IN KW i = 50 mL B 25 h Y & A 2 BN
1 g/ml),121 ‘C KM .4 CHRAEFHT,

TTCCE Ak = 2% I Z M) %5 Wi Be il : 0. 01 g
TTC,0.04 g BEHIMR AN, H 2 mL A ELKIR 2,
TTC Wy H Fig&FHE =R A B

T 1 W R g C AP < 0 [ g it 2 A 9 T R
T
1.2 REE{ =8

4> F har i AR Ty ZE YRR TR A% . 1l T s
A BRA F B 7 4 T 5 R R 32 4 (JC-SPJ-480) ,
T B A IS A RS AT BR S | Ak TAE G
B2 7 s B 32 A PR 2N 7D 5 L 7 03 A K OF (CP2240)
g B SR A R A BR A A BRI (Synergy HT) ,
gk R AEYRHE A BR A A
1.3 REHE
1.3.1 HiH&

it AT 4 CEFRLIRFRHE RN E. coli O
R TR .37 CRiFEEXHO 18~24 h, Ji%
FBARE N 1X107 cfu/mL.,

1.3.2 3% MIC ol &

K A5 B L nisin (10 mg/mL) |, K #%
(1 g/mL) FiA % (0.5 mg/mL) FH A 7 # K A5 i
BT B R RE 11 ASBERE A 96 FLARIAT 11 4L
BALIA 200 pLL, B 5 42 A BUB KB AT 50 pl,
BECK 107 cfu/mL, %% 12 LN A 200 pL N fil
50 pL AiAE N A AR, 37 “CH53% 18 h 5. m
ABCHILFig TTC 5 pl, 2 h J5 WA 4 A A8 4k, 5
A G 050 5 VA B G Sy 218 1Y B AR 24 ) ok
4, BI iz 259 MIC,

1.3.3 B4 A% MIC ol &

SR R LA K ZLIRR BE BR B K (5 mg/mL)
MKF (1 g/mL) o 5 JE AT A5 B 76 B 8 NIk
J& s nisin A A 96 FLARK - K HE RS A 96 FLAR
P2 A B A B FF B R R A0 R AR 107 efu/mL,
37 °C 155 18 hy I AL Hl4F i) TTC 5 pL,2 h J5W
Y0 A K I 2 A Y £ 50 5 A e AT
M IR 25 e BE 4L, B A A I 25 /9 MIC,

1.3.4 nisin 5 X HFBHEAAERAST E.coli O g2 ¥k ¥
RG]
MA@ H 5 mL MIC 259, it A 200 pL
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E.coli O W& (4 10°~10" cfu/mL) , % E L Z
W B 400 R 25 1R IR L nising FTR B MIC g ik 56
K #E MIC A BAYEXT 4L, bk R MIC Sy BH Xt
8,37 °C,110 r/min #FELEE 37 24 h, ¥ 37 W] (7] 53 b5
2 h BURE 1 WG AR AN 5B ODgso fH L FFIREE 3 K,
BRI EZ R AR ML,
1.3.5 AKP &y

W B 45 A PR (4 T A (1 X 107 efu/mLL) F0 TG 1 24
W MIO #ATIR G 485 37 °C 150 r/min ZFF
ATREFE B3 0.1.2.3.4.5 A1 6 h BB B WAE 3 500
r/min Z5/4F B0 10 min AR 3 61 85 AR il AKP it
MGV E ODsyy 548 T £ A K R W AKP &
i AR AR AKP F it (9 8 Aok ok 25 W) XF
E. coli Oqs 20 ML BE (09 52 M 15 &0 . A il H & 3 Ik
BOPBE S K .
1.3.6 HHAEERASZHMT

W5 35 B R ECW E. coli O (1 X 10° ~1 X
107 cfu/mL) SR WA & A PiAd: 5 K8 K

nisin ) MIC W J5 . >k % 5 58 % G-250 151
JE 0.3.6 F1 9 h B35 52 W 0 & 11 & & BN &
25 ) 0 TR AR 35 FRMAE R A LR RR
1.4 #E\Hit

T Excel #144 X5 I 72 %5 4 #F 47 40 2 A1 53 B 5
K SAS 9. 0 R AR B s HE AT J5 22 3 B o 1l 36 B
FHOF B bRk 227 R LA P<<0. 05 fE i 22 7 18
F Tk FI W bR

2 HRE5SH

2.1 MICMEZERESSH

HH 3 1 v] 0, nisin 1K 3 550 ff F B, nisin X
E. coli O A MBEBER . M KEXT E. coli O
MIC / 62. 5 mg/mL, $it &= & MIC K 0. 016
mg/mL, K H A nisin B A 6 B, nisin F1 K 8 1)
MIC 43518 10. 417 F11 0. 333 mg/mL, %/l nisin Bk
A 2 A AL S B A1 1 R o s 1 g L4 R
B TR RCR

1 FHZHHY MIC
Table 1 MIC of different drugs

i [ M 25 Single-drug groups B4 Fi24§ Combined-drug groups
Ttem nisin Hi4: % Antibiotics K # Rhubarb nisin F # Rhubarb
MIC/ (mg/mL) * 0.016 62. 500 0. 333 10. 417
T P RR B o MM T
Note: " * ” represents no minimum inhibitory concentration.
2.2 AEZHWMIT E. coli Oy 54 #1 Z B9 B4 FARTICA 24
PAIE & KIAFF oo B, HOE AR K4 2 07

SIE. A1 Al ,0~2 h J& B AR A 4 09 48 Hr i A
2 h B E R ALK A X5, 8~20 h Kk
WK, 20 h J5 E. coli O A Kk AR 2.
A MIC (255 - 525 O B A H , nisin 4 2E
Kok & A B B 0 AR Ak oA 25 A3 kAR B
Ak, g 2 A4 hoB L KREYA BS54 m
PO B 3 R T nisin 2125 U RR AL (P<<0. 05),
BEMFHAZHP<0.05), KREHSHSHZ
ZH T 4R R 25 R R AE 14 h(P<T0.05),
1 AT L A 2 T AR O sk A I e
] P9 25 A B IR BE A 1A . B nisin FIR B VR H S 9
E.coli Oy, 0~10 h 2218 A4 K, % B0 0 & 45 54 .
E.coli OB K B ARG W . K i i 4l
SUFE A i 1A P 5 400 A D I o s (] A2 K 0 TR 2%

0.6 |
05t
= 04}
. 03
02
0.1}

LI 0D,
Absorbance

0 i 4I1 é é lIO lI2 ll4 ll6 llg 2IO 2I2 2l4
A 0 1 ) b
Growth time
—— 2S5 X IEZH Control -8 nisinfH nisin
—— $i4: Z4H Antibiotic —— KB4 Rhubarb
—& K +nisinZ| Rhubarb and nisin

1 AEZEWIT E. coli O 41K B £ B 221
Fig. 1 Effects of different drugs on the

growth curve of E. coli O
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R2 FEBYIARE B EEG R E. coli O iR B8R L BE 300

Table 2 Effects of different drugs on the absorbance of E. coli Oy at different times

mH 20 B 4 K i) E] /h Bacterial growth time

Item 2 4 6 8 14
2= H XA 0.076+£0.012 A 0.19640.025 A 0.29640.024 A 0.42840.023 A 0.54540.026 A
Control group
nisin Z4 0.06640.009 A 0.19040.013 A 0.256+0.016 A 0.45640.010 A 0.56040.015 A
Nisin group
A EA 0.0474+0.007 B 0.0494+0.011 C 0.04940.009 C 0.04940.012 C  0.04940.022 D
Antibiotic group
KEEH 0.075+0.016 A 0.124+0.032 B 0.213£0.012 B 0.296+0.014 B 0.348+0.031 B

Rhubarb group
K + nisin 2
Rhubarb and nisin

0.06040.004 A 0.136=40.021 B

0.1984+0.031 B 0.255240.026 B 0.304%+0.012 C

T [ ) KRG 7 RN [ R 28 57 1 3% (P<<0. 05), R [l

Note: Different capital letters within the same column mean significant difference (P<C0. 05). The same as bellow.

2.3 AEZAYXT E. coli O, 20 B BE R 221

FE AN M RE 55 40 B B 2 fa) AF AE BECME B R A
(AKP) , 7 1E 5 1% &0 T 1% B S B8 325 2o 41 Mo BE 32 33 2|
A4 . (FR Y 20 i RE 3 B0 B IR DL . i G A
Ham, AKP % 3% 2 L 4b, i 1B 2 ] %1, nisin 525
Xof BE2H A, 22 0 nisin A X400 RE T R . K

_ 30p
—

E

S 25}
3 s
g5 2
=T s
8e
=< 10
I

A~

4

<

o o o o o |
1 2 3 4 5 6

20T I E VR FHIR TR/

Action time of drugs on cell wall

—— S EXTIRZH Control -8 nisinZ{ nisin
—o— HiA: K4 Antibiotic —— K#Z Rhubarb
—8— K& +nisinZ] Rhubarb and nisin

B2 FEZHWX E. coli Oy AKP 228 %1
Fig. 2 Effects of different drugs on the
AKP content of E. coli O

F nisin BeA 2520 .0~4 h it AKP 5 9 i He s -
FHif s, AKP F i RWrig in. 4 h J5 8 T 5 e s 3k
HAHZI4 AKP & & B & T REXNRA S A
F., MER3IAH, 1 h B BRT nisin 4, H AR & 4
AHEZ 8] H B0 2 25 7 (P<<0..05),
2.4 REZHWIT E. coli O 40P FE K 2

TR B 10 0 55 PN 00 O 1 B A PT 3R 24 W X T
PRRGE S8 R VE I 20 . [R] — B[] B P 25 1 X B2 R
nisin 2 WA WFEPEZE F (P>0.05) (£ 4), F R ¥
E nisin Bk X K AT B8 JC 90 B AR H 0~
9 h Py OD W ' B w3 K, X v BB J2 B Ry E. coli
O AN W7 B2 55 0 35 55 S Q3 7= 400 T 8052 i W O 2%

MR 4 nL,0~6 h, KR Pk RHAMIKA
254 ODEARNW T . H 6 h JFiX 3 125z
i) 2% 5 % (P<<0.05)3;6~9 h &AW CERRA T
W& A& 25420 Z [ X E. coli O BAE ] 22 Rk
F(P<C0.05) 33N MAT 6 h N3 HLY N E. coli Oy
F14) 200 it 65 5L A AR B8R 14 B I 4 FH 5 L v R BRI nisin 1)
TR Al AR Je o B 0, DO AR 3R K oA 4
It BB ) B8 3 /N 1 i

®3 FEZGYIAREEEIEG SR E. coli 05 AKP & 2 KIS0

Table 3 Effects of different drugs on the AKP content of E. coli O at different times

BUNE| 2 A= KB [a] /h Bacterial growth time

Item 1 2 3 4
25 X 4] Control group 0.015£0.003 A 0.015£0.005 A 0.015£0.004 A 0.015£0.003 A
nisin 4] Nisin group 0.016+0.002 A 0.016+0.004 A 0.016+0.005 A 0.016+0.005 A
PiA 4 Antibiotic group 0.400+0.025 B 1.5204+0.025 C 1.8204+0.011 C  1.92040.035 C
K ¥4 Rhubarb group 0.800+0.012 C 1.300£0.016 B 1.60040.015 B 1.78040.019 B
K # +nisin 41 Rhubarb and nisin group ~ 0.860+0.021 D 1.590+0.019 D 2.17040.010 D 2.35040.012 D




96 bR R R R

2016 4 55 21 &

x4 TEHYIT E. coli O 2FE H KW E ODsys B F2 M
Table 4 Effects of different drugs on ODsy; of E. coli Oy total protein

it H

A B A= K [A] /h Bacterial growth time

Ttem 0

3

6

9

25 | X B4 Control group 1.085+0.014 A
nisin 41 Nisin group 1.086+0.022 A
Fidz F 4 Antibiotic group 1.086+0.016 A
K# 4 Rhubarb group 1.08740.012 A

1

K # +nisin 44 Rhubarb and nisin group .087+0.009 A

1.110+£0. 006 A
1.109+0.012 A
1.203+0.021 B
1.206+0.014 B

1.1534+0.012 A
1.152+£0.034 A
1.26440.031 B
1.232+0.019 C

1.165+0.024 A
1.1634+0.021 A
1.25940.015 B
1.230+0.018 C

1.245+0.026 C 1.366£0.015 D 1.354+£0.015 D

Dynisin 9 4 7 B8 0k JC 3 . % 9006 5 2% [T FH
TR R 1) A0 2 6L N BB 0 1 A 2% TG L R
FNBE TR o B P A R 2 1 B T A 40 B R L A
TR0 5 1 375k o I A B o 33 0 7 2 1 7R R [ 7
S AT AR i Y BELAS A S BT L — X nisin AS U, —
S 5 00 b 38 AT L AR B A R S O 1 L DA T
i nisin = A2 6F A% BB PR R B 1R S
Steven & I 15 H 28 5 — 2 ib B RACAE 2 EG B
P TR 40 B RE 1) 38 3% M 22 5 8 2 B PR TR X nisin
AFARAORR T L R B A T A R B ORAE . UERH T
F B 1 B o 2L T i 1R T 25 10 S MU 2 B 4 i e
MR . nisin F1ZL R B A 00 FH AE 700 1 1A il & b i
PITRE M4 A AERE " . nisin 584 7
Can EDTA) A A X U0 171 EC B 2 A7 B I 1 910+l
FERT S TR B8 A 50k /0 Hofth G- TR B . Ik 4b,
nisin 5HERR L IR AL A L AR AR M X G|
(o 1 RE 10

2) BT, & T K 8 A U5 0W P K I AT B A R
HMIFFE AR 30 A W R AT G RO A R BOR
PRI FF B O 9 MIC SR 0. 125, A 5 4% 7 3¢
S5 I oE 25 R ms AT AN TR] i DR AT BE R 5 2 KB R
T R AR RUR S TR AR, T
AKP [iff F1 &R 002 A= i A o 9 51 2 o, — FL 4 i
BRI 40 f A% 5 4 M B0 R, 51 AKP il F A A
BRI 2 E SR A R R A . KR AT L
10 DR 9 2 LG A K i A B 100 40 e e (8 4 55 30 375
S8 20 B PR A A T R T AR S AN [ R
(% . ASHIR 9T Hh K T 45 25 ) 41 AKP R
FEAMN SRR AKP DLEE A SR8, A5
A ZE A R L RV A FH 24 2 38 n 2 R e B L 1P
£ AT 200 i R R 40 LSS 1) S R PR R IR . 24 3 1o

TS 44t R B R0 240 e B ) 5 M A5 S5 A M 1 L A
JHL P 4 Jo it i R TR A AN R S A A L R T 4
ARWAEHT . KB IR K7 #T B 0 48 i BE 0 4 it
J s nisin A" G837 ik 40 M RE 2 45 R O B0 P K AT R
PRI R 5 A A e X R A TR A PR B K
TR v T L B G VE A K AT T AR R
BT AL S A X nising AN SO HE 22 I B T AR 1S
FRURRE, nisin ALK B K & 245 15 0 0 9K 40 B 40 i
BE {15 4 B BE 8 37 MR 1S I, AKP 32 3% ) 40 g 1 . A
M A AT, X 5 5 B 58 45 SR A — 2 dE i
T O 4 B B 5 | TR A A i s s e Al A L X
B et i 45 A — 2.

3) F AR 25 Wk B MR A T AR K LA, A)
DAKH 20 B 114 A R BB 4 S B Be AT R L AT BB
SRy A A A ) X LA s i T Ak B 7 VR 5 1
o PR 45 iy A < il 2 7E AF 5% T4 i Ak = 5
B AR SR Y. 4 nisin AR BAE S
s M K TR 18 A 3 Rt BE 25 A I SR B
IH A A= K AE . nisin MK B EBEA T LK
A XY E. coli O M MAERBE., KA
MG 248 W T W25 % .3 6 h [FECG 24
HMAEROR T KRB A, R RERAEN T E. coli
O - Bfi J5 nisin A& # DI, nisin 32 B4 L8 ¥ 1 Al
XoF B3R 1 ) K P A TR 0 A X S AN Y 2 R
— 3. AW TARAE I R RO XK R A
EG T A I ) 23 T i R R A7 o0 A it TARAE I R R R
38 3 FE 3R K R 3 A TR IR 6T B AR 0 4 o 5 491,
UG 128 I 137 N N o gV RE R N B N ]
il 720 T Y AR B

) KRB nisin B A M RE AKP FE [ & &
38 0 R B A K B Al AR T . AKP 5%
SR B APLA Z R EX E. coli O 4H L BE (1) % IR
fIE 7 AN QR ¥ AN nisin BEA 25 ROR . T Whi A =



57

[

FLIRBEBR 2 5 R A VE X 4 U 80 e Escherichia coli Oqs B0 1 1R H 97

TR e AR S AE R R RE AN WIS 2 . 259 %
2 i JEE 1 B SR A BB T AR BB AR > HiE R >
K # = nisin, 8 X% nisin FK 8 17 7K A 5
BARIAR T AR 45 BT S 9K AN T nisin 5 3 19 R
AR T RE A R Z A TE T H TR IR
AR N RIS E S SRR H AT /N U PN 3t 56 42 it
5%,

(1]

(2]

(3]

[4]

(5]

(6]

(7]

2 % X W

M MR BT Oy, R BN B A8 L IR 0 R 1R T AL R
LI A b B 0], 1997 (4) - 20

Huan L D, Jia S F, Zhuang Z H, Xue Y G. Mechanism of
bactericidal action of NISIN[]J]. Chinese Food Additives 1997
(4):20 (in Chinese)

R L R A 5 L 2T KRBT T 00 LB T IR A2 7 T B B
HERELT]. & 5250.2010,12(1) :51-54

Li H N, Zhu X Q, Guo X P . Progress on application of
compound nisin[J]. Food and Drug ,2010,12(1):51-54 (in
Chinese)

FRI TRYT WS FL 5 4 BT 5218 24 a3 B H 52 T 1A O AT
WALE 5L D WA Ry« A5t R0l R, 2014

Su X. Screening of the antibacterial component and its
compound from mongolian veterinary herbs medicine which has
therapeutic effects on dairy cow mastitis[ D]. Hohhot: Inner
Mongolia Agricultural University,2014 (in Chinese)

BT I6] T BRE . T o AT B R TG R A B R R
B SEMA LT ], HR2Y . 2007.,29(5) : 752-753

Chang M X, Zhang J,Chen K L. Effect of Rhizoma coptidis,
Radix paeoniae rubra and rhubarb on Escherichia coli
endotoxin release[ ] ]. Chinese Traditional Patent Medicine ,
2007,29(5) :752-753 (in Chinese)

EARW L TREE ST, PN 0, SR AT PR SR IF L KR 18 Fhh 2y
XoF A8 K M K T 10 A S 400 6 M 0 0 s Ok e LD . R BRI
BH24,2012,40(26) :12947-12948

Wang J L,Zhang Y Q,Sun X F,Zhang X L,Chen J,Zhang Y,
Zhang L. Study on the in vitro bacteriostatic test of 18
traditional chinese herbs against swine E coli [ J]. Anhui
Agricultural Sciences, 2012, 40 (26 ). 12947-12948 C(in
Chinese)

BN (e AR 3R 2 90) 2010 45 B & T A A
[J7. BE 25 94]%.2010,29(8) :975-979

Nie X C. Introduction of the 2010 edition of Pharmacopoeia of
the People’s Republic of Chinal J]. Herald of Medicine ,2010,
29(8):975-979 (in Chinese)

P T EE B H A AR A TR 3 1 ALK O 58 24 %) R I BN
PEK M AT T B A S 3 RCR B g LT b Rl K A R
2015,20(1) :124-128

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15

[}

[16]

Yang S Q, AO-ri-ge-le, Wang C J, Si-mu-ji-de, Bao Y G.

Antibacterial effects of Mongolian medicines on bovine
pathogenic Escherichia coli in witro [ ]]. Journal of China
Agricultural University,2015,20(1) :124-128 (in Chinese)
B AR AR S VL B 45 . FLER BE R R (nisin) #0178
VB R HAM G AL B B BT 52 [T ). v [ B3 . 2008(9) - 87-91

Lv S X, Bai Z P, Dai Y, Feng ] B, Huang Y. Study on
antibacterial function and mechanism of Nisin [ J]. China
Brewing ,2008(9) :87-91 (in Chinese)

Masschalck B, Deckers D, Michiels C W. Sensitization of outer-
membrane mutants of  Salmonella typhimurium  and
Pseudomonas aeruginosa to antimicrobial peptides under high
pressure[ J 1. Journal of Food Protection,?2003,66(8):1360-
1367

Setvens K A, Sheldon B W, Klapes N A. Nisin treatment for
inactivition of salmonella species and other gram-negtive
bacterial ] |. Applied and Environmental Microbiology , 1991
(57):3613-3615

TR ARVL L B R ¥ . Nisin (1485 P B e Rl e i w2 A CT .
A 2555 ,2002(3) : 31-33

Zhang C J,Luo X,Wang H Y. Characterization of nisin and its
application in meat products[]J]. Meat Research ,2002(3):31-
33 (in Chinese)

RS BR AR L e O 20 0 AR L A5 FLBE BRI 7 B kR AL2
R B S B S LD ] S 3 3l R . 1995 (4):215-218

Chen X Z,He S,Long L. H,Huang I. D, Huang Y. Studies on
fermentation conditions of Lactococcus lactis AL2 with high
yield of Nisin[J]. Microbiology Bulletin 1995(4) :215-218 (in
Chinese)

(SN Rl (NS PN A 7 T o
[D]. KHtndb Tk k2%, 2009

Lv X N. Studies on the antibacterial function and application of

IV RISRTIE

plant combined with nisin[ D]. Tianjin: Hebei University of
Technology,2009 (in Chinese)

2R R AR B RCE M. de st AR T A R
#t,2008

Li F, Liu J X, Xu Z K. Medical Microbiology [ M]. Beijing:
People’s Health Publishing House, 2008 (in Chinese)

AN, FUAR S BR 1 28 ™ 2F B Bk 0 o8 2 HC I i LB S LD .
TEBH < Tk BH AL KA, 2008

Bai Z P. Screening of a nisin-producing strain and studying on
its antibacterial mechanism [ D J]. Shenyang: Shenyang
Agricultural Uinversity,2008 (in Chinese)

WG ARAE WA AR R X K i 3 A ER AT 1 400 T 3 v AL 38
FABEFELD]. KB F MK .2013

Hu Y. Study on the antimicrobial effect and preliminary

mechanism of Yinhuamiyanling tablets against Escherichia coli

[D]. Changchun: Jilin University,2013 (in Chinese)

FAL G B, Ak



