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Inhibition Effects of Glucose Oxidase and Lactobacillus acidophilus and Berberine on the Proliferation of Escherichia coli
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Abstract

cillus acidophilus with berberine (BBR) on the growth of Escherichia coli were studied by single-factor and multi-factor experiments.The results

In order to obtain the optimal substitute of antibiotics, the inhibition effects of combination of glucose oxidase (GOD) and Lactoba-

of single-factor experiment showed that GOD , L. acidophilus ,BBR and aureomycin individually had significant inhibitory effects on the prolifera-
tion of E.coli (P<0.05), and the antibacterial activity gradually increased with increasing of their concentrations.The multi-factor experiments
showed that the combination of 0.005 0% GOD, 1x10° CFU/mL L. acidophilus and 0.001 5% BBR had the same inhibitory effect on E. coli
growth with 75-150 mg/kg aureomycin.A new antibiotic substitute was obtained,which provided guarantee for the safe production of livestock

products.
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BRI KT ( Escherichia coli) HEAS HANHRIVE T, % T4t
ERBRGH EAEEE L, EERALEAENZH
RITT TR T %0 A AL G (GOD ) Fig IR FLAT 131 -5 /NS
(BBR) BefRxsd K AAAT & A AR 52

1 #R5AHE

L1 RKmearat X B FH W AT 12 0 8 R L AT T 32 fh 1) e
A RFA B ARG S S FHR LI BRIV (21
J& 99% ) FIEi AT AL (10 000 U/g) Fh il g 740 A Py il i
A BRA FIHRAE, FhR £ R (LI 90% ) p A IR IE KAk
HBRA R,

12 #EFE  OLB Hedl: A 10 g, BEREE R 5 g, &
1hh 10 g, 781K EZSZE 1 000 mL, pH 5 7.0~7.2,7E 121 C |
0.15 MPa 2/} F &5 K B 20 min,4 C 3424, @MRS
hFRdk AR R 20 g, BEEHR K 10 g, 285 20 g, i 80
1 mL, BERR A Z4 2 g, oK OREN 5 g AriGmesk 2 g, TRIREE
0.2 g, R4S 0.05 ¢, ZZI/KERZE 1000 mL,pH 4 6.2~6.6,
7E121 °C .0.15 MPa £/ F &5 /% K B 20 min, 4 °C T2 %
Fo QP SE i 5 77 3k (At B R A W R A IR B4R
) FREL42.5 g, K EARZE 1000 mL,pH 24 (7.2£0.2) ,
1E 121 °C ,0.15 MPa £5fF F R 2K B 20 min, £

1.3 EFEE TS EES BT R AR LB K
FRHE,37 °C (180 r/min $EIRKGFE 24 h [5G4 IR 2% HERhitdsz
ABTEER LB B T 37 °C (180 v/min $EJKE5 24 h
JEMEEWREL, BT 4 COHAET RS IS EmILA i
FhE] MRS 33tk 37 ClHIREEFRAH e b 3557 24 h j54%
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TR 2% PR R ABTIEE MRS KigRdtrh 37 CHEIRIGFRAA
RS 24 h JFIEE R4 CTIRESH. 70%
BBR .GOD 455 Z i A% 0.03% .2.50% .0.15% (¥ 1:-3%, g
P UERR IR S 4 C TR .

14 KAk

141 A[EHE GOD X ARBH A KMMHEER. FIAC
Be ] 4F 19 GOD B: 3, 43 %l Be il B GOD £ ¥k 2 -y 0,
0.005 0% .0.012 5% .0.025 0%(7J LB ££3:3% 100 mL, 1% 1%
PFERN R AR A FF T, 37 °C (180 r/min $2 R $5 5% 24 h, 43
SIFE 8,16 .24 h X[3EFRGHA TR , B2 B> F R i 9 >
5o M IR IR R E R AT B8 (CFU/mL) | &
PR

1.4.2 R[] TR BV R LA PR G R B v A R A 4
F O 2T (Vg TR FLAT T 43 0 T e 25 T 0. 1%
10° . 1x10° .1x10" CFU/mL () MRS 35320, BRI AT rEiE 8 1%
RYRERT A A B A RIS T A TR FLAT Y 100 mL MRS %
Fwi 37 °C .60 r/min $LIRIESE 24 h, HAth b R “1.4.17
1.4.3 R[aHE BBR XA oA K Ve . K Tiiss
Fe il 4 /9 /)N B B B W BC i O 2 e B SR 0.0.001 5%,
0.003 0% .0.006 0% .0.009 0% [} MRS %72 ¥ 100 mL, 7£
121 °C .0.15 MPaZ&f: F B KB 20 min J&5 , #5018 1% 3 F &
FAKIGFF R, 37 °C 180 r/min $&JRIFF 24 h, HAbAL
PR “1.417

144 GOD 5EmRFLAT R A A3 KA A sl E R
A3 ECHT S 0.005 0% GOD A ] 1 7 A8 BR FLFF 14 (0. 1%
10° .1x10° . 1x10” CFU/mL) [#J 100 mL MRS ¥53%4 , ¥ #8 1%

R BE AR AT, 37 °C FEIR T 60 r/min 1555 24 h,
HAobabHER]“1.4.17

1.4.5 GOD BBR FIFERERFLAT R ZH A X K MAT i A= K i il
VEFH . A3l 254 0.005 0%GOD F1 0.001 5% /NEERK 4 A
[F % B AOME R FLAFF BR (0, 1% 10° (1% 10° | 1x 10" CFU/mL) fY
MRS 15 % # 100 mL, 4% 8 1% f 32 Fh & 3 A K W+ 14,
37 °C .60 r/min FZIREEFE 24 h, b abPEfE“1.4.17

1.4.6  GOD FI BBR 5RERZLIT WA RIZH G DL KA [F] vk BE
1) 485 250 KM FF T AR B IR A S 12 0.005 0%
GOD ,0.001 5%BBR #l 1x10° CFU/ml MR FLAT i MRS £
FRW 100 mL, Fie 1 4 85 2 A A& & 40 4 37.50,75.00,
150.00 mg/kgft) MRS 533 100 mL, 43 31|43 B8 1% (¥4 Ff i
B ARG, I LA 100 mL MRS 353582 A 1% K IHHT @ 1E
Skt HRZ, 7E 37 C %38 60 r/min [ 55/ FHEIRKG 5% 24 h,
HA AP 1.4.17

L5 #BGit 54 SR SPSS 17.0 Giit # 4k xf i 41 4k
P TAL R SR 5 25 WA T i S EAG 50 , 45 R B LL SF-3
BabpifE2s” FR,P<0.05 TR LR,

2 #ERG5HH

21 AREIRE GOD S ABTFEERKMNMHEER HE!]
AT AN 2% 4 B RT R WA B A A — e i il 4
(P<0.05) ., FEALAIN— GOD B, % K FF gL KRB
PHIVER (P>0.05) , 1 K AEAEA B4 B EIVE R A i
KRR BPER (P<0.05) , HLEEE GOD ¥R i it 3 i i
VR FH B TR] 9 2 4 XoF K FF B A6 K % 0 a1 4R T 38 ¥ 48 5
(P<0.05) .

£ 1 AREKE GOD ERRE M BEX KT E EKHIHER

Table 1 Inhibitory effect of different concentrations of GOD and reaction time on the growth of E.coli 1gCFU/mL

215 Group 8h 16 h 24 h

XtHEZH Control group 9.23+0.03 a 9.40+0.02 a 9.54+0.02 a
2% %% B 2% glucose group 8.90+0.00 b 8.77+0.01 b 8.30+0.02 b
0.025 0%GOD 44 0.025 0%GOD group 9.20+0.06 a 9.37+0.04 a 9.50+0.03 a
0.012 5%GOD 4 0.012 5%GOD group 9.20+0.03 a 9.41+0.01 a 9.52+0.02 a
2% % E+0.025 0% GOD 4 2% glucose + 0.025 0% GOD group 7.19+0.17 e 3.46+0.15 e 0.00+0.00 d
2%% % BE+0.012 5%GOD 4 2% glucose+ 0.012 5%GOD group 7.66+0.05 d 5.76+0.02 d 0.00£0.00 d
2% % HE+0.005 0%GOD £H 2% glucose + 0.005 0%GOD group 8.13+0.10 ¢ 6.52+0.15 ¢ 3.31£0.01 ¢

T [RISAIRING bk 3R 22 53 1. 3% (P<0.05)

Note ; Different lowercase letters in the same column indicated significant difference ( P<0.05)

22 FREFEEHERITEN KT EEKBIMEER
FE 2 TR, AN (R3S MBI LT 1 X R i A 3
A7 IR (P<0.05) , B MERRFLAT BRI B KA 34

A PR I, RO 2 90 1 1 2 443
(P<0.05),

R2 AREHBERITEERREREXXEHTEEKINEER

Table 2 Inhibitory effect of L.acidophilus with different number of viable bacteria and reaction time on the growth of E.coli 1gCFU/mL
24 %) Group 8 h 16 h 24 h
X HEZH Control group 8.88+0.01 a 8.92+0.00 a 8.95+0.00 a
ERRFLAFES 1x10° CFU/mL 4] 1x10° CFU/mL L.acidophilus group 7.78+0.01 b 7.68+0.01 b 7.47+0.01 b
WERRZLFT I 1x10° CFU/mL 2 1x10° CFU/mL L.acidophilus group 7.61£0.01 ¢ 7.4620.01 ¢ 7.0120.02 ¢
WERRFLFT I 1x107 CFU/mL 2 1x10” CFU/mL L.acidophilus group 7.03+£0.02 d 6.48+0.01 d 5.35£0.01 d

T RPN TR 7R 22 57 1 35 (P<0.05)

Note; Different lowercase letters in the same column indicated significant difference ( P<0.05)



48 % 20 #1 AR EE B EHBBANEAERIATE 5 ) BB ST K AT £ K ey Irhl 45 A 97

2.3 AERE BBR XK EEKBIEER ME3 0]
PAF th AR (19 BBR X R A1 B 2B A< B4 i 28 14 4
YEHI(P<0.05) , f HLFf % BBR ¥ J3E 149 38 i A4 FH ek fs] £ 3
B S RIAT R A R R £ T S04 5 ( P<0.05)

%3 RERE BBR {EAARE AT EIXT K BB 4 K3 H1E
Table 3 Inhibitory effect of different concentrations of BBR and reac-

tion time on the growth of E.coli 1gCFU/mL

BBR ¢

BBR concen- 8h 16 h 24 h
tration // %

0.000 0 8.88+0.01 a 8.92+0.00 a 8.95+0.00 a
0.001 5 8.79+0.00 b 8.62+0.01 b 8.46+0.02 b
0.003 0 8.62+0.01 ¢ 8.07+0.02 ¢ 7.53+0.01 ¢
0.006 0 8.46+0.02 d 7.94+0.01 d 6.86+0.00 d
0.009 0 8.00+0.00 e 7.27+0.01 e 6.01+0.02 e

T : AP RN T REROR 225 .35 (P<0.05)
Note : Different lowercase letters in the same column indicated significant
difference (P<0.05)

24 GOD 5AFEFEEHERIATEFAGX KT EEKH
MHER i 4 7%1,0.005 0%GOD SA R w AU IE R

FUFF R AL G X AT B A 25 A i 1] (P<0.05) I H.
B TR LT TR R RS HE IR TS 18] A SEE £, 078 K
FFR A1 I 58 (P<0.05) o X BT UESE T (K #E GOD
ST FEROERRFLT AL S I R AR 5 mk B GOD A
I HA B PR R A

2.5 GOD #1 BBR 5ARREFEHHHERIAFEAGIKE
WEERKMHEIER MWL S LA H,0.005 0% GOD Al
0001 5%BBR 55 AN [ B AT FLAT B2 A HAT I A i ok
PR AR IR (P<0.05) o 15— AR sOBUA ZR AL A 46
ARG R BE Y — DR A5 BG4 i

2.6 GOD 71 BBR SRR I EN AR HE LUK A EKE
EEZXNKBIFEERBMEMER 2k 6w, IRk
GOD \BBR 5 Mg RRFLAT P PIAL 5 5% — & 45 LAl
J3E 1 45 5 ZON R AT T 45 HAT B i 44 (P<0.05) o
H, SRR LS O AR R, 5 150.00 mg/ke 5% K 1)
MHEBCRAY . 5351, GOD S RERRFUAT IO 2R 2175 A T4
PERIZCR , 5 75.00 mg/kg S AINRACR A o

®4 GOD EXREFEHBHEHRIITEASERR R BN KFTEEKIHIER
Table 4 Inhibitory effect of combinations of GOD and L.acidophilus with different number of viable bacteria and reaction time on the growth of E.

coli 1gCFU/mL

215 Group 8h 16 h 24 h

Xif HEZH Control group 8.87+0.01 a 8.92+0.01 a 8.95+0.01 a

0.005 0% GOD+EEFRFLATH 1x10° CFU/mL £H 0.005 0% 6.80+0.01 b 4.72+0.01 b 0.00£0.00 b
GOD+1x10° CFU/mL L.acidophilus group

0.005 0% GOD+HERRFLFFH 1x10° CFU/ml 41 0.005 0% 6.71£0.01 ¢ 4.59:0.01 ¢ 0.000.00 b
GOD+1x10° CFU/mL L.acidophilus group

0.005 0%GOD+FERRFLFFA 1x10" CFU/ml 41 0.005 0% 6.66+0.02 d 4.500.01 d 0.000.00 b

GOD+1x10" CFU/mL L.acidophilus group

T [RISUARING 558 28 57 1. 2% (P<0.05)

Note ; Different lowercase letters in the same column indicated significant difference (P<0.05)

&5 GOD #1 BBR 5REEHYERIITEHEERTR R EX KT E £ KEIHER

Table 5 Inhibitory effect of combination of L.acidophilus with different number of viable bacteria with BBR+GOD and reaction time on the growth

of E.coli 1gCFU/mL

2451 Group 8h 16 h 24 h

Xf R4 Control group 8.86+0.01 a 8.91+0.01 a 8.94+0.00 a

0.005 0%GOD+0.001 5%BBR+FEFRZLFTE 1x10° CFU/mL 44 5.90+0.01 b 0.00+0.00 b 0.00+0.00 b

0.005 09%GOD+0.001 5%BBR+ 1x10° CFU/mL L.acidophilus group

0.005 0%GOD+0.001 5%BBR+FERRZLFTIE 1x10° CFU/mL 41 5.71+0.02 ¢ 0.00+0.00 b 0.00+0.00 b

0.005 09%GOD+0.001 5%BBR+1x10° CFU/mL L.acidophilus group

0.005 0%GOD+0.001 5%BBR+FETRZLATE 1x10" CFU/mL 4 5.52+0.05 d 0.00+0.00 b 0.00+0.00 b

0.005 0%GOD+0.001 5%BBR+1x10" CFU/mL L.acidophilus group

T [RISUARING 5B FRoR 22 57 1. 2% (P<0.05)

Note ; Different lowercase letters in the same column indicated significant difference (P<0.05)

3 iHit54ie

3.1 ¥E—BBR.GOD fIREBZFEMMEINGE /N
AN UM UL PR S BE  E d ESrA
TIRYLYD T R B /I B AR P ASE 8 2 30 /IN B il o] LA il /) LR
P22 CQB TR, I AT S A PRTER /N B 717 o [R] S B A1
ARG NRBET R BB TS KT i & @
AR TR (0 TR AR PR IR AR S MR | 25 L B /N B L
AINHNI AT TR (T3 93.96% ) 43 8 031 4 BR IR (PR

41.88%) [ 1A ER T (I 2R 34.28%) (VE ™, X 5% 0F
FEEEFAWI A o /NSERLA I AL AL I D B A R R
S BRI A ERE T, S A SR AR, O E
R EA P&

RO — TR SN, fE T — M A A i A
AR AR AT AL A, TR AR T 7 A
A B R FIRESS A WA K B A S sE A, A
AN R AT B U0 1T QR A5 & TR WA, T 2 it 4
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SN T8 b 2SS D S T AL IR PR i R
P = RRL A R ARk S G A K RN 38 B sh B LR BT IR
1 B e A A AR TG EE RIE A AR RS
FIUY S A R W BRI 0.2% Fi1 0.3% GOD

AT LA AR 4 B N B 0 R AT RS, S A B A
M Y FLRR BB . RS S R T GOD RS IR
5, 4 SRR W] GOD X KM AT s AV 7] FG T A HAT B A
TRIOR o ZFTESE R AR5 5 1 GOD 3R Bl B4y
A AT v A 4 B o

% 6 GOD #1 BBR 5EEIAFEARESREEREARE N BN ABTEEKAOIEIER
Table 6 Inhibitory effect of different combinations of L.acidophilus with BBR+GOD ,aureomycin and reaction time on the growth of E.coli

1gCFU/mL

2451 Group 8h 16 h 24 h
X HBZH Control group 8.83+0.04 a 8.88+0.03 a 8.93+0.03 a
0.005 0%GOD+IERFLFFH 1x10° CFU/mL 24 6.75+0.05 d 4.56+0.07 d 0.00+0.00 e
0.005 09%GOD+1x10° CFU/mL L.acidophilus group
0.005 0%GOD+0.001 5%BBR+FEFRZLFTE 1x10° CFU/mL 4 5.87+0.03 e 0.00+0.00 f 0.00+0.00 e
0.005 09%GOD+0.001 5%BBR+1x10° CFU/mL L.acidophilus group
0.005 0% GOD+0.001 5%BBR 0.005 0%GOD+0.001 5%BBR 4 6.87+£0.03 d 4.63+0.06 d 2.36+0.10 d

A ] e 5
0001 5%BBR+IEREFLIT A 1x107 CFU/ml. 0.001 5%BBR+ 7.52£0.07 b 5.92:0.03 b 4.67£0.06 b
1x10° CFU/mL L.acidophilus group
37.50 mg/L %5240 37.50 mg/L aureomycin group 7.10+0.17 ¢ 5.36+0.10 ¢ 3.80+£0.04 ¢
75.00 mg/ L 4% 2540 75.00 mg/L aureomycin group 5.36+0.10 f 3.80+0.04 e 0.00+0.00 e
150.00 mg/L 47524 150.00 mg/ Laureomycin group 3.87+0.03 ¢ 0.00+0.00 f 0.00£0.00 e

L : RIS NG TR R 28 57 . 2% (P<0.05)

Note ; Different lowercase letters in the same column indicated significant difference ( P<0.05)

I R AT TR — b b A5 5, T 2L R T 5 R B K
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JRAETHRE . Sartor'* 4l HIRERRFLAT B4 137 il 21k
TSREVEATIOYT, 45 W R0 O IR Vg MR FLAT B 1 77 24 h )&,
82% 14 £ 5 R VS BT kD, 2SR A G 53R T72 h
J& I BB BRI AR B IR . IR R
R, B — (14 G IR L AT T LA e 4 90 ) K B 7 2 K A A
I, HBEE ERRFLAT RG34 2, M B RCR B i o, 2
— Pl A R
3.2 GOD.BBR 5REESZL#F 5 A & 3 K B+ & 59 0 #l1E
A EARA— GOD BBR Vg B FLAT B AT H A K1 (4 3 il
KT B A A (5 fof P 790 S A 2 1, XA A 7 AR RS
s o R Az 2 — 3 B RR . 5348, GOD \BBR FNFE TR FLAT
BRI 3 A= S 25 AL el 45 = P RIVE AT,
X P m A AR R B AR A R

GOD A A A 4 4 b A Ao 2 B IR, oo 3% 5 i 2 e
TAEIREE , Y 5V RRFUAT WL & 1l 7 i N & 4 R Ak 57 st
A 2SR U, Rl s P pH BRI, S R A
B KRBTl et 25 A T I L SR e R
W7 HAR ARSI GOD R AS [RI R 13 ARG 1 fizs == fig pHL, {HL
XTEA 48 pH A1 70 B & 520 ; WA, GOD 38 HA B
A R AAT B A A AR B L TR RDOSUSE AT B 4
HIVEH . WS ERFLAT IR Tl Th AT R | R 2 il
25 AE B2 PR RE T3, , 5 GOD BT LA B BRI il
Mok RER

Wang 45" 4 i BBR 3 b 9k 2 I 18 3 7 4= ATP Al
NADH 2 I/ . Zhang 45" 438 /N SE G AE 5 18 fin 2L
HIEEERRNIRR F= £ e Y Blautia 1 Allobaculum 45 T J& %1
LA IE pH, R AT 00 AR RS, iR, 35

A TR R 2 U AT R L o B — A B
MIBTEEVE R FE40IES2 T BBR 5 25 A= B W [R1 0 4 K
FREAE R A R, 5IZ TR A R AR — 2
GOD 5 45 B TRRCAR LA M 45 2B T8 5 BBR BC{f A BRI 40 BT
YEFC A HSCHRIE (A GOD R ZLAT 14 . BBR — & P [w] X
KA A A IV T AR DRI . 2 4 R 3R AR
T PR AR A S A Tt AR Ve 32 8 TR 2L AT P 5 PR B /N B i
I, HAWEEAE S 75~ 150 mg/kg 8¢ R A, S IESE T =
B BCATRT R R B A= AR BB 0 A 5 RS ke, e
AR IE i A R A T — R DA I )
S Lk
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Xt 5 ASFRIRIC SR A B A=y R AR AT TR W], 25 B
AR AW DAL DU R e e, T B MR,
T BRI | LI AR SR L Y 38 3 T e A i H AR X A
TEREAR A Mo b b 3 2 B — S i Rl P AN 2 S 4%
AR A A Ay 2 AR R AR R FE AR, 38 S0% L L
EEORE I AR &, A RO E U, AR TS
PR L ITEZE ARAE Y RN I AL T 3 AR
TR 50 2 AR I 2B B A4 2 S A T4 3 b
VLAY 7 OB R TR L, A SRR SN TE R S, B ke
HANTR] 43 B2 Ay DXOPR AR T 7 A o 05 M B8 A S 119 2 e
fiE="

AR IRTC TR AN LEFIZE M LA e 5 22 5
[FILL T4 3 ANRRIRAR LE , AR AL 2 A Fp AR LR
AREE HORE A b R T A= A 0 S SR B B B4R AR,
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