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. AT X RARBEATE Lysobacter brunescens OH23 Wk K B /= 41 09 yuig #AT R0, KA H
KB ERBEE YRR AHEA SRR EN, FENABEERE AR AR ERESEFE
zé% KA B —F X OH23 RAME MR ER#AT T 247, K3 OH23 AWK AEE Y i X &

CEANRE. BEaE. ERAMIFESRINE T, EERBMIE (pH11.0) THMERERA. &
)%, KR H R RS E 2R IR oA OH23 & BB e R4 0 #HAT T R K, W4 € OH23 &/ K A&
MEMN T ERETR T AGREARE S /L. MR Sg/L. THEMIER 6 g/L. FeSO47H,0 15 mg/L.
ZnSO47H,0 5 mg/L.
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Study on the Antibacterial Activity of Secondary Metabolites from Lysobacter brunescens
OH23 and Optimization of Fermentation Medium
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(1. College of Plant Protection, Nanjing Agricultural University, Nanjing 210095, China; 2. Institute of Plant Protection, Jiangsu
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Abstract: In this study, the antimicrobial spectrum of secondary metabolites of Lysobacter brunescens OH23
was tested. The results showed that OH23 was a potential biocontrol strain with specific activity against
Xanthomonas sp. At the same time, the secondary metabolites of OH23 showed different antagonistic activity
against different strains of Xanthomonas oryzae. Stability test indicated that the active secondary metabolites
were stable with high temperature, ultraviolet light, protease and non-strong alkaline environment. However, the
antagonistic activity almost completely lost under strong alkaline conditions (pH=11.0). Single factor test and
orthogonal design were used to screen and optimize the carbon source, nitrogen source and metal ion of OH23
fermentation medium. The final formulation for high yield of active secondary metabolites included high
polypeptone at 5 g/L, yeast powder at 5 g/L, soluble starch at 6 g/L, FeSO47H,0 at 15 mg/L and ZnSO,4-7H,0 at
5 mg/L.
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TG Lysobacteraceae, J& T 3 ik} Xanthomonadaceae, y~ZJEHE 1. AT B B LA HE 2 AT
WATPE. B (GHC) %d i (65%~70%) , KHIT. gt

AT TR A0 B EL AT Ve s o) At 22 R 8 SR S A I Re g, AT SR I A AT R 3.1T8 X IR
Ji5 %% Pythium aphanidermatum 5T = HABAEN S P BEE AT 3 C3 W] LA 9718 t ST A 2 4%
Rhizoctonia solani |2 M FPEE R BORY: Pk WA B HS124 B3 HIBAEEm i & AP, wWFFE
ORI PERR T I Zh T 2 Fh AN 40 RO, B 32 B R D BLRENE P E R AEPUE R. , RERAT
OHI1 F=4) & HiH #¥Y))i HSAF (heat stable antifungal factor) A HUifi FF 4R VU AK 4 2 (2 75 44 B i

(anti-MRSAD ¥ WAP8294A27): i/ 2 FF IR OH13 A —F HLAT | R H0 40 4 3 Pk 1 5 myxin!™;

BWSATI L. capsici AZT8 F=A:1 2,5~ —FilWRIE X L% IS 8 Phytophthora infestans TG 5570 P
Plasmopara viticola BB FREHOETED VAT ATCC53042 7= 28k 22 T S5 40 1 #5 TR sm FS o s 1k 1
IR IR K7~ %) Lysobactin (katanosin B) [0, e kT 3 BMK333-48F3 7242 Z Rl Ik Kb &9
Tripropeptin, -H Pk 5L % 55 K 1) Tripropeptin C % T2 22 [ BH I 41 B (1445 5o Pk fse sl 214

WA — R TR R B AR 401w, H ¢ T AT i R IE 3 2L T BT 18 . AR
FF R R BR B AT B, T 00 T AR AR AT TR R 5 0R AR /D o ARRR AT IR T 1978 4F 1 IR B i 4» 285 5 {X Sangnoi
15T N vk JK 43 B 45 31— BE AR BV FT 18 RPDO027, RIS 8 ELIRE Vibrio choleraes KJGFF 18 Escherichia
coli~ & A% IK I Staphylococcus aureus 55 7 P EUN W TCHEPUR . Rk, FRATOASER A B 05T
ARTFEEWMETIEGE R, 2B B A G4 & 1) F R PR (IRl . ARRRIAE AT IR OH23 @ ARSI % MAE
YRR B 3 B A 2 1) — MR A PURTEMER B AR, D T WL R RO AR N I D, JEAT AR, K
P = e R D5 S B PR I B AT s SRR PO v, R HN R B R (B R R R
D BEASEE, B el 1w AR DU B ) I R R IR 92 8, R Ja S AR AR T B VAU = A 1) 70 28 55
DA S IR N FH R A T a6 A e AR
1 #R5RZE
1.1 #F
1.1 B4R SRR OH23, /KRG B M 4 5L B Xanthomonas oryzae pv. oryzicola % #f AH.JS. Strong .
Weak Il Moderate, 7KF& 955 B X, oryzae pv. oryzae HHk GD401. GD414. JL33. YNI1 Fl YN24, Lt
B RR S HAC SIS 2 0 25 S RIRAT . FLIRFLEKEE Lactococcus lactis subsp. lactis WK SLPE1-3. HF 5258
P B P SR BUR R X campestris pv. campestris. HEE S HL R ON SEUR AR TR X, axonopodis pv.
glycines+ VGJRMEIR B Acidovorax citrulliv T FAR M BNEUR LR MK R Pseudomonas syringae pv.
lachrymans 4 ¥R ZERE « B KW R Erwinia amylovora. K540 # L PEZ Wi B8 Pseudomonas syringae
pv. glycinea~ KNJHT R B FK Topl0 5595 i IR pa RIS Hh A S G S AR ORAT
112 Rk JERERIEIL. BRI 5 /L. A 10 g/L. NB WAKEIR3E: 24 N8 3 o/L B 1K 10 g/L.
JERE 10 g/L. FEBRRRY 1 g/Lo LB AAREFRIE: s 10 g/L. [EHR 5 ¢/L. NaCl 10 g/L. MRS ¥k 57
B EAMR10 gLy 4 E 10 g/L. BEREK 5 g/L. M4 20 /L. FrERE R 2 /L. LR85 g/L. itk
#-80 1 mL/L. KoHPO4S5 g/L. MgSO4-7H,0 0.58 g/L+ MnSO4H,0 0.25 g/L. [HARE FREAE AR TR )7
FEfk BN 16 /L B
1.2 MFEIESR
121 ABRIAKFMHTFERES KBIAMRILEKE SLPE1I-3 HEE MRS [H4- 1M _ERlditit, 28 CHE
36 ho U RVE LA E 50 mL MRS WUAE 7RI, 28 CifEIE IR 4 ODgo=1.0 % .
122 KpAFH Topl0o MFHE S KA EEE Toplo HlB7E LB M- LRI, 37 CH
7% 36 ho HUR RPN 4 50 mL LB AR5 97384, 37 "C. 180 r/min £57# 4% ODgoo=1.0 # .
123 HABERMTEIESR KRS E OH23. /KRN # 1 4300 B A& (Rs105. AH. JS. Strong
Weak. Moderate) . /KRGEMAIREBEE (PX099%, D401, GD414. JL33. YNI. YN24) . Bfjhisss i
JY T S e SR O A A e B e L TR R O A A TR TR B T A R M TSSO A AR R &R
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S OAERE . ALK . KA R TR BEEE sRH B 2 BITE NA AP RIS, R e
%, WURREEA A 50 mL NB AR FR 564, 28 'C. 180 r/min K577 4 ODgoo=1.0 % H] .
1.3 HEHEMENE
13.1 OH23 LW ABRMH & K OH23 Fh1it% 2% (viv) R 2 50 mL Akl 7R5Ed, 28 °C. 180 r/min
F9% 48 h, 6000 r/min 250> 15 min, A 0.22 pm 40 % &84 98 Fi s, A8 T-80 C#& .
1.3.2 OH23 KW A B 301 % KO KRS 3 5 BB A ] W AR AE 08 e 2 A9 ol H 1.2 el 4% 1005 Jod vy
TB 300 uL, JIAZE] 100 mL NA [R5, dUdRAI s . I EAS 6 mm FIFTfLAS e 97 L
FTH9L, FKH 25 LF ¥ 30 uL OH23 TG B R IREBE NAL T, DASEAAFA) NB £577 5581 200 png/mL Bt 5 45 22 AF
IR, 28 CHEFE 48 h, PFEHN R PE 112, OH23 Jow KIS KT 18 Topl0 MIFS PTG HER I 751k, 5%
¥ FIRH) NA BAREFRIE N LB MRS FAE, HRITEAA . KAEDURE Y FUAE E PE 53 b 35 7= A
B Y41 UK RGN B8 1 4 BE 18 Rs105 1 A 4R7R 18
14 REMEYREEES
141 #AAZEM L OH23 LW AW 1| mL T 1.5 mL EP 4, 43 %ILL 30 °C 30 min. 50 ‘C 30 min. 65 C
30 min, 85 ‘C 30 min. 100 C 30 min. 100 ‘C 5min ZK¥ALEE, DLARALFEAEXT M . 43 Jol R i g v vk
I RE 3 MEH.
142 pHAEM HLOH23 LHE AWK 5mL T 15 mL &.0%, 2% pH £ 3.0, 5.0, 7.0, 9.0, 11.0,
B 1V EARIEAE AR, SEIRBCE 1 h 5, FRBEEN pH B8 7, H 0.22 pm 48R JESR 98 501
R s, R E 3 AN ER.
143 E4MAEM B2 ANEHEEFRI, 225N 15 mL i) OH23 W RIER, — 4T JFIL o5 & T8 T
YEG 25 W AT F 60 cm Ab, 10 R IRSSALEE 1 h;y DUASR SN SR TG T8 A BB et I e 43 S G 03
W, R E 3 AER.
144 ZEABAEE B OH23 LH AR 1 mL T 1.5 mL EP &, 70 5 FH& M &y 100 pg/mL HI4E H i K.
R AN E BEALEE, R UEE A IKVEX IR, 37 CCALEE 6 ho 20 SR INME S TE, R RE 3 A E
=
1.5 EFERLERRERR
1.5.1 #BRIFEMmSE LAl Ede Ry 10 /Ly BKR 10 /Ly RS 6 o/L. 22250 6 g/L. JobE 6 o/L. Fi%i
Bl 6 g/L Bl TR b RERE, SLAb R AR, KRR AL pH BTN 7.0, SRJ5 121 CKPEE 20 min. %
W 2% (v/v) $RP OH23 R 71, 7 180 r/min. 28 C&AF FRiFE, 00T 24, 36 A1 48 h Ml & ODggo 1H
RS TG B R BB A e v 1, BN b 3 AN
152 RIEMFE DB EREANE 8 g/L. (NH,),S042 g/L. L-ARE MR 2 g/L. NH,C15 g/L. - NH 5 g/L.
FERENY S /L OK S @/L. SEANE S o/L BiIEmtis it b BRI AR, A4k Lo A AEEE 3
ANEH,
153 ABBETHE  4DIEHEEH LUE 25 mg/L 1] FeSO4 7TH,0.CuSO47H,0.ZnS04 7H,0-MnSO,-H,0,
0.5 g/L MgSO47H,0+ CaCl,, 1 g/L KHyPO4. NaCl LK IG5 (4% ZnSO4 7H,0 0.14 mg/L. CuSO47H,0
0.16 mg/L. FeSO,7H,0 0.15 mg/L. MnSO,H,0 5 mg/L) FIFERIESFRIE, LAIATR N4 e 3 1 FEmbBs 93
VEJ X, AR A o B 3 ANER.
1.6 EFERLERZREET

DART SR e A 1 A B, DA RRR R 2R d I RAE D &R, BA FeSO4-7TH,0 Hl ZnSO4 7TH,0 154 43 )& 125
To KM Ly (3% IEATERHHAT 5 NZK 4 KFIESRE, It 16 MRAKA AL, I N 2P REE N 1.
BEFRAAER b, AR 3 AN ES

2 HERSN

2.1 TIEBMFE OH23 AE Mgt
M 1 ATLLE Y, ARSI AT B OH23 5537 48 h (K70 18 A T BT 3ol 52 2 PPt 1 S50 A8 Rl L 7RG 1 E Ay
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F1 TEBTE OH23 REEFEMUER KB RITERKT

Table 1 The factors and levels of orthogonal experimental design for medium optimization of strain OH23

7KF/BR % Level/factor 1 2 3 4
Hipolypepton 2 3 4 5
R RFKY Yeast extract 2 3 4 5
ATEPEIER) Soluble starch 6 8 10 12
FeSO47H,0O 5 15 25 40
ZnSO4TH,O 5 15 25 40

OH23 L i
Sterile supernatant of OH23
e .

g <&

54 S
=t @ e -
£ :
R3 Rt |

a £

@ ”

OH23 K4 i
Sterile supernatant of OH23

14 i [R5 % % Streptomycin sulfate B OH23 K ¥ OH23 fementation broth

_ a b

g ¢

3 12f d n

%1.0-

%o.s-f £ - £

& % N j

| 04y \\ \ k 7

= TN AR \

= IR NN 8 N

2 o B 8 & 8 8

= N N R N \

= LR BB NN N N
E G J K

FEPUHFE Antagonistic strain

A: X. oryzae pv. oryzicola Rs105; B: X. axonopodis pv. glycines; C: X. oryzae pv. oryzae PX099%; D: X. campestris pv. campestris; BE: A. citrulli; F:

Erwinia amylovora; G: P.syringae pv. lachrymans; H: S. aureus; 1: P.syringae pv. glycinea; J: E. coli; K: L. lactis subsp. lactis SLPE1-3

Ve P ERRNG S RERTE 0,05 ACPIE SB35,

Note: Data with the different lowercase letters indicated significant difference at 0.05 level.

1 THAZAFTE OH23 TE A BERY 11 Fivs R4 E 35 JuE T

Fig. 1 Determination of antibacterial activity of OH23 fermentation broth against pathogenic bacteria
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T PXO99™ bk, /K FBAN T PE 4« BET B Rs105. B &3 5 i 1 K & B0 A8 F HAT W) S5 AR5 500 1k
T PR R 1 T 7 (B I o MO A A IR R . o R A Bke . ALK . K A witEsts
W KIAT 3 L FLRR FLER A B F5 P0G 1, SR WXV AT B OH23 B 77 A= e R 40093 i 345 B it 1 L AT
B SRS PR VE AR . e Ah, R L 200 png/mL B R BERE S AE IR, ST RE RN LAE
AT B OH23 48 h JE B & T VO 7K G 40 11 1 4 B 81 /A ReG 1 Tl s R 1t 5 o i 8 K o 3800
AR Fh B PO P B 2 5R T 200 pg/mL BREREER R (P<<0.05) , XU WS AT I8 OH23 HA B KK
ERNA R
2.2 THRBFE OH23 AEE=HIMKIEE BMEARRERE A

OH23 48 h JLIR K IEMBURI 200 pg/mL i R EE S 25 10 MR/KFE S8 SR I B 10 A R Pvb itk , (H2 19 3 5 A [
JRKRE PP B (RS PO YEARAE W B0 25 5%, OH23 JC 18 R BB 7K R 401 1 1 4% B3 B4 8 £k AHL. IS Strong
A1 Moderate [FF5HTE PR B 08 T 200 pg/mL BifRHEERE 2 (P<<0.05) , OH23 Jow KB T 7K Ak
J9i B AR GD401. GD414, JL33 Fl YNI [45 PG4 83 55 T 200 pg/mL MiEREE#H R (P<<0.05) , Xtk
W RFAT B OH23 X 7K R 4N B 4 4% BREG 141 (1 5 DO R B0 T /KR8 R i (&1 2D

OH23 Hi# L3
Sterile supernatant of OH23

€] .
£ £
# 3 «wag
3 = E
= @ @ :2
s 252
Rz €eQ
5 2

® §
OH23 T i

Sterile supernatant of OH23

F5¥ikE 2142 Radius of inhibitory zone (cm)

JS Strong ~ Weak Moderate GD401 GD414  JL33 YNI YN24
FEPURE Antagonistic strain

e B EARRNE FEEORTE 0.05 K TP ZERES . R
Note: Data with the different lowercase letters indicated significant difference at 0.05 level. The same below.

B2 FARETE OH23 3 10 HRokFE & B R A HUS 1

Fig.2 Determination of antibacterial activity of OH23 fermentation broth against ten strains of X. oryzae

2.3 TR E OH23 REMEYIRIAE
B LA RN OH23 To b KA A B iE e A 3% =% (P>0.05) , 100 ‘CAb#! 30 min &, 5T
B4R NIRRT 13.61% (P<0.001) . #4k BF, OH23 Pe/Efk ATy Rk #Ga e et (B 3A) .
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OH23 KW K AE4 d pH 3.0, pH 5.0, pH 7.0, pH 9.0 4bFH )5, OH23 T KA A ENE K 1H
FasEs HAE pH 11.0 BYSRBRESAT T, OH23 Jow KRB g 1 L 758 4k k. 45 L3R OH23 F= A1
RAPUR P RAE AR R A AT T 2R e 1), ARAEsmmsctE F At e (B 3B)

S A R AR I OH23 Jo 1R K BV A AR 48 55 AP ST AL BETY) OH23 TG B K IR (1) 490 1 4% 1 0
BEZER (P>0.05) , UtHH OH23 ALK A PUBE P TN K /M 6EaE, ReiE ALK F RS rh i 58 41
W (B30 .

SR AN K. A BRI A BB OH23 TG R BB A 48 8 (g AL PR Y OH23 o B K IR
FIFIR T ZE A EE (P>0.05) , i OH23 F=AE IR AP Y o & Al e . RN, 40 OH23 7=
AR P T T e AN B AR (B 3D) .

A 18 B lér
. | ns ns ns —_ L ns ns ns ns
g 1o = = = = s s g M4 = e == = ==
S 4t = == e
2 * ) 1.2
g 12f i S
el ; ’ ual > LOF
5 1ok -
El EE 08f
=2ZE 08} BE
5 EE o6f
S 06 b
2 04} £ 04r
< 1
& 02t & 02
k%
0 1 1 1 1 1 1 ] 0
CK 30C 50C 65°C 85°C 100°C 100°C CK 3 5 7 9 11
30 min 30 min 30 min 30 min 30 min 5 min pH
HALFE Heat treatment
C 1.6 - ns D 1.6
~ 14} - - = 14} ns ns ns
g g =
N2 2 —
o 12F o 12F % %
=] =
@ s 1.0 @ s 1.0
= > Vr Naj OFr
- +E
|3 08F B35 08
g B E
= o06f HZoo6r
(=] =]
2 04f 2 041
= =l
< <
& 02} &o02F
O 1 1 0 1 1 1 ]
CK UV Light CK Proteinase K Pepsin Trypsin
HAHMEBE UV light treatment E FBFALPE Protease treatment

¥ ns AARMBL G URTE B3 2 5w, 3 JIAREAE 0.05 F10.01 ZKF# 7 B3,
Note: ns indicated no significant difference between treatment and CK. * and ** indicated significant difference between treatment and CK at 0.05 and 0.01

level, respectively.
3 BE (A) . pH (B) . £5Mt (C) MEBEE (D) 3 OH23 RENRB YN EEIEHZ M
Fig.3 Effects of temperature (A), pH (B), UV (C) and protease (D) on antibacterial activity of secondary metabolites of OH23

2.4 THRBFE OH23 AFEEFEMMN
241 HEEFMRA AEPIHE OH23 78 R WE/E BRI B FR I h A KR AR, FERENE. 222008 DL R4 B E
TR PR B R T A KO AR, T A TV IR SR A1 KR A A Bt i) B 7R B op L IR S 0, P DAIROdE
BEAT ODgoo MIIE (11 4AD o LAFTVEFPEVER A IR TR 48 h Jo i A BRI B el A K, TAF) 1.13 em (]
4B) o DHUL, JEFE AN TERE R B TR AR IR T IR AL

WA RARW], RBE R OH23 IR0 3 B U PE I B ZE N 3o AR AU U A %)
>R AR > B RERY > B N E > AR > L2, OH23 7E NH4CL A1 (NHy) SO, 7 b U IR s 7 4k
AR, XTI RIE T I AR B TR M R R R IR KR (P<<0.05) (] 4C) o HigR
48 h 2P RS SR T R A IR BIL P A2 DK /NGy P RSy > e B A R > X L 2 AR > SRR
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24h O 36h @ 48h
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15+ =

1.2 a:_
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| § | S |

BERRG R THER Eg ALHE T B

Basic medium Sucrose Maltose Fructose Glucose

ODgo0

08 mm - T _‘I-'E
= =N ‘} o ‘} 8
04F

02F

4708 4% Radius of inhibitory zone (cm) w

SR A ek & 4 P I W PR Tk

Basic medium Sucrose Maltose Fructose Glucose Soluble starch Corn flour

Ea

ODgo0

0.8

0.6

02F

" " PR o I s Y " " " |_I—| =
FEmtRE IR A FA: TR L L-B5IR T NE Atz R R H I
Basic medium NH,Cl (NH4)2SO4 L-glutamic acid Beef cream Yeast extract Hipolypepton Peptone

FE4U 2142 Radius of inhibitory zone (cm) o
f=}
[=}
T

041
0'2 - §

0 ™~ o o P o o
RS S A TR L-B5R AH iEabz iy i JE A MR H IR
Basic medium NH,CI (NH,4),SO4 L-glutamic acid Beef cream Yeast extract Hipolypepton Peptone

fif ¥4 Carbon source
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24h O 36h B 48h {

251

ODGOO
&
H
1Y

1.0r

JRE . | .mﬁ

HEREEFEHE FeSO47H,0  CuSO,7H,O MnSO4H,O  ZnSO,7H,0 MgSO,7H,0  KH,PO, NaCl CaCl, JNHICH
Basic medium Trace element

=5}
—_
o~

12F T -E

cm)
o
A
kA
|
|
21
|
=N
q
=)

0.8F

0.61

0.4

=

0.2F é
0 1 1 1 1 1 1

RS FeSO47H,0  CuSO,7H,O MnSO4H,O  ZnSO47H,0 MgSO,7H,0  KH,PO, NaCl CaCl, JNEICHR
Basic medium Trace element
42 )8 BT Metal ion

E 4 FEKE. BiF. €EBEFX OH23 A KEFMXER G F=YRHITEERZIN

Fig. 4 Effect of different carbon source, nitrogen sources, metal ions on the growth of OH23 and antibacterial activity of secondary

F5 9L 2112 Radius of inhibitory zone (cm)

metabolites

u%t%ﬂmﬁﬁE%Wﬁ%%ﬁﬂEM%-k%ﬁm#?l$éE%k$u LA LR AE A RE IR AL 1
T R BRI RSP R (P<<0.05) , 70514 1.23 F1 1.2 em, 23 FEXT MK 2.46 F1 2.4 1% (& 4D) .
I, BRI BRI 5 2 E R A 3 R 3 AT I A

TENIA CaCl, (35 5E T, AEBI R OH23 71 3 /NN s (1 A K 32 4 B i (18] 4B ) .48 h ], ZnSO4 7TH,0
A1 FeSO4 7TH,0 X T RS UG ME TR THICR Sk, BN B 7380 T 121%40 132% (K 4F) o B,
1%#E FeSO4 TH,0 1 ZnSO, TH,O 1 A3 I3 1 43 Ja B 12047 J5 844k o
242 RAEHXAH)ERRK WU ERFFREWESER, EREBEEAN. BEEPR . T8
FeSO47H,0+ Lh M ZnSO47TH,0 R INHEHREE, FELAKTFE 48 h 1) OH23 JLH K AN Rs105 ISP HEAE N
TERMERE T IEATIRES 45 R R W], FeSO4 7H,0 X} OH23 TG 18 A& AT 3G M M 5= B 5 i dpe K, HLvk& T
WEVERT, RIREAR. ZnSO,7THO FIRERER 5L MAHX 8L/, SefERCILZ1 50 A4B4CID2EL. (A,
MR LRI 4 il e (AL G B R R T A s R B AR S g/L. WERkRy S g/l mltEied 6 g/L.
FeSO47H,0 15 mg/L. ZnSO47H,0 5 mg/L (£ 2)

3 it

H TP 2 A 24 K TF I 77 v A Ml 00 T 1 2 Bk ), RO i e A A A S R B R R 1
w7, AR R B e AR B Ay U AR AR 25 B A AR FIPLEIRE . PR
PEAF RS AL TR I () R RS20
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F2 BHFESESEILMUMERRESERRIENSH

Table 2 Orthogonal experimental statistical results and evaluation for every proportion of medium

No. of experiment B R T EERY TR FeS0,7H,0 ZnS047H,0 Radius of inhibition
Hipolypepton Yeast extract Soluble starch (mg/200 mL) (mg/200 mL) zone (cm)
(g/200 mL) (/200 mL) (g/200 mL)
1 0.4 0.4 1.2 1 1 1417
2 04 0.6 1.6 3 3 1.217%
3 0.4 0.8 2 5 5 0.000°
4 04 1 24 8 8 1.333%"
5 0.6 0.4 1.6 5 8 0.000°¢
6 0.6 0.6 1.2 8 5 1.267%
7 0.6 0.8 2.4 1 3 1417
8 0.6 1 2 3 1 1.250°
9 0.8 0.4 2 8 3 1.250°
10 0.8 0.6 2.4 5 1 1.450"
11 0.8 0.8 1.2 3 8 1.600°
12 0.8 1 1.6 1 5 1.233%
13 1 0.4 2.4 3 5 1467
14 1 0.6 2 1 8 1.167°
15 1 0.8 1.6 8 1 1.350°"
16 1 1 1.2 5 3 1.567¢
K1 3.967 4.134 5.852 5.234 5.467
K2 3.934 5.101 3.800 5.534 5451
K3 5.533 4.367 3.667 3.017 3.967
K4 5.551 5.383 5.667 5.200 4.100
k1 0.992 1.034 1.463 1.309 1.367
k2 0.984 1.275 0.950 1.384 1.363
k3 1.383 1.092 0917 0.754 0.992
k4 1.388 1.346 1.417 1.300 1.025
R 0.404 0.312 0.546 0.630 0.375

i R EARVNG FRETRTE 0.05 AV Z57 B .

Note: Data with the different lowercase letters indicated significant difference at 0.05 level.

FEREAFT A OHIL. HUA: 1A OHI3 S5y FF i B ZE B Al s 8 LA il | itk s Heam v, A e
WEFT A AR AT # OH23 FI'E AT A W25, OH23 & —Hot F A IR 3 B i i FL A7 e e MRS b v
FIAnEE, JF I 48 h Tow KA T /K R 4N B PE 4 BE I AH Xoc. IS Xoc. Xoc Strong. Xoc Moderate %5
BB RS DU B TR T 200 pg/mL BiREERE R (P<0.05) , ULH] OH23 IRARE ™= 4ht e o i 1]
BRI o

A 17 R R PRI RS P — S A PR G T ) S AR TR R ) 1 PR 3R, T A A B v e 1 R a8 ALl
IS FH A S R A 1 S AR P DR, AR 2 2 A N A A B A B A o R b o 1 )
BRI A Pyricularia oryzae YENFRE7RE, 0 P~ BB C3 AR AR ™) HSAF BT 5 1R
PR MEREAT TR, B0 HSAF XRHR. il 4. HARMA R MkE b, sk SPIar T7xs
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¥4 o 38 A= A< 30Ky 8 Listeria monocytogenes 4S5 & Aeromonas veronii R4 3 (67 % BK & HLA HL4F
FEHUE M A 2R 18 Micromonospora endolithica Y15 @GV TR E 2 P, KL Y15 $H 3G M i ofE
-20~60 CHIFEEMEREE, 15 80~120 CiEMHZEMW FFE; 7k pH 7.0~10.0 FVEIETEREE, 7E pH 2.0~6.0
A pH 11.0~12.0 FWEFEHERIAT BT R B Y15 JBE MY To0 T 4R SRR 1 Mg AL B AR R o Wi )
LAY B NN 1] Phoma foveata JNEERRIRAK, ) sy FEHEHUR B N A2 41 16 B-401 0T 4 i i Ag e MEREAT 1
WE9T, RILBEPE B-401 Y 5o 25~90 C A RUFAR e, ISR T 75%, X RRER: FI2E
HMBESREIE , AHXPIE IR I 77.45%F1 98% LA Fo TASCRIFFE I AR AT B OH23 77 AL I I AR B B ) JBo0)
ml s SAMGHL RN, AREmREEIEE RIASE, AR PEINE (pH 11.00 FEPUEMEER, AL
SRR EE B T HE— BN T, R AR T LA TR R e IR 23K

M TR I AT TR OH23 W& PR IR AR 7~ Py 7= E B A (1) A A AN B2 TEAH DG o A2 B e 1R
BATR A SRR IR 56 OH23 WK I lf, K57% 48 h 1) ODgoo 1E AT LLIA 2 1.34, 1743 1 LA =1 28 & (1 i FH
PEREAS S RIS, 1597 48 h 1] ODgoo 73 5l A 0.841 F1 1.025, HE L I RV PRI 4 a1 181 142 400 43 i) o it i
FRIL) 2.46 N 2.4 1% 55 DU A4 B bk NI-18 IR B4 Tt s B T AU IR S . EAh, i
VAT A e A0 G il A o K BRI, I LLASSCABT P AR o A e 1 R SR RO B B 4R b o ANl K
SEAERRINFAT T R IR B B o BEATARA, 35 SEAE R T rh ik — 2D BOIR IR, [N B . Heph i
PH. i J3E B RN 1) S5 R W 45 et T4 T A 7 0 TR A 7 4 ) 7= et A7 S A O rl,
EFTALRKBESRAT BRI, I HITE A A fr it — 0 o B4 e .
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