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Abstract: [Objective] In order to raising the antagonistic effect, the growth conditions of
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biocontrol strain CNY-04 was optimized. [Methods] The growth conditions of the biocontrol

strain CNY-04 were optimized by response surface methodology basing on single factor tests.

The growth curve was also measured. [Results] The optimal culture conditions of the biocon-

trol strain CNY-04 were determined for 0.5% glucose, 2.0% peptone, 0.1% yeast extract, 0.5%

beef extract, temperature at 32 °C, pH 8.0, speeding at 150 r/min, the incubation time of 48 h,
inoculation amount of 4%, liquid volume of 75 mL/250 mL. The ODgy of CNY-04 was 2.907

with the optimal growth conditions, consistenting with the predicted value. The antibacterial

circle diameter was 44.5 mm, improving by 30.9%. [Conclusion] The optimal growth condi-

tion of the biocontrol strain CNY-04 was identified, providing a theoretical basis for enlarge-

ment of production.
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BA A L T Box-Behnken X560 &40, %4
BHTE CNY-04 3552 55 ik g 45 R i r 28 ik
5000, WK e s i 35 5500, ix e
RACE = AL P BER,

1 RS
1.1 ##

BHKP AR T IR 3E: AR CNY-04 ., JKE S
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Table 1 Design of factors and levels for PB experiment

FSES K-
Facter Level
R 28 fik(-1) i (+1)
Code Parameter Low (-1) High (+1)
A AT / /
B 4R (%) 0.25 0.75
C R (%) 2.00 6.00
D BEEEE (%) 0.05 0.15
E %k 3 (r/min) 130.00 170.00
F A E] (h) 48.00 72.00
G HEER(%) 1.50 2.50
H pH 6.00 7.00
J IREECC) 24.00 28.00
K LY (mL) 50.00 100.00
L HEHE(%) 0.05 0.25

1.2.3 HRKEENE: FERMIMERFLT, &
BiiTR CNY-04 75 & B se b gs, B0 2 h I
2 mL ¥552, MEE ODgoo, [RIAEERR 12 h I 7
PN

1.24 HEFITH4: RH Design-Exper 8.05b
B4 N ) Box-Behnken i36% 1 248, X4
BitA CNY-04 3558551 nyik s g R ik 1y 240k
545381, N SAS 9.1 G4 M sk 44 Ak PR
LR EE

2 HZRE59H

2.1 Plackett-Burman it iAEEZIE H
TEEA R 0 il |, SEHOS R ERZ IR T 10
MHREEERE B BERRE | w2 iHE
PR . pH. JREE . 2 . Fhi), TSR
B N=12 K1Y Plackett-Burman it3, 2% &N &R
(19 FR0ON NS BEAE I —HAER, 1 S 2520
HEGR 2)o KF-LEMTHE REWI(E 3): #H
I FERLAT 0.064 8<0.1, JRLER M 0.038 8<0.05,
pH 2 0.044 6<0.05, BP5ZMEXHR IS5 R 5
KT 90%, HREEA pH X045 SR i 52 ) K
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Mo i DX J, SEEG TR ZE RN 4 PR, 7656 2
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Bf ODeoo B K, LG R AL, ODgo A
Wi/ o B LAER 2 SIS O A A e Ry
Ok, HEAT A TR o
23 HULHEREIEIT
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Plackett-Burman #1351 3 ANEZE R R AL 3
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I W TR AT o e 12 AN SO RS, 3 A4
RE, FEERER 3 WM R, 5L
BT FMEER WA 6, NIFLLREIHME 57
2& o MRS B -
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2 N=12 ¥ Plackett-Burman (PB)i 38 i% it 5 M5z {E F*

Table 2 Experimental design and response of Plackett-Burman (/V=12)

=

}i? A B C D E F G H J K L ODgyo
1 R 1 -1 1 1 - 1 1 1 -1 1.987+0.013
2 S | 1 - 1 1 - 1 1 1 1.761%0.106
3 1 -1 1 1 T R 1 = 1 2.008+0.023
4 -1 1 - 1 1 -1 1 1 TR R 2.156:0.015
5 -1 1 -1 1 1 -1 -1 -1 1 1.132+0.012
6 1 1 -1 -1 - 1 - 1 1 - 1.423+0.033
7 I I I I (A I R BN 1.25640.025
8 1 TR R i 1 1 = 1 2.008+0.016
9 il 1 1 S S | 1 - 1 1 1.875+0.067
10 1 1 -1 1 1 -1 -1 - 1 - 1.42120.133
1 S T R 1 1 1 1 1 1 1 2.056:0.018
12 1 - 1 1 -1 1 1 -1 -1 - 1.098+0.033

[ R b CI R R C2 AN

Note: Data in the table are x=+s.

% 3 Plackett-Burman & 1189 & F Z K & S EMN

Table 3 Factors levels and effect estimates of Plackett-Burman design

15 K% F{H P{H

Code Facter F value Prob>F
B 4R (%) 0.97 0.504 2
C PRl (%) 55.03 0.085 3
D BB (%) 8.92 0.205 7
E 9 (r/min) 76.59 0.072 4
F At E] (h) 79.83 0.071 0
G HER(%) 36.87 0.103 9
H pH 202.83 0.044 6
J 1R (C°C) 268.06 0.038 8
K A& (mL) 31.96 0.111 5
L HIEHE(%) 95.99 0.064 8

R4 EBEMCHERLEIRITRERWER

Table 4 Experimental design and the results of steepest ascent

7259 vH [
e i HREE o
Glucose (%) Temperature (°C) X ODgpo
No. 3
X X,
1 0.25 28 7.0 2.138+0.106
2 0.50 30 7.5 2.418+0.167
3 0.75 32 8.0 2.089+0.033
4 1.00 34 8.5 1.873+0.136

T R PR PR R 22

Note: Data in the table are x=+s.
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Table 5 Coding of factors and levels

S K Level

Facter =1l 0 +1
IR 0.25 0.50 0.75
Glucose (%)
1 B2 (X2) 28 30 32
Temperature (°C)
pH (X3) 7.0 7.5 8.0

% 6 N=15 B Box-Benhnken iR I& 1% it

Table 6 Result and design table of Box-Benhnken (/V=15)

ri: X X X3 ODs0o

1 1 1 0 1.958+0.067
2 -1 0 1 2.516+0.133
3 0 1 -1 1.899+0.023
4 0 0 0 2.416+0.056
5 0 0 0 2.435+0.167
6 0 -1 =l 1.679+0.033
7 -1 0 -1 1.685+0.015
8 1 0 1 1.965+0.125
9 0 1 1 2.614+0.067
10 1 -1 0 1.746+0.033
11 0 0 0 2.456+0.167
12 1 0 -1 1.791+0.033
13 -1 -1 0 1.679+0.067
14 0 -1 1 1.798+0.126
15 -1 1 0 2.649+0.133

T R B PR

Note: Data in the table are x=s.

2.4 TREVAMES 5B EHF XF ODgoo FISZMHHRIR 8.7, B PR X R AR 19

iz FH Design-Exper 8.05b # /4% 3 6 i 5055 4
HEAT RN SA, A5 TR
Y=2.44-0.13X,10.28X,+0.23X5-0.19X, X,—

0.16X.X31+0.15X,X;-0.22X,>-0.21.X,>-0.23 X5,
AT W TR IR A Ty 2500 . A5 RN, X
LAY BEAR by M f B IR 5 o 1 A8 Sk, s B R
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x7 EEARHEZEMERE

Table 7 Regression coefficients and their significance of the quadratic model

A EX i PR FAH P{H
Variable Coefficient estimates Standard error F value Prob>F
X —-0.13 0.017 64.20 0.000 5
X, 0.28 0.017 276.37 0.000 0
X3 0.23 0.017 189.99 0.000 0
XX, -0.19 0.024 64.56 0.000 5
XX —-0.16 0.024 48.50 0.000 9
XX 0.15 0.024 39.91 0.001 5
XiXi -0.22 0.025 78.83 0.000 3
XX, —-0.21 0.025 72.98 0.000 4
XX -0.23 0.025 86.61 0.000 2

Note: R=99.44%; Adj R’=98.44%.

x8 MPEAAREMAESN

Table 8 Variance analysis for regression equation

Ti 2R FI 1 EE LB SR PR T F{& P{E
Variance sources Degrees of freedom Sum of squares Mean square F value Prob>F
J

s 9 1.980 0.22 98.91 0.000 0

Model

%‘ﬁ 3 1.180 0.39 533 0.016 3

Linear vs Mear

i . 3 0.340 0.11 1.93 0.203 8

2F1 vs linear

xﬁﬂffﬁ 3 0.460 0.15 68.90 0.000 2

Quadratic vs 21

et

ﬁi%ﬁié 5 0.011 2.225E-003

Residual

R 3 0.010 3.442E-003 8.60 0.106 0

Lack of fit

BhiR 2 2 8.007E—004 4.003E-004

Pure error

A

it 14 1990

Cor total

2.5 MRz mE S

AR5 W 17 TR 43 AT 5000 22 o e 7 T R FL A
AR, WA BV e A A . IR pH
HAZHAEFXS ODgoo MI5ZM(E] 1-3), £ N [f]
Bl B 4 = 2k e n S8 B 38 BAE R 1B
1 PR 51 5 08 6 s e Fon S8 W 52 HAEH
B

P I TS AR AL T U, # 0 . IR

. pH 5 ODgoo FA1E B E RIS, K1, & 2
FIEl 3 Ze0: 43R A pH [E E E—KSERS, 7
IR BEAE 1.0 31-0.5 B, ODgoo ALK, %
BEHE R T—0.5 1F, ODgoo FEHHEE AYHE KM
JIN, U B e R R ) A 2 M T T A ) A R A
FH; 2270 A0 R B ] 5 7R — MOk P, pH 7R
—1.0 2 0 I}, ODgoo IR F#H, 1E pH KT 0 I,
ODgoo ZBACA K M E A pH [ E7E— M
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Fig. 1 Response surface plot and contour plot for the effects of glucose and temperature extract on the ODg,

- -0.50 0.00  0.50 1.00
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2 AEMES pH XEFN ODg W EEFIE S E

Fig. 2 Response surface plot and contour plot for the effects of glucose and pH extract on the ODg,

OD 600

—-0.50 0.00 0.50 1.00

pH Temperature (°C) Temperature (°C)

B3 RES pH XEZM ODg, Mt EENESZ%E

Fig. 3 Response surface plot and contour plot for the effects of temperature and pH extract on the ODg,
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TP, RBEEFE-1.0 3] 0 B ODgoo EIG K EH, =
T 0 B, ODgoo ZBAE T V252, LRZE R AT (HTRAT]
TE R B 77 B e B A PR A A WU BT L IR AN
pH, #&m KRR, RN LEWNTTIRIRSE, 17
£40 )7\ N
2.6 mMEFHHHESHIE

FIFH Design-Exper 8.05b Z{4F1] LIRS H K

ODgoo BP XTIV )45 BRI R S 40(E, B & K ODgoo M
2.923 B BRI AR 0 | IR AN pHL (1) GRS (EL 53
BIA-1. 1 F0 1, RIS 5P E R, 1T
P AE LM #2585 0.5% JREE 32 °C il pH 8.0,
SEI 3 YRF-44 ODgoo 4 2.907 (£ 9), SELE TN
FHIE PR, 22 BRI o7 T 3 6] 5 75 2 (R a4 T
AR HER AT 58

R =MFHREIELER

Table 9 The verification result of the optimal conditions

B A
Test conditions
SIS T e T M Rota  nocula o ODgo
ce Peptone cas Glucose Temperature PH  Time  tional tion qu
extract o extract o % h d " volume
(%) (%) (%) (%) (&®) (h) spee amoun i)
(r/min) (%)
2.909
0.5 2.0 0.1 0.5 32 8.0 48 150 4 75 2915 2.907
2.897

2.7 “EBHE CNY-04 £k

WK 4 FoR, 4B CNY-04 TEARAL IS 5
FRFAET, AN G 28 53R WA B0k AXTHEN
48 h ZEATE AR E A, 78 72 h ZEAE AR
XD RS I E AT, £E 48-60 h B, HIEE
ROREK, H44.5 mm,7E 60—80 h 8], FEAK ODgyo
AT, R ER R AR B AN

3.5 —*= 0D —— Antibacterial circleq 50
3.0 14

140
25¢ 135
2.0t 130

125
1 20
115

8 1.5F
1.0+
0.5

0

Antibacterial circle
diameter (mm)

—_
(=)

0 20 40 60 80 100
7 (h)

4 H[FHE CNY-04 £ %k
Fig. 4 The vegetative curve of CNY-04

3 i

ARSI BT R HS BT CNY-04 (KC167881)H
IR TR, EWNAINET U IR A B R Y
MR RIE AN 2, B MBSV 5 K (Serratia
plymuthica HRO-C48 ., A21-4, 1C14 F11C1270),
A VD QR (S, marcenscens N 4-5)FI SRV
[CHE(S. odorifera LS)AIBiiR ZFh +4% . SALEHIR
Je R R AR IR R A E VDR BRAE R A B
PR o PR, % LB 532 25 ST, AT i
IRIZ KRBT 2 Tl A r= SR AL A

HAT, XF AR B s G R A e i i, 2%
DL AR MOE Sg i g0 S5 g2 07 kAT ik, A3
SRR KA AR S B ORKR, B &
18 A0V 5 sk o PR AR I X K B FE B A G R
FM A TIRA o AR S50 128 DA PR R R0 SEA,
] FH e 1 AT 725 (Response  surface methodology) X}
IREERA B TR CNY-04 55575540 TR P04 o
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RIGLE LW, B CNY-04 ekt
APE 0.5% . FEFE2.0%., BEREE 0.1% ., %
B5 0.5%. Bf[a] 48 h. HEFhiE 4%, A 32 °C,
pH 8.0, 2% 75 mL/250 mL Fl%%54 150 r/min,
FERLEE SR A F R AE B 8 CNY-04 1) ODigoo 49 2.907,
ERRITINEARSF . TR 40 T IAE BT A
CNY-04 tERK ik, 75 48—60 h S, F0RER R 5
U, R P E AR RN 44.5 mm, EHEALHTEE R
T 30.9%.,

AR LR EWW AR R, hRT
CNY-04 B BRI AR IR 550, PIHE T H R EEAR
WA TR By — SR, AT T R)Z R it
A, X ZEMH IR kR, ArE T4
9% o

2 % X #
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