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FhF IR 5L I EWE 20 ¢, 4 E 5 g, BHK 10 g,
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Fig. 1 Design of single-factor experiment
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Table 1 Design and results of DOE tests
KF 1 2 t P HEEM
[CASYE2 8. 327 7.938 —0. 488 0. 003 3
ek 8. 069 8.442 0.273 0.012 4
HEHMK 8.182 8. 083 —0. 098 0.272 7
VEM 7. 860 8. 405 0. 544 0. 009 2
HERE 7.998 8. 267 0. 268 0.026 5
Hh 8.191 8.074 —0.117 0. 222 6
N 7.252 9.013 1.761 0. 000 1
BEEE AWM EAKR R B Hw 4AREF MEBEER/mm
—1 —1 —1 —1 —1 —1 —1 19.4
—1 —1 —1 —1 —1 1 1 21. 4
—1 —1 1 1 1 —1 —1 20.0
—1 1 —1 1 1 —1 1 22.5
—1 1 1 —1 1 1 —1 19.0
—1 1 1 1 —1 1 1 21.8
1 —1 1 1 —1 —1 1 21.1
1 —1 1 —1 1 1 1 21.1
1 —1 —1 1 1 1 —1 19.5
1 1 1 —1 —1 —1 —1 19.0
1 1 —1 1 —1 1 —1 19.2
1 1 —1 —1 1 —1 1 21.3
*2 EBEREIREIZIT 5S4 R
Table 2 Design of steepest ascent tests and corresponding results
LM BeBEE/ % e/ % FRE/ % B H 42/ mm
1 0.5 1.0 1.0 18.7
2 0.6 1.2 1.2 18. 6
3 0.7 1.4 1.4 20. 4
4 0.8 1.6 1.6 23.3
5 0.9 1.8 1.8 22.9
6 1.0 2.0 2.0 21.3
7 1.1 2.2 2.2 20. 5
8 1.2 2.4 2.4 20.9
X3 Box-Behnken X 8% i+ & 45 R
Table 3 Design and results of Box-Behnken central composite tests
B K¥
—1/% 0/% 1/%
W 1.2 1.6 2.0
S NE 1.2 1.6 2.0
B 0.6 0.8 Lo
T ETY MEE XA BESFE 4ANE TN MEEER/mm B mm
13 1 0 1 0 0 0 24.5 24.7
11 2 2 1 0 —1 1 23.5 23.4
8 3 2 1 1 0 1 23.5 23.4
2 4 2 1 1 —1 0 22.3 22.4
3 5 2 1 —1 1 0 24.0 23.9
15 6 0 1 0 0 0 24.5 24.7
12 7 2 1 0 1 1 24.6 24.7
10 8 2 1 0 1 —1 22.1 22.1
1 9 2 1 —1 —1 0 22.5 22.5
9 10 2 1 0 —1 —1 21.6 21.5
6 11 2 1 1 0 —1 21.8 21.8
5 12 2 1 —1 0 —1 21.6 21.6
4 13 2 1 1 1 0 23.0 23.0
14 14 0 1 0 0 0 25.1 24.7
7 15 2 1 —1 0 1 24.6 24.6
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M, B T L R Y = 24. 7033 — 0. 2575X, +
0.475X, + 1.13X, — 0.902917X,%> — 0.1975X, X, —
0. 3275X, X, — 0. 812917 X, +0. 1975X, X, —0. 912917 X,2,
R-Sq=98. 52% , R-Sq(Fi il ) =92. 62% , R-Sq (JF #&) =
95.86% . X i [l U545 AL 47 [0 )3 40 #r , 25 3R 0L 3% 4.
M 4 FTLUE AR AR i 22 i (P<0. 01) , R TR
B, FREMME X R R-Sq=98.52%, 18 % J5 1
R-Sq(A%&) =95. 86 % , B 3 HA AL A 0] LU f# % 95. 86 %0 F)
KRBT HURE Y FOK T RIAE AL, AR BAE R 4. 14 X6 K RE
FH A RUR M B, UL T |5 7 R BLA B E R T, K
g/, DRI, AT P M A Y o 32 R R T D TR R G R B
SAFHEAT Ay BT AT
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Table 4 Analysis of the regression model
FERE =]:: ]33 F P
[e] Y3 A 7Y 6 30. 9942 0. 000041
%% 8
ES R 6 1. 3982 0. 473473
4R 2 2
BiRZE 14

BRI 22 L3R 5. mEIE R R E
PERGIG AT — W X, W X, , IR I 77 4 B 4 G 1Y
B R 55 2 7K SF (P<<0. 01); X, AR E IR X, X, Xt F 7=
HLEY R 2K (P<<0. 05); R HIR X, X, . X, X, %
Hr=Hi iy B A B2 K- (P>0. 05),

%5 E R RS
Table 5 Significance test of each coefficient of
quadratic regression model
i EY 4 REPRUER T P
R 24. 7033 0. 1438
X1 B —0. 2575 0. 08806 —2.924 0. 033
Xo - WE 0. 4750 0. 08806 5. 394 0. 003
X3 WEky 1. 1300 0. 08806 12. 83 0. 000
X2 —0. 9029 0. 1296 —6. 966 0. 001
X2 —0. 8129 0. 1296 —6.272 0. 002
X32 —0. 9129 0. 1296 —7.043 0. 001
X1Xe —0.1975 0. 1245 —1. 586 0.174
X1X3 —0. 3275 0. 1245 —2. 630 0. 047
X2 X3 0. 1975 0. 1245 1. 586 0.174
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Fig. 2 Response surface and contour plots showing
the interactive effect of yeast extract and starch concentrations on

inhibitory zone diameter of produced antibacterial peptides
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2.6.1 IEBIHTFHIE LULAL B R IR 5 77 5 g 5
fill, BB HCEY 12 FhTCHLER & B SO as R LR 6. BINR
W B R, MEk LB YRSERKRE 3 F.
KH, PO, \K, HPO, ,(NH,), SO, , i H- & AL 2 T 8.
YER, BN B R A K KR B A SRR
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Table 6 Design and results of Single-Inorganic salts-factor experiment

TeHLER R/ % WHBEER/mm  X—CK/+CK%
NaCl 0. 20 25.0b 0. 40
MnSOy 0. 05 24.1b —3.50
KHz POy 0. 20 26. 5a 7. 60
Naz HPOq 0.10 24.7b —0. 80
CaCly 0. 05 16. 5d —33.7
CoCly 0.01 16. 5d —33.7
K2 HPOy 0.10 26. 4a 6. 80
FeCl3 0. 05 20. 1c —19.3
MgSO4 0.10 23. 5bc —5.60
K2S04 0. 20 24.7b —0. 80
(NHy)2S04 0. 05 26. 3a 5. 60
CK 0. 00 24.9b 0. 00

2.6.2 REEFICHARL Xt 3 FhITHLEL 4 BT IC A
FEIRYG , VEBUE & MM B /B R BER BeE THLE R
M 7 7, ¥4 KH,PO, ¥ & 0.25%, K, HPO, ¥ &
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0.1%,(NH,),SO, ¥ 0. 08 % it , M IE R &, S
B E&EH 27. 2 mm,
x7 TR E IR

Table 7 Design and results of gradient experiment

1 2 3

K9 KHPO, MEEER KHPO, MEEERE (NH)2S0, MHEER

/% /mm /% /mm /% /mm
AFE1 0.075 25.4 0.10 24.5 0.02 25.3
KFE2 0,100 26. 4 0.15 25.0 0.05 26.3
KF¥E3 0125 26.0 0. 20 26.0 0.08 27.2
AF4 0,150 25.4 0.25 26. 8 0.10 26.5
AFE5 0175 25. 6 0. 30 26. 1 0.12 25.1

3 Hit

1o BB ) B DR 2R 5 Y T 45 A 9, 1 B
Minitab 3 {4 4341 » X % D€ By 25 AT B 7= AR DL 1 iR Y
REEFAHAT T IR HAS BRI G5 R, e 410 8 FR T A
ZERIFT R D1 AR & BE = A Pi Y R W R B R R
W IEHR 1.88%, RIENF AT L76%, BEHFH
0.74%, ¢ ¥l £ & KH, PO, 0.25%, K, HPO, 0.1%,
(NH,), SO, 0.08% . fik )5 1 7 B B £ it L B
19.2 mm EBEH T 27.2 mm, WK T 41. 7%, L
RERTHERN &, P ENERER S RERS 15,
HFETER ZF AT DL JF & A IR AE T KR

FETER ZEFUFF B D1 A< B RB 48 7™ AL P bf M 38 0 2F
fil, BEEN R EMBEZHIER. KALDER
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B R P TE L FH AT 5% o
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Optimization of Fermentation for Production Conditions of Antibiotic by
Bacillus amylolique faciens D1

LV Zhao"* ,ZHANG Li-ping'* ,CHENG Hui-cai'® ,MA Yao-hua' ,XI Yan-hua!
(1. Institute of Biology, Hebei Academy of Science, Shijiazhuang, Hebei 050081; 2. College of Life Science, Hebei Normal University,
Shijiazhuang , Hebei 0500163 3. Microbial Control Engineering Technology Research Center of Main Crops Disease in Hebei Province,

Shijiazhuang , Hebei 050081)

Abstract : The Box-Behnken experiment and response surface analysis method were combined to optimize the fermentation

medium of a Bacillus amylolique faciens. The results showed that the optimal fermentation medium formula consisted of
1. 8894 starch,1. 76% beef extract,0.74% yeast extract, KH, PO, 0.25% ,K, HPO, 0.1%, (NH, ), SO, 0.08%. There

was a 41. 7% increase in the yield of antibacterial peptides obtained using the optimal fermentation medium, compared

with that before optimization.

Key words: Bacillus amylolique facies ;response surface methodology; Minitab software; bacteriocin
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