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Abstract: The important factors influencing the growth of Bacillus subtilis D-31,which were selected by Plackett-
Burman design were temperature, starch soluble,and KCl.Then steepest ascent path was applied to approach the
optimal region and the optimum levels of these three main factors were further optimized by Box-Behnken design
and response surface analysis.The results showed that the ODq,,, of the broth increased from 1.24 to 10.32 and the
concentration of Bacillus subtilis D-31 was significantly increased by 8.25 times from 6.27 x 10° CFU/mL to 5.17 x
10° CFU/mL under the optimal culture conditions( starch soluble 27.70g/L,yeast extract 50g/L,KCl 6.669/L,pH 8,
temperature 36.9°C and inoculum concentration 3% ).The culture obtained was used to convert ferulic acid( FA) into
4-ethyl guaiacol(4-EG)and the yield of 4-EG was increased by 3.9 times from 9.48mg/L to 36.94mg/L.
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ERR  B.subtilis D=31, ASSZHG %8 53 85 LR TR AR 5
FhriEgRiE EFRRGEEFRE; WGBSR E  #A
B S5e/L FEHNR 10g/L,NaCl 5g/1.,pH7

Spectrumlab22PC 1] UL 43 5% 5% B it Perkin
Elmer™ , & ; TGLI6M /5 % R .0 Pl W B0
HUXRFH RA T ;QYC-2112 BUEIR IR IR ds b
ARG S I I 45 A B W] s PHS-3C PH 3 R4
A A R ] o
12 ¥EHRFE

Al 8% 3% PhEC— BF R 1A & R EE AT S0mL/
250mL [FPF 5 3R, 37°C G 4L 12h, FRIR B F%: LA
3% (RN B BRI UA BE IR AL b, DA% 2 1201/ min,
37°C K532 24h,
1.3 MEFHE

PEAAR M BE I 5 - B 10mL 3% 37 24h 1 R R, 129
/0> (10000r/min ) , Jo R /K BE WAL iU TR AT 2~3 IK, &
HiE T 10mL JCR /K P, 38 Y3 B S, 76 600nm
FAER I AE R Y OD fH,
1.4 SBiE
141 BRI RS HRZBEANATESL BAE
JH B ES AR B R 55 F ) 1 A IRER, Hofts 5 A4
RFE AR FFAAE, XI5 A JCPLEL 9T 48 pH iR
BE HERh RS 6 ERHATE AL
1.4.2  Plackett—Burman ¥ i1k FEBA R 2 2560 /Y
Fal E, W FH minitab 44, & ] Plackett— Burman 2%
ZEVT I PEVE Y & & (B R CKCL RS FRR B B IR
Witk pH RN RS 6 D2 A R K, B4 R 2 EL
= AR AR, 55 KO 2 KO 1 1.5~2 £ 55
=2 0y g R B, FE S g0 T S &S, DA B S SR g iR
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Table 1 Factors and levels of PB design
> K-

-1 +1

A ATEEEER (&/L) 15 30
B AR (¢/L) 35 50

D KCI(g/L) 25 7.5

E ¥4k pH 6 8

G iR 30 38

H $hhit (% ) 3 4

1.4.3  HEEEYSIH  XF Plackett—Burman #3145

PEAT 53K , AR B 200 AL 1) T 7 fe 4] 7 22 PR 3R 1 IE
Y7 18], LLAS 380N AR =2 18] (9 FEAE R ) 25 1 <2 78 20
R T e R e 7 X, At R 3 B e 5
FBOSARL Y IE TR R /N PR A TE RN B PR SR B UK
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1.4.4 Box—Behnken 251511 AR & BENC Y 52 56
2R, W R R L SO R KOE & KR IR K S
53 B EACT 5 TS A8 T —A-92B K, P minitab
HAFBE Box—Behnken Wi i i1 S 56 ¢ 24T K b
B, HPRZRAKPFERILER 2,

252 Box—Behnken #5131 K+ 7K -
Table 2 Factors and levels of Box—Behnken design

Y 7K S
A% -1 0 +1
X, AfEEETER (g/L) 24 27 30
X, KCl(g/L) 6 6.5 7
Xy \WECC) 32 36 40
2 #R59H

21 BERFIWRER

T PR FR SIS, AE R B R R R 2 8 38 HAE
TEOLT , WI2045 H me AR 45 3R B il o S 3 37 25 0 AT
PEGERY 15¢/L 21} 8 35¢/L KCl 2.5¢/L, pHS , JZ )7
IREE 37°C , $efh i 3% .
2.2 Plackett—-Burman it & & & £

TEEA IR 22 50 56 1 3Ll |, 3 57 Plackett — Burman
BETT, G Y SEEG YRR N = 12 By sss, %F 9 NEZEK (6
AEEBREE L3 BRI R) #H1T7 % 8¢ . R EL
=5 7KK IS P~ 7K, LA ODgy,, 24 W N AH , S5 567
Wit AR ILER 3,

K A Minitab 16 4b PR 3 pUBE 45 R a3 4 pr
TN AT PETENS & B B G IR R R S N e 9 R R R
B FEZEZE  KC R ZESZ R E R, WA, Brdefh it
R XA B A RN, Hog s m K R 8 BoA IE
RN o BE— 20 R FH B BE NG 3 52 36 it 53 1T I35 L 3E 49
KCI i@ B2 iy s ma # A
2.3 mBERHE KL

Plackett— Burman S48 [0] )5 43 MTESE T 7] ¥ 0E
3 KCL g BE 2 3 A~ FZEZ W FE R, B X B.subiilis
D31 gAY S TE L, 9 A a3 P 3E By (KCL Y
ik, HLRIE 2 S iR R, B2 R MR OD {1 28 1k s
B 1w T B R B X, SIS R T RISE RNk 5y
No ARG MU S5 5 3 4, B LIsE 3
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Table 5 Result of steepest ascent experiment

AR KC

s DT gy WE(T) O,
1 21 55 28 6.61
2 24 6 32 8.32
3 27 6.5 36 10.42
4 30 7 40 9.18
5 33 7.5 44 8.9
6 36 8 48 6.73

2.4 Box-Behnken LGt RER
0 Ao 5 TS 3 SIZ 56 A )2 1 2 52 i) AL 25 () S BG:
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Table 3  Design and result of Plackett—Burman
SRS A B (€) D E (F) G H €D Y
1 +1 -1 +1 -1 +1 -1 +1 +1 +1 9.29
2 +1 +1 -1 +1 -1 -1 -1 +1 +1 7.70
3 -1 +1 +1 -1 +1 -1 -1 -1 +1 4.93
4 +1 -1 +1 +1 -1 +1 -1 -1 -1 7.56
5 +1 +1 -1 +1 +1 -1 +1 -1 -1 10.97
6 -1 +1 +1 -1 +1 +1 -1 +1 -1 7.01
7 -1 +1 +1 +1 -1 +1 +1 -1 +1 10.29
8 -1 -1 +1 +1 +1 -1 +1 +1 -1 8.54
9 -1 -1 -1 +1 +1 +1 -1 +1 -1 6.96
10 +1 -1 -1 -1 +1 +1 +1 -1 +1 11.24
11 -1 +1 -1 -1 -1 +1 +1 +1 -1 8.97
12 -1 -1 -1 -1 -1 -1 -1 -1 -1 3.73
%4 Plackett—Burman SC 56 4% K 2 14 [0 15 40 A 45
Table 4 Regression analysis of Plackett—Burman
BES LYIA T kg P HEEARS)
A EMTER (/L) 1.72500 2.88 0.035 2
B R (g/1) 0.42500 0.71 0.510 4
D KCl(g/L) 1.14167 1.90 0.115 3
E #)4f pH 0.35167 0.59 0.583 5
G iRE 3.56833 5.95 0.002 1
H Rz (%) -0.04167 -0.07 0.947 6

JUFEl. AR AR BE Sy i W AH, >R ] Box—Behnken #3
T3 PHIER 3 AKSFIL 1S AN kg 157 T3 A S, HE
F12 AT R L3 AR, T SR AT T 3 IR
HRAt R ZE . LHTT R SERNE 6 s .

%% 6 Box-Behnken SZEGI T M 45 R
Table 6 Design and result of Box—Behnken

ke X X, X, D01
1 -1 -1 0 9.11
2 +1 -1 0 9.20
3 -1 +1 0 9.26
4 +1 +1 0 9.74
5 -1 0 -1 7.07
6 +1 0 -1 7.50
7 -1 0 +1 8.32
8 +1 0 +1 8.68
9 0 -1 -1 7.25
10 0 +1 -1 7.32
11 0 -1 +1 8.74
12 0 +1 +1 8.96
13 0 0 0 9.90
14 0 0 0 9.97
15 0 0 0 10.06

B A3 AT H 0 5 R R S A A, Ty 22
SIRTEE AR, A3l 7~ 3R 8 B bt ml R A vk
BE 5 AT TE By O KCL & B R B B9 O &R 2 BT R
(1) Frik KA -

6 viawmam)

Y = 9.97667 + 0.17X, + 0.1225X, + 0.695X, —
0.41208X,* - 0.23708X,” — 1.67208X,” + 0.0975X,X, —
0.0175X,X, +0.0375X,X, (1)

XFENE J7 #2 — By oK S, Beor 7 B A4S X, =
0.2323,X, =0.3131,X, =0.2121, 3@ 3 # 2 ,  K ay
1SRN B S5, AT TE By & 522 27.69¢/1L, KC1 2Ry
6.66g/L, & N 36.85°C o AU A [BH Jy #4 A LAAS 2] 14
P OD (B 10.09, 2% B SCBRERAE 1 vl 17
P B B AR IS B IR A B T W PR E M & &
24 27.70g/1.,KCl 3k 6.66g/1., i K1 36.9°C

KT IH R ENE T
Table 7  Significance analysis of regression coefficients
i AR FBRER - TE pla WEN
W 997667  0.08172  122.087  0.000 +
X, 0.17000  0.05004 3.397 0.019 +
X,  0.12250  0.05004 2.448 0.058
X;  0.69500  0.05004 13.888 0.000 +
X, -041208 0.07366 -5.594  0.003 +
X,>  -023708 0.07366 -3219  0.024 +
X;>  -1.67208 0.07366 -22.700  0.000 +
X, X, 0.09750  0.07077 1.378 0.227
X, X; -0.01750 0.07077 -0.247 0815
X,X; 0.037500 0.07077 0.530 0.619

R =0.9933  AdjR* =0.9813,

e 7 BEMaMraT A, 3 AR E X s AR
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@ézﬂfﬁil

- .
TEHEA Vol.35,No.13,2014
28 MIUHFREM T Z0HT
Table 8 Variance analysis of the regression equation
P/t A B Seq SS Adj SS Adj MS F p
mYES 9 14.9110 14.9110 1.6568 82.70 0.000
L 3 42155 42155 1.4052 70.14 0.000
Sy 3 10.6507 10.6507 3.5502 177.22 0.000
SZHAEH 3 0.0449 0.0449 0.0150 0.75 0.569
PR TR 2 5 0.1002 0.1002 0.0200
i) 3 0.0873 0.0873 0.0291 4.52 0.186
gl 2 0.0129 0.0129 0.0064
At 14 15.0112

X2 XsP XY MU R, A N2 TRE R,
K Z KL R 9 0.9933 5% J5 % 0.9813 , ¥k T 0.8, 1%
AU FEfRRE 98.13% B Wi A= OD {H iy Axfk, B AT
VI Z 1A 7 R X SE 6 45 S A7 o A A F) , |l 56
8 Wl N, BLARY G SR LI p =0.186 > 0.05 , LAY IS AN i
=, UL B e i S BB S FOE A B A r G, [
IR RUIE &, AN T 22 A S AR JE A%, AT LU T4 B 2
AT D-31 =2 = Oufb g i . AR ¥ ik 1
A EE T AR AE it L, PR R R Z A A B B
FIAE BEAE, ULIE 1~ 3,

0
V7 Em A

P L T AT I B8 2 A X B AR A4 g i 57 by T ]

Fig.1 Response surface for the effect of starch soluble

and temperature on the growth of the strain D-31

P2 KCI AL S FA PO BRI A AE 1 1 i 1y T 1]
Fig.2 Response surface for the effect of KCI

and temperature on the growth of the strain D-31

25 WIEXW

SRR U1 5 7 955 1 SR L 74 50 0 AR 4
{7 H T PETER) O 1k 27.70g/1, KC 2y 6.66¢/1., 1k
HEH 36.9°C o LUK PFRETT 3 UCFAT 240 , 1551

B URZETE 5% N, UL I 11 5 B 07k vl 5, 5 S BR

10.0

9.6
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9.2
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Xof DAL A= K g w17 i e P
Fig.3 Response surface for the effect of starch soluble
and KCl on the growth of the strain D-31

TEOL LA 3 A i O By 3 45 1R R Ak, B. subrilis
D-31HY R ¥ OD M 1.24 $2 5524 10.32, i &6 W B iR
6.27 x 10°CFU/mL#2 5% 5.17 x 10°CFU/mL, AL BT
B 8.25 1%, KRR THBTRERR (FA) HeBE 1o/ L %4k
N A= ZFEARI RN (4-EG) IYHFSY, =i A 9.48mg/ 1.
PEE T 36.94mg/ L, AL FERM 3.9 £
3 #ig

ASHFFEXT B.subtilis D—31 175 %5 8 5% 38 &5 14 ok
it e p) Ak 1, X Plackett— Burman %
THELI B AT AT, 45 R R W BT i vE Ky IR R0
KCI X PR A A 19 52 i 5 o i 35 38 5o I e TE J 51
Ty 28 AT Fe RS II JN DX 35, i e N TET 1) 0 a5 SR AT
PEERY 27¢/L, KCl 6.5¢/L, i3 36°C . | JH Wi 1 i
REEA 5 X 3 A B s B 2 X AR A K s
w7 (A AR B I X S 0 B R R AT 40 BT, i 0 i
ARG FE R R AT B PETE By & 12 2 27.70g/L, KC1 2R
6.66¢/L, I 3 Jy 36.9°C , @ik OD 7l ik %] 10.32, 5 i
MME (10.09) IR ZELE 5% Z PN, 16 B R 6.27 x
10°CFU/mL $2 55 %] 5.17 x 10° CFU/mL, 2 4L 7/ 119
8.25 i, RIBEW A T ¥ BT EAAR (FA) M BE 1g/L %4k
&4 - EG B HEIE, i AN 948me/L 2w B T
36.94mg/ L, F A5 0 5Ok 1Y 3.9 4%, Rk — 2 IF L&
AR R A3 1 A W A ik BE e T AR
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