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R 2 7 SO RN A 2 BB L 9E 1 Sigma 24 H]
e R AR R UL, 35 R [ AR W sk o By
g s 22 8k Bk CH R R R R
By EORFEAT WmmEE 55 20 AR AR AT (B 2 B
% 20~40 H) /R #H £ HIX
12 #EHHE

Luria—Bertani (LB) 3% % 3 . il 8 1 ik 10 ¢/L,
FALEN 10 o/L, BEREIZ K 5 o/L, A 8K pH {H,115 C
ZFF K 20 min,

W46 S e B R L . KE K 40 o/ L, B R #% 1.3
of L W IR 81 0.37 o/L, £ /KB REE 0.25 ¢/, —
KAAES 0.07 o/L, AL EL 0.02 o/L, BEREE By 1.0
o/L, PG pHAER 6.0, 43%F 250 mL =i+
(45 30 mL), 121 “CK# 15 min,

1.3 {U{FEE

YQX-SG46-280S & 28 VA K B # , i 1 ad
SV A BR S A BEIT 45 ) ; BON=1360 4= 43 14
TAES, R RBERBIRAEE A BF R pH
I, 38 2 R R 2= AU A FR 2 7] s HZQ-F160 4 ik
PG R, REEWA)] ;DK-98-11 A Hi#k

FELR K VA B, R T R I R AR A R | TU-19
A=) W66 BE T, b5 A A A8 A PR 5T
£/ F] ;Microfuge 2R #5.0o#L, Jb 50 HAMIE 28 B
AR,

1.4 REHZX

141 RS o R BB EC TR B1213 7 ) R A A 4%
Ak

1411 BRI ERSE K kg A v 28 K 8 G
B1213 #:F0 T LB W& 15 5% 5,30 °C, 120 1/min
WA 3R 2 W, 7E 600 nm PR A ME N 1.1
I, 3% B8 0.5% (V/IV ) $ Fh B $2 00 T 400 b & W 1 97
Frp 30 9C, 120 v/min $535 96 h, K4S RGT 4
°C,10 000 r/min &> 10 min, W5 F &, M & H
IR MRS 7, SR FH BRI 3R B IR A S Rk R
JE ORRUE TR R U AN AR R W R
pH BEFP & B it ol IR 3R I R R 2
T S5 Y R RV 0 258 A1 28 5% bk 641 e 8 % 72 ER PR
B1213 =8 RAEEG 52, HAR &R 5K W&
1, B4R 3 17,

x1 BEZERHEKBAKE

Table 1

Factors and levels of single factor design

S

KF

RS
% A B/ B

EBE R gL 20,30,40,50,60,70

FH M RES KER ERYG RE hkE EH R R B EE
>10,10~20,20~40,40~60,60~80,80~100 <100

ARz R R G M R A R R AL B VR G s ROR (LR 4 S

R A £
BB A

2,4,8,16,32
3,4,5,6,7,8,9,10

B R A R B R gL
w4 pH AE
HAEVIV)%

ik F/mL- (250 mL)~! 30,60,90,120,150

3% /r-min”! 120,140,160, 180,200,220
B E/C 20,25,30,35,40

R E R AR

W F5iE 100 &k /g1 2.5,5,10,20,40

B 18 /h 24,48,72,96,120, 144

0.2,0.5,1.0,2.0,4.0,8.0

vt i 20 vk 40 w8 60 vk % 80, W41 100, 2@ 114 & = 8%

14.12 PBIRE iR AESR, AR
e N=15 () PB i1 Xxf 8 MR R b7 548, [ 4>
PRI 1 F—1 PR IR i 7 Ay 4 SR 0 T
(UmL) 50 51 R R e HoKF sk 2 fis

1413 iRBENEHAE ARG AN R S5 & PB
IR IR, RO ] SR TG A e 3 S e Y [N
RAEAT I BRI, N E AR T 1) A28 AR
i PB i 56 4K 15 Y [] U5 455 70 4 56 22 6 iR 47 5
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B LR E 6 MR BB 3 A TAT (R 3).
14.1.4  mapy ke AR A PB R 5 BE E 3 i 5
SR B E ] (h) R (%, VIV) IR i6 pH
3 AP ER HEAT R R TR G, HR 0 a5 A A B TE 3 3
5 TP SR B G T B 4L (5 2 L) W IR
Ao w7 T 8 R F R AF Design—Expert 11 1%
11 Box—-Behnken #E47 (1155 4) .,
1.4.2 I RWEEGIE ) KAy e SO0 i T
1R 3, 5-ZHH ALK B2 (DNS) 75 i i 47 DU
A BRI #2005 0 JS (4 °C, 10 000
r/min, 10 min), H pH 6.0 BIBEIR — S 8- 2 =
TERZE W (50 mmol/L) iE 8 B S, 25 wL i
G MBS 225 Wl 1% A9 K 22 7 B 0 A OR
4, T 45 C/R ML 10 min, 85 A 250 wl. DNS £
1B R W K 15 min, FEIDA 250 wl 40% )
A1 TR B NS, Y2 FS T 540 nm 7 1 Ak s %
JGREME, LA 285 WA o 8 VA 22 i s o il e 00
TR WEBE T

RIS 77 B0 R SCR . FE R O AR
T, min 4277 1 pumol i 25 W i 7 2 A O —
A B (U/mL) o

A=Wy SR A 66 BE 1T T 600 nm B K A i
SE WG FE B (OD oo THL)
1.43 Bt SR SPSS 24.0 X ik 56 K 4%
AT 5 B EERR 28T A Excel 2019 Fi
Design—Expert 11 2 E #2216l Bl 4%

2 EREHSM

21 BEXEIHER
2.1.1  BRVEFPZEXT B1213 P2 @i BB R AU 520

RMEEG S — P T, N A B PR A 4
B Ay AR AR BN W 5 SO, A
WFIEE ] 7 2 2k AR50 FEE S 10 g & 4 4
RAFEW W RRAIY, 73 5 S —m R i 4T
VS B1213 p= i REEG, an & 1 s, w0, 27 Ak
& B1213 i 7 A R AR, = ik E 624
U/mL, 3% Al feJ2& H T 22 8k P NS A 5 4
R, w7 A R, H e E A
HIYTERME AR, MRk B1213 A4 K 5
PEAE T AR AR W T A A i G A
VERNA R T5 T 7 A A0 OB, TS ) 1Y) A b

*2 PBiIRIIRITHIERAKTE
Table 2 Factors and levels of the variables in PB design

for glucanase activity

5+ K-

-1 +1

X (ZHRZHRE)g L 30 70
X, (B2 R ) g- L 4 12
Xs(3EAF2)/% 0.1 0.3
X,(K#&Z )/mL- (250 mL)™! 15 45
Xs(wh i@ 100 /i 2 R E)/g- L 10 30
Xo( 818 )/h 60 132
X,(&JE)/C 25 35

Xg(#745 pH 18) 6 8

®3 EBERFRBFIHTRER
Table 3 Experimental designs and the results

of steepest ascent for glucanase activity

Ky B/ ‘ﬁ]ji@ 100 LI A %%%%
- % JRERElg- ) oH i EAIU-.
L ml.!
1 0.1 30 72 6 655
2 0.15 25 84 6.5 1219
3 0.2 20 96 7 907
4 0.25 15 108 7.5 548
5 0.3 10 120 8 447
% 4 Box-Behnken i3t H & & 45K F
Table 4 Factors and levels for the
Box—Behnken design
B K
-1 +1
A (B 1) )/h 72 96
B3 %)% 0.10 0.20
C(#14 pH L) 6 7

LT 7 A SR i e ) B UM 2 AT BEAT I RS [
WA B ZE FR AT T ZJF—1AS 7™ 7 SR 1 1) e 1 ik
ST —8, RAcEk, RihE KA An08-
752 7 SR Al fo A B R 28 O 22 Bk R A2
117 96 % 1 2 CAU33 W) L K GES R Ay e 5 I ) 2R
135 ) i e, X — BRG] Y 22
S LR BRA By HE B A O, R BRI A
it 2% A [R) )T ) Bk Y BE 0 WA 7 22 53, DT
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o | 72 P 7= SRR G S ANTR),  RPHT  il ) eA
IR UEAS R AR R, F A [a] e P 2 X6 T 0k B1213
JIT P M TG 15 B A5 SR, A oY e R A Ak
Y T SR A A I K T ) 3R g 1 e DAL
2.1.2  ZHKIEEXT B1213 F= 4 BB AR ik
PSR 3 2352 M S AR ) DR I B L B SR Y
I 28 R e W ok 2 v i 3 KT RS B0 1 K0S
AT X 8 A AR A AR A — s B 52, f R 2
AU A 22 O EE BB/ | T AR B1213 = 4 2R
W GG 7 538 0 5 BEAR , A2 40~60 H B il
1% B, ik F) 687 UL, Mtk , Ji 2 & B 3k £
40~60 H 2%k, 22 %k B2 1k Kk oA A F 40 e
I (N N 3 T AV NI N s B 7 D
B ORI, LV R, B U 0 A X R I
B, R T TR BR B1213 7= 4 SO0 I ani ok B ot /N
PR 5 22 R A2 o 1 L 2 TR K BT ) T BRI, R
IR N L R R o M i = A 1S )
2 HRHE IR BT WOBCR L S e AR R
— M, AR R B A AR IR H B 20~80
B, FLAH TR & 7 i i) dic JRRE B2 B /N T Bl A X 3
B B T4 D A M, BN I R A R T
21 T 240 0 X6F 5 75 40 I 1 W SO RS20
2.1.3  FEFKTR U EEXT B1213 77 4 BB ) 52 1)
W 22 o Bod i e, b R E R T E
WX PR R B1213 7 A R A A 52 M, 25 AR
(Pl 3), 22 %K o o e J3 b ™= i i) 8 3% Bt 5 o ot
WRE R BN, SR S ) S IS R R A
R R s, FE 2 BT W Ol 50 o/L i, B AR
B1213 JJr 7™ 4 R WE B % 1 85,4 727 U/, 841K
FE T A BRURAS S, X A W A A R 7 il
SR T A8 e 22 K T v B W 25 5 R R R 3R
R T 5 o 30 5 AU, DT R B R i AR —
SE I VE T — e &, R AR 55 4 Ry e U5
RWEF WA, AR R 74 T R B VO R 40~
70 /L Z 18], I 5 v R A s Y5 R AT AR
WEFE L 0 RE IR T R AN =, LA A
SYELVE, PRBEARBERTHR AR, W, ki
CAU33 % T 7™ i) 58 W i A 3 6 K88 T 1 Wk B2 oy
55 /L, FEhEE AN=13 5 A W il 55 A4 22 Ak o it
W N 54.2 g/
2.1.4  FIERDZEXT B1213 P8 RAHRE R0 A

GRS 3t
Glucanase activity/U-mL
'

S

0
A oB %‘ %@ ‘@' % g
ﬁ?)”zd"iﬁﬁ*

Carbon sources
T AH R 7 B R 7R 2R Tukey test K3 300 21 A1 A i 35 22
5(P>0.05), F I,
B 1 FAEBEMENE%K B1213 ~# R yEEEN 0
Fig.1 Effect of different carbon sources on the

glucanase production by B. pyrrocinia B1213
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Fig.2 Effect of particle size of wheat bran on the
glucanase production by B. pyrrocinia B1213
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Fig.3 Effect of wheat bran mass concentration on the

glucanase production by B. pyrrocinia B1213
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K2 AN R R IR AN BT 5 B B A5 ) | 2 L R 2 1
S A AEAETE AR, DA 52 Wi A= 2 % 3L
F I B, 52 ) H AR A AR I B = KO- |
R & B (I 4), 415 B1213 1] DL I i 1)
AHLRIR S TC AL AR G A SR, OF B, 75 Ak
R e — FE (0.366 /L), LLA HLA R B e
IR RG TS ST RALEIR, X5 KR EZH ot 4
SRR SR, A7 AE > R R DL E LR R T
7S LT A AL AR 33X AT e B TR R FR 2
A W R R A BB T AR — 22 57
XA TR B1213 M5, LAEERRR Ky A 1R 26 1 R 0 Jige
B RS IR Ry o — R, T = SR Tl S )
B, U HOREERER A, 3 J2 PRy 30 2 G0 AR A
A R B R B A R I A AR K X
MR B A — R R

2.1.5  PEREEDR I U B XS B1213 77 4 SR I
SO I A AR R A R TR e, Wk
i 1% ) 2 52 i) 380 626 A 1) A AR RRAR T, AT
AR TG 7= Wl , Tl 3 3 e DU PR B ek
AR ERMEFE R R EERY R, ™
it B B 1 8 SR R A D B AR R 2 R A, okt
TR 7 il i RS RS, 25 SRR B I BRI
W BT Wk B R B R, M T B1213 & B SR WE R T
FIORWE SN, 2 0k R 8 o/ I, W il
& S BAGARN B A L B A 5 R R
%, 3K AT AR AN TR A v R0 B 75 SR R
], 55 40 AW R R BIR Sl 22 8 R —
SRR, XA R S R SR B I T R A
T8 T A A1 1) S R 22— 16

2.1.6  pH X B1213 f= i R WEEF 200 pH {E
EMEMAEYAERREEEN S —, L
SR (AR ) A B 5 A G G A M R ) i e T
A ) A T AR I R A L S 0 D R S R )
A ARG 29, & 6 TN B % 90 4G pH (E
(I3 N, B1213 J7 7= 45 SR W5 AN By m, >4 pH (A
1 5.0~9.0 B BEE S8 Ak W 4G pH
i35 J1 AT TR, X5 pH (B X% B A K 552
iR —3

2.1.7 AP B1213 72 R R 52 A
RS A W R AR R R R I Y G B R
RZ— B 7 Fis AR 408 B1213 7

- 800
—
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Nitrogen sources
B4 REFENAHBI213~HEEBENZMN
Fig.4 Effect of different nitrogen sources on the

glucanase production by B. pyrrocinia B1213
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Fig.5 Effect of yeast extract mass concentration
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Fig.6 Effect of initial pH value on the glucanase

production by B. pyrrocinia B1213
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Fig.7 Effect of inoculum volume on the glucanase

production by B. pyrrocinia B1213

it (— BT 1%~5% ) M EE AR AR, 9% 1Tt A5 /b
S ST R IE A i 5 A SR AN [ R A 2R
Yy M AR K DUAFTE 22 57, AT B1213 28 2 IR
PR, 20 B A A AR IR, 7 AR 2 12 ) 5 fiE PR

L 1000 -
£
© 800 -
=]
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SE 60r :
= 3
w y 400 | o .
c
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=
@) 0 . f L . I
30 60 90 120 150

st
Liquid medium volume/mL- (250 mL)™
(a)

R A )

Glucanase activity/U-mL™

I V] A R SR B AR T R )l 7 i R I
) AT B e bR R 1 2R K BB T AR AL 2 E R Y
Jit S 2™ W ACE T R
2.1.8  REWREEG FEON B1213 77 ARl 1 5 R
VRO AR A A W ) A A R e T W
W, REERMAEY LRSI REES
KO, S R A B TR Y A I e
AP e v D) 532 W ol 24 0 e B A R T 552 1 2l 2
A A R AT, X (A ™ ™ A A a7
T WK L, 38 R 2R AR R A e A 3 47 7
SRR D R IR R R R R
AR, mIE 8 P, B AN, B1213
I 7 SR Mk il 3 AN WS AR T 25 2 T A9 3840
LT 7 A SR ) e AT T R R AR, 2R AT
WL, B1213 75 ZEH R B A A, R AT X L B
& MELURZ R 1)

1000

a

I b
180 200
L

S

S

800
160

b b
600 -
400
200
120 140
53

Shaking speed/r+min™
(b)

o

B8 HWE(a)5Hi#E (b)xME B1213 =8 B &I
Fig.8 Effect of liquid medium volume (a) and shaking speed (b) on the glucanase production by B. pyrrocinia B1213

2.1.9 JRFEX) B1213 PR R BB AR IR
A A KM AN REES Rz —, Wil

JEE (R4 T AR AR A RE o el 1 9 WAL
B1213 7 ) SR it 19 d5c 3 i B2 R 30 °C, i X 5w
() i AR IR B — B, AR B IR R AR 2 5
M) AT AR P9 A R R, AT 400 ) G & % 7 A 2R
it — BT, B A R 7 A e A IR
PR R AN ] i A Jr 25 5%, an v ge i 8 CAU33 fieid
7 ] B0 IR R N 35 °C, 1 BE B R BRC1 A
BRC2 (1) $5c 3 7 ) S B Tl i 2 oy 26 Cle2,

2.1.10 T P 7R R 2 B HLVR B X B1213 ;A
RV R 52 T N R RS — R R, R
Ivi) 2 1A 0% A ) S T R B L 52 i s 24 47 4 i

800

] SR T
Glucanase activity/U-mL™

%] B (=)

o 8 S 8

i
Temperature/C
B9 REXMNME B1213 F=H BN
Fig.9 Effect of incubating temperature on the
glucanase production by B. pyrrocinia B1213
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WA BE 7 7= AR AR AR 5 M A ) e Tl KPR,
B 10 AT %0, BREEIR 40 XF B1213 7= A A —
SEAMI ALk Y 2R 4 0 2R 189 A R A
B E R, I PE 114 XA A B R
i AL 100 Wk = il HA (R #EE T, 55 40 1
O HE 7 Bl A — s SR o A [) 3 T 9% A 5 x
WAEY - BRI — 2 25 5, X5 XN HE Y
200 L B v 800 R A G o W il i 100 X TR
PR B1213 74 R LA R E S, B850
SRR X AR B1213 7 R AR B E ), A5 R
BT T 76 B IR 0 A v 38 B, ) 7= il 52 i AN
B, MR E N 20 o/L i, fE6E B F it
B1213 =) R H S , o 52 vk 5 4 S 16 O, W) %o 440 it
FEEAT — 2 T R (200 o A 3 1k 3k K, 5 | e 4
LA BT AME 3 B0 R A IS IR I 5 R 7 il K
TR,

2.1.11 B[RS B1213 P SRR 52 76K
T  fE W S AT AR RV A rp s
17 F R e AR W R AN TR A= 4 X Y
S AE P EEET A BRI, H B 12 BT BE A R R
LA ZE K, 4B B1213 % I 7= 7 5O g 7Kk % 7+
f, TEXEFE 96 h B, 77 A SR GG ) 5 R, i 636
U/mL, 4k 252 4iE K K5 55 05 8], 885 5% 4 05 0 A BT 1%
I, X AT AR Hh ™ A 1 B O L R
e A R RO B R T B, — T, A A A
A 7 Rl B R 6 R B, A il AR CAU33 FiId
R TR A SRR T 1) R AR BRI Ry 144 hU628

2.2 PBifm%

R A5 B DR 22 S 06 5 L | 3 U A i R O
i 40~60 H ), B RER K O Z B R PB il 56K
TEaE— 20 43 Hr 22 5 BT i vk B (X)L BRI R T
WeEE (Xy) HE b (X)) %W = (X,) it hridE 100
Jit e T S (X5) IR IR] (X)Ll JEE (X5) M 46 pH {E
(X)8 A~ ZE X401 B1213 72 7 5 i il 114 52 i |
A PR R AL S BR A5 R, B R A R R
22 25 LR PO (E RS AR K T, 2RI N=15 1Y
PB 5 (% 5).

TE o XIS S R AT b, A5 B A T
FEH .

Y =609.64 —31.43X, +42.66X, +140.88X; +
24.80X,-95.59X+205.28X +41.87X+115.96X

%

=1

(=]
1

=

=3

S
T

RN
Glucanase activity/U-mL™
[353 P
S S

=}

DA S S & >
&h§@§5§$9$9% #
AU
TH I ) A
Surfactants

B 10 FEEEFMEINME B1213 ~H REBHZ N
Fig.10  Effect of different surfactants on the glucanase
production by B. pyrrocinia B1213
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Fig.11 Effect of Triton X-100 mass concentration

B 11

on the glucanase production by B. pyrrocinia B1213
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Fig.12  Effect of fermentation time on the glucanase

production by B. pyrrocinia B1213
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Table 5 Experimental design of PB and the results for glucanase activity
-2 = nx . W R AR
ggpy VORRROGIRER L NGRS KRR o XGRE) X EAU-
BRE g BATR ¥ )/mL- 100 &R Xe(&# 0 )/h
*)/% pH 18) mL™!
L ) lg- L (250 mL)™"  E)/g-L!
1 1 1 1 -1 1 1 -1 1 856
2 -1 1 1 -1 1 -1 -1 -1 406
3 -1 -1 -1 1 1 1 -1 1 772
4 -1 1 -1 -1 -1 1 1 1 976
5 -1 1 1 1 -1 1 1 -1 1076
6 1 -1 1 -1 -1 -1 1 1 805
7 0 0 929
8 0 0 0 992
9 -1 -1 -1 -1 -1 -1 -1 -1 100
10 0 0 0 0 0 0 0 0 965
11 1 1 -1 1 -1 -1 -1 1 429
12 -1 -1 1 1 1 -1 1 1 515
13 1 -1 1 1 -1 1 -1 -1 844
14 1 1 -1 1 1 -1 1 -1 170
15 1 -1 -1 -1 1 1 1 -1 365
®6 PBIREMIFFREAENN
Table 6 Regression equation analysis of variance in PB design
F Z kR T A= B W ¥ F 1 P&
AEA 1.077x10¢ 8 1.346x10° 12.67 0.0062
iR £ 53 128.74 5 10 625.75
B8 E 1.428%10° 14
R*=0.9530
x7 PBREEAROHRESEEERE ST
Table 7 Model partial regression coefficient and significance analysis in PB design
HERL R ISRERE 4 IR E F 1 PAi LA s
3B 609.64 - - - -
RN T RIE -31.43 11 854.00 1.12 0.3392
B R R IE 42.66 21 842.77 2.06 0.2111
EAE 140.88 238 154.82 22.41 0.0052 ok
KiRZ 24.80 7 380.37 0.6946 0.4426
w4238 100 S 2 R E -95.59 109 651.50 10.32 0.0237 *
B i) 205.28 505 682.65 47.59 0.001 ok
B 41.87 21039.21 1.98 0.2184
#14% pH 14 115.96 161 361.95 15.19 0.0114 *

TE o, P<0.01 28 5 5 5 835 5%, P<0.05 25 5 35 5a. AT {H B (%)=(1-P {8 )x100,
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2.3 mEEMEHIKE

I BETE S R B BT R 25 SR L3 3, 4 R
PR R BRI S ) 2 M2 ARk A IF HLLL
5 AR T AR A B R SO TG ) e, B A
o 0.15% , M Hii8 100 Fim ik E N 25 o/L, S
[F[A] 4 84 h, pH=6.5 I, i R B EE TG 18 1 219 U/
mL, P, 454 PB i R 2 W v BERESE
(S [A] b i R 4f pH A 3 AN PR 28 B X
KPR Ay v 0 T8 A0 1 PR 2R R 0 i
2.4 Box-Behnken X3

R Box—Behnken 1T 5 B4t B[R] | 2R &
WG pH A HEAT g B 56, 45 5 an gk 8 FiR
FIH] Design—Expert {44k BR300 25 28 | 4815 2 0
TWIEHAG TR

Y =1166.08 —38.27A4 +28.70B +33.84C —
84.954B-17.74A C+18.20BC-269.394°-198 458>~
127.03¢C>

17 2250 M (3% 9) RS R AN 2 40000 P B (. 3%
ALAL T R G RREE RAT, AT LR % R ) R
PR B1213 774 S Bl 1% ) HEATAR Lf iy 00, ) o

] 5 75 B2 2k 5E R B0 (R?=0.9915) , th R AR FH % —
B [l U5 7 R A A T A1 5 S {1 ) EL A AR e 1
AHEME

T2 g R (% 9) %W, — I A B C
3 (P<0.05) , H 3 PH 2 6] 4 2R 0% i 15 1 14 52 i)
LY Ay 5F (8] >0 4 pH (E>#eFh it X 5 PB X5
SEARMEAT 225, ATRER P E AT I R R s
BITIEANEAG &5 55 40 A2 B R C* 3, KX 3
AN Z T AR B1213 77 ) SR g 5 AT A b 2 1 iy
TR 8300 5 T [0 R o i 58 M B 3, T L 22 BLAE
FHAN 2 o 1 1 ] (&1 13) 58 WA A
Bl 25 DL R K- 3G o, 4 SR TR O 258 LR
TR S WA R R A B KA
Design—Expert F{4F2R i 5 A&, 15 31 1000 fe L A5 78
b fE) 83 h % FhiE 0.15% fi ) 4k pH {H 6.6, 1 1%
SMEF AR E NG D) 0 BUAE S 1172 UlmlL, #%
W R A5 R HEAT B0, R 25 5 1230 U/mL, 5
BT B A W) £, R WIBR ] 52 7Rz Ltk 4h
AT B1213 B 7 7 SR W5 B 16 ) A LE B I8 3R
T & BEKF- (873 UmL) T T 41%,

% 8 Box-Behnken i3 i% it X = #H BHEEEE NE R
Table 8 The Box—Behnken design and the responses of the dependent variables

AT KI5 A (BT )/h B(#:At £ )/% C(#14 pH 1) W IRAEEEE A1/U-mL!
8 1 72 0.1 6.5 638
9 2 96 0.1 6.5 721
5 3 72 0.2 6.5 845
13 4 96 0.2 6.5 589
6 5 72 0.15 6 758
3 6 96 0.15 6 727
12 7 72 0.15 7 848
10 8 96 0.15 7 746
4 9 84 0.1 6 780
14 10 84 0.2 6 821
2 11 84 0.1 7 824
15 12 84 0.2 7 938
11 13 84 0.15 6.5 1132
7 14 84 0.15 6.5 1161

15 84 0.15 6.5 1206

#* 9 Box-Behnken iXi&i&itE A FREHFENHH

Table 9 Experimental design regression equation analysis of variance of the Box—Behnken design

KRR P 75 Fe B W E EsR F1a P1a AR a3
A 4.769x10° 9 52 989.97 64.70 0.0001 HAE
A 11 719.04 1 11 719.04 14.31 0.0129 *
B 6591.24 1 6591.24 8.05 0.0364 *
C 9159.81 1 9159.81 11.18 0.0205 *
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(&R 9)
kR P 75 Fe R F1a P1A iAo
AB 28 864.31 1 28 864.31 35.24 0.0019 Ak
AC 1258.12 1 1258.12 1.54 0.2702
BC 1325.69 1 1325.69 1.62 0.2592
A? 2.680x10° 1 2.680x10° 327.15 <0.0001 Ak
B? 1.454x10° 1 1.454x10° 177.53 <0.0001 oAk
c 59 584.11 1 59 584.11 72.75 0.0004 oAk
*E 4095.25 5 819.05
%k WA 133443 3 44481 0.32 0.8140
ik £ 2760.82 2 1380.41
LEE X R*=0.9915 R?,;=0.9762
T Er P<0.001 22 R 3 0% P<0.01 25 5 8 3 %, P<0.05 257 3%,
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Fig.13  The response surface interaction of variable and its contour plots on the glucanase activity response

using he Box-Behnken design
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Optimization of Conditions of Glucanase Production by Burkholderia pyrrocinia B1213

Wei Lai', Cheng Ruiwen', Wang Fuqiang', Xu Yiren', Ma Jinghao', Cui Zihao', Ma Yanli’,
Xu Jiangqi*, Tian Jinying', Fan Guangsen'*
('School of Food and Health, Beijing Technology and Business University, Beijing 100048
’Beijing Engineering and Technology Research Center of Food Additives,
Beijing Technology & Business University, Beijing 100048
‘Henan Key Laboratory of Industrial Microbial Resources and Fermentation Technology,
Nanyang Institute of Technology, Henan 473004, Nanyang
‘Beijing Key Laboratory of Flavor Chemistry, Beijing Technology and Business University, Beijing 100048)

Abstract In this study, the fermentation condition of glucanase production by Burkholderia pyrrocinia B1213 has been
optimized. Firstly, cultural conditions (variety of carbon sources, particle size and mass concentration of carbon source,
variety of nitrogen sources, mass concentration of nitrogen sources, shaking speed, temperature, liquid medium volume,
inoculum volume, initial pH, variety of surfactants, mass concentration of surfactant and fermentation time) of B1213
were optimized by single—factor experiments. Then, four factors, signally affect production of glucanase by B1213 fermen-
tation, were obtained by Plackett—Burman tests. The maximum response area of glucanase activity was determined by
steepest ascent. Finally, Box-Behnken Design were used to ascertain the optimal condition of glucanase production. The
optimal condition were: 40-60 mesh of wheat bran 50 g/L., yeast extract 8 g/L., initial pH 6.6, liquid medium volume 30
ml/250 mL, inoculum volume 0.15%, Triton X-100 25 g/L, incubating temperature 30 °C, shaking speed 160 r/min and
fermentation time 83 h. Under the optimal condition, the activity of glucanase produced by B1213 were achieved 1 230
U/mL. This study provides academic value for application of bacteria B1213 in Baijiu brewing from the aspect of enzymes
related to degradation of raw material for Baijiu brewing.

Keyword Burkholderia pyrrocinia; glucanase; response surface methodology; fermentation condition; wheat bran



