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1 E. [ 869 ) HALHKEE F 384T (Bacillus subtilis) BE-91 A K B A0 &K B-H & RAE B 09 &
At [7E] A admAERFLBHG I ZRX(CR. NR. A4 pH. BEFBTERE
KIE G, R E RIS E AR B. subtilis BE-91 A KIFHR LM A L B A agthtesn o (4R ]
RACE R EMEH: 03%F R F. 02%EFF. 0.1%7F 248, 04%EF 48 . 0.5% NaCl, #44 pH
6.0. IEIIBE 35°C; I ERIA B-H ERABIEE ) WA AE B RARRACLA  0.7%BE F A58
0.4% K ZEE M. 0.1% (NH,),SO0,4. 0.5% NaCl, K BiRE 35 °C feftss pH 6.0; HALSAF T & B4
10 h, B-HERMEEE HRKRESE 4324 1U/mL, tE NI OHI X HHRIBE G LB 5EET
14-86h, R&BEHRET 54vA L. [44%]) B. subtilis BE-91 A K 5 £ 8% B 442, Jasb Rk
B-H EIRAEBR ) E /) 5, RBHIF T B FRIFLME A TR
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Optimization of growth and shake flask fermentation
conditions of Bacillus subtilis BE-91 producing extracellular

p-mannanase
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ZHENG Ke LIU Zheng-Chu"

(Institute of Bast Fiber Crops, Chinese Academy of Agricultural Sciences, Changsha, Hunan 410205, China)

Abstract: [Objective] We optimize the growth conditions of Bacillus subtilis BE-91 and its shake flask
fermentation conditions producing extracellular B-mannanase. [Methods] Single-factor experiments
were used to optimize the main factors (such as carbon source, nitrogen source, pH, temperature and so
on) affecting the growth of B. subtilis BE-91 and its extracellular B-mannanase production in shake
flask fermentation. Based on one-factor-at-a-time experiment, orthogonal tests were applied to obtain the
optimal combination. [Results] The optimum growth conditions of B. subtilis BE-91 showed as
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follows: 0.3% beef extract, 0.2% yeast extract, 0.1% glucose, 0.4% konjac powder, 0.5% NaCl, initial

pH of 6.0, and culture temperature of 35 °C. The optimum conditions for extracellular f-mannanase

production were as follows: 0.7% konjac power, 0.4% soybean peptone, 0.1% (NH4),SO4, 0.5% NaCl,

initial pH of 6.0 and fermentation temperature of 35 °C. Under the optimized conditions, the highest
extracellular f-mannanase production of B. subtilis BE-91 was 432.4 IU/mL in 10 h. Its extracellular
B-mannanase production was more than 5-fold higher than that from other relevant strains reported, and
the time appeared 14—86 h shorter than others. [Conclusion] B. subtilis BE-91 has advantage in short
cultivation time and high extracellular production of B-mannanase, so it is the specious resources with

potential use in the enzyme preparation industry.
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Table 1 Factors and levels for orthogonal array
design Ly(3%)

Test number Factor A Factor B Factor C
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2

Note: Factor A: Nitrogen source; Level 1, 0.3% beef extract+0.2%
yeast extract; Level 2, 0.5% beef extract; Level 3, 0.4% beef
extract+0.1% yeast extract. Factor B: Carbon source; Level 1, 0.1%
glucoset0.4% konjac powder; Level 2, 0.5% glucose; Level 3,
0.5% konjac powder. Factor C: Inorganic salt; Level 1, 0.35%
NaCl+0.1%  KH,PO4+0.05%  MgSO4;  Level 2, 0.1%
KH,PO4+0.05% MgSOs; Level 3, 0.5% NaCl.

Sr3ANER,
1.8 AEZMHM
1.8.1 BREFRRKE: DABRERIE C HIkE
(0-0.9%) . #2hh pH (4.5-8.0, [EIFF 0.5)F1 % Beik
(30, 35. 37 F140 °Cy N7z, [ HAW AT,
PR RIREG . UL EE 12 h (A p-H 28 S b
6 SR AR bR . PP R BRI . R
WiRE 3AEE.
1.82 IEXRIW: 7ERERIRXEIA L, RHIER
BT Lo3h EEE )M, LIS B-H 8550k
Tt 1 R AR bR, S5 A EE R 220 WA K
FUHARdL A . BRI E 3 A EE
1.9 B. subtilis BE-91 Ry K EF0 =B M2
M E

KRB A A KR R B A, Fe e
15 WFEFRMARYEAT B. subtilis BE-91 KT, M
REEREFRIEEIEN 6 h TRURIURE | g /INBFERURE— 1K
MI5E ODgoo TSN B-H 8 FRAHBGIE 71
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Table 2 Factors and levels for orthogonal array

design Lo(3%)

Test number Factor A  Factor B Factor C ~ Factor D
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 1 3
9 3 3 2 1

Note: Factor A: Carbon source; Level 1, 0.5% konjac powder;
Level 2, 0.6% konjac powder; Level 3, 0.7% konjac powder. Factor
B: Nitrogen source; Level 1, 0.4% soybeen peptonet0.1%
(NH4)2SO4; Level 2, 0.2% soybeen peptone+0.2% yeast
extract+0.1% (NH4),SO4; Level 3, 0.2% soybeen peptone+0.2%
beef extract+0.1% (NH4),SO4. Factor C: pH; Level 1: pH 5.5;
Level 2: pH 6.0; Level 3: pH 6.5. Factor D: Temperature; Level 1,
33 °C; Level 2, 35 °C; Level 3, 37 °C.

1.10 HiES

FARENAE PR E R 3 K, BUFME . FIH Excel
2007 FIGEiHo sk SAS 9.0 X 3 Yk i A i 4% R
IR e e | B
2 GRE54Hh
21 HEKEFFHEML
211 BEEMEMEROEIE: WEERRESRE
IREAEL pH 515 F B. subtilis BE-91 [RLE K
o (1) WFRRE: WK1 aTLEE, ARIEEH
ST B. subtilis BE-91 421,35 °C 4 FRi 3%,
B. subtilis BE-91 (550 K 2 AE M 5 56
4-8 h; 40 °C %K, B. subtilis BE-91 #Fh 4 h J5,
ODgoo MK, FR MK 1E 30 °C FI 37 °C 51
T, B. subtilis BE-91 XA AR 2RI A K
35°C, Ik, ATLIHRE, 35°C /& B. subtilis BE-91
AR IR s A AT K AR 5k L
6-8 hIHIE LG, (2) &4 pH: WK 3 [ LIFE
M LA pH Hy 4.5-8.0, 553545 8 h (U ODeoo

¢ (h)

1 REXY B. subtilis BE-91 <RI E2 M
Figure 1 Effects of temperature on B. subtilis BE-91 growth

<3 #24 pH Xt B. subtilis BE-91 4 €89 820

Table 3 Effects of initial pH on B. subtilis BE-91 growth

oH ODyo
Culture in 6 h Culture in 8 h

45 0.670%® 0.722

5.0 0.703"° 1.0462°

5.5 0.837° 1.214%¢

6.0 0.900% 13565

6.5 0.816™ 1.300P%

7.0 0.782< 1.108™

7.5 0.640™ 0.890°

8.0 0.635™ 0.788%
Note: ~®SPF in the same line statistically different significance
(P<0.05) among different levels in the same culture time. > in

the same line statistically different extreme significance (P<0.01)
among different levels in the same culture time.

{HASK T 6 h BT ODeoo {1, VLI B. subtilis
BE-91 M@ B K pH Y Hdg e ; Miclh pH 6.0
F, 555555 6 h FI%E 8 h BYTEIK ODeoo [HIHEHAY
pH 240K, UEHESA pH 6.0 BiE & TIZE K,
212 BSERZBEXIKE: 7ERKRZIREAIEA L,
XN CURFTCHLER AT IERS IR &5 A=Al
Tr 25T (3 4 T3k SIS M. 520 B. subtilis
BE-91 A: K [ P E WAy : THLER>N J5>C 5
TEREE RIS, A E KGR E M 0.3% 4
B+0.2%BE T 0. 1%H] 25 B +0.4%J8 HER5 F
0.5% NaCl.,
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F4 LBEXRBEEREN 22 REEFHMRL
Table 4 Range analysis for orthogonal array 221 HEZEIEMFE B_-H-Eg%*fg@gm% . 45Hr
design Ly(3’
e ARIRIRERIE . pH RIS HOVE L0 P R0 1
IR (1) RBEREE: AIE 2 rTRIE L, 35 °C 5%

Test number N source Csource Inorganic salt — ODsg

! : : ! 0.945 ¥R %%, B. subtilis BE-91 J{14p323% B- H 52 SRl
2 ! 2 z 0.425 W IR 307.2 TU/mL, ZSEREERNERS I
3 ! 3 3 0.955 IR R B IR A5 R I o B 35 °C g
4 ) | 2 0.345 B. subtilis BE-91 A S H ARk B-1H 8 AN
5 2 2 3 0.841 MIDEARIRE & E . (2) &BE pH: RER5EH) pH T2
; ) . U o EETRSWOZNIEPTAS 0 B ALY 5 S R A
: L L USSR TR,

AT S S i i A P A A R . DAL 3 AT LA
’ ’ ’ : 0.730 Eif, pH 6.0 51 N ABE, B. subtilis BE-91 = B-
’ } ’ ’ 032 L ERBRMES AR 305.8 1UML, KI5
K 2325 2415 2511 2555 EReR G pH L8045 R 5 W Ui pH 6.0
K2 2.022 1.996 1.122 IEIL: B. subtilis BE-91 Eﬁ&ﬁﬂ@&l‘%@ﬁj B_Hﬁ%ﬁé,{%
K3 2207 2143 2.921 T ILAk pH 4500 (3) BEFREIMREE - th ] 4 W1,
Kl 0775  0.805 0.837 MR TR TR BRI R I <0.7%0 . B. subtilis
© 0674 0665 0.374 BE-91 j B-H & SRMERGI A FE “EAE A & 1 ROl
& 0736 0714 0.974 MV s BESRDBRIE>0.7%0N A BE SR

wHK, B. subtilis BE-91 ;= B-H 25 B
R 0.101 0.140 0.600

o XATRERENBE A b & i, SEUNIRIER
FEIER, AT R A R WL BRI A, AN TTSE I

Primary and secondary factors: C>B>A

timization levels: A|B S N— A yek oy S e
Optinization loves: ABCs B, SRR IR, BT
£5 LOETHBEBHEM TRIAE B B EANRT 7. R, T LU
S 9 321w % 7 —H e o\ 7. 2 B L
Table S Variance analysis for orthogonal array FHIBHE B. subtilis BE-91 7™ B_H%?\éﬁgﬁﬂﬁiqﬁ
design Ly(3%) _3s0;
)
Source of variation DF  SS MS  Fvalue P g 300
. = 250
Model 8 1.837 0230 3942 <0.0001 = 20
2 200t
A 2 0.057 0.029 493 0.0197 s 150 F
2
<
B 20077 0039 664 00069 g 100
- S sof
C 2 1.702 0.851 146.12 <0.000 1 =
a9 . . .
30 35 37 40
Error 18 0.105 0.006 Temperature (°C)
Comectedtonl 26 19% 2 REX p-HEREGS MM
Note: ": Statistically significant level variance (P<0.05); " Figure 2 Effects of temperature on [-mannanase
Statistically extremely significant level variance (P<0.01). production
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~ 3501 ~ 300

£ E

g 300 B 5 250 -

£ 250 t <
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SN @

5.0 5.5 6.0 6.5 7.0 7.5 0 0.1 0.3 0.5 0.7 0.9 1.1
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1 - = #H A 7 \E, e = =1 = =R\ AN == 1y o~
B3 pH 3 p-HERIESS MARI 4 BERMLRER p-H BRIERA B A

Figure 3  Effects of pH on p-mannanase production Figure 4 Effects of konjac powder concentration on

p-mannanase production

£ 6 LGHERKBBIERENT

Table 6 Range analysis for orthogonal array design Lo(3%

Test number C source N source pH Temperature B-Mannanase activity (IU/mL)
1 1 1 1 1 203.4
2 1 2 2 2 244.5
3 1 3 3 3 203.4
4 2 1 2 3 213.7
5 2 2 3 1 215.9
6 2 3 1 2 208.0
7 3 1 3 2 3243
8 3 2 1 3 233.1
9 3 3 2 1 296.9

K1 651.3 741.4 644.5 716.2 586.3
K2 637.6 693.5 755.1 776.8 662.7
K3 854.3 708.3 743.6 650.2 651.2
kl 217.1 247.1 214.8 238.7
k2 212.5 231.2 251.7 258.9
k3 284.8 236.1 247.9 216.7
R 72.2 16.0 36.9 422

Primary and secondary factors: A>D>C>B

Optimization levels: A;B,C,D,
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Table 7 Variance analysis for orthogonal array design Lo(3%)

Source of variation DF SS MS F value P

Model 10 46 239.28 4 623.93 59.89 <0.000 17
A 2 29 470.52 14 735.26 190.84 <0.000 17
B 2 1204.41 602.21 7.80 <0.000 17
C 2 7 405.65 3702.82 47.96 <0.000 17
D 2 8 023.29 4011.641 51.96 <0.000 17

Error 16 123538 77.211

Corrected total 26 47 474.656

Note: *": Statistically extremely significant level variance (P<0.01).

AMUERE SRS IIRIE, 0] e S EEAIE Y.
222 ZEREXRIRE: ARFRKLEAIEA T,
XFC L N R &R R B pH 1T IESS IR
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2.3 oA (E IR
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B-H &% SR MH A I 2 R AL RN (K1 5), 29 6 h I
MRiEAFSEUAE K, 10 h 535S, ODgw 21 H
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fH 4324 TU/ML, ZJEA/MERIK. ik, v

28 ¢ % Do 1 450
24 | —¢— B-Mannanase 4 400
1350 5
20 {300 g
g 161 1250 %
Q @
S 12+ 1 200 %
| =
08 150 =
1100 =
L @
04 1 50
0.0 , , , , , , 0

6 7 8 9 10 11 12
¢ (h)

5 B. subtilis BE-91 By~ Egi#tT2
Figure 5 pB-Mannanase production course of B. subtilis
BE-91
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HERIFLMEREREIR . A5G A K
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