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W E: AHKRMFEZwF Aspergillus niger HDFO5 E#r4k & 69 B-%) 45 H 8486 7%, T LA B L4 HTT R, KA
Plackett-Burman 5 3&4% it # R A 4k & BERAE A M P B0 R oh . 4K o SRR R R RN FA A2 & IE R K om B R 3%, JFes4-F
LA B v BB AT 4 AR E MR & AT 947 . Plackett-Burman 23045 R AR, X BRIk E . £ A (NH,),S0,
REs B-HEETEESAY MEE, By @SR - AN FA, 5 ERBAIMAG LB TRAN: At
M 28°C, FREH 71.4mL250 mL, #EKIRE A 36 g/L, (NH,),SO. KA H 55g/L. KA EMmETRLEAK, B
WG K* B-F) B HEFEEE /) 7T & 60.06 U/mL, SARALATIRZH T 23.9% . 2 E HDFO5 A 69 B-%] )42 888 T
BAME 2R GH f RN BEM R, THRKRRA L B RE, 8h ATHRERSH B EREHMIFTRAD 804%.
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the path of steepest ascent to approach to the biggest response region of parameters affecting B-glucosidase production. Then, we
obtained the optimal parameters by central composite design and response surface analysis. We developed a quadratic polynomial
equation for predicting B-glucosidase production level. The results showed that the important parameters were temperature, packing
volume, concentrations of wheat bran and (NH,),SO,. The optimal fermentation parameters were as follows: temperature 28 <C,
packing volume 71.4 mL/250 mL, wheat bran 36 g/L and (NH,),SO,4 5.5 g/L. Under the optimal conditions, we obtained the
maximum enzyme activity of 60.06 U/mL, with an increase of 23.9% compared to the original fermentation parameters. During
enzymatic hydrolysis of acid-pretreated corncob, addition of B-glucosidase from Aspergillus niger HDF0O5 greatly reduced the

inhibition caused by cellobiose, and the hydrolysis yield was improved from 66.7% to 80.4%.

Keywords:

K EA LIRS FE, Hr Tl 248 5%
AR BT M, GnREF AR P EOR - B o
— IR AL IR, TCBE R R AT R AR e T
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WE Bl GG 1R AT R, ) SRR TR R A
7 AR B SRR — R 22, (B R e T2k
1700 A2 2 5 il o 1 — A BRI AR . AR SO —
PRI R B RSB T I, DURIR 52 -
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REWWTt, AHRE RS B Z B3 EAEH,

R TE R AR B 5 X M5 B, A ST Tt
i, Y P (Response surface methodology,

RSM) & —FhZi G L iR s e ik,
A [m] B X 22 X - K P R A2 BAE FH EAT AL 5 3T
#r, FERERECE O E 2 N T RS R 44,
AR RSM B HI AW OB Bk A IR 2
BT AR ST LA — KRR B A I R SR
HDFO5 Jy#4%L, B 55K H Plackett-Burman SZ 50 % 11
Xof 5 e FL 7 B A R 0 25 A IR EA T B SR
B, SR JE R A ) ) EE R R O A R
%11 (Central composite design) #E47404k, k5L
50 B5CHE #UL -5 i 7 TS TR R AT B AL B, A5 B R
MR EESEL, DU B- 40 W 1 e Y Tl Ak A 7= F
o7 FH B85 Al

1 ARG

1.1 IRHNE5EE
111 @tk

2 i & Aspergillus niger HDF05, HASSEHG =
TR
112 BEFH

BHAHG S 0L . [ PDA 53 00 R w55
3. 209 £, 39g&EMM, 2 g K;HPO,, 05 g
MgSO, 7H,0, 4 g (NH,),S0,, 0.5 g CaCl,, & T
1000 mL Z&4/KH, AR pH.
1.1.3  FZH

XF - 35K 5E-B-D- T 45 (p-NPG) 1 Sigma 24
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1.1.4  FHIH N7

HQL300A fHIR ¥ %K (Hh BB e iR
FAUEE)); TGL-16B ik AR B OHL (Rl LR
FANERT )5 7228 AT LA GO EE T (RIEAE
BlEAUER A PR Fl); PL1501-S HE T K% (M-
FEFI Z AL FIA PR A
12 KWHZE
1.2.1  FhrEmng e ik

FH T B K ¥ R RS 5R AR B AR R R =
250 mL i BEES TR = AR, FERERF 200 r/min
&% 30 min, e FE AUk E PR R 1>107 4~/mL
THil75 Bl DL 10 % B EeFh i3 A B R BRI SR 2k
1.2.2  B- a0 i BT PR 7 75 7 2

AEE I P BUR B2, 10 000 r/min 58 F &0
10 min, -SRIy B- A 0 T R R
1.2.3  B-HTHHFHF IS 7 W 7y 7

BOE S # B 0.1 mL Tk, A
20 mmol/L FY X -fiff 3 28 JE-B-D- i 29 B i (p-NPG)
0.1 mL F1 pH 6.5 #fRZZ thi W 0.8 mL, 50 °C )i
30 min, [ MR FRHIA 3 mL 1 mol/L (%) Na,COs
VIR ZAL R, FE 400 nm P R I 6B L i
5 B B 25 IR R S 2 e e B iR
TEMTEARE 1 pmol X -Al A 2K ) T i 2
Ry — AN 1 R (U)1,
1.2.4 Plackett-Burman 3£ 171

R A %ot 2 1 25 HDFO5 % A= 7= B~ 2 A g oL
RS SH RN R RER BRI, 7158
Ak 91 A FI ] Plackett-Burman %111, DURE (X)),
PlE (X)) Z£#K (Xo). HEOM (Xa). (NH,);SO,4
(Xs). MgSO,47H,0 (Xe) MiAK K, XixX 6 F & i
RS EGHATPUKCEF R BT, SERRECh 12 1k,
PG Ze kR

Y=ap+a X taXotazXgtas Xa+asXs+agXe

A Xio Xoo Xao Xao Xso Xe 209000 45 & 1%
RS, Y RIS ) (U/mL), ap. a;. ap. as. ag.

as. as W FEREL.
1.25 REENCH ST 1571

M) S5, T 400 0 i R 8 Y R 4 AR B B A 7 )
BT, 78 HA XAy B 5 0 DL 1Y R
POy B2 TAHBIZ AL, TUP TR L. R bERY R
PLAULA 1 — B A5 TR (4 [ 01 2R B0 555 ARk 0
(IEROW B PR S U s (L, 800 B PR R 2 AR
fE) BFERRWHEE LSRR, @il 2 E KR
FI 598 ) 7 (11 498 K% 1y 1) 728 A R S DA, DT i 3 A
R 17 X3RO AR B T A5 3 B B A 0 B
PRI BUE, FFK AR N o0 A B T 19 H 0 £
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1.2.6 05T

4 AR 5 KB dH A S50 LT 30 WELE,

WA — kB R . 1% R AT AR e R AR
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%J\_}V:

Y=bo+b1X1+b2X5+b3X3+0b5X5+01,X1 Xo+D 13X X5+
D15X1X5+D23XoX3+025X2 X5+ 035X X5+0 11X 1 X1 +020X, X+
b33X3X3+b55X5X5

F s Xow Xou Xao Xs N RS> N1 S2 B0 5
XTUHW{E%E%E”HI']E’J 4 PhRIEIFRSEL, Y R
g AR, BDEETS 7 (UML), by, by, by, bs. bs.
b1z bis. Dis. bag. bas. bas. bir. by baz. bss 4
5 B 2%, S8t 7 4 Design-Expert (Version7.1.3)
Xt SE B EAT L 43 B, FHF (Fischer) &% 30074 £
PR R B, H R BLE TR e R R?
B -

1.2.7 FHEIE
XiF 1% 22 TG R ERCHEAT BT B P ER 23 A 46 AT A
e KW m DA S HOAS S5 R T I35 1 R I 1Y) 2 I oL 7
?ﬁE’JEXfE K FH B 28 A5 (R A0 AL 15 7 20 R
MEAT B E B, 0 AR TR AT S AT A o 2R i &
HDFO5 % W i e (k1.2
1.2.8 1Y LH A 2

TR A By 1k SCHER[14] ik, FoiAk 35 2F

PSRBT . PR 54% , FHHEER 53%, K

e \>19 ‘tﬂt
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JRE 29.2% , HAh 11.5%.
1.2.9 S B- 7777 B 17 P 0 R PR+ K 5 2T 2
o3

ity i 7€ 50 mL & OV AR AT, IR I EL IR
¥4 130 g/L, BnA—E itHe 1.2.2 Jr kil 5 i KL
TF) (P4 EBEHE ] 20 Ulg EY), B-H%58E T i
FHE R 3 Ulg iEY)), #£ pHH 4.8, 45 C&MATK
it WEARAFAR(Y)L AR

Y=(m>0.9%100)/(m;+m,)

A maR AR, m R TR ER TR,
M- iS4 P A7 4 T
1.2.10  JGREIR THES 2B Ty i

I3 M ¥ SCRR[A5] BT 3 Jy ik b A

ERE A

21 EEREZEMHIL

X H Plackett-Burman 52565 11, X A& il # v
6 M ESETELE, BN TRE (+1) FIR
(-1) 2 DK (3R 1) SRR S EUKY-FI
T ES AR 2,

240K, IR 6 NINERS, REERE .
BEVR AL . ER B G IR B (0 Tk BE X B A W i
FAEREWW, FFIEATT — B RbEeY s, 10
fih 2 MRZE, EEOFRA MgSO, 7H,0 X B-1 28 B 11

o

2

5/
5wy

FORE LT AT MM S , BEMECh S FORE 00 B P RO AR L DRI I SR 5 i BUE
F 1 Plackett-Burman 288 1% i+ 5 R &
Table 1 Plackett-Burman design and responding value
Run X1 (T) X, (ML) X3 (g/L) X4 (/L) Xs (g/L) Xs (/L) Y (U/mL)
1 30 100 20 5 8 25 31.27
2 25 60 20 3 8 30 43.90
3 30 60 40 5 4 25 23.40
4 25 100 40 5 8 30 51.40
5 30 60 20 5 4 30 28.28
6 30 100 20 3 8 25 20.57
7 30 100 40 3 4 30 31.49
8 25 100 40 3 4 25 50.37
9 30 60 40 3 8 30 25.34
10 25 60 40 5 8 25 48.53
11 25 60 20 3 4 25 32.97
12 25 100 20 5 4 30 36.44
*2 ZMARMFM
Table 2 Effects of different factors
Variable Level F test
Symbol Parameter Low (1) High (+1) F value Prob>F
Xy Temperature (<C) 25 30 7020.40 0.0014
X Packing volume (mL) 60 100 24.08 0.0391
X3 Wheat bran (g/L) 20 40 90.67 0.0108
X4 Peptone (g/L) 3 5 14.20 0.0638
Xs (NH,)2S0, (g/L) 4 8 21.49 0.0435
Xe MgSO, 7H,0 (g/L) 25 30 6.25 0.1296
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i 72 fy Plackett-burman 056 5110 & S BUE . 4%
IR & X FE W B 2 i ] FH AR RN

Y=35.33-8.61X,+1.59X,+3.09X5+1.22X,+1.51 X5+
0.81X¢

JiFEEIERE 2L R?=0.9980, FE W% (8101 )5 L4
AR, HBER RN AIEL, SR,
YRR BRI (NH,),SO, W, IR E .
2.2 BxBENCIK UG A 33 &= K Min iz 1B AY Il Sz [X 13

M 7 T 450 R A TR 48 Y im DX A g
FEATITAL LSS BL , 0N 5638 3 5 K7 il X 3 )5 P
LA RS R, AR4E Plackett-Burman 72 i i
Y E R RO RN B AT K, iR AT b
JeYER B I, FRERKZWH X R BT g
mFE 3 Frs. mATMEXTES 3 WRIRMT, S
RIS 3 A% Ay e 17 T S 56 PR 2R KT B et a5 )
O T S 56 R 2 K L3R 4.

%3 BREREMREIRER

Table 3 Experimental design and results of steepest ascent

Run X1 X2 X3 Xs Y (U/mL)
1 30 60 40 4 42.06
2 29 65 38 45 55.54
3 28 70 36 5 59.96
4 27 75 34 55 55.38
5 26 80 32 6 51.33
6 25 85 30 6.5 49.48

x4 WEEASHIRERERKER

Table 4 Factors and level value of response surface
analysis
Variable Level
Symbol Parameter -2 -1 0 1 2
X1 Temperature (C) 26 27 28 29 30
X2 Packing volume (m/L) 60 65 70 75 80
X3 Wheat bran (g/L) 32 34 36 38 40

Xs  (NH4)2S0, (g/L) 04 045 050 055 0.6

23 HULHEXBMUIEFRERE

¥ JH Central composite design i 37 i i 56 % 31
W B N F R, Wit iL%E 5. M
Design-Expert (Version7.1.3) %k {4 #1415 2 £ 7t [A]
IABE TR

Y=57.98+0.57X;+2.28X,+0.79X3+1.78Xs—1.52X, X,
~0.89X;X3+1.06X1X5—2.89X,X5—0.11X,X5+0.81X3X5—
5.97X:X;—3.24X,X,—4.37X3X3—0.85X5 X5

R [E] 43 Hr L2 6., bR 2% R?=0.8948, i
B [0 05y R A LA Aty . B P<0.0001, R
iE/hF 0.05, KHIETFREN FRKEE, s
B R By RIS Ao P R T R0 U b A [y
T 22 il e o7 T R (1)
x5 FLEASHEERITRRBER

Table 5 Response surface central composite design and
corresponding response

Run X1 X2 X3 Xs Y (U/mL)
1 -1 -1 -1 -1 38.12
2 1 -1 -1 -1 42.25
3 -1 i -1 -1 43.42
4 1 1 -1 -1 47.81
5 R0, -1 1 -1 40.83
6 1 -1 1 -1 50.44
7 -1 1 1 -1 46.32
8 1 1 1 -1 35.20
9 -1 -1 -1 1 35.23
10 1 -1 -1 1 42.62
11 -1 1 -1 1 48.80
12 1 1 -1 1 48,51
13 -1 -1 1 1 45.62
14 1 -1 1 1 52.13
15 -1 1 1 1 40.62
16 1 1 1 1 43.94
17 -2 0 0 0 35.12
18 2 0 0 0 33.50
19 0 -2 0 0 35.14
20 0 2 0 0 55.33
21 0 0 -2 0 36.32
22 0 0 2 0 45.16
23 0 0 0 -2 49.15
24 0 0 0 2 60.42
25 0 0 0 0 56.42
26 0 0 0 0 58.40
27 0 0 0 0 57.93
28 0 0 0 0 57.15
29 0 0 0 0 59.31
30 0 0 0 0 58.64
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Table 6 Results of regression analysis

source G squares  square © ValUe Prob>F
Model 14 1879.92 134.28 9.12 <0.0001
X1 1 7.82 7.82 0.53 0.4774
Xz 1 124.94 12494  8.48 0.0107
X3 1 15.07 15.07 1.02 0.3278
Xs 1 75.69 75.69 5.14 0.0386
X1 Xz 1 37.03 37.03 2.51 0.1337
X1 X3 1 12.78 12.78  0.87 0.3663
X1 Xs 1 17.89 17.89 1.21 0.2878
X2 X3 1 133.75 133.75 9.08 0.0087
X2 Xs 1 0.21 0.21  0.014 0.9062
X3 Xs 1 10.50 10.50 0.71 0.4118
X1 X1 1 978.47 978.47 66.43 <0.0001
X2 X2 1 288.19 288.19 19.57 0.0005
X3 X3 1 522.65 522.65 35.48 <0.0001
X5 Xs 1 20.00 20.00 1.36 0.2621
Residual 15 220.94 14.73
Lack of fit 10 215.44 2154 19.56 0.0021
Cor total 29 2100.87

60.00
53.75 LA
2 <2
T 4750 RS
Q
Q
5 4125 0.3‘”
3 X
35.00 Y
3500 -
37.00 :
70.00
Wee 3500 ~~— :

74 A
brgy 3400 6500 o

B 1 FESMEIKEXEGE 05008706 5 E
Fig. 1  Surface layer of the mutual-affection of packing
volume and wheat bran concentration on enzyme activity.

HE 1 =g E A, X Xa. Xs.
Xs FELEMRAA S o X RER T, BRI fE A, 4
ANAF AR S (X X2 X3 Xs) AYFCHSME (0.09,
0.28. 0.08, 1.00), Hl&BziREN 28.09 C, F

Journals.im.ac.cn

7137 mL/250 mL, %k iRE N 36.17 g/L,
(NH,),SO, ¥ EE A 5.5 g/L, LA AR T (4 KA N
59.33 U/mL, NSEPragdE Iy i, i 5557 SR e e
Tk KEBEREER 28 °C, %kHEN 71.4 mL/250 mL,
Bk VREE R 36 g/L, (NH4),S0, 4k Hy 5.5 g/L,
2.4 WNERL

TE H AR B R IR IS 2 R S OLT
TERI IR K B S5 A0 FR AL R B 4540 T 43 33MEAT 3 2 4%
R S I, ) 0f R TE SR A AT 4331 O 46.13
4526, 45.71 U/mL, “F-§TE J1o 45.7 UlmL, i
b K W % 15 T A5 Wl 3% 43 03] 60.54 ., 59.54
60.11 U/mL, “F-¥lgi% J1°k 60.06 U/mL, ZFifk
B IESEE T 23.9% , SEEREIEAE R LT, B
BHAZ B 8 B o T AL 5 o R TR 15 10

FIHECRGE T Tk A R it & K e B-7 g W
A — SR T, e S UL E SR B vk
X R A R B SR AT A, I BT A
% 411k 59.86 UmL. HILr %R A BN Rk B ik
XFre B A BE T B B AR IR AL, AR B-
A E S 104 54.15 UImL ., ASBIFSE 0 2
HDFO05 & i it B S AL I 7= B g 1 b T K-
25 FEREAFHKERIEGHE

TR YR (FLHR 54%, PAHHER
5.3%, KR 29.2%) FHLTF 4 KA B-7 2 b1 i
iR (SF4E R BEHIE 20 Ulg Y, B-7 40 b1 i
FHE N 3 U/ JKY). Bt 48h 25, MEMRH44
YRR T, PR AT G R B AT B AR R, 38
JFOpE B A #) 52.1 g/L, BARASHR N 66.7% , MiZF
e R WG -7 2 W T — 2 P B, 3 S ok ]
ik 63.4 g/L, Milf#EAS R AT 80.4% o X it B FE Bl
i FH 27 4 2R Wb AT TR ISEF 4 50 0 O B v, 27 4
2 1Y) T 0 LE AT A R R B — o R R 2 B
il T - 4 il T A 3 AR S T A O AT
fiff DR 2T 24 3% Rl TS A 4 (R, 2B $ o R
EOFEE
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Table 7 Results of hydrolysis by cellulase and B-glucosidase from A. niger HDF05

Sugar concentration in hydrolysate (g/L) Reducing .
Enzyme - - L Hydrolysis (%)
Cellobiose Glucose Xylose Arabinose sugar (g/L)
FP 11.9 27.1 0.8 52.1 66.7
FP+CB 0.8 50.3 0.9 63.4 80.4

FP: filter paper activity; CB: cellobiase activity.
3 Hib

>R FH ) 7 TG A 9k AT S O % 5 ) R il
HDFO5 [k 7 B~ 4 1 1 i 2 I ol A S 5 8 25 IR
&, JRE S 2R, R GEH o B A
TUEAT B F PR R A R B B S kA5 3
ML KB RSB . RIFIRE y 28 C, Bl
g 71.4 mL/250 mL, EkFZ A 36 g/L, (NH,),SO,
Wl 5.5 o/lL. TEMRALIISZMET, Bihd HDF05
GARR Y B-7 % 0 H i IS 71k 60.06 U/mL, BALALHT
P T 23.9% . ¥ il & HDFO5 F=AE 1) B-7 8 M 1T
FH T P it 5 KRS 7 2 o B MR S Be eh, 48 h AT fiff
il i E KL e R RIS T2 80.4% -
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