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Abstract

Immobilized cellulase was pretreated by ultrasound. Based on the single factor and response surface
methodology, the effects of ultrasonic parameters, such as ultrasonic time, ultrasonic frequency and
ultrasonic power, as well as enzymolytic temperature and pH value of CMC — Na buffer solution after
pretreated were investigated. A mathematical model was established and analyzed to describe the
relationships between the studied factors and enzyme activity. The optimum treatment parameters were as
follows: enzymolytic temperature of 58. 73°C , pH value of CMC — Na buffer solution of 3.0, ultrasonic
time of 16. 88 min, ultrasonic frequency of 22.33 kHz and ultrasonic power of 26.77 W. Under the

optimum conditions, enzyme activity of immobilized cellulose increased by 9. 75% .
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Fig.2  Effect of ultrasonic frequency on the activity

of immobilized cellulase
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Tab.2 Box— Behnken design and experimental results
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2 -1 -1 0 0 4.83855
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29 0 0 0 0 6.356 66
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Tab.3 Significance test of regression coefficients
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Fig. 6 Response surface of the effect of interaction term on the activity of immobilized cellulase

2 i A UL RE Dl 60°C i 7 AR AR Oy 23 kHz,
R[] AN AR I B 2 7 D A 384 o, T T S S
o P ) AN AR I B R P IR ) Y G O S L
S8 K o e e N TET T LA MR R PR IR RO R
THEAf e, 2 R LR,

IR O 60°C, i A5 B[R] 0 20 min, P
WAL I B A B P I AR 860, I S 1Y S R
R P D AN AR I i P A A R Tl L S
1 5 W o ehmm Rz TED T DA HY RS ) AR AN R
FHFEMRE, R RIIEL X R
2.3 #£R5itie

38 o w7 T B0 5 R, 42 Design Expert 2443
Br, AT LA A B e A 25 F S 50 IR B 58.73°C,
P ] 16. 88 min , 2 74 B 2 22. 33 kHz, # 75 o) %
26.77 W TESLSHUT B 4 6. 46 U, LA i 7 i)
MGG (5. 83 U) 4w 17 9.75% .

2R B e W, 78 B AR A5 T Ak B [ A 2T 4
R S WEE ARG, B IEERRARh 4. 24 U,

Bt I PR AT N 65. 63 % 5 1M A AT A Ak B 174 [ E £k
YR L S WEL M MG, B 051 T N
2.96 U, il A7 A 50.77% o th b b Bodh i W
AL B [ RE AL T 2 R R, AN A B e
Z YR R IS DR A7 R 0 25 P o X vl 2
TP I R T E A T A K Y A TR 2L R
SR S A RSP/ k7 LU EE 3 L ATTE RS NS

3 &g

(1) 38 3o B R 2 30 WF 9 17 R 7 ) 0 Ak 38 5%
(R B[] | 75 A 23 P Ty 32 ) DA S Ak 3RS 1Y
it i L B2 A CMC — Na 2 o pH (B 0] [ 2 £k 2F 4k
RIS TS

(2) %5 B PR &R 00 45 2R E 1T 0 Ae, A A
Design Expert 7.0 43§, 15 H 5% B g £ 4% 1 R
58.73°C , #7 F[A] 16. 88 min, #7545 2 22. 33 kHz,
)3 26.77T W FE LS U BTG R 6.46 U, R
TR 7S I S (5. 83 U) M 1 9.75%

2 £ x Wt

U WG A A g (M JE a0 P B 5 0l 8 fidt , 2001 :80 ~ 130.

2 BWT. A S IM . JUaT B o Ak, 20050172 ~ 279,

3  Masahisa Wada, Masakazu lke, Ken Tokuyasu. Enzymatic hydrolysis of cellulose I is greatly accelerated via its conversion to
the cellulose IT hydrate form [ J]. Polymer Degradation and Stability, 2010, 95(4) . 543 ~548.

4 Kuo Chia-Hung, Lee Cheng-Kang. Enhancement of enzymatic saccharification of cellulose by cellulose dissolution



RO S5« R P I TTUAL T s A 2T 4 2R NG M Y 5 155

pretreatments [ J]. Carbohydrate Polymers, 2009, 77(1) :41 ~46.

EBAR S RS — ARG AT 4R 3R O B 52 5 2R RO 0 s R B R A5 RS A A in s [ ] T RO R
4R, 2004, 9(5): 7 ~11.

Wang Weidong, Cui Zongjun, Niu Junling, et al. Construction of a composite microbial system of lignocellulose degrading and
effect of cultural condition on the system capability [ J]. Journal of China Agricultural University, 2004, 9(5).: 7 ~ 11.
(in Chinese)

X SRR , 5T RE, SF . [ E AL B A OR AR SEHE R [T ] Ak 2 Tk 5 LA R ,2009,30(1) :21 ~23.

Liu Haizhou, Zhang Yuanyuan, Zhang Guangzhu, et al. Research progress on preparative technique of immobilized enzyme
[J]. Journal of Chemical Industry & Engineering, 2009, 30(1) : 21 ~23. (in Chinese)

H3 BB A, B0, . EORFE AT A Al DI A [T 1. g st bRl R 27 4 - B 2R} 2 i, 2007 ,31(4) :85 ~ 88.

Xiao Qiong, Yao Chuncai, Yong Qiang, et al. Study on ultrasound assisted enzymatic hydrolysis of corn stover [ J]. Journal
of Nanjing Forestry University: Natural Sciences Edition, 2007,31(4) : 85 ~88. (in Chinese)

W EE IR, BB E. RRE TR R B 2 AL e REERIBT S [T ] I LB R 2= 2= 4 - B AR B2 i, 2004,
28(4) ;386 ~389.

Yang Guoying, Hao Zhenfang, Qin Mei, et al. Studies on cellulases enzyme fixed on chitosan of natural polymer [ J]. Journal
of Hebei Normal University: Natural Sciences Edition, 2004, 28(4) : 386 ~389. (in Chinese)

PRI, BORBR, XU AN 2 RME @ AL P E R BB S [ T]. AR Ak 5 AR W Wy 3R g ,1996,23(3) 250 ~ 254,

Chen Sheng, Huang Zhiyue, Liu Yanru. Study on chitosan-immobilized cellulose [ J]. Prog. Biochem. Biophys., 1996,
23(3): 250 ~254. (in Chinese)

10 Ayse Dincer, Azmi Telefoncu. Improving the stability of cellulase by immobilization on modified polyvinyl alcohol coated
chitosan beads [ J]. Journal of Molecular Catalysis B: Enzymatic,2007, 45(1 ~2) .10 ~ 14.
L1 BERR, Ehi AR XA By, S . H 7 A B0 /N 22 Y 2 SR 2 1 A A D R BT s e [0 ] ROl BLAR 27 41z ,2009,40(8) -
55 ~59.
Jia Junqgiang, Ma Haile, Zhao Weirui, et al. Effect of ultrasound treatment on physicochemical and functional properties of
wheat germ globulin [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2009, 40 (8): 55 ~ 59.
(in Chinese)
12 Rajesh Singh, Rajender Kumar, Kiran Bishnoi. Optimization of synergistic parameters for thermostable cellulase activity of
aspergillus heteromorphus using response surface methodology [ J]. Biochemical Engineering Journal, 2009, 48 (1) ;28 ~35.
13 Lhifp ok TR, bk, 26 O 75 I LA RS S 22 4 ) 4 ACE 3l BRi sz ma [T]. ROl ALAA- 4k ,2010,41(9) 1133 ~
137.
Ma Haile, Geng Jingjing, Luo Lin, et al. Effect of oat-seed protein pretreatment by ultrasonic on preparation of ACE
inhibitory peptides[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010,41 (9):133 ~ 137. (in
Chinese)
(E#% 130 TT)
18 A, g RS R[], TR, 1992, 13(1): 12 ~15.
Li Wenhua. Vibration transmissibility of cushioning packaging [ J]. Packaging Engineering, 1992, 13 (1) 12 ~ 15.
(in Chinese)
19 GB/T 4857.5—1992 403 izt e AR Bk k[ s].

GB/T 4857.5—1992 Packaging-tests for transport package, vertical impact test method by dropping [ S]. (in Chinese)



