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Optimization of Fermentation Condition for Cellul ase- Producing
Penicillium glaucum NS 16 by Response Surface Methodology

DUAN Xuehui, YAN Shufang, PENG Yunzhao, JIA Kutyan
( State Key Laboratory of Food Technology, Nanchang University, Nanchang 330047, China)

Abstract: In this manuscript, response surface design was used to optimize the nutritional and
environmental conditions of cellulase production by Penicillium glaucum NS16. There are 18
factors affect the cellulose production, including the fermentation time, shaking rate,
concentration of carbon sources, nitrogen sources and inorganic salts. The influence of the 18
factors was evaluated by PlackettBurman design. The result showed that wheat bran, CMG-Na
and the fermentation time play important roles on the cellulase production. According to the
result of Plackett Burman design experiment, the value range of the significant influential factors
could be estimated, and a Box Behnken design was employed to optimize these factors and the
results were shown in response surface graph. Following the results, the optimum conditions
listed as follows: 6.0 g/L. wheat bran, 7.0 g/I. CMG-Na, and 96 hours feimentation time. By the
optimum conditions, 309 IU/ml of cellulase was produced by Penicillium glaucum NS16, which
was higher 227% than that of the control (94.51 IU/ mL)
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;X 1 Plackett Burman
17 Tab. 1 Coding table of Plackett Burman factors and levels
-1 1
’ ’ X, (¢/ L) 10 6
X, CMC(g/L) 5
’ . X (¢ 1) 3
SAS(version8. 0, SAS Institue Ine, Cary, X,
NC, USA) (7= 131 Xs (¢/L) 0.4 0.2
Xe (¢ L) 4
2 “ZF 548 X, (¢/L) 1.5
X
21 Xo (¢/ 1) 0.5 0.3
Penicillium glaucum NS16 Xio (g/ L) 0.3 0.2
X (¢/ 1) 0.5 0.3
’ 18 X, pH 6 4.8
X|3
Penicillium glaucum NS16 X. (o 1) s 10
. Xi~ Xis, 1 Xis (C) 31 28
PlackettBurman 20 Xie ( h) 96 72
2 2 1~ 20 , X, ~80(ml/ L) 1.5 1
’ X (t/ min) 200 180
3 , , X~ X = 1L+ 1
Yi
2 Plackett- Burman
Tab.2 Design and results of Plackett Burman response surface test
X, X, X3 X4 Xs Xe X7 Xsg Xo Xio Xu X X X X Xie Xy Xis Y:
1 1 -1 1 1 -1 -1 -1 -1 o-1 1 - 1 1 1 I -1 -1 303500
2 1 1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 I -1 250.630
30 - 1 1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 123.753
4 -1 -1 1 1 -1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 231790
5 -1 -1 1 1 - 1 I -1 -1 -1 -1 1 -1 1 -1 1 1 275.850
6 1 1 -1 -1 1 1 o-1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 253680
7 1 1 1 -1 -1 1 1 - 1 1 o-1 -1 -1 -1 1 -1 1 -1 120750
8 1 1 1 1 -1 -1 1 1 -1 1 1 -1 -1 -1 -1 1 -1 1 25379
9 -1 1 1 1 1 -1 -1 1 1 - 1 1o-1 -1 -1 -1 1 -1 30420
10 1 -1 1 1 1 1 -1 -1 1 1 -1 1 1 -1 -1 -1 -1 1 273870
1 -1 1 - 1 1 1 1 -1 - 1 1 - 1 1 -1 -1 -1 -1 30130
12 1 -1 1 -1 1 1 1 1 -1 -1 1 1 -1 1 I -1 -1 -1 267280
13 -1 1 - 1 -1 1 1 1 -1 - 1 1 -1 1 I -1 -1 61050
4 -1 -1 1 -1 1 -1 1 1 1 1 -1 -1 1 1o-1 1 1 -1 198780
15 -1 -1 -1 1 -1 1 - 1 1 1 1o-1 -1 1 1 -1 1 1 93.920
6 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 -1 1 I -1 1 2250
17 1o-1 -1 -1 -1 1 - 1 - 1 1 1 1 o-1 -1 1 1 -1 297720
18 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 o-1 -1 1 1 123.850
19 -1 1 1 -1 -1 -1 -1 1 - 1 - 1 1 1 o1 -1 1 29.780
20 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 90170
1~ 20 20 LY , U/mL ,“- ¢+ 17
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2 s 3
3 Plackett Burman
Tab.3 Variance analysis of Plackett Burman
F P
X, 1 84 312.25 84 312. 25 352. 796 9 0.033 862
X, 1 48 773.12 48 773. 12 204. 086 7 0. 044 490
X3 1 770.102 6 770. 102 6 3.222 424 0.323 565
Xy 1 221.877 9 221. 8779 0.928 428 0.511817
Xs 1 5 466. 306 5 466. 306 22.873 26 0.131 221
X 1 62.781 96 62.781 96 0.262 705 0.698 474
X, 1 117.297 5 117. 297 5 0.490 820 0.610950
X 1 17.568 75 17.568 75 0.073515 0.831 442
Xo 1 1 255. 558 1255.558 5.253 767 0.261 896
X 1 21.290 16 21.290 16 0. 089 087 0.815 344
X 1 43.26211 43.262 11 0.181 026 0.743 907
X 1 149.467 8 149. 467 8 0.625 434 0.574 017
X3 1 569.831 5 569. 831 5 2.384 408 0.365 859
Xy 1 27.366 30 27.366 30 0.114 512 0.792 271
Xis 1 31.538 16 31.538 16 0.131 969 0.778 169
X 1 37953.39 37 953. 39 158. 812 5 0.050 411
Xy 1 117.103 8 117. 103 8 0.490010 0.611197
X 1 2 938. 494 2938.494 12.295 86 0.176 857
18 182848. 6 10 158. 26 42.506 29 0.120 196
1 238.982 4 238.982 4
19 183 087. 6
P <0 05,
3 , P(X1) = ,
0033 862, P (X2) = 0044 49 P (Xus) = i 3,

0 050411, X1 X2 X

SAS ,

3 F , X1 X2 X1 F ,

F CMC
22 Box-Behnken
3 N

CMC s Box

Behnken
3 5

4 BoxBehnken 20 5 20

3 )

4 Box Behnken

Tab.4 Coding table of Box- Behnken factors and levels

- 168179 -1 0 +1+168179
X, 2 4 6 8 10
(g/L)
cMC
X> 5 6 7 8 9
(&/L)
X; / 72 84 96 108 120
h
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5 Box Behnken SAS Box Behnken
Tab. 5 Design and results of Box Behnken , 6
X, X, X; Y; 6 , 3 ,

1 -1.00000 - 1.00000 - 1.00000 50.08 XXz XoXs XiXs F 0- 000 333
2 - 1.00000 - 1.00000 1.00000  23.52 (000 188 0. 000 029, 3
3 -1.00000 1.00000 - 1.00000 53.73 , CMC
4~ 1.00000 100000  1.00000  25.69 » XX XoXo XsXs F
5 1.000 00 - 1.00000 — 1.00000 52.18 26 244 05 17 82505 4. 032 688,
6 1.000 00 - 1.00000 1.00000  22.16 CMC .
7 1.000 00  1.000 00 - 1.00000 51.03 :
8 1.000 00 1.000 00 1. 000 00 25.34 Yi= 309 272 40 + 0. 280 48X 1+ 0. 960 37X2
9 - 1.68179 1.00000  1.00000  100.53 ~ 15. 989 36X 35— 99. 052 65X1 - Q 473 75X1 X2 -
10 1.68179  1.00000  1.00000  104.18 0 138 75X 1X5— 81 633 05X 3+ O 356 25X2X3 —
11 1.00000 - 1.68179 1.00000  150.06 38 828 27X3
12 1.000 00 1.681 79 1. 000 00 153.19 The SAS System for windows V8
13 1.00000  1.00000 - 1.68179 304.82 R’= 0 908 4.
14 1.00000  1.000 00  1.68179  240.57
15  0.00000  0.00000  0.00000  309.19 |
16 0.00000  0.00000  0.00000  309.24 53
17 0.00000  0.00000  0.00000  308.72 X s 3
18 0.00000  0.00000  0.00000  308.28
19  0.00000  0.00000  0.00000  308.95 I~3 CME
20 0.00000  0.00000  0.00000  309.12 ’

‘1~ 20 20 LY, ’
, U/ mL “~T“+ I’ 2

6

Tab.6 Variance analysis of secondary model

F P
X, 1 1.074 353 1. 074 353 0.000 199 0.989011
X, 1 12.595 83 12.595 83 0.002 338 0.962 388
X3 1 3 491. 504 3491.504 0.648 051 0.439 531
Xi#* X 1 141 395 141 395 26.244 05 0.000 449
X% X, 1 1.795 512 1. 795512 0.000 333 0.985 794
X% X3 1 0.154 013 0. 154013 0.000 029 0.995 839
Xo* Xo 1 96 035.96 96 035. 96 17.825 05 0.001 766
Xo* X3 1 1.015 313 1. 015 313 0.000 188 0.989 317
X3* X3 1 21 726. 9 21 726. 9 4.032 688 0.072 397
9 22 7365. 8 25 262. 87 4.688 992 0.012 051
10 53876.98 5387.698
5 53.858 05 10.77 161 7.002 31 0.120 14
5 18.92573 3. 785 147
19 281 242. 8

R*= 90. 84%
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X1 X2 X3
Q 000 919 0. 003 227 0. 022 416,
CMC 6. 000
919 g/ L. 7. 003 227 g/L. 96 022 416 h
309
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IU/mL

CMC
, CMC
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Tab. 7 Design and results of the experiment

CM C /
/ / / (1U/ mlL)
(g/L) (g/L) h
1 6 7 96 308.26
2 6 7 96 310.67
3 6 7 96 309.00
7 , 3 ,
CMC 309. 31 IU/mL,
309 IU/mL ,
99% |, ,
, Penicillium glaucum
NS16
60g/L,CMC 70¢/L, 96 h
3 4 &
Penicilli-
um glaucum N S16 ,
Plackett Burman 18
3 , CMC
Box Behnken
60g/ L,CMC7.0¢g/L, 96 h
CMC
99% |, 309 IU/mL,
CMC 94. 51 IU/mL 227%



470 £ % 5 4 ¥ H K F R %029 %

(References):

[ 1] , , , - [J]. , 2009, 4( 8) : 25— 27.

LI Jun,ZH ANG Fujun,SHANG Hui, et al. Basic conditions and prospect of fuel ethanol develepment in our country| J] .
Oil Forum, 2009,4(8): 25— 27.(in Chinese)

[ 2] Jorgensen H, Morkeberg A, Krogh K B R, et al. Production of cellulases and hemicellulases by three Penicillium sp e
cies: Effect of substrate and evaluation of cellulose adsorp tion by capillary electrophoresis[J]. Enzyme & Microbial Tech-
nol, 2005, 36( 1): 42- 48.

[ 3] > , . [J]. ,2007,13 (5) : 736- 740.

SU N Xiaryun, QU Yirbo, LIU Z+yong. Progress in research of lignocellulose-degrading enzymes from Penicillium| J] .
Chinese Joumal of Applied & Environmental Biology, 2007, 13 (5) : 736~ 740. (in Chinese)

[ 4] Rapp P, Grote E, Wagner F. Fermation and location of 1, 4betaglucanases and 1, 4beta glucosidases from Penicillium
Jjanthinellum[]J]. Appl Environ Microbiol, 1981, 41 (4) : 857- 866.

[ 5] , s , 3.5 ( DNS) [J]. ,2008,5 (2):45
- 49.

WANG Jur-gang, ZH ANG Shwzhen, YANG Ben-peng, et al. Application of 3, 5dinitrosalicylic acid ( DNS) method to test
the reducing sugar and wat exsoluble total sugar content in sugarcane internodes| J]. Sugarcane and Canesugar, 2008, 5
(2):45- 49. (in Chinese)

[6] ) , . [J]. ,2002,17( 1) : 27— 28.

LIU De-hai, YANG Ywhua, AN M ing-1li. Assay method on the activity of feed cellulase[ J]. China Feed, 2002, 17(1) : 27—
28. (in Chinese)

[ 7] s . [J]. ,2006,27(3): 116- 118.

ZHAO Yuwping, YANG juan. Comparison of four cellulase activity measurement methods[ J]. Food Research and Develop-
ment, 2006,27(3): 116- 118.(in Chinese)

[ 8] Suzelle Barrington A, Jir-Woo Kim. Response surface optimization of medium components for citric acid production by
Asp ergillus niger NRRL 567 grown in peat moss| J| . Bioresource Technology, 2008, 99(2): 368- 377.

[9] .SAS [Z]. : ,2003: 144- 152.

[ 10] , , , . [J]. 2008,36( 19): 7954— 7955.

MIAO Jing , ZH ANG Shu-zhen, CH ENG Xian-hao, et al. Study on the extraction technology and enzymatic properties of
cellulase[ J] . Jounal of Anhui Agricultural Sciences, 2008,36(19):7954- 7955.(in Chinese)

[11] ; s (. . 2008, 35
(6):851- 854.

LI Zhong-Ling, WANG WetWel, REN Ping, et al. Screening of facultative anaerobic strain producing alkaline cellulase
and study on enzymatic properties| J]. Microbiology, 2008,35 (6):851- 854.(in Chinese)

[ 12] . [M]. : , 2001.

[ 13] , , , - [J1. ,2007,26(1) : 71—
76.

BAI Dong-dong , WU J iar ping, XU Gang, et al. Optimization of the production conditions of HM PC hydrolase emplo-
ying response surface methodology[ J]. Joumal of Food Science and Biotechnology, 2007, 26(1): 71— 76. (in Chinese)

[ 14] 5 , . ZJ)5 [J]. : ,2003, 37(5) : 623- 628.
LIU Xiae jie, HE Gue-qing, CHEN Q+he. Culture medium optimization for producing cellulase by Trichod erma koningii
7J5[J]. Journal of Zhejiang University, 2003,37( 5) : 623— 628. (in Chinese)

[15] Xin Li, Jia Owyang, Yong Xu, Optimization of culture conditions for production of yeast biomass using bamboo

wastewater by response surface methodology[ J] . Bioresource Technology, 2009,100(1): 3613- 3617.
TAL YA & AW



