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ABSTRACT
Trichoderma reesei (T. reesei) has a complete cellulase system, but extracellular 3 -glucosidase activity is extremely low. However, it
has showed more efficient saccharification of cellulose with Aspergillus niger (A. niger). Saccharomyces cerevisiae (S. cerevisiae) has
good fermentation capacity. Pulp of kraft pulp has higher purity of cellulose, which lignin is largely removed. The objective of the
present study was to investigate effect of single strain and mix strains, which 0.02 g/mL pulp from dried pulp was as substrate in
saccharification during 6-days culture. Activity of cellulose was measured by DNS (3,5-dinitrosalicylic acid) method. There were also
assayed glucose and ethanol concentration. There showed the best cellulase activity in 1st day of culture by T. reesei. The activity of
exoglucanase (avicelase), endoglucanase (CMCase) and filterase were 0.45 1U/mL, 0.59 IU/mL and 0.21 IU/mL, respectively.
However, T. reesei secreted low amount of extracellular 3 -glucosidase, the activity of B -glucosidase was almost zero. While
increasing culture days, glucose content decreased gradually. Glucose concentration was 4.86 mg/mL and ethanol concentration
was 0.85 mg/mL in the sixth day culture. Culture broth of S. cerevisiae had little activity of cellulase. Exoglucanase got higher
activity (0.15 IU/mL), but activity of 3 -glucosidase and filterase were near zero in six-days culture. Glucose contents in culture
broth was not detectable. Ethanol concentration decreased gradually from the highest 4.53 g/L at day 0 to 3.44 g/L at day 6. Mix
cultures of T. reesei and A. niger got the highest endoglucanase activity 1.69 1U/mL at day 1. The maximum activity of the
exoglucanase, B -glucosidase and filterase were found that 1.50 1U/mL (day 0), 1.66 1U/mL (day 1) and 0.35 IU/mL (day3),
respectively. Glucose concentration of two strains mixing cultures was also decreasing gradually from 4.26 to 1.47 mg/mL, while
ethanol concentration increased to 1.11 g/L at day 6. In mixing cultures of T. reesei, A. niger and S. cerevisiae during six days
culture, activity of endoglucanase showed the highest (1 lU/mL) at day 5. The maximum activities of the exoglucanase,
B -glucosidase and filterase were assayed, respectively] 0.32 1U/mL for exoglucanase (day 5)00 0.33 IU/mL for 3 -glucosidase (day
1) and 0.26 1U/mL for filterase (day 2). Glucose concentration was 1.93 mg/mL (day 0)O the highest, but ethanol concentration
increased 3.55 g/L at day 4.

Keywords : ethanol] endoglucanasel] exoglucanaseld 3 -glucosidasel] lignocellulose
Table of Contents

000 00D O0ODOuwoOoOO0wvoOOOvioOwviiOO xOOOxiOD0OOxo0OoOO ooogogobaioooo
vOOOOvidOviiDOO xOOOxiO0OO xvOODO OO0 1000 000030000000 300003000
0000004000 00006000000 G6O000ODODOGOIODODODOOOI00000DOO0DOO0ODOO 100
00000 1130000000000 170000 170000000DOCO000210000000000000000
023000000 2300000000000000 230000000 (Saccharomyces cerevisiae)27 000 ODODO0O
002700000000 27000 00000 31000 00310000 310000 3100003000000 32
00000 3000000 3000000 3000000300000 0003000000O0O0O0O0O0O0O0O 36
00000000000 37y000 0000038000 0000000000 DOO0 38000 Trichoderma reeseil] [
0 0O 38 0 O O Saccharomyces cerevisiae 0 0 0 46 0 O O O Trichoderma reeseil] Aspergillus niger0 0 00 5300000
0000053000000 5000000000000 54000 d Trichoderma reeseil] Aspergillus niger

O Saccharomyces cerevisiae D 0 OO0 0 OO0 600000000000 00000000000 OOOOO0DOOODO 61
CO000oOoO0oooO00ObOOoo00obOOoOo0oUooOooUO0ee7TOO0ODODOOODe7TOOODOUOODOEBOOO OO T
o000 W¥0000O0OO000DOCOO000bD oD OOUOb01200000000DO0O 200000000DDOOO
000000 2200000000C00000C000DOC0O2000000000000000 (ALDOT. reesei)410
00000040 0O exocellulased endoglucanased B -glucosidaseld filterased O (A10 O T.reesei)42 0000000 O T. reesei
OO000 (AI0)4000000HPLCO (AIDOO T T.reesei) 450000000000 O0ODO0O0O (A200OS. cerevisiae)48 O
00000000 d exocellulase endoglucanase 3 -glucosidase filterased [0 (A20 O S. cerevisiae) 4900000000

O S.cerevisited O OO (A20)510000000OHPLCO (A20OS.cerevisiae) 52 0 0 000000OCO0OOOOOO (B
OO T. reeseiand A. niger) 55 0 0 0 0 0 O O O O O exocellulase[ endoglucanase B -glucosidasel filterased O (BO O T.
reeseiand A. nigen) 56 0 O OO0 OO0 O OBO(T.reeseiand A. niger)0 00 58 000 0 00O OHPLCO (BO O T. reesei and



A nigenN9 0000000000000 0ODOO (COOT.reeseid A. nigerand S. cerevisiae) 62 D 00O O0OO OO

O exocellulase] endoglucanase] B -glucosidase filterase[d O (CO O T. reeseil] A. niger and S. cerevisiae) 630 0 000000
0 CO (T. reeseid A. niger and S. cerevisiae) D 0 0 650 00 0 0 0 0O OHPLCO (CO O T. reeseil] A. niger and S. cerevisiae)

6 0000 0OALIDA20BOCOOOOODOOOOOOUITIDODOAIDA20BOCHOODOOOOOO 70000
0o0oooooooooooooooooobodd0 1100oooobobooooooooD1s0b0b0o0ooooooo
O026000DNSOO0O0O0ODO 3BO0OOT.reeseil DOO0DOO0OODOOOOOODOO 43000S.cerevisiaed 0000
OO000D00O000OO00OS000T.reeseilAniger 000000000000 O0OO0OOOS70O0O0T. reeseil] A.

nigerd S.cerevisiael O O OO 00000 DOODOOODOO0O 64

REFERENCES

10o000doz20000000000000000000 171)51-550 2000000000000 000000000000000
0000000 2094980 30000019830 00 0000000000000 0DOO00O0ODODO0O0DOOO0DOODODDOOOOOOn
040000020080 00000000 Saccharomyces cerevisieeD 0 0000000000000 O00O0DODOO0OOOOOOOOOOO
500000190 000000000000000000000000C0000D000DOD00DOD00O0DODODO00ooDoOOoooOOn
Oe0000po20700000000000000D0O0O00OODODOO0O 70160 7000002006000 000000000000
00000000 00o0oooooOo” 00395500 000000000000000 s0D0ppopo0800000000000O
000000000000 0000000000000000000000YWO0O00 20020 DO 0OD0DOO0DOO0OOooOooOoO?™
0000000000000 00000000000000000 1000000000000 002004000000000000
0000000000 00081100 11000000000000000000000000000002060000000000
000000000o0o0o0oo” 000o0o0oooO” 00576700 0000000000000 00O 120000020070000
O0000000000o020700000000000000000O00O07-1900 300000000000000001993000
OO00000Trichodermareeseil 0000?20 0000000 42:9-170 1400000000000000000O20070000000
000000000000 962-690 150000019970 0000000000000 00D0OOO00ODOOO0OODOOOOOOOO0
000000 1600000193000 00000000000000000000000000000000D0OO0O00O0O 1700
ooz 00000000000000000000000000C000000000000000000000O00000
O01s00000ooooo00000000000000082-1160 000000000000 1900000200800000
01222540 000000000000 20000000020000000000000:000000 210000 (@)d1993000O
O000002000000053-87000000000000000000000O00 220000020000 000000000000O
0000000000 49170 230000000002000000000000000000000000000O0O0O19(3-4):115-127
0200000208000 000000000000000D00CG900O 250000000000000O2000000000000
00130-1600 000000000000 260 0000000020090 0 Trichodermareeseil 000000000 0OO0OO0DOOOO
O000000oO0oe0 0000000000 0D 2700000000000 000000D0D00O0ODOO20090 Trichoderma reesei
OAspergillusniger0 00 0000000000000 00D0OO00O0O0O0O0O0O0OO20000000000000 280 Adsul, M.
G., Ghule, J. E., Singh, R., Shaikh, H., Bastawde, K.B., Gokhale, D. V. and Varma, A. J. 2004. Polysaccharides from bagasse: applications in
cellulose and xylanase production. Carbohydrate Polymers 57:67-72. 290 Aiello, C., Ferrer, A. and Ledesma, A. 1996. Effect of alkaline treatments
at various temperatures on cellulase and biomass production using submerged sugarcane bagasse fermentation with Trichoderma Reesei QM 9414,
Bioresource Technology 57:13-18. 3000 Bayer, E. A., Shimon, L. J. W., Shoham, Y. and Lamed, R. 1998. Cellulosomes-structure and
ultrastructure. Journal of Structural Biology 124:221-234. 3100 Be'guin, P. 1987. Cloning of cellulase gene. Critical Reviews in Biotechnology
6:129-162. 3200 Bhat, M. K. and Bhat S. 1997. Cellulose degrading enzymes and their potential industrial applications. Biotechnology Advances
15:583-620. 330 Binder, A. and Ghose, T. K. 1978. Adsorption of cellulose by Trichoderma viride. Biotechnology and Bioengineering
20:1187-1199. 3400 Bisaria, V. S. and Ghose, T. K. 1981. Biodegradation of cellulosic materials: substrates, microorganisms, enzymes and
products. Enzyme and Microbial Technology 3:90-104. 3500 Chen, M., Xia, L. and Xue, P. 2007. Enzymatic hydrolysis of corncob and ethanol
production from cellulosic hydrolysate. International Biodeterioration and Biodegradation 59:85-89. 361 Chen, S. and Wayman, M. 1991.
Cellulase production induced by carbon sources derived from waste newspaper. Process Biochemistry 26:93-100. 370 Chen, Y., Sharma-Shivappa,
R. R. and Chen, C. 2007. Ensiling agricultural residues for bioethanol production. Applied Biochemistry and Biotechnology 143:80-92. 380
Chen, M., Zhao, J and Xia, L. 2008. Enzymatic hydrolysis of maize straw polysaccharides for the production of reducing sugars. Carbohydrate
Polymers 71:411-415. 3900 Ghose, T. K. 1987. Measurement of cellulase activities. Pure & Applied Chemistry 59(2):257-268. 4000 Gi'rio, F. M.,
Fonseca, C., Carvalheiro, F., Duarte, L. C., Marques, S. and ?ukasik, R. B. 2010. Hemicelluloses for fuel ethanol: A review. Bioresource
Technology 101:4775-4800. 410 Gokhale, D. V., Patil, S. G. and Bastawde, K. B. 1991. Optimization of cellulase production by Aspergillus niger
NCIM 1207. Applied Biochemistry and Biotechnology 30:99-109. 4200 Gunijikar, T. P., Sawant, S. B. and Joshi, J. B. 2001. Shear deactivation of
cellulose, exoglucanase, endoglucanase, and 3 -glucosidase in a mechanically agitated reactor. Biotechnology Progress 17:1166-1168. 430 Joseph,
H. 2005. Alcohol Fueled Vehicles & Flex Fuel VVehicles-The Ethanol application as vehicular fuel in Brazil. Brazilian Automotive Industry



Association. 4400 Karimi, K., Brandberg, T., Edebo, L. and Taherzadeh, M. J. 2005. Fed-batch cultivation of Mucor indicus in dilute-acid
lignocellulosic hydrolyzate for ethanol production. Biotechnology Letters 27:1395-1400. 4500 Kwon, K. S., Kang, H. G. and Hah, Y. C. 1992.
Purification and characterization of two extracellular beta-glucosidases from Aspergillus nidulans. FEMS Microbiology Letters 76:149-153. 46

O Lynd, L. R., Weimer, P. J., van Zyl, W. H. and Pretorius, 1. S. 2002. Microbial cellulose utilization: fundamentals and biotechnology.
Microbiology and Molecular Biology Reviews 66:506-577. 470 Lynd, L. R., van Zyl, W. H., McBride, J. E. and Laser, M. 2005. Consolidated
bioprocessing of cellulosic biomass: an update. Current opinion in biotechnology 16:577-583. 480 Mandels, M., Andreotti, R. and Roche, C. 1976.
Measurement of saccharifying cellulase. Biotechnology and Bioengineering 6:21-33. 490 Ng, T. K. and Zeikus, J. G.. 1982. Differential
metabolism of cellobiose and glucose by Clostridium thermocellum and Clostridium thermohydrosulfuricum. Journal of Bacteriology
150:1391-1399. 5000 Ohgren, K., Bengtsson, O., Gorwa-Grauslund, M. F., Galbe, M., Hahn-Hagerdal, B. and Zacchi, G.. 2006. Simultaneous
saccharification and co-fermentation of glucose and xylose in steam-pretreated corn stover at high fiber content with Saccharomyces cerevisiae
TMB3400. Journal of Biotechnology 126:488-498. 510 Reese, E. T., Sin, R. G. H. and Levinson, H. S. 1950. The biological degradation of
soluble cellulose derivatives and its relationship to the mechanism of cellulose hydrolysis. Journal of Bacteriology 59:485-497. 520 Rogers, G. M.,
Jackson, S. A., Shelver, G. D. and Backer, A. A. W. 1992. Anaerobic degradation of lignocellulosic substrates by a 1,4-B -xylanolytic Clostridium
species novum. International Biodeterioration and Biodegradation 29:3-17. 5300 Roger, M. R., Roger, P., James, S. H., Jeffrey S. R. and Mandla,
A. T. 2005. Handbook of Wood Chemistry and Wood Composites. CRC Press 37-62. 5400 Saha, B. C. 2003. Hemicellulose bioconversion. Journal
of Industrial Microbiology and Biotechnology 30:279-291. 5500 Saha, B. C., Iten, L. B., Cotta, M. A. and Wu, Y. V. 2005. Dilute acid
pretreatment, enzymatic saccharification, and fermentation of rice hulls to ethanol. Biotechnology Progress 21:816-822. 561 Salamitou, S.,
Raynaud, O., Lemaire, M., Coughlan, M., Be'guin, P. and Aubert, J. P. 1994. Recognition specificity of the duplicated segments present in
Clostridium thermocellum endoglucanase CelD and in the cellulosome-integrating protein CipA. Journal of Bacteriology 176:2822-2827. 57

O Saloheimo, M., Paloheimo, M., Hakola, S., Pere, J., Swanson, B., Nyysso"nen, E., Bhatia, A., Ward, M. and Penttila", M. 2002. Swollenin, a
Trichoderma reesei protein with sequence similarity to the plant expansins, exhibits disruption activity on cellulosic materials. European Journal of
Biochemistry 269:4202-4211. 5800 Shackford, L. D. 2003. A comparison of pulping and bleaching of kraft softwood and eucalyptus pulps.36th
International Pulp and Paper Congress and Exhibition. October 13-16. Sao Paulo, Brazil. 590 Shetty, A. S. and Gaertner, F. H. 1975.
Kynureninase-Type enzymes of Penicillum roqueforti, Aspergillus niger, Rhizopus stolonifer, and Pseudomonas fluorescens: further evidence for
distinct kynureninase and hydroxykynureninase activities. Journal of Bacteriology 122:235-244. 600 Sprey, B. and Bochem, H. P. 1993.
Formation of cross-fractures in cellulose microfibril structure by an endoglucanase-cellobiohydrolase complex from Trichoderma reesei. FEMS
Microbiology Letters 106:239-243. 610 Stahlberg, J., Johansson, G. and Pettersson, G.. 1988. A binding-site-deficient, catalytically active, core
protein of endoglucanase 111 from the culture filtrate of Trichoderma reesei. European Journal of Biochemistry 173:179-183. 6200 Sternberg, D.
1976. Production of cellulase by Trichoderma. Biotechnology and Bioengineering symposium 6:35-53. 6300 Sun, Y. and Cheng, J. 2002.
Hydrolysis of lignocellulosic materials for ethanol production: a review. Bioresource Technology 83:1-11. 6400 Wood, T. M. 1985. Properties of
cellulolytic enzyme systems. Biochemical Society Transactions 13:407-410. 6500 Yu, Z. and Zhang, H. 2004. Ethanol fermentation of
acid-hydrolyzed cellulosic pyrolysate with Saccharomyces cerevisiae. Bioresource Technology 93:199-204. 6600 Zhang, Q., Lo, C. M. and Ju, L. K.
2007. Factors affecting foaming behavior in cellulose fermentation by Trichoderma reesei Rut C-30. Bioresource Technology 98:753-760. 6701
Zhang, M., Eddy, C., Deanda, K., Finkestein, M and Picataggio, S. 1995. Metabolic engineering of a pentose metabolism pathway in
ethanologenic Zymomonas mobilis. Science 267:240-243.



