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ABSTRACT

The crude enzyme from Trichoderma reesei and Aspergillus niger have
different activities. The use of two crude enzyme separately only able to
produce a low levels of glucose, but after the two crude enzyme being
mixed, it is able to improve the yield of glucose on cellulose hydrolysis
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process by using rice straw as substrate which has undergone pretreatment
by akali microwave. The combination of crude enzymefrom Trichoderma
reesei and Aspergillus niger (2:1) has the FP-ase activity of 1,002 1U/ml,
CMC-ase activity of 2.23 1U/ml and B-glucosidase activity of 0.168 TU/ml.
Theactivity of the crude enzyme cellul ose combination are ableto generate
sugar at 12.89 mg/ml in the process of hydrolysisfor 72 hours.
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INTRODUCTION

Fuel pricescontinueto risesandworld oil reserves
aremorelimited which by that has prompted effortsto
obtain aternativefuels. Bio-ethanol (C,H.OH) isone
of thepresent biofudl asan dternativefud thatismore
environmentaly friendly and renewablenature.

Lignocellulosic materid sarethe most economical
and highly renewabl e natural resources. InIndonesia
are approximately produced 180 milliontonsof rice
straw every year™™?, Traditionally, rice straw wasincin-
erated to producefertilizer in agriculturd field after har-
vest resulting inlargeamount of environmenta pollu-
tion. To overcomethisproblem somegateshaveimple-
mented statelaw to restrict the burning of rice strawt®.

Fudsderived fromlignocdluloschiomassasohold
the potential for clean and renewabl e transportation
energyt>4. Theconversionlignocellulosicto ethanal in-

cludestwo sub-processes: hydrolysisof cdluloseinthe
lignocellulosic materia sto fermentabl e reducing sug-
ars, andthen fermentation of reducing sugarsto target
products. Thehydrolysisisusualy catayzed by cdllu-
laseenzyme.

Therateand extent of cdlluloseconversonintoglu-
cose is dependent upon the amount of active 3-glu-
cosidase enzymewhich present inthe cellulase prepa:
ration used for saccharification. Thisisbecausecello-
biosewhich produced during cdlulolyssisinhibitory to
both exo and endocel lulases and, hence, retards sac-
chaification. Thehighly cdlulolyticfungusis Trichoderma
reesel havepotentia for useinthepractical saccharifi-
cation of cdlulosicmaterids. Although cellulase prepa
rationsderived from thisfunguscontain avery active
cellulase complement of enzymes (i.e. both exo- and
endo-cellul ases) they are, neverthel ess, deficientin 8-
glucosidaseactivity.” Cellulase preparations of Tricho-


mailto:sriwinarsih26@gmail.com

42 The increasement of rice straw hydrolysis using blend crude cellulose

RRBS, 9(2) 2014

Reguler Peper ==

dermareesai containing higher levelsof B-glucosidase
activity can be obtained by supplementing with exog-
enous 3-glucosidase preparations derived from another
microorganism to increasetherate and extent of sac-
charification of cellulose such asfungi whichbelongto
the genusAspergillus. niger®.

MATERIALSAND METHODS

Raw ricestraw was obtained fromloca farmersin
Pakisareain Maang city, east javaprovince, Indone-
sSa Beforeany pretrestment. Thecellulaseenzymeused
inthisstudy was acrude cellul ose enzymewhich pro-
duced from Trichodermareesel and Apergillusniger.
All experiment were performedin triplicatesand aver-
ageva uesrepresented. Compotitionsstraw or itsresi-
dueswas expressed on wet basis.

Microwavepretreatment of ricestraw

10gr samplesof ricestraw after milledto 100 mesh
were suspended in 100 ml of 0,5 N NaOH and heated
by microwaveirradiation for 40 minutes. After micro-
wave pretreatment of rice straw, itsresidueswere col-
lected and washed extensively with water until the pH
level becameneutral, then dried at 50°C for later usage.

Enzymeproduction

5 gramsof rice straw was mixed with 25 ml nutri-
tion solutions, which every 1000 ml contains1,0gr yeest
ekstract, 1.5 gr peptone, 1.4 gr (NH,),SO,; 2.0 gr
KH_PO,, 0.005 gr FeSO,-7H,O, 5ml solution CMC
1%. Theflaskswere sterilized for 15 minuteat 121°C.
Two millilitersof spores(107-108 spores/ml) wasin-
ocul ated and incubates at room temperature and static
condition, for 6 daysfor Trichodermareesal and 8 days
for Aspergillusniger.

Enzymeextraction

Thesolid state culturewere prepared by adding 100
ml of 1% tween 80 solution and shaked at 180 rpm at
30°Cfor 60 minutes. The solid material and fungd bio-
masswereseparated by filtration by cotton. Filtratewas
centrifugation a 5000 rpm, 4°C for 30 minutes. Theclear
supernatant wasthen used for hydrolysis.

Enzymatichydrolysis

Thehydrolysisexperimentswerecarried outin 300
ml flaskswith atotal reaction volumeof 100 ml at a

substrate concentration of 5% (w/v). 5 gr rice straw
was add with 50 ml acetat buffer (pH 5) and 50 m
mixed crudeenzyme(Trichodermareesal : Aspergillus
niger (0/1; 1/0; 1/1; 1/ 2; 2/1; 1/3; 3/1 (v/v)). Each
experiment wasrunfor 72 hoursin awater bath ther-
mostat at 50°C. Liquid samples (1 ml) weretaken at
every 8 hoursfor anaysisof reducing sugar inthesolu-
tionformed by thehydrolysis.

Analytical methods

Cdlulose, hemicdlulosesand lignin content wases-
timated by Chesson M ethod in Daffa®. FPA for total
cdlulase activity, endo-glucanase activity (CMC ase)
using method of IUPAC. and B-glukodidase activity
using Berghem’s method. Reducing sugar was deter-
mined by DNS method.

RESULT AND DISCUSSION

Effect of B-glucosidase

Trichodermareesai haslong been used inindustry
widely for itshighly productive and powerful destroy-
ersof crystalline cellulose. However, thelevel of BG
activity of Trichodermareesai islow, leading toincom-
plete conversion of cellobiose, whichinhibitsthecdlu-
loseconversionto glucoseinthecelulose hydrolysis
process. TABLE 1 showed the effect of supplementa-
tion of B-glucosidase from crude enzyme Aspergillus
niger. Thecombination of crude cdluloseenzymefrom
Trichodermareesal and Aspergillusniger havedifferent
activities

Mixed enzymeaddedinto hydrolysisricestraw. Rice

TABLE 1: Activitiesof combined crudeenzymeproduced by
Trichoder mareesei and Aspergillusniger

FP ase CMC ase B-Gukosidase

Trichodermareess :

Aspergillusniger (viv) (IU/ml) (1U/ml) (1U/ml)
0:1 0.367 2.03 0.333
1.0 0.332 1.09 0.088
11 0.969 2.75 0.191
1.2 0.828 2.45 0.240
2:1 1.002 2.23 0.168
1:3 0.703 2.90 0.268
31 0.860 2.32 0.132

straw after pretreatment have 21,28% hemicellul oses,
66,31% cdluloseand 8,49 %lignin. Result of hidrolyss
rice straw showed on Figure 1.

Figure 1 showsthat the highest rice straw hydroly-



RRBS, 9(2) 2014

Sri Winarsih et al. 43

gsisthecombination of two crudeenzymewithratio of
2: 1 which hasexo-glucanase activity of 1,002 [U/ml,
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Figurel: Enzymatic hydrolysisof celluloseusing crudeen-
zymesisolation of Trichodermareesel and Asper gillusniger
and combination of both
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endo-glucanase activity of 2.23 1U/ml and B-glucosi-
daseactivity of 0.17 1U/ml. Theactivity of crudecdllu-
|ose enzyme combination are ableto generate sugar at
12.89 mg/ml intheprocessof hydrolysisfor 72 hours.
The combinationform of crude celluloseenzyme pro-
ducesglucosehigher thantheresultsof hydrolysisusing
crudecd lulaseenzymewhichwork separatdy. Hydroly-
sisusing crude enzymefrom Trichodermareesa pro-
ducedthelowest glucoseleve whichis0.99 mg/ml with
exo-glucanase activity, endo-glucanase and -glucosi-
daseinasequenceof 0.331U/ml, 1.091U/ml and 0.09
[U/ml. Thisprovesthat the cellulaseenzyme’s ability to
hydrolyze rude not optimal becausethe cellul ose con-
tent alow B-glucosidase. Thisisconsstent withthestate-
ment Taherzadeh et d™ that theloss of the use of Tri-
chodermareesal cellulasefor hydrolysisstill beat sub-
optimal levelsand not optimal dueto the content of a
low B-glucosidase.

Increased hydrolysisresultsin the combined use of
both crudeenzyme suggesting that theaddition of crude
enzymefromA.niger to crudeenzymefrom Trichoderma
reesal endogl ucanase canimprove composition, and -
glucosidase eksoglukanase be better ableto degrade
cdluloseinthe straw to glucose compared with single
crude enzymecompositionaccording Xinetd., (1993)
theaddition of B-glucosidase in the cellulase from Tri-
chodermacan produce asaccharification process bet-
ter than without the addition of B-glucosidase.

Hydrolysisyieldisincreased by using acombina
tion of both crude enzyme suggesting that the addition
of crudeenzymesfromAspergillusniger to crudeen-
zymesfrom Trichodermareesal toimprovethe com-
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position of endo-glucanase, exo-glucanase and B-glu-
cosidasefor thebetter, so asto degradecdluloseinthe
straw to glucose compared with the composition of the
crudeenzyme separately. By Xinet ., (1993) thead-
dition of B-glucosidase inthecd lulasefrom Trichoderma
reesei is able to produce a saccharification process
better than without the addition of B-glucosidase.

Thelow glucose produced inthisstudy dueto the
low activity of crude enzymesused for hydrolysispro-
cess, inaccordance with the statement of Jorgensen!™
factorsthat affect the enzymatic hydrolysis, such as
performance enzyme (enzyme activity). Theresults
Rodan et a* showed that the use of cellulaseenzymes
with activity at 6 FPU per gram of ricestraw wasable
to produce glucosefrom 0.221 to 0.245 gr/gr of rice
straw.

CONCLUSION

The combination of crude cellulase enzymesfrom
Trichodermareesai and Aspergillusniger with different
comparisonswill haveadifferent activity that will pro-
ducecdlulosehydrolysis processdifferently.

Hydrolysisof cellulosepretreated rice straw using
microwave akali can be enhanced with amixture of
cdlulasefrom Trichodermareesal and Aspergillusniger
witharatioof 2: 1 (V/v).
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