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ABSTRACT

Bioethanol istheresult of glucose fermentation. Dueto the high demand of
glucose, thefuel istransferred to the used of lignocellulosic material, where
lignocellulosic materials can be processed into bioethanol by hydrolysis
and fermentation. The objective of this research wasto obtain the optimal
conditions of hydrolysisand fermentation. Thefirst phase was hydrolysis,
carried out with two factors, thefirst wasablend of enzymescellulase from
TrichodermaReesel and AspergillusNiger by ratio of 1:0, 0:1, 1:1, 1:2, 1:3,
2:1 and 3:1 (unit/unit), the second was the hydrolysis time, observations
was done every 8 hours for 72 hours. The second phase was fermentation,
carried out with two factors, the first was the hydrolyzed solution ph of pH
4, 5 and 6, the second was the amount of Saccharomyces Cerevisiae
inoculums of 0.5% and 0.75%.

The optimal conditions of enzyme combination from Trichoderma Reesei
and AspergillusNiger for hydrolysisis 3:1 derived optimal hydrolysistime
of 48.7 hours produce an optimal glucose and D-optimal value was 10%
and 1.0000, respectively. While at the fermentation phase, ethanol derived
optimal level and D-optimal valuewas5.5% and 1.0000, respectively at pH
3.59 and 0.7462% of Saccharomyces Cerevisiaeinoculum.
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INTRODUCTION

Fuel isvery important at thisage, so high demand
for fuel to make ends meet. But the supply of fuel
sources dwindle, because the fuel source has been
widely used for the unrenewabl e source, or can be
renewablebut it takesavery long time, so it cannot
achieve the target to meet the community needed.
There have been many studiesto find the renewable
fud source, environmental friendly aswell as produc-

ing or purchasing an affordabl e cost. Someresearch
resulted that the product of biofuelswere biodiesel
and bioethanol. Biodiesel isoften derived from plant
oilsesterified, onetype of the plant isthe Jarak | eaf.
Whilebioethanol istheresult of fermentation of glu-
cose. Glucoseisamateria with ardatively high price,
it isbecause of the public needed for glucoseis still
quite high. So that other materialsused are cellulosic
materials, where cellulosic materialscontain cellulose
that can be converted into glucosethrough aprocess
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of hydrolysisusing cellulase enzymes.

Straw isone of the agricultural wastethat hasnot
been optimally used. All of thistime, ricestraw isused
for anima feed and mushroom growing media. Never-
theless straw till abundant and sometimes haveto be
burned. Indonesiaproduced 180 million tonsof rice
straw every year?, Celluloseinrice straw can be hy-
drolyzed to produce glucose which can befurther fer-
mented into biofuel . Hydrolysis of ricestraw can be
donechemically!™™, enzymaticaly™*3 or used cdllulase-
producing microorganisms?,

Ricegraw islignocdlulosic materid, whichimplies
that there are 3 affect thefinal production of the pro-
duction of theenzyme, glucose or bioethanol, such as
lignin, hemicelluloseand cellulose. Ligninispart of a
growing - plantscontained inthe cell wall and middle
lamellar aswell asserveasthe glue betweenthecdls,
so that lignin is the unwanted materials. So do
delignification prior to destroying thelignin that binds
the cellulosethat can be detached and can be processed.
The polysaccharide component can be decomposition
through aprocessof degradation or fermentation using
enzymescdllulase. Cdlulaseisamixtureof severd en-
zymeswhose composition varies, depending on the
microorganism used for the manufacture and produc-
tion process. Three componentshavebeenidentifiedin
the cdlulaseisendo-glucanase (endo-B-1,4-D-glucan-
4-glukanohidrolase, EC3.2.1.4) which breaksthebond
B-1, 4 onthecellulosechansat random, exo-glucanase
(B-1, 4-D-glucan-selobiohidrolase, EC 3.2.1.91) that
solvesthe cellobiose unitsfrom theends of thechain
and B-glucosidase (EC 3.2.1.21) that solvescellobiose
to glucose“l. TrichodermaReesei has been known to
produce endo-glucanase up to 80%!, but the pro-
duction of B-glukosidaseislow™®. Most of thecellu-
lase system produced by the fungus cellulosic, B-
glukosidase amount lower than that required for the
hydrolysisof cdlluloseto glucoseefficiently, so that the
main hydrolysis products glucose but not cello-
biosg1%14 'whichisapotent inhibitor of theendo and
exo-glucanase. Thisproblem can beovercomeby add-
ing B-glucosidasefrom the outside* or producing cel-
[ulase by combining theability of microorganismsof Tri-
chodermaReesal to produce endo-glucanase and exo-
glucanase strongly astheability of microorganismsto
produce B-glucosi dase strong asA spergillus Niger*4,

Multi-enzyme cellulaseisformed by several pro-
teins. Working converting celluloseto glucosein the
enzymatic hydrolysisfor ethanol production process®.
Hydrolysisisachemical reactionthat bresksdownwater
molecules (H,0) into hydrogen cati ons(H+) and hy-
droxideanions(OH") through achemical process. This
processisused to break down certain polymers, espe-
cialy those made by polymerizing grow incrementally
(step-growth polymerization).
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Having obtained hydrolyzate, fermentation can be
carried out using Saccharomyces Cerevisiae. Saccha
romyces Cerevisiaeisayeast speciesthat hasthevery
high power conversion of sugar into ethanol. Ethanol
fermentation, also referred to asa coholic fermentation,
isabiologica processinwhich sugarssuch asglucose,
fructose, and sucroseisconverted into cellular energy
and aso produces ethanol and carbon dioxide as
byproducts.

Becausethisprocess doesnot requireoxygen, Sm-
ply by using theyeast fermentation, theethanol fermen-
tation isclassified asanaerobic respiration. Ethanol pro-
ductionismostly donebiologically or through biocon-
version technology, whichisatechnol ogy enzymatic
converson of raw materidsand biologicd (through fer-
mentation). The polysaccharide component can be
decomposited through aprocess of degradation or fer-
mentation using yeast asapotentia microbid activity
such as Saccharomyces Cerevisiaefor ethanol produc-
tion. Theprocessfor bioethanal productionfromligno-
cellulosic materia sinasimplechemica equationisas
follows:
Lignocelulosic
glucose(CH,,O)
cellobiose+H,0(aq) —— cellobiaseEnzyme=> C H 0, (aq)
+CH_O,(aq)

6 1276

Cellulase Enzyme=> cellobioseand
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C.H 0, (agq) —Fermentation > 2C_H_OH(aq) +2CO, (g)

Having obtained fermented, then distilled. Distilla
tion isatechnique to separate the solution into each
component. Didtillation principleisbased onthediffer-
encein boiling point component substance. Didtillation
can beused to purify compounds having different boil-
ing pointssothat it can be produced compounds that
haveahigh purity.

Involvedintheinoculum concentration greetly af-
fect the effectiveness of producing fermentation prod-
ucts. If the concentration of theinoculumusedtoolittle
then thefermentation processwas s ow?, whereasthe
concentration of inoculumistoo much, itwill affect the
competition between yeastsin taking up nutrients, soit
affectsthegrowth of yeast and a cohol levelsthat would
be obtai ned. Thehigher concentrationsof inoculummay
not necessarily produceahigh a cohol content®.

Most organismscan functionwell inaninterval of
pH 3to pH 4. Because PH isvery important, most of
thefermentation processis controlled by abuffer or a
pH control system. Yeastsare usually more comfort-
ableinapH 3topH 6, whilethefungi inpH 3topH 7,
and the higher cariotypecellsin pH 6.5to pH 7.5,

Thisstudy hastwo objectives, thefirst objective of
thisstudy isto obtain optimal conditions of combined
enzyme of fungi TrichodermaReesal and Aspergillus
Niger and hydrolysistime required to obtain the opti-
mal valueof glucoselevels. Whilethe second objective
of thisstudy isto obtain optimal pH conditionsandthe
amount of Saccharomyces Cerevis aeinoculumsopti-
mal levelsinorder to obtain optimal values of ethanol
levels.

MATERIALSAND METHODS

Theresearchwasconductedin July 2012 to March
2013 inthe Mechatronics Laboratory of the Depart-
ment of Agricultural Engineering BrawijayaUniversty,
Centrd Laboratory of Biologica SciencesinBrawijaya
University and GeneticsLaboratory of Bio-molecular
Universitas Islam Negeri Maulana Malik Ibrahim
Madang.

Inthisstudy, thereare several materialsused, such
asTrichodermaReesal and AspergillusNiger obtained
from Microbiology laboratory PAU Food and Nuitri-
tion Gadjah MadaUniversity Indonesia, Saccharomy-
ces Cerevisiae obtained from Bio-industry |aboratory
BrawijayaUniversity Indonesia, PDA (Potato dextrose
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agar), Inoculum sol ution (yeast extract, mat extract and
glucose), nutrient solution (aquades, yeast extract, Bac-
teriological peptone, (NH4)2S04, KH2PO4,
FeSO4-7 H20, CMC 1 %), tween 80, NaOH, HCI,
PDB (Potato Dextrose Broth), reagent control DNS
(Dinitrosalicylic acid), PDB (Potato Dextrose Broth)
and aseptic protectivematerial.

Thetoolsusedinclude: disk mill togrindricestraw,
autoclave used for delignification and sterilization, wa
ter bath shaker for hydrolysis, waterbath for fermenta-
tion and centrifugefor separation.

Preparation of raw materialsricestraw

Ricestraw isdriedfirst and then cut dongthe=+2
cm. Then carried out with thegrinding mill and seved
to 100 mesh size. Rice straw powder divided into two
parts, thefirst part isused for cellulose enzyme pro-
duction, thesecond partisused for ddignificationwhich
tobeusedin Hydrolysis.

Delignification

Ricestraw size of 100 mesh and 0.5N NaOH in
theratio 1:10 (10 grams straw : 100 ml NaOH) isin-
serted into theautocl ave at 304.50 K papressurewithin
60 minutes. Sludgeisthendriedfor 24 hoursat atem-
perature of 105 °C in the oven. Straw powder is then

used in the enzymatic hydrolysis process (powdered
straw pretreatment results).

Cédlulaseenzymeproduction

Fungi TrichodermaReesal and AspergillusNiger
culturedin PDA for 7 days, then fungi inoculated in
inoculumssolutionfor 3days. Themediumused for the
cultivation of cellulaseenzymesas many as5 gramsof
100 mesh size powder straw without pretreatment
erlemeyer put in 250 ml sizewith anutrient solution
wasadded 25 ml. Erlemeyer closed with sterilecotton,
coated with auminum foil and tied with rubber. Media
sterilized using an autoclavefor 15 minutesat 121 °C.
Mediagterilization resultsfirst cooled and then cultured
TrichodermaReesal and AspergillusNiger inocul ated
into the mediaas much as 2%. Then themediawhich
werefilledwithfungi TrichodermaReesal and Aspergil-
lus Niger incubated over timein accordancewith the
treatment. Extracting an enzymeisdoneby using 100
ml of asolution of 1% Tween 80. Precipitate and fer-
mented liquid separated using centrifugefor 30 minutes
at 4000 rpm. Theyield of thecentrifuged obtained cdlu-
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laseenzymeliquid.
Hydrolyss

Ricestraw whichistheresult of pretreatment 100
mesh fitting 5 grams added in the Erlenmeyer and as
well as 50 ml of citrate buffer and 50 ml of enzyme
cdlulase. Then Erlenmeyer closed usingduminumfoil
and tied with rubber. Then placed the erlenmeyersin
thewater bath shaker 75 rpm stirring trested with 50°C
temperature. When extracting sol ution separated using
acold centrifugeand hydrolyzed solution obtai ned.

Fermentation

Hydrolyzed solution after being separated then
added in to erlenmeyer according the pH condition
trestment and Saccharomyces Cerevidaeinoculumswas
added in accordancewith thetreatment variable. Then
incubated in awaterbath at 30 °C for 48 hours.

Research design

Research carried out by simple randomized block
design. Theresearch isdivided into two phases, the
first phaseisthe enzymatic hydrolysiswith 2 factors,
namely the value of the combination of cellulase en-
zymes by TrichodermaReesal : AspergillusNiger as
muchas1:0,0:1,1:1,1:2,1:3, 2:1and 3:1 (unit/unit),
and observationsdonein 72 hours. Analysis performed
every 8 hours, in order to obtain 63 treatmentswith 3
repetitions, in order to obtain 189 data. Thethird phase
isfermentation with 2 factors, namely pH of hydrolyz-
ate namely pH 4, pH 5 and pH 6 and the amount of
inoculums of SaccharomycesCerevisiaeby 0.5% and
0.75%. In order to obtain 6 observationswith 3times
18 repetitionsin order to obtain the data.

Resear ch optimization

Research optimization cal cul ations performed us-
ing Response Surface Methods using Minitab program.

RESULT AND DISCUSSION

Materialspreparation

Ricestraw isdried and cut into pieces along ap-
proximately 2cminorder tofacilitatethework of grind-
ing, then ground and seved withal00 meshsievesize.
Theentire seriesof treatmentsin order to obtainrice
straw powder 100 mesh. Thericestraw powder then
divided into two part, thefirst part is useto produce
cellulose enzyme, and the second part is used for

delignification asitisused for enzymatic hydrolysis.

The next phaseisdelignification whichisdone by
using an autoclave. Ddignification amsto destroy lig-
nin to cellulose can get out of the bond and can be
processed. After delignification then neutralized and
driedinto a100 mesh powder of ricestraw back. Then
tested levelsof lignin, hemicdluloseand cellulose. Thus
obtained:

Enzymeproduction sellulase

Cdlulaseenzymeproducedinthisstudy isthecdlu-
laseenzymefromfungi TrichodermaReess andAspergil-
lusNiger ricestraw asthe substrate. The phase of the
cellulaseenzyme production beginswith thesd ection of

TABLE 1: Content of ricestraw

Component Content (%)
Hemicellulose 16.615
Cdlulose 23.155
Lignin 8.715

Source: Analysys certificate from UGM (2012)

microbesthat being used whichisTrichodermaReesai
withthe cons deration that thetypeof microbescapable
of producing endo-fB-1.4-glucanase and exo-p-1.4-
glucanase up to 80% and AspergillusNiger to producea
high p-glucosidase. Furthermore microbes are cultured
on PDA (Potato DextroseAgar) dantinazig-zag and
incubated at atemperature of + 30°C for 7 days. Sub-
sequently thecultureinoculaedininoculumssolutionfor
3 daysand then suspended intothemediain theform of
ricestraw fermentation and nutrient solution, whichwhere
thedudgewasderilizedfirg by usngautoclave. Enzyme
extracting processisdone by separatingdudgeandlig-
uid fermentation using acentrifugewith aspeed of 4000
rpm for 30 min at 4°C to obtain the enzyme liquid (su-
pernatant). Cellulase enzyme production isthen per-
formedwiththeenzymeactivity measured usngCM Case
method and cdllulaseenzymeactivity obtained in accor-
dancethedatabelow:

Enzymatichydrolyss

After analyzed the cellulose enzyme activity, fol -
lowed by hydrolysis. Inthisresearch, total of 5 grams
of 100 meshrice straw powder whichistheresult of
pretreatment inserted into a250 ml beaker glass. Uni-
fication of 100 mesh sizeisexpected toincreasethe
surface areafor the substrate can bind to the enzyme.
Further into the gl ass beaker was added a sol ution of
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TABLE 2: Enzymeactivity of thecombined celulaseenzyme

Enzyme Combination Enzyme
Treatment  Trichoderma Aspergillus Activity

Reesei Niger (1U/ml)
A 1 0 2.304
B 0 1 2.178
C 1 1 1.486
D 1 2 1.508
E 1 3 1575
F 2 1 1.664
G 3 1 2.490

Source: Analysis of enzyme activity data research

citrate buffer pH corresponding variables are used,
namely pH 5.5. After the acclimatization process has
been reached, then cellulase enzyme added into the
beaker glassaccordanceto thetreatment with thevol-
umeof theenzymeversuscitrate buffer 1:1inorder to
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obtain as much liquid volume 100 ml. Glass beaker
covered with plastic and then covered with aluminum
foil. Materia sthat have been prepared arethenincu-
bated in thewaterbath shaker at 50°C according to the
characteristicsof TrichodermaReesal and Aspergillus
Niger in producing cellulase. Moreover done mixing
processwith shaker speed 75 rpm. Mixing processis
done so that the contact between the enzymewith sub-
strate is more common that the desired product is
formed. Theresultsof measurement of glucoselevelsin
accordance with databelow:

Thehighest glucosemeasured of enzymatic hydroly-
sisby usingricesraw is12,244% of thetota solutionor
by 26.439% of the content of cellulosein 3:1 volume
ratio of cdlulaseenzymes(TrichodermaReesa: Apergil-
lusNiger). Inthisstudy, the average glucose produced
ranges between 2.090%-12.244% of thetota solution

TABLE 3: Glucoselevelstheresultsof hydrolysis

Presentage of Glucose (%)

Treatment
8Hour 16Hour 24Hour 32Hour 40Hour 48Hour 56Hour 64Hour 72Hour

A 2.090 2.284 3.738 4773 5.934 6.492 7.217 7471 7.250
B 2.278 2.798 4.054 5.359 6.492 7.455 8.306 10.485 8.168
C 2.306 3.019 4.070 5.608 6.603 8.533 8.500 7.173 6.835
D 2.395 3.158 4,087 5.746 6.752 8.970 8.909 7.709 6.371
E 2.583 3.340 4.623 5.939 6.996 9.849 9.014 7.803 6.841
F 2.632 3.617 5.868 6.127 7.267 10.507 9.180 8.323 7.128
G 2.859 3.877 7.029 7.256 10.535 12.244 9.717 8.893 7.261

Source: Analysis of glucose data research

or 4.514%-26.439% per cellul ose contai ned.

Contour of the above showed that the greater the
cdluloseenzymeactivity used, thegrester glucoselev-
elswere obtained. But in terms of thetimeit can be
seen that the optimal conditionsfor the production of
glucoseisfrom40to 70 hours.

Inthe optimization cal cul ations obtai ned optimal
trestment conditionshydrolysisisceluloseenzymewith
enzymeactivity 2.6979 1U/ml with 48.7 hourslong hy-
drolysistimewith D-optima vaue 1.000. By enzymatic
hydrolysisobtained an equation:

Y = 6.49267 — 0.35321X, + 1.14658X, + 2.39506X, +
0.68794X 2 — 1.74706X 2 - 0.03175X X,

From the equation, the value of X isagroup of
simplerandomized block design calculations, X isa
blend of cellulase enzymestreatment of fungusTricho-
dermaReesel and AspergillusNiger, whilethe X 5is
the time of treatment. Based on the analysis of vari-

ance, therewasno sgnificant differencebetween treat-
mentsintheprocessof hydrolysis.

Bioethanol fer mentation
Hydrolysissolution wasinserted in the Erlenmeyer
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Figure?2: Contour plot of glucoselevel
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Figure3: Hydrolysisoptimization

and set the acidity level at first accorded to the vari-
able, which were pH 4, pH 5 and pH 6. Then added
withinoculum of Saccharomyces Cerevisaewasdone
inaccordance with thetreatment, is0.5% and 0.75%.
Fermentation wasdoneby using waterbath with atem-
peratureof 30°C for 48 hours. After fermentation, etha:
nol content obtained in accordance with thetable be-
low:

Thereunder by Judoamidjojo® that yeast can pro-
ducewd| at pH 3topH 6, whichinthisstudy asTABLE
4 showsthat pH 4 produced the highest level sof etha-
nol, amounting to 5.664%. Alsoinlinewith the state-
ment Astawan and Mita?, theinoculum concentration
greatly Affect theeffectiveness of producing fermenta-
tion products. If the concentration of theinoculum used
too littlethen thefermentation processwasd ow. Which
inthisstudy suggeststhat asmany asinoculum 0.75%
Saccaromyces cerevisiae producesethanol leve shigher
than fermentation with Saccharomyces cerevisiaein-

TABLE4: Ethanol level

Treatment
Sacchar omyces Ethanol Level (%)
pH Cerevisiae Inoculum (%)
4 0.50 4.88
0.75 5.664
5 0.50 4.555
0.75 5.563
6 0.50 3.76
0.75 4414

Source: Analysys UL P certificate from the faculty of phar macy,
Airlangga university (2013)

oculum as 0.50%.

Figure 4 showed that the lower the pH level and
thehigher amount of inoculums, thehigher level sof etha:
nol produced.

Figure 5 showed that the optimal condition of
bioethanol fermentationisat pH 3.5862 with theamount
of inoculums 0.7462%, with the value of D-optimal
1.0000, obtained the ethanol level of 5.5%. By fer-
mentation treatment, obtained an equation :

Y = 4.76667 - 0.02305X, - 0.38468X, + 0.35663X, -
0.14850X,2 + 0.10175X 2 - 0.03258X X,

From the equation, the value of X ; isagroup of
simplerandomized block designcalculetions, X5 isthe
pH, whilethe X , istheamount of inoculums. Based on
theandyssof variance, therewasno significant differ-
ence between trestmentsin the treatment of fermenta
tion.
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CONCLUSION

From the results of the research which has been
done, can be drawn some of conclusionsamong oth-
es
1. Inthehydrolyssphase, theoptima conditioniswith

acombination of cellulase enzymesfrom Tricho-

dermaReesal and AspergillusNiger withthevaue
of enzymeactivity at 2.6979 1U/ml with 48.7 hours
long hydrolysisof treatment in thisstudy with an
average percentage of glucose 10% with D-opti-

mal vaueof 1.0000.

2. Atfermentation phase, the optimum conditionisat
pH 3.59 with 0.7462% of inoculum by optimal
ethanol concentration of 5.5%with D-optima vaue
of 1.0000.
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