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ABSTRACT

Endoglucanase isoneimportant part of the enzyme cellulase, which works
to solve bonding polymer B-1,4 which is a part of the amorphous cellulose,
and produce cello-oligosaccharides. Analysing Carboxy Methyl Cellulase
enzymeactivity canreflect the Endoglucanase activity contained in cellulase
enzyme. This study aimed to determine the effect of pH and incubation
time on the activity of the enzyme cellulase Endoglucanase from
Trichoderma reesei and aspergillus niger. The research divided into two
phases, each phases was done with 2 variables namely pH and incubation
time. pH 4, 5 and 6 for the 1% phaseand pH X, pH X.2, pH X.4, pH X.5, pH
X.6, and pH X.8 for the 2™ phase. The value of X in the second phase of
treatment is the pH value of the first phase which produced the highest
Endoglucanase activity. Observation was done for 10 days and were made
every 24 hours. Each treatment performed with 3 replicates and treatments
carried out with 2 different types of fungus.

ThepH level and incubation time affectsthe activity of endo-p1,4-glucanase
on the enzyme cellulase. The optimum pH condition of cellulose enzyme
production with a high endo-p1,4-glucanase produced by Trichoderma
reesel isat range of pH 4.5to pH 6 with an optimumincubationtime of 3to
10 days. Whilethe optimum pH condition of celluloase enzyme production
with high endo-B1,4-glucanase produced by Aspergillus niger is at range
of pH 5to pH 5.6 with an optimum incubation time of 8 to 10 days.
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INTRODUCTION

Multi-enzyme cellulaseisformed by severa pro-
teins. Converting celluloseto glucoseintheenzymatic
hydrolysisfor ethanol production process*4. Cellulase
enzymeitself hasavery important roleinthehydrolysis
of celluloseto produce glucose, whichissold inthe
market and are needed for various purposes both for

the manufacture of chemicalswhich other higher eco-
nomic value such as ethanol, acetone and organic ac-
ids, aswell asused asacarbon sourcefor the produc-
tion of microbial utilization of enzymesand antibiot-
i CS[12,13,24] .

Themain obstacleinthe devel opment of industrid-
scaleuse of enzymesisthe high cost of production. To
that end, theuse of rice straw asasubstrate fermenta-
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tion mediawhich contains cellulosefor growth of mi-
croorganisms hasabright prospect inthefuture, asit
providesalower cost aternative when compared to
the manufacture of enzymesusing synthetic chemicals
asgrowth mediamicroorganisme. Production of cellu-
lase enzymesby using rice straw substrates containing
cdlulosewill dso produce other productsthat are use-
ful to humanssuch asglucose, ethanol, singlecell pro-
tein, and otherg®.,

Enzymes sdllulase can convert cellulosebecomeglu-
cose, three componentswho hasbeenidentifiedinthe
cellulase are Endoglucanase (endo--1,4-D-glucans-
4-glucanohidrolase, EC3.2.1.4) which breaking bonds
of B-1,4 on cellulosechain at random, Exo-glucanase
(B-1,4-D-glucans-selobiohidrolase, EC 3.2.1.91)
which solvesunit of cellobiosefrom thetip of thechain
and B-glucosidase (EC 3.2.1.21) which solvescello-
bioseto becomeglucose®. Accordingto Miyamoto*?,
Endogl ucanase attack the amorphous celluloseor cel-
lulosehallow fibersthat become cello-oligosaccharides,
wherethecello-oligosaccharidesare short-chain cellu-
lose Andysingenzymeactivity by Carboxy Methyl Cdl-
lulase (CM C-ase) may reflect Endoglucanase enzyme
activity that attack cellulose.

Endoglucanase enzymeisone part of theenzyme
cdllulase, fungusused inthe production of thecellulase
enzymeto hydrolyzelignocdlulosc materidsarefun-
gus Trichodermareesal and aspergillusniger. Tricho-
derma Reesei has been known to produce
Endoglucanaseand Exo-glucanaseto 80%019, but lower
B-glucosidase??., This problem can be overcome by
adding B-glucosidasefrom the outside? or producing
cellulase enzyme by combining astrong ability of mi-
croorganisms to produce Endoglucanase and Exo-
glucanaseas Trichodermareesa with astrong ability of
microorganismsto produce B-glucosidase strong such
asAspergillusniger. Aspergillusniger can producea
high B-glucosidase, but produce alower endo-f3-1.4-
glucanase and exo-p-1.4-glucanase.

To produce cellulase enzymes with high
Endoglucanaseactivity withashorter fermentationtime,
it isneeded to add ureain the growth medid?Yl. During
growth and to produce enzymes cellulase, almost all
fungi Trichodermasp. requiresMg*, Ca™, Fe** dan
Zn**, but using Fe™ and Mn** minerals can serve as
inducers. Theaddition of acombination of minerd Fe™
or Mn** with Zn* or Co** will increasethe activity of
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cellulase which produced®.

WhileAspergillusthan requiring maor elements
such as C, N-phosphorusand Salsorequiretraceele-
mentssuchasFe™, Cu™, Zn**, Mn**, Mg™, Li**, Na',
K*and Rb*. Inadditionto requiring maor minerasand
elements, accordingto Mandelset al.' dsotakesor-
ganic nitrogen sources and commonly used ispeptone.
Andreotti et d.[? suggested that the use of peptoneis
best for cellul ase production was one-tenth of the num-
bersof sources C (Carbon) are used.

Accordingtothetypeof medium, thefermentation
processisdividedinto two categories, namdy fermented
solid medium and liquid medium. Fermentation solid
medium isafermentation processwherethe solid sub-
drateisinsolubleand containsno freewater, but it con-
tainsenough water for themicroorganisms. Instead fer-
mentation liquid mediumisfermentation processwhere
the substrate is dissolved or suspended in aliquid
phase™.

Naturaly fermented solid medium generally takes
placein amedium with awater content ranging from
60% to 80% because the state of the medium contain-
ing enough water for microbia growth. Onsolid fer-
mentation, fermentation substrateismixed with liquid
water, or water with somemineral content, usualy up
to 50% in order to obtain asemi-solid substrate. On
solid fermentation substrate cannot al be achieved by
microbes. Generally microbesthat grow incertain ar-
eas such as the substrate surface, so that the below
areaand themiddle areaof substrate of no overgrown
microbes?2. According to Frost and Moss*2, solid
fermentation has someadvantagesover liquid fermen-
tation, namely:

e Mediumusedrdatively smple

e Thespacerequiredisrdatively smal comparedto
theyield generated

e Extraction of enzymeseasier, by adding asolvent
directly

e Condition of fungi grow gpproach that iscommon
inthestate of nature

o Lowwater levelsmakeitlesslikely for thegrowth
of unwanted bacteria

In addition to these advantages, solid fermentation
aso has someshortcomings™, namely:

e Onlylimitedtofungi growth
¢ Not easy tomeasureseverd parametersof thepro-
cesshecauseitislesshomogeneousculture
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e Severad typesof substratesrequire pre-treatment

(example ddignification)

According Tangnuet d.2, highly influentid fermen-
tation conditionsare pH and temperature of fermenta-
tion. The optimum pH valuefor enzyme production
variesdepending onthetype of fungi, and the kinds of
fermentation substratesused. Necessary for fungi growth
with different pH enzyme production. Ingenerd, fungi
needsto grow ahigher pH for exampleabove pH 4.0,
for the production of enzymes needed lower pH for
examplebelow pH 4.0. Theuse of low pH causesthe
maximum activity of enzymes Endoglucanaseand Exo-
glucanasemore quickly achieved. Thehighest activity
of the enzyme Endoglucanase and Exo-glucanase
achieved at pH 4.0, whereas B-glucosidase enzyme is
achieved at pH 6.0.

Temperaturefor fungi growth and for the produc-
tion of enzymesare d so different, thetemperaturefor
fungi growthisgeneraly higher than thetemperature
for enzyme production. The optimum temperaturefor
growthrangesfrom 32 °C to 35 °C while the tempera-
turefor cellulase enzyme production ranges between
25 °C to 28 °Cll,

Busto et d.I¥ reported that induces the synthesis of
amorphous cellulose in Trichoderma Reesei
Endoglucanase better than cellobiose, lactose, sucrose
and cellulose. Conversely, not all carbohydrates can
induce endo-b-1,4-glucanasein Aspergillusniger sig-
nificantly. Used at CM C substrate, maximum activity
obtained at pH range 4.5-5.5 and optimum tempera-
ture of 50 °C - 70 °C.

Inthe study conducted by NadiemAnwar et a.[4,
the production of enzymes sdllulase performed & pH 5
and room temperatureby CM C-aseandyzing produced
Endoglucanase activity of 1.66 |U/ml on day 6 of the
fungusTrichodermareesel and amountedto 1.69 [U/
ml on day 8 of Aspergillus niger using powdered rice
straw assubstrate.

The purpose of this study was to determinethe
effect of pH and incubation time on the Endoglucanase
activity of the enzyme cellulase produced by the fun-
gusTrichodermareesal and Aspergillusniger by using
ricestraw assubstratein solid sate fermentation (SSF).

MATERIALSAND METHODS

The study was conducted from July 2012 to March
2013. Thestudy was conducted inthe Mechatronics

laboratory of BrawijayaUniversity - Maang, Central
Laboratory of Biological Sciencesof BrawijayaUni-
vergty - Maang and Biomolecular and Genetics Labo-
ratory of Biology Faculty of theldlamic State Univer-
sty of MaulanaMalik Ibrahim—Malang, Indonesia.
Inthisstudy, thereare severa materialsused, such
as Trichodermareesal and Aspergillusniger obtained
from Microbiol ogy |aboratory PAU Food and Nultri-
tion Gadjah MadaUniversity Indonesia, nutrient solu-
tion (aquades, yeast extract, Bacteriological peptone,
(NH,),SO,, KH,PO,, FeSO,-7 H,0, CMC 1 %),
tween 80, NaOH and HCI. Thisstudy isdividedinto
two phases, namely preparation of maeria s(substrates)
and celluloseenzyme production. The sectionsinclude:

Prepar ation of materials(substrates)

Rice straw used in this study is the variety of
Ciherang. That isbecause Ciherang an easy varieties
foundintheregion of Java. Ricestraw used inthe study
obtained from the Pakis- Malang, Indonesia.

Rice straw that had been obtained, then cleaned up
until sticksricestraw obtained. Thendriedinthesunto
dry. Oncedried, ricestraw sticksthen cut +2 cm, and
milled using disk mill. Having obtai ned themilled and
then sieved witha100 mesh sieve. Straw powder was
then used for the production of cellulose enzymes.

Cédlulaseenzymeproduction

5 gr of powdered rice straw inserted into 250 ml
erlenmeyer and 25 ml of nutrient solution®® with pH
conditionsinaccordancewith thetreatment (Phase 1.
pH 4, pH 5 and pH 6. Phase 2: pH X, pH X.2, pH
X.4, pH X.5, pH X.6, and pH X.8, thevalueof X is
the pH va uewhi ch obtained thehighest Endoglucanase
activity at 1% phase). pH wasmeasured again when the
substrate was mixed with anutrient sol ution so that pH
changes are known to occur. Then the sludge of rice
straw covered with cotton, aluminum foil and rubber
whichisthen sterilized using autoclavefor 15 minutes.
Inoculumfungi Trichodermareesal and Aspergillusniger
put as much as 2% at a density of 2x10° cfu/ml to
2.5x10? cfu/ml into the mud of ricestraw and covered
with cotton, duminumfoil and rubber. Incubationwas
performed at 30°C with pH according to treatment
conditions, harvesting isdone by using a1% tween 80.
Incubation was performed for 10 days, and observa-
tions of enzymeactivity isdone every 24 hourswith
CMC-ase DNS method. Datawere collected for en-
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zymeactivity and anincreaseinthepH condition of the
solution.

Research design

Research carried out by simple randomized block
design. Theresearch isdivided into two phases, the
firgt phaseisthe production of cdlulaseenzymeswith 2
factors, namely pH treatment with 3 level streatments
whicharepH 4, pH 5and pH 6 and 10 days observa-
tions, to obtain 30 observationswiththreetimesrepeti-
tion and being doneto 2 different kind of fungusin or-
der to obtain 180 data. Then the second phaseisthe
production of cellulaseenzymeswith 2 factors, namely
pH X, pH X.2, pH X.4, pH X.5, pH X.6, and pH X.8
where X isthe pH value of the pH in the first phase
wherethe highest Endoglucanase enzymeactivity ob-
tained, and observationsmade during the 10 days,
up to 60 observations obtained with 3 repetitionsand
being doneto 2 different kind of fungusin order to ob-
tain 360 data.

Activities enzyme assay

CMCaseactivity inthe culturefiltrate was deter-
mined by incubatingthe 0.5 ml of crudeenzymesample
with 0.5ml of 1% CMC (0.05M Citrate buffer pH 5)
at 50°C for 30 min. After incubation, the reaction was
stopped by the addition of 1.5 ml of DNS and then
boiled for 5minin boiling waterbath. Thereaction mix-
turewas allowed to cool and thereducing sugarsre-
leased were estimated by Miller’s method (1959).

RESULT AND DISCUSSION

Materialspreparation

Ricestraw isdried and cut into pieces along ap-
proximately 2cminorder tofacilitatethework of grind-
ing, then ground and seved witha100 mesh sievesize.
Theentire seriesof treatmentsin order to obtainrice
straw powder 100 mesh. Then tested levelsof lignin,
hemicelluloseand cellulose. Thusobtained:

Cllulaseenzymeproduction

Cellulase enzymeproduced in thisstudy istheen-
zymecdllulasefrom fungi Trichodermareesal andAs-
pergillus niger with rice straw asthe substrate. The
phase of the cellulase enzyme production beginswith
the sel ection of microbesthat being used whichisTri-
chodermareesel with the consideration that thetype
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TABLE 1: Content of ricestraw

Component Per centage (%)
Hemiselulosa 18.495
Sdulosa 30.38
Lignin 7.935

Source: Analysys certificate from UGM (2012)

of microbes capable of producing endo-fB-1.4-
glucanase and exo-f-1.4-glucanase up to 80% and
Aspergillus Niger to produce higher B-glucosidase.
Furthermore microbes are cultured on PDA (Potato
DextroseAgar) slantin azig-zag and incubated at a
temperature of + 30°C for 7 days. Subsequently the
cultureinocul ated ininoculumssolution for 3daysand
then suspended intothemediaintheform of ricestraw
fermentation and nutrient solution, which wherethe
dudgewassterilized first by using autoclave. Enzyme
extracting processisdone by adding 1% of tween 80
and mix using waterbath shaker, thendudgeandlig-
uid fermentation separated using centrifugewith a
speed of 4000 rpm for 30 min at 4°C to obtain the
enzymeliquid (supernatant). Cellulase enzyme pro-
ductionisthen performed with the Endoglucanase
activity measured using CM Case method and the
Endogl ucanase enzyme activity obtained in accordance
the databelow:

From the dataaboveit can be seenthat the Tricho-
derma reesei produced cellulase enzyme with
Endoglucanaseactivity of 2.00 1U/ml at pH 5to 6 days
of incubationtime, whileAspergillusniger cdlulaseen-
zymes can generate with an enzymeactivity of 2.042
[U/ml at pH 5with 8 daysof incubationtime. TABLE 2
showsthat the pH conditionswhich produced thehigh-
est sellulase enzyme activity was pH 5, then the pH
conditions used in the second phase of the study.

TABLE 2: Endoglucanaseactivity in 1% phase

Trichoder ma Reesei

pH4 pHS5 pHG6
0.502 0.833 0.886
1.023 1263 1.122
1.255 1575 1.392
1655 1688 1.621
1795 1833 1.711
1636 2.000 1.848
1553 1777 1.735
1442 1556 1.616
1.297 1415 1.506
0.765 1.323 1.373

Aspergillus Niger
pH4 pHS5 pHG6
0.437 0487 0.491
0.593 0.666 0.658
0.711 0.776 0.78
0.86 0.958 0.879
0.939 1.008 0.985
1.016 108 1.031
1.365 1.613 1.232
1.852 2.042 1.495
1.86 1989 1468
1552 1.852 1.278
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Referring to the results of theresearch whichwas
doneby NadiemAnwar et d“, the Endoglucanase ac-
tivity of Aspergillusnigeris2,042 [U/ml higher thanthe
Endoglucanaseactivity of Trichodermareesa whichis
2,000 1U/ml onthefirst phase.

Figure 1.ashowsthat theareaof celulaseenzyme
production by Trichodermareesei, conditions of pH
and incubation time which gained high endo-p 1,4-
glucanase activity in range of pH 4.5to pH 6.5 with
incubation period of 3to 10 days. WhiletheFigure1.b
showsthat thelonger theincubation time, the higher
endo-B 1,4-glucanase activity obtained, but the pH
condition of celluloseenzyme production withahigh
endo-pB 1,4-glucanase activity foundinrangeof pH 3.5
topH 6.

Based ontheanalysisof variance, theendo-f 1,4-
glucanaseactivity sgnificantly differentin 1% phasebe-
tween pH conditions, bothintheendo- 1,4-glucanase
activity between pH of trestment or even between fun-

Contour plot of enzyme cellulase
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Figurel: Contour plot of endo-p 1,4-glucanase activity in 1%
phase. (a) Obtained from fungus Trichoder mareesei based
on pH and incubation time; (b) Obtained from fungus
Aspergillusniger based on pH and incubation time.

gus Trichodermareesel and Aspergillusniger. Onthe
endo-f 1,4-glucanase activity produced by Trichoderma
reesal phase 1, significantly different pH conditionsboth
onthe 1%, 34, 6™, 71, 8", 9" and 10" day, then carried
LSD 5% and 1%. Whereasintheendo-f 1,4-glucanase
activity produced by Aspergillusniger inthe 1% phase,
significantly different pH conditionsboth on the 1%, 2,
34, 4 7t 8 9t and 10" day, then made LSD 5%
and 1 %.

While onthe second phase, the pH condition was
setat pH 5, pH 5.2, pH 5.4, pH 5.5, pH 5.6 and pH
5.8 with 10 days of incubation, the observation was
doneevery 24 hours. From the second phase, obtained
theresult of endo-f 1,4-glucanase activity asbelow :

In the second phase can be seen that the highest
endo-B 1,4-glucanase activity of thecelluloseenzyme
produced by fungi Trichodermareesel was1.993 1U/
ml at pH 5.5 with alongincubation of 6 days, whilethe
highest endo-f 1,4-glucanase activity of thecellulose
enzyme produced by fungi Aspergillusniger was2.103
IU/ml at pH 5.2 with along incubation of 8 days.

Thisstudy according to astatement issued by Busto
et a.[¥ that the conditions of enzyme production
sellulase optimum pH rangesfrom pH 4.5to pH 5.5.
Optimum incubation timeobtained in thisstudy corre-
spond well with Nadiem Anwar et a . that the opti-
mum timeto obtain the production of the cellulase en-
zymewith the highest endo-f 1,4-glucanase activity
using fungi Trichodermareesel wason day 6 whilethe
optimum timeto obtain the production of thecellulase
enzymewith the highest endo-f 1,4-glucanase activity
usingAspergillusnigerisonday 8.

Figure 2.ashowsthat the cellul ase enzyme produc-
tion of Trichodermareesei, pH and time of incubation
conditionswhich obtained high endo-f 1,4- activity was
intherangeof pH 4.5to pH 6 with anincubation period
of 3to 10days, in accordancewith the contour plotin
phase 1. WhileFigure 2.b showsthat thelonger thein-
cubationtime, thehigher theendo-f 1,4-glucanase ac-
tivity obtained, in accordancewith thestage 1, but the
pH conditionwhere produceahighendo-f 1,4-glucanase
activityisinrangeof pH 5to pH 5.6.

Based ontheandysisof variance, therearenored
differences that occur in the study of endo-p 1,4-
glucanaseactivity of sdlulaseenzyme productionusing
fungus Trichodermareesa or by usngAspergillusniger
inphase 2.
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TABLE 3: Endo-p 1,4-glucanase activity in 2" phase

Trichoder ma Reesei

Aspergillus Niger

bay pHS5 pH52 pH54 pH55 pH56 pH58 pH5 pH52 pH54 pH55 pH56 pH58
1 0738 0730 0784 0825 0822 0.822 0456 0498 0483 0483 0468 0.472
2 1156 1198 1286 1324 1327 1346 0658 0681 0650 0.669 0.650 0.654
3 1533 1552 155 1575 1578 1575 0738 0780 0715 0.719 0742 0734
4 1704 1708 1719 1727 1746 1750 0844 0939 0829 0844 0.85 0.882
5 1803 1803 1837 1860 1848 1871 0932 1000 0989 0.978 1000 0.989
6 1917 1944 1959 1993 1982 1985 1.023 1084 1061 1.050 1061 1.054
7 1761 1772 1784 1788 1780 1780 1605 1616 1597 1.613 1609 1.616
8 1529 1540 1540 1567 1567 1578 2058 2103 2084 2061 2061 2.065
9 1445 1430 1426 1438 1438 1430 2012 2042 2016 1.997 1985 1982
10 1320 1350 1331 1350 1350 1.335 1871 195 1906 1890 1.852 1.845
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Figure 2 : Contour plot of enzyme cellulose activity in 2™
phase. (a) Obtained from fungus Trichoder mareesei based
on pH andincubation time; (b) Obtained from fungusAspergil-
lusniger based on pH and incubation time.

CONCLUSION

ThepH level andincubationtimeaffectstheactiv-
ity of endo-p 1,4-glucanase on theenzymecellulase.
For thefirst phase of cellulase enzyme production by

Trichodermareesel showsthe conditionsof pH and
incubationtimewhichgained highendo-f 1,4-glucanase
activity inrangeof pH 4.5to pH 6.5 with incubation
period of 3to 10 days. Whileinthe cellulase enzyme
production by Aspergillus niger showsthat thelonger
theincubation time, the higher endo-f 1,4-glucanase
activity obtained, but the pH condition of celluloseen-
zyme production with ahigh endo- 1,4-glucanaseac-
tivity found in range of pH 3.5to pH 6. The highest
endoglucanase activity wasat day 8, asthelonger the
incubation time, the higher theendo-f 1,4-glucanase
activity obtained. The Second phase of cellulase en-
zyme production of Trichodermareesal showsthe con-
ditions of pH and time of incubation which obtained
high endo-f 1,4-glucanase activity wasin therange of
pH 4.5 to pH 6 with an incubation period of 3to 10
days. Whilein the cdllulaseenzymeproductionby As-
pergillusniger showsthat thel onger theincubationtime,
thehigher theendo-p 1,4-glucanase activity obtained,
but the pH condition where produceahigh endo-p 1,4-
glucanase activity isinrangeof pH 5to pH 5.6.

Thehighest level of Endoglucanaseactivity which
produced by Trichodermareesei was obtained at pH
5.5withlongincubationtimeof 6 days. Whilethehigh-
estlevel of Endoglucanase activity which produced by
Aspergillusniger wasobtained at pH 5.2withlongin-
cubation timeof 8 days.
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