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ABSTRACT

Present study was aimed at isolation of promisieljutase producing fungus, its identification angtimization of
cultural conditions for production of cellulolytenzymes. The cellulololytic activity of these aeuvas studied by
standard CM-cellulose and congo red plate assayhatet The study related to process development vasol
optimization of different fermentation conditionzhysical and nutritional) towards enhancement afubaytic
enzymes production. Solid state fermentation calltoonditions (physical and nutritional factors)rfoellulolytic
enzymes production by the isolated promising Asihesgniger were optimized. One factor at a timeF{D)
strategy was used for the optimization of mediumpmnents. Cellulase production with Aspergillusenigvas
highest at temperature 28°C, pH-7.0, incubatioretii? hrs, salt-NaCl, nitrogen source-peptone angresence of
substrate-Apple peel and common grass
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INTRODUCTION

The ever increasing demand for energy is one ofjtbatest challenges for human beings. Fossil Arelslwindling
rapidly and the current instability of oil suppliesd the fluctuation of prices have further ignitddespread interest
in alternative energy sources. Biofuels are amdwgpromising transportation green energy sourcethéo future
[1].The extensive range of organic materials used Hiofuel production include starch from cereaams,
lignocellulosic materials and algae etc. First gatien biofuels are manufactured using starch ffood-based
cereal plants like corn and wheat; sugar from swgere; oil from the seeds of rape; soya bean aimdpjaa,;
vegetable oils and animal fats. Second generatiofudds also known as cellulosic biofuels, are et using
lignocellulosic materials like forest and crop dems, straw, municipal and construction waste [Bbwever, the
public opinion on producing biofuels from ediblaustes is not favourable. Hence, there is moreéstesn research
into the development of less expensive methodasod® produce biofuels from non- edible sources like
lignocellulosic biomasses of plants and organictesf3]. Lignocellulose consists of lignin, hemicellulosedan
cellulose. Cellulase, a group of enzymes whichlgagathe hydrolysis of cellulose and related olamsharide
derivatives, is considered a potential tool forusigial saccharification [4],

Keeping the significance of cellulase enzymes indrthe current investigation was designed to isdla¢ cellulase
producing fungi, optimization of environmental cdiah for higher enzyme production and also toreate alcohol
production by the isolates and their comparisom witvell known producer species.

MATERIALS AND METHODS

Selection of sample sitesBamboo forest soil was the sample site for presmeistigation. Three sites were chosen
viz., TFRI area, SFRI area and GCF area in Jab&lmirict of Madhya Pradesh.
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Sample collection and processingSoil samples were collected at different samplatpdfrom the undisturbed
localities employing sterile soil augers, hand &bwand polythene bags. The soil was dug out usigis up to
20cm depth and was immediately scooped into steolgthene bags using the hand trowel. The samptas

collected from 5 spots in each site and then miwgether in order to obtain a representative samphich were
bought to the lab for further studies. Samples werelly diluted upto I8dilution.

Isolation of fungi: Potato Dextrose Agar media and Rose Bengal Agdianeere prepared. 1ml of serially diluted
(10°) samples were inoculated into pre sterilized ardsplidified PDA and RBA agar plates by soil plaiethod
and pour plate method and inoculated at 28°C f8rd2ys.

Identification of fungal isolates: The isolates were further inoculated on sterile RiJ#tes by point inoculation
and incubated at 28°C for 48 hours in order to iobpaire fungal culture. Colonial morphology and rascopic
examinations of the fungal isolates were used terdene the reproductive and vegetative structures.

Preliminary estimation of cellulase production Czapek Dox agar media supplemented with 1% CMG wa
prepared and fungal culture was inoculated by paimtulation method on the prepared plates and &epgC for

72 hrs. After incubation the plates were listedZone analysis for which the Petri plates weredkxbwith Congo
red solution (1%). After 5 minutes the Congo retlison was discarded and the plates were washdd Wt NaCl
solution and allowed to stand for 15-20 minutese Tlear zone was observed around the colony wheerihyme
had utilized the cellulose.

Mass production: Common grassGynodon dactylonwas used as the main substrate for SSF. 10 grfinady
chopped grass was taken in flask and moistened 2Gtml of mineral salt solution (peptone-0.1%; neatract-
0.1%, yeast extract-0.2%, calcium carbonate-0.2%6manium phosphate-0.2%, and ferrous sulphate.7H20-
0.001%) [5], sterilized, cooled, inoculated witm@al culture and incubated at®28for 120 hrs. Also PD broth was
inoculated with fungal spores and after 7 daysofibation the fungal biomass was filtered on avegghed filter
paper and weighed after complete drying.

Trichoderma reesés also a good source of cellulase enzyme. Hermmaparative study was carried out betwd@en
reesei(procured from MTCChandA. nigerwith respect to cellulase production by using DN&hod. Solid State
Fermentation was done by inoculatifigreesein 10 gms grass moistened with mineral salt satuéind sterilized,
cooled and incubated at 28°C for 120 hrs.

Extraction of crude enzyme A solution of tween 80 (1%) was added to 100omtlistilled water. 10ml of this
solution was added to 2 gms of fermented substmate homogenized on rotary shaker at 180 rpm for e
pellet was removed by centrifuging the homogenat®Q00 rpm at 4T for 15 min and the resultant clear
supernatant was used as Cell Free Extract (CFE)ftver studies.

Quantitative assay for cellulose: DNS Method:

Cellulase activity was assayed using Dinitrosaitcglcid (DNS) method [6]. 2 ml enzyme solution waken and
1ml DNS reagent was added to it, then the conteete incubated at boiling water bath for 15 minutdsnl of
sodium potassium tartrate (Rochelle sodium tadtnases added and incubated for 10 minutes at roonpéeature.
Then the contents were cooled and absorbance oétheolour developed was taken at 500 nm.

Optimization: Optimization of culture conditions was carried éor different parametergiz carbon source, pH,
temperature, nitrogen source, incubation periodsatidconcentration for cellulase production.

Carbon source / Substrate Although lignocellulosic material was the mairbstrate used during this investigation
but other substrates were also tested for thefopaance for the purpose. For this Grass, Brokes, Apple peel,
Banana peel, Orange peel were used and 20 ml rhs@taolution was added and sterilized. Inocatatvas done
with the selected fungus and incubated 4€2®r 120 hrs.

pH: 10 gms of substrate was taken and 20 ml minafalsslution was added to it and sterilized andledo pH
was adjusted to 5, 7 and 10 using 0 .1 N HCI addND NaOH. Fungal inoculum was added and incubated
afterwards.

Temperature: 10 gms of substrate was taken and 20ml minefalsstution was added to it and sterilized and
cooled. Fungal inoculation was done and incubatatdifferent temperature 48, 46C, 60C for 10 hrs.
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Nitrogen source 10 gms of substrate was taken and 20ml minefakshition was added to it and supplemented
with different nitrogen source viz peptone, bedfa&ot, ammonium sulphate and sterilized it and @dolnoculation
was done of a fungus at different nitrogen sourmkiacubated at 28 for 120 hrs.

Salt concentration 10 gms of substrate was taken and 20 ml minataselution was added to it and supplemented
with different salts viz NaCl, Cag& FeCk_After sterilization the fungus was inoculated amclibated at & for
120 hrs.

Incubation period: 10 gms of substrate was taken and 20ml minetakshition was added to it and sterilized it
and cooled. Fungal inoculum was added and incmibatias carried out at different time intervals 2# hrs, 48
hrs, 72 hrs.

Immobilization : Immobilization was done by two ways: whole celhnobilization and Cell free immobilization.

Whole cell immobilization: Fungus was inoculated in PDA broth and incubated&C for 72hrs. After 72hrs
fungal mat was separated from broth by filtratiowd dungal mat was used for further process. Fungat was
crushed and dissolved in 2% sodium alginate saiytlol). This mixture was then dropped into thdletiisolution
of 0.2M CaC} with continuous shaking af@. Finally beads of calcium alginate were formedaés were washed
3-4 times with deionised water and finally with 3@nTris HCI buffer (7.5 pH), weighed and the actyivas
further checked.

Cell free immobilization:: Enzyme solution was taken after centrifugatiod arude enzyme was precipitated by
adding 80% ammonium sulphate solution 4&.4Precipitate was dissolved in Tris HCI buffer 8@, 7.5 pH). This
partially purified enzyme solution was mixed witBb62sodium alginate solution (1:1). This mixture when
dropped into the chilled solution of 0.2M Ca@lith continuous shaking af@. Finally beads of calcium alginate
were formed. Beads were washed 3-4 times with d&dnwvater and finally with 50mM Tris HCI buffer.67pH).
Beads were dried and weighed and enzyme activisyagain checked by using beads.

Ethanol production: An attempt was made to study the capability ofgiutto produce alcohol using lignocellulosic
material as substrate. Also a comparison was caoig with a well known yeast straiiuyveromycegprocured
from Microbial Type Culture Collection, Chandigaffor this purpose, 3 different conical flasks with gms of
finely chopped grass were taken and 20ml of minsa#tl solution was added to it. Inoculation was el@ith A.
niger (Flask 1), Kluyveromyces(Flask apd combination of both the microbes(flask 3) irdiferent flasks
respectively and incubated at @or 168 hrs and observed for alcohol production.

Estimation of ethanol production

Qualitative estimation: The fermented substrate was centrifuged at 1@000for 15 minutes. The supernatant was
then used for further study. The qualitative analygas carried out using ethanolic acid. 2ml ofetllic acid was
added to 1ml of the test sample (supernatant) aatet in the water bath for 5 min until charactesssweet smell
of esters was perceived [7].

Quantitative estimation: The quantitative estimation of ethanol was doypdibochemical method using potassium
dichromate mehtod. 30 microlitres of test sample weken and the volume was made up to 500 micreltg
adding distilled water in test tube.1l ml of potassidichromate reagent followed by 2 ml of sodiundrioxide
solution were added in all the test tubes inclgdsample test tube. Incubation was carried outO3E Sor 30
minutes. The absorbance was measured at 600 nmsibg @ spectrophotometer [8] and concentration was
measured using standard graph of ethanol.

RESULTS AND DISCUSSION

Isolation and identification: Soil samples from different bamboo forest wereciiated on PDA and RBA plates
and after incubation fungal isolates were obtaimedall the plates. There were total 30 isolatesiobd which were
further tested for their cellulose producing poEntPrimary screening of each fungal culture wasfgrmed by
point inoculation on Czapek Dox agar medium suppleted with 1% CMC for cellulose production followby
incubation which resulted into yellow or clear zasfehydrolysis on application of freshly prepare tongo red
solution followed by 1N NaCl solution.

As shown in figure 1, out of 30 isolates testegsodates were found as positive for cellulase patida. The fungal
cultures were identified a&spergillus niger, Aspergillus flavus, Fusarium spd Alternaria sp.Out of 4 fungal
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isolates Aspergillus niger was selected for further studies as it had prodidaegest zone of hydrolysis with
diameter 16 mm.

Table 1: Preliminary estimation of cellulose prodution

S. No Fungus Media Zone test | Zone diameter
1. Aspergillus flavus| Czapek Dox Agar medig Positive 14.5 mm
2. Aspergillus niger | Czapek Dox Agar medig Positive 16mm
3. Alternaria spp. Czapek Dox Agar medig Positive 9.2mm
4. Fusarium spp. Czapek Dox Agar medig Positive 7mm

Optimization: Optimization of different atmospheric condition&eipH, temperature, incubation period, salts,
different substrates and nitrogen sources, etcltessinto presence or absence of zone with vargizgs and
differences in the concentraion of enzyme productio

Effect of pH: pH highly affect the production of cellulase emmy Out of 3 pH ranges tested i.e, 4, 7 and 11 the
diameter of zone was found to be no zone, 11mm7amah respectively. The highest diameter 11mm andesy
glucose concentration 86.69mg/ml at pH 7 indicéites pH 7 is the optimum pH for growth and highesftulase
production. Similar study was conducted by [9] #mair results were found very similar to these lssu

Effect of temperature: Temperature is a critical factor for maximum emey activity and is necessary to be
optimized for industrial enzyme production. Out3aemperature ranges tested i.€@8FC and 68C, the highest
zone of 16mm diameter was found at 28°C and glucoseentration to be 113.07 mg/ml. In the studydewted
by Devi MC et al, [10] maximum enzyme production was achieved miperature of 30°C bpspergillus nigetin
paper cellulose.

Effect of incubation period: Zone of hydrolysis was best seen after 48 hrmaidibation while overgrowth was
obtained upon extending the incubation period ufohrs. on the contrary, upon performing SSF, thease
concentration was found to be 89.32 mg/ml at 7&¥hieh was highest amongst other temperature rategtsd.
Similar result was expressed early in the studydooted by Mrudulat al, (2011) with maximum production of
cellulase after 72 hrs of incubation in SSF ug\ngiger

Table 2: Quantitative estimation of cellulase prodation by DNS method

S.No. Environmental Condition Optical Density (500 nm) Concentration of glucose (mg/ml
1 pH 4 1.489 47.49
2.679 86.69
11 2.656 85.93
2 Temperature (°C) 28°C 3.480 113.07
40°C 3.354 108.92
60°C 0.243 6.46
3 Incubation Time (Hours) 24 Hrs 0.432 12.68
48 Hrs 1.576 50.36
72 Hrs 2.759 89.32
4 Salt NaCl 2.239 72.20
CaCl 1.016 31.92
FeCk 1.382 43.97
5 Carbon Source Broken rice 2.815 91.17
Apple peel 3.48 113.07
Banana peel 2.652 85.80
Orange Peel 2.817 91.23
Common Grass 2.821 91.37

Effect of salts The production of cellulase seems to vary wite of different salts in the media. NaCl salt was
found to be optimum for maximum cellulase produtts compared to CaCind Fe(d salts and the zone diameter
using NaCl was 13 mm and glucose concentraticnfauand to be 72.20 mg/ml.
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Effect of different Carbon sources In the present study different substrates wessl & carbon source durning
SSF. Agro wastes and lignocellulosic material sash Apple peel, Banana peel, Orange peel, Broienand
common Grass were tested for their potential. Higltose concentration of 113.07mg/ml was obtaimethe
appled peel. Grass also resulted into comparaleEose concentration 91.37mg/ml. Being costlg akapple
peels as a substrate for cellulase production issaonomical, therefore common grass being eas#ylable and
less costlier can be used as a good alternativeefariase production at industrial levels.

Mass production by Solid State FermentationThe isolateAspergillus nigemwas mass produced using Solid State
Fermentation (SSF) method and the results obtaimetiis study are comparable with the results oleidiby
Krishna [11] who used banana stalk and coconut regipectively for production of cellulasées. niger mat was
obtained from PD broth and was weighed, it was dotenbe 0.4202gm .

Lignocellulosic material was used as substrate Wwhesulted in good production of fungi with higfotmass.
Cellulase production is hindered because of thh bagts of substrate (pure cellulose) and of sameenecals, such
as proteose peptone, and also because of low élcksllulases per unit of cellulose. To overcoimese problems,
cheap sources of cellulose like lignocelluloses agdcultural wastes are used in SSF. Out of socinces, grasses
are the cheapest and easily available substrateeltulase production and they also proved friitfucurrent
investigation.

Comparative study of A. niger with Trichoderma reesei: Trichoderma reesebeing one of the most important
fungal species for cellulase production gave a gesgonse in the present study. It resulted irbtbgest zone of
hydrolysis with diameter 18.2 mm and highest glecosncentration 113.73 mg/ml (Table 3) The resuffisained
on using A.niger are also very much similarftaeeseiand hence this study shows tAapergillus nigercan also
be used as a good source for cellulase production.

Table 3: Comparative study of cellulose activity § A. niger and T. reesei

S. No. | Parameter Glucose Concentration(Trichoderma reesei) | Glucose Concentration A. niger)
1. Temperature (28°C) 113.73mg/ml 113.07mg/ml
2. pH (7) 86.72mg/ml 86.69mg/ml
3. Incubation period (72hrs) 90.67mg/ml 89.32mg/ml
4. Carbon source (Grass) 92.98mg/ml 91.37mg/ml
5. Nitrogen source (peptone) 67.95mg/ml 68.94mg/ml

Partial purification and immobilization : Enzyme purification is one of the crucial stepidg industrial enzyme
production process. In present study the cellulasezyme was partially purified by ammonium sulphate
precipitation method. The best precipitation wataoted with 80% is saturation which was properlgsdived in
Tris — HCI and gave best enzyme activity after irbitipation.

The partially purified cellulase enzymes were imitinéd in calcium alginate beads. The beads werligheel to be
2.461 gm (Fig 3). The beads were further testedhteck their functionallity. The optical densitiesr fcell free
immobilized beads was observe to by 0.423 and 0f@28ucrose and starch respectively while ODstffiat of
whole cell immobilized beads were 0.763 and 0.&kpectively.

Qualitative and quantitative estimation of alcohol The supernatant obtained upon centrifuging thenéated
substrate was assumed to contain monosaccharile®gg). This glucose was converted into alcoholgingA.
niger, kluyveromyceand mixture of the two above mentioned microbdbkth® 3 test tubes resulted into ester like
smell indicating the alcohol production. Also theaqtitative estimation of alcohol production wascassfully
carried out. The ODs obtained by incubating 3 typesultures were 0.053, 0.097 and 0.168 respdgtivde
concentration of alcohol produced after SSF wassorea to be 1.76 pl, 4.8 pl and 15.09 pl by usithgrel
standard graph (Table 4).

Table 4: Quantitative estimation of alcohol producion

Organism Aniger | kluyveromyces | A. niger + Kluyveromyces
Optical density
(600 nm) 0.053 0.097 0.168
Concentration of alcohol (ul) | 1.76pl 4.8ul 15.09 pl
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Fig 1: CMC test for qualitative analysis of cellulase production

Fig 2: Microscopic image ofA.niger

CONCLUSION

The study indicated that the fungi as enzyme seut@ve many advantages that, the enzymes produeed a
normally extracellular, making easier for downstnegrocess. The development of economically feasible
technologies for cellulase production and for theyenatic hydrolysis of cellulosic materials will asle to utilize

the large quantities of biomass such as the residfidood industries, agriculture and also lignadekic waste
materials andA. nigeris one such beneficial and commercially applicablegi. Thus the present investigation
suggests that lignocellulosic material can be lyigided for biofuel production andl. nigerin combination with
Kluveromyces spjs one of the promising fungal strain for this pasp.

This indicates that the isolated fungal culture fyasd potential to produce alcohol. Although th@lementation of
well known yeast strailuyveromyceslong with A. nigerhad increased the alcohol production to a grea¢.pac
Hence, it can be concluded that thenigeris an economical, beneficial and commercially aggiiie fungus and
the lignocellulosic materials can be a good, cheapd better source of biofuel production.
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