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ABSTRACT

Cellulase and xylanase production from rice straw using M.thermophila SH1 was assessed. The waste was dried,
grinded to mesh size of 2.0mm and microwave pretreated. The powdered waste was than used as a substrate.
Fermentation was carried out in flasks containing pretreated and untreated rice straw, vogel ;s medium, cultured at
50°C initially for 8 days to verify cellulase production and for 5 days for xylanase production. The results showed
that M.thermophila SH1 produced the highest amount of cellulase i.e. 43.07U/gds and xylanase of 281.07U/gds
using pretreated rice straw under SSF. An increased in enzyme activity was observed in solid state fermentation
over submerged fermentation.
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INTRODUCTION

Cellulase and xylanase have immense potential imyritadustries viz. detergents, clarification ofifruice, bakery
products, biopulping, to improve silage (Bhat, 20B®g et al., 2001). Cellulase enzyme hydrolyfes,4-
glucosidic bonds in cellulose polymer to releasgegse units. Biological degradation of celluloseoimes action of
three enzymes namely enflet,4-glucanase, exp-1,4-glucanase anf-glucosidase. Endf-1,4 glucanase or
carboxymethyl cellulose (CMCase), hydrolyzed celbd in random fashion producing oligos and redupisigmer
length, while exd-1,4-glucanase (cellobiohydrolyse) cleave cellofliagsidue from the non-reducing end of
cellulose chain (Kaushal etal., 2012). Cellulagesirrdustrially important enzymes that are soltange volumes at
very high cost for use in different industrial apptionsviz. in starch processing, animal feed production,ngrai
alcohol fermentation, malting and brewing, extractof fruit and vegetable juices, pulp and papelugtry and
textile industry (Ogel et al., 2001). There is awing market for cellulase in the field of deterggerand
saccharification of agriculture waste for bioethaechnology.

Xylanase enzymes catalyze hydrolysis of xylan, Up@essociated with cellulose and lignocellulosesnponents.
Several enzymes are involved in the hydrolysis ydérx polymers of which the most important is thel@nd,4
xylanase (EC 3.2.1.8) (Sa-Paveia et al., 2003)adtreceived considerable interest due to itsfeignt applications
in various industrial processes such as paper aip ipdustries, food, feed, waste treatment, fual ahemical
production (Chantasingh et al., 2006).
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Terrestrial geothermal areas are located in vari@gsons of our planet, these sites includes thespéangs,
fumaroles and geysers are the common places aichrsources of thermophilic microorganisms (Jolmnebal.,
2003). A number of extreme thermophiles or hyperttophiles within the domain of bacteria, fungus amnchea
have been isolated from terrestrial hot springssfGand Gosh, 1992). First time existence of miganisms with
optimal growth temperature has been reported bglB(h967). One of the most attractive attributeh@rmophiles

is that they produce enzyme capable of catalyzimghemical reactions at temperature higher tharsehof
mesophilic microorganisms (Demirijian et al., 200IJhus interest in enzymes produced from theses
microorganisms (hot spring) has increased worldvaidéng to their potential commercial applicatiory(d et al.,
2005).

Thermophilic fungi are naturally excellent protesecretors and can produce enzymes in industrigisible
amounts. Owing to the increased biotechnologicgboirtance of thermostable cellulase and xylanaseyyma
thermophilic microorganisms isolated from soil hdxeen examined for production of these hydrolytizyenes
(Topkas et al., 2003).

Solid state fermentation (SSF) has been considased promising mode for production of enzymes. Agntire
microorganisms, fungi are considered to be the mdapted to SSF because their hyphae can grow rticl@a
surface as well as penetrate deep into the inngicigaspaces and thereby colonizing solid substratffectively
(Pandey, 2002)The suitable substrate chosen for micro-organisitivation aiming the enzymatic biosynthesis
depends on a series of factors which include codtusage viability. The use of rice straw can beexpensive
carbon source for large scale utilization (Yang akt 2006). Pretreatment alter or remove structuadl
compositional impediments to hydrolysis and subsata@egradation processes in order to enhancetititjes
(Moiser et al., 2005)Microwave irradiated pretreatment was choserolid state fermentation study because of the
reasonsviz. highly effective, physical method and pollution drapproach as no discharge/ toxic byproducts are
generated.

MATERIALSAND METHODS

Microorganism
Myceliopthora thermophila SH1 sequence had been deposited in Genbank databasgprovided with an accession
number NCBI-JX124712 (Sharma et al., 2013). Thekstmlture was maintained on agar slants at 5°C.

Enzyme production studies

Submer ged fermentation:

The vogel’s medium supplemented with 1% of cellalaglose with pH adusted to 5.5 before autoclaing2C
for 15 min. Then the 100ml medium was inoculatethwi0 ml of spore suspension (1%Xpores/ml). The flasks
were incubated at 8C on rotatory shaker (120 rpm) for 5 days. Aftecubation the filtrate was centrifuged at
10,000 rpm for 15 min at°€. The clear suspension was used for enzyme assays.

Enzyme assay

Cellulase assay: The activities of total cellulose i.e. filter papectivity, endoglucanase arfdglucosidase was
determined using standard methods of FPase and €EME&eese and Mendel, 1963) #nrdlucosidase (Berghem,
1973).

Xylanase assay: Similarly the activity of xylanase in the cultuiiéirbte was determined by Millers method (Miller,
1959).

One international unit (IU) of enzyme activity repents pmoles of xylose/glucose/p-nitrophenol selééamin/ml of
enzyme.

Protein assay:
Protein content of culture filtrate was also defeed by Folin-Ciocalteu reagent using Bovine Serifoumin
(BSA) standard (Lowry et al., 1951).

SinceM. thermophila SH1 depicted good activity of cellulase and xylanaazymes under SmF. Therefore, these
experiment was planned in solid state fermenta(®®F) mode by optimizing for best condition i.e.istening
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agent obtained in SmF. However agriculture waste bieen replaced with commercially available subsdrae.
cellulose and xylan as carbon source to get escatatyme yield using inexpensive waste materiatést effective
production.

Submerged fermentation

Optimization of moistening agent/media

The effect of different moistening agents i.e. M®meedium, Synthetic medium, Czapeks medium anskBaalt
mediumon cellulase and xylanase production was testedcabation temperature of 8D. The supernatant was
collected and enzyme activity was assessed.

Solid state fermentation

Microwave assisted pretreatment of biomass/ substrate preparation

Rice straw Qryza sativa) an inexpensive agricultural waste that has beerergéed in bulk can be utilized as
cellulosic substrate for the production of cellel@nd xylanase enzymes. The feedstock was oveth trieemove
moisture and was milled to reduce particle sizepaés a 2mm sieve and stored in sealed plastic bagom
temperature. For microwave pretreatment. 100 ggataltural residue was taken in a beaker and wigsowave
(Godrej make) irradiated at 250 V and 50 Hz fori@.m

Production of enzyme

M.thermophila SH1 was cultivated in 250ml Erlenmeyer flask conitey 59 of substrate with addition of vogel's
medium (Vogel, 1956) as a moistening agent at @ffierent concentrations i.e. 20, 40. 60 and 8QonMaintain
substrate: moisture ratio of 1:2, 1:4, 1.6 andréespectively as moisture plays vital role in enzymaduction under
SSF. The vogel's medium was prepared with compositie. (g/L) trisodium citrate (0.5), KRGO, (0.5), NH,NO;
(0.2), (NH),SO, (0.4), MgSQ (0.02), peptone (0.1), yeast extract (0.2), glecf2), agar (2.5), pH 5.5. The
substrate was inoculated withthermophila SH1 and then incubated at®&Dfor 8 days.

Enzyme extraction:

To 5g of untreated and treated biomass of eachGseatl of phosphate buffer (0.1M, pH 6.9) with 0.T%een-80
was added in 250 ml of Erlenmeyer’s flask. The ents were kept under agitation at 120 rpm for 60 amd then
filtered through muslin cloth. The process was atp@ twice using 25ml of phosphate buffer everyetiamd thus
making final volume to 100 ml. After the filtratiorcontents were centrifuged at 5,4000 rpm for 16 ati £4C
(Bollag and Edelstein, 1993). The cell free supemiawas used as the source of crude enzyme ptiepasad then
used for enzyme assays.

RESULTS

In the present study, we attempted the productfareltulase and xylanase from microwave pretrediedhass an
agroresidue fromM.thermophila SH1 isolated from hot springs of Himachal Pradasder different mode of
fermentations (Sharma et al., 2013).

Submerged fermentation

M edia optimization for Cellulase and xylanase production

Optimization of moistening agent/medium was done ifwreasing titers of enzymes. The enhanced eskul
production on vogel’s medium was observed Brd8y of incubation i.e. 0.844 IU/ml and xylanaséwiy of 9.20
IU/ml after 5 daygFig.1). Enhanced enzyme production using defined mediasdue to the presence of nitrogen,
carbohydrate and other compounds in adequate tyamét could be utilized easily by the growing duis thus
enhancing the cell ability to produce enzymes. Doethe meager production of cellulase and xylankge
thermophilic fungus under submerged fermentatioa production of cellulase and xylanase was shgtdiimerged
over to solid state mode of fermentation to enhaheeenzyme titers. Among the lignocellulosic rasisl as carbon
source rice straw was chosen as a cost-effectivstisie for enzymes production and microwave patrent was
given to it.
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Solid state fermentation

Effect of moisture level on cellulase and xylanase production

Moisture content is a critical factor of a cell gth and enzyme production under SSF, which detexntire
outcome of the process. As shown in Fig 3. Thenmoti initial moisture level was 1:6 for enzymes uctibn by
M.thermophila SH1 on pretreated rice straw i.e. 43.07 U/g as @Bt to untreated biomass i.e. 33.54 U/g of
cellulase and it declined with further increasastibstrate to moisture ratio i.e. at 1:8 (substnai@sture ratio) with
24.32 U/g of cellulase production in pretreatedrmss(Fig. 2 and Plate 1). Similarly Fig. 3 and Plate 2 shows
that a maximum activity of xylanase was recordef:&t(substrate: moisture) level after 5 days irtidn at 50C
using pretreated rice straw as a substrate andrl@gkanase activity at moisture level 1:8 i.e132 U/g due to
increase in moisture level. Pretreatment of lighatmsic biomass is a prerequisite to increase ssibdity of
cellulose as well as to remove structural and catippal implements to hydrolysis (Sharma et ab0®&).
Microwave irradiated pretreatment of rice straw vea®sen in the present study because this methddben
found a very effective physical method to open hg structure of cellulose alongwith an eco-frienahproach as
no discharge/toxic byproducts are generated inreaturing irradiation. Action mechanism for microxgas when
crystalline region is placed between electromagné#ld it will polarize generating a charge on stafline
interphase and therefore, increase the amorphgianref hemicellulose softening.
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Fig 2. Comparison of cellulase activity at different moisture level
between untreated and microwave treated rice straw from
M.thermophila SH1under SSF
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Substrate: medium 1:6

Plate 1: Effect of moistureon cellulase production under solid state fermentation.
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parison of xy ivity at different moisture level
between untreated and microwave treated rice straw from
M.thermophila SH1 under SSF
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Plate 2: Effect of moisture on xylanase production under solid state fermentation

Comparison of SmF and SSF

Fig 4 reveals a comparision between SSF and SmF orfasdland xylanase producing abilitiesMbfthermophila
SH1. The cellulase activity &fl. thermophila SH1 under SSF condition was 1.71 IU/ml which waghkr than 0.84
IU/ml SmF condition. Similarly xylanase activity. thermophila SH1 was increased from 9.20 IU/ml to 10.05
IU/ml under SSF. SSF has many advantages as cothparthe SmF viz. simple technology, high volureetri
productivity reduced downstream processing costg water requirement and high enzyme concentra8&t was

predominantly useful for enzyme production by fumgight be the enhanced physiological processeselh c
adhesion or biofilm formation (Dutt and Kumar, 2012
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Fig. 4 : Comparison of enzyme production under SmF and SSF

CONCLUSION

Rice straw seems to be a suitable substrate agassland xylanase are inducible enzymes and es#iudnd xylan
present in rice straw act as good inducers for mezgroduction. Xylanase and Cellulase activity whtained in
solid state fermentation of rice straw by fungusdlemthe optimized condition. The present work stothlat
microwave pretreated rice straw was a suitablecgoaf cellulase and xylanase productionvbyhermophila SH1 at

an incubation temperature of %) cellulase activity achieved 43.07U/gds aftera§sdof incubation and xylanase
activity of 281.07 Ul/gds after 5 days of incubatibigher than the enzyme production under submerged
fermentation. SSF has emerged as a preferable food@gher yield of cellulase as well as xylanaseusing
agricultural lignocellulosic waste. To reduce tlstcof enzyme production, lignocellulosic substiiatan attractive
approach rather than opting for expensive substoatenzyme production.
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