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ABSTRACT
The purpose of this study was to investigate the effect of agro
agrowaste substrates like banana peel
powder and coir powder at varying environmental parameters of pH (4
(49) and temperature (2050ºC)
on the cellulase production by Trichoderma reesei.. The enzyme production was measured by the
amount of glucose liberated in IU/ml by using dinitrosalicylic acid method. The substrates were
pretreated with alkaline pretreatment and autoclaved. The maximum activity of the enzyme was
assayed at varying pH with temperatures
temperatures being constant and varying temperatures with pH being
constant. The maximum activity of the enzyme was assayed at varying pH was documented at pH 6
for banana peel powder (0.57±0.03
(
IU ml1) and coir powder (0.42±0.02
0.42±0.02) and the highest activity of
the enzyme at varying temperature was recorded at 40ºC for both banana peel powder ((0.65±0.02)
and coir powder (0.47±0.002)
(
) after 144h of incubation. Thus the maximum amount of the enzyme
was reported at pH 6 and temperature 40 ºC for both banana peel powder aand coir powder. Moreover
among the two substrates used for the production of cellulases by Trichoderma reesei banana peel
powder exhibited maximum enzyme activity at 1.5% concentration ((0.69±0.02 IU/ml) than coir
powder as substrate.
Copy Right, IJCR, 2012,, Academic Journals
Journals. All rights reserved.

INTRODUCTION
Cellulose is the most abundant organic compound in the
biosphere and the major polysaccharide constituent of plant
cell walls (1,2). It is a linear chain of approximately 8,000 to
12,000 glucose residues linked to one another by β1,
β
4
glycosidic bonds (3).. The cellulose fibers consist of crystalline
and amorphous regions in alternate fashion. The crystaline
regions are very rigid, formed by the parallel configuration of
linear chains, which results in the formation of intermolecular
hydrogen bonds, conducive
ve to cellulose’s insolubility and
making it more unsusceptible to enzymatic hydrolysis. The
amorphous regions are formed by cellulose chains with
weaker organization, being more susceptible to enzymatic
hydrolysis (4,5). With the increasing expansion of agro
industrial activities, large quantities of lignocellulosic residues
are generated annually worldwide are treated as waste in many
countries, and is disposed into environment without adequate
treatment,
raising
environmental
damage
(6,7).
Biotechnological
cal innovations bring many significant and
successful efforts to convert lignocellulosic residues into
valuable products for biotechnological and industrial
applications (8,9). Use
se of biowaste as a raw material give
more flexibility and a broader application
on range because it
would (a) Rely on biodegradable products that create less
pollution and have fewer harmful environmental impacts (b) It
*Corresponding author: profmvl@gmail.com

adds to develop novel products that are not available from
petroleum sources
urces (c) Use of less expensive raw materials and
(d) Reduce the dependence on fossil fuels. The cellulose
content of biowaste materials has to be converted into sugars
such as glucose that can be used as starting compounds in the
biosynthesis of many useful
ul bio
bioproducts. Therefore, the use
of agroindustrial
industrial residues as carbon source for fungal growth
and enzyme production has been reported in many studies as a
way of significantly reducing process cost (10).
Although a large number of microorganisms are capable of
degrading cellulose, only few of these produce significant
quantities of cellulases, a multi component system capable of
completely hydrolyzing crystalline cellulose in vitro. Fungi
are the main cellulase
ulase producing microorganisms, although a
few bacteria and actinomycetes have also been reported to
yield cellulase activity (11,12). Filamentous fungi particularly
Trichoderma and Aspergillus are the most distinguished
producers of enzymes involved in tthe degradation of
lignocellulosic materials, and the search for new strains
displaying high potential enzyme production is of great
biotechnological importance. Recently, research has been
focused on the potential use of microbial cellulases for the
degradation
ation of lignocellulosic materials, aiming at the
releasing of fermentable sugars that can be converted to
second generation ethanol (13,14). Furthermore, the
crystalline structure of cellulose prevents the action of
microbial enzymes (15). In order to fac
facilitate the enzymes
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access to the cellulose, several pretreatments of the
lignocellulosic materials have been proposed, with the
intention of disorganizing the plant cell wall structure and
lignin removal (16). However, many physical, chemical and
microbial pretreatment methods for enhancing bioconversion
of cellulosic materials have been reported (17,18,19,20).
Several agroindustrial wastes are commonly used as raw
material, such as sugarcane bagasse, wheat bran, corn cob and
straw, rice straw and husk, soy bran, barley and coffee husk
(7), but the studies related to the coir powder and banana peel
powder as the major biowastes in coir industry and agriculture
as a carbohydrate source on cellulase production is scanty.
Therefore the present study was carried out to study the
influence of banana peel powder and coir powder on
Trichoderma reesei at varying pH with constant temperature
and varying temperature with constant pH.

mg and the fermentation was carried at 28ºC for 7 days. The
culture filtrate was collected at regular intervals of 24 h and
assayed for the cellulolytic activity.

MATERIALS AND METHODS

Optimization of cultural conditions for cellulase enzyme
production

Sample collection
Soil samples were collected from ten different locations of the
Kaza and Mangalagiri villages of Guntur district, Andhra
Pradesh, India. Samples were collected from 610 cm depth
and transported to the laboratory in sterile bags for further
microbiological analysis.
Isolation
The soil was enriched by pretreating soil sample with 1%
cellulose and incubated for 30 days at ambient temperature of
30ºC. The treated soil sample was suspended in sterile distilled
water (1g in 100 ml), homogenized by vortexing and 0.1 ml of
serially diluted sample (105 dilution) was spread over the
surface of czapekdox agar supplemented with streptomycin
(25 µg/ml). After incubation of the plates at 28ºC for 7 days,
typical fungal colonies selected on morphological basis were
picked out, purified and preserved on potato dextrose agar
medium at 4 ºC.
Screening for cellulase enzyme
The purified strains were screened for cellulolytic activity by
inoculating the strains separately over modified Mandel’s
mineral agar medium21 composed of (g/l) yeast extract0.2g,
CMC10g, peptone1g, (NH4)2SO44g, KH2PO42g, Urea0.3g
, MgSO4.7H2O0.3g, Cacl20.3g , FeSO4.7H2O0.5g ,
MnSO4.4H2O0.16 g, ZnSO40.14g , CoCl22g , LSorbose6g
, Congo red 0.025g , Tween 800.1% , Triton X 1000.1%
and agar20g at pH 5. The inoculated plates were incubated at
28º C for 4 days. After incubation selective colonies of fungi
were identified based on the diameter of zone produced on
Mandel’s agar plates after flooding with 1M NaCl solution for
1520 min. Fungal colony producing wide zone was identified
by 18S rRNA analysis.
Production medium and Cultural conditions
The strain presenting large clear zone on modified Mandel’s
mineral agar medium was used for enzyme production. To
assay the cellulase activity, the pure culture of the strain was
inoculated in the production medium contains Mandel’s
mineral salts solution (21) consisting (gl1) of urea0.3g ,
(NH4)2SO41.4g , K2HPO42g , CaCl2.2H2O0.4g ,
MgSO4.7H2O0.3g , Peptone1g , yeast extract0.25g , Maize
steep liquor10g , Cellulose2g , FeSO4.7H2O5 mg ,
MnSO4.7H2O 1.6 mg, ZnSO4.7H2O1.4 mg , COCl2.6H2O2

Cellulase assay
The enzyme assay was based upon the procedure described by
Miller (22). The reaction mixture containing 1.5 ml of 0.5%
CMC, in 50 mM sodium phosphate buffer (pH 5) and 0.5 ml
of the enzyme extract were incubated at 30ºC for 30 min. The
reaction was terminated by the addition of 2 ml of DNS
reagent followed by boiling. After cooling the developed color
was read at 540 nm using spectrophotometer. The amount of
released sugar was quantified using glucose as standard; hence
one unit of enzyme activity was defined as the amount of
enzyme releasing 1µmol of glucose equivalent from substrate
per minute.

Influence of initial pH and incubation temperature on
cellulase activity
The effect of initial pH and incubation temperature on enzyme
activity of the strain was determined by adjusting the pH of
the production medium ranging from 4 to 9 and temperature
ranging between 25 to 55ºC. The optimal pH and temperature
achieved was recorded with commercial cellulose as substrate.
Pre-treatment of substrates
To lessen the moisture content and to make them vulnerable to
crushing, the substrates were sun dried individually and
crushed. Crushed substrates were sieved to collect in the form
of powder. The substrates were then soaked individually in
1% sodium hydroxide solution (NaOH) in the ratio 1: 10
(substrate: solution) for two hours at room temperature. After
which, they were washed for free of chemicals and autoclaved
at 121°C for one hour. The treated substrates were then
filtered and washed with distilled water until the wash water
becomes neutral (17).
Influence of bio waste substrates as carbon source on
cellulase activity
To investigate the influence of bio waste substrates on
cellulase activity, the production medium was supplemented
with pretreated banana peel powder and coir powder each at a
concentration of 1% as the sole carbon source with the other
ingredients of medium remained same. The culture conditions
were optimized to study the effect of varying pH (4, 5, 6, 7, 8
and 9) with constant temperature and varying temperatures
(25, 30, 35, 40, 45, 50 and 55ºC) with constant pH on the
cellulase activity of the fungal isolate. Influence of the actual
concentration of best bio waste substrate (0.52.5%)
supporting optimal yields of cellulase was recorded.
Statistical analysis
Data obtained on cellulase enzyme production under different
cultural conditions were statistically analyzed with oneway
analysis of variance (ANOVA).

RESULTS AND DISCUSSION
On the basis of morphology and microscopic observations and
also the 18S rRNA sequencing studies the fungus exhibited
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Influence of initial pH and incubation temperature on
cellulase production
The influence of pH on cellulase production was recorded by
cultivating the strain at different pH levels between 4 and 9
(Fig.1). The enzyme activity increased gradually from pH 4
(0.74±0.01IUml1) and maximum production of enzyme was
observed at pH 5 after 7th day of incubation (0.82±0.02 IUml
1
). There was a considerable decrease in the enzyme activity
with the increase in pH 6 (0.70 ±0.01 IUml1), pH 7
(0.64±0.03 IUml1), pH 8 (0.57 ±0.02 IUml1) and pH 9 (0.45
±0.02 IUml1). Gomes et al.(24) reported that the maximum
cellulase activity of Trichoderma sp SUK3 at pH levels
between 4.55.0. Yang et al. (25) recorded that maximum
production of cellulase at pH 4.5. Gautam et al. (26) also
reported that the production of enzyme was high after 6th day
of incubation (27) which is suitable from the commercial point
of view.
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Fig 1: Effect of varying pH (4-9) on cellulase production by
Trichoderma reesei. Data were statistically analyzed and found to
be significant at 5%

Influence of temperature on cellulase production by the strain
is presented in Fig.2. The strain cultured at different
temperatures showed maximum yields of optimal temperature
for cellulase production was reported at 30°C. The cellulase
activity increased gradually from temperatures 25ºC
(0.72±0.01IUml1) and reached maximum at 30ºC (0.87±0.02
IUml1). There was further decline in the enzyme activity with
the increase in temperature 35ºC (0.78±0.02 IUml1), 40ºC
(0.75±0.01IUml1),
45ºC
(0.67±0.02
IUml1),
50ºC
1
(0.55±0.01IUml ) and 55ºC (0.47±0.01IUml1) respectively.
Many workers have reported different temperatures for
maximum cellulase production either in flask or in fermentor
studies using Trichoderma sp. suggesting that the optimal
temperature for cellulase production also depends on the strain
variation of the microorganism (28,29).
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Fig 2: Effect of varying temperature (25-55ºC) on cellulase
production by Trichoderma reesei. Data were statistically
analyzed and found to be significant at 5%

In the present study 7 day old culture showed maximum
enzyme activity when grown at pH 5 and temperature 30°C.
The optimal incubation period for obtaining high yields of
cellulases was found to be 144 h for Trichoderma sp. (30).
Influence of Coir powder on cellulase enzyme production
The influence of varying pH with constant temperature and
varying temperature with constant pH on cellulase activity of
the strain was determined after 7th day of incubation, with coir
powder as substrate represented in Fig. 3. The cellulase
activity recorded at varying pH 4, 5, 6, 7, 8 and 9 with
constant temperature 30ºC was found to be 0.31±0.02,
0.39±0.03, 0.42±0.02, 0.35±0.03, 0.33±0.01, 0.27± 0.02 IU
ml1 respectively. Optimum pH for the cellulase activity was
found at pH 6 (0.42±0.02) by using coir powder as substrate
instead of cellulose. The activity of cellulase enzyme was
optimized by incubating the flasks with the production
medium at varying temperatures (20, 25, 30, 35, 40, 45 and
50º C) with constant pH 6. The cellulase activity was found to
be 0.29±0.03, 0.34± 0.01, 0.38±0.03, 0.41± 0.01, 0.47±0.02,
0.32±0.03 and 0.25±0.02 IU ml1 respectively Fig. 4. The
optimum cellulase activity was found maximum at
temperature 40º C with constant pH 6 after 7 days of
incubation. Immanuel et al. (31) have reported that cellulase
activity of Aspergillus niger was maximum at pH 5
(0.91IU/ml) with coir powder as the substrate but Mrudula and
Murugammal,(32) have reported that the maximum activity of
cellulase production was obtained at pH 6. These results are in
agreement with the reports of Acharya et al.(33) and
Devanathan et al.(34) who reported that the change in the
physical parameters as pH will influence the enzyme
production. In addition the Mrudula and Murugammal,(32)
have reported that optimum temperature 30°C for the
production of Cellulase by Aspergillus niger.
o
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Fig 3: Effect of Coir powder on cellulase activity of Trichoderma
reesei at varying pH with constant temperature and varying
temperatures with constant pH. Data were statistically analyzed
and found to be significant at 5%

Influence of Banana peel powder on cellulase enzyme
production
The production of cellulase enzyme by Trichoderma reesei in
the presence of banana peel powder as the carbon source
showed maximum activity at pH 6 (0.57±0.03IU ml1) with
temperature 30ºC constant after 7th day of incubation. The
enzyme activity at pH 4 and 5 with temperature 30 ºC was
(0.39± 0.01, 0.45± 0.02 IU ml1) showed decreased activity
than at pH 6 , further increase in the pH above 6 showed
reduced enzyme activity pH 7(0.51±0.01 IU ml1), pH 8
(0.49±0.03 IU ml1), pH 9 (0.43±0.02 IU ml1) (Fig. 4 ). In
addition the activity of enzyme by the strain at varying
temperatures using banana peel powder as the substrate
exhibited maximum activity at 40ºC (0.65±0.02) (Fig 4) with
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pH 6 constant after 7 day of incubation which was found to
be optimum, further when the temperatures were increased
45ºC  50ºC the enzyme activity decreased (0.55±0.02 and
0.51±0.03 IU ml1). Decrease in temperature below 40º C
showed reduced enzyme activity at temperatures 20, 25, 30
and 35 ºC (0.37±0.02, 0.45±0.01, 0.51±0.03 and 0.60±0.02).
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that the degradation of banana waste and pineapple peel by the
cellulase produced by Trichoderma lignorum and
Trichoderma longibrachiatum was maximum at pH 6. El
Hawary and Mostafa, (38) have also reported that the
optimum temperature for the cellulase production by
Trichoderma koningii was found to be 25°C when CMC was
used as the carbon source. But the production of celluase by
Trichoderma lignorum and Trichoderma longibrachiatum was
found to be 45°C as reported by Baig et al. 35,36 and Omojasola
et al.(37) but Gautam et al.(39) have reported that the
optimum temperature for enzyme production by Trichoderma
sp. was 40°C.
Effect of substrate concentration on enzyme production
As banana peel powder emerged as the best carbon source for
cellulase production by the strain, varying concentrations of
banana peel powder (0.5%, 1%, 1.5%, 2% and 2.5%) tested to
determine its optimal concentration, the maximum activity
was observed at concentration of 1.5% (0.69±0.02 IU/ml). The
enzyme production was low at concentration 0.5% (0.47±0.02
IU/ml), 1% (0.51±0.02 IU/ml), 2% (0.54±0.01 IU/ml) and
2.5% (0.41±0.03 IU/ml). As shown in Fig. 5, banana peel
powder at 1.5% concentration exhibited optimal enzyme
production.

0.7

Enzyme production (IU/ml)

0.6
0.5
0.4
0.3
0.2
0.1
0
0.50%

1%

The bio waste substrates such as banana peel powder and coir
powder were amended individually in the production medium
to determine their effect on cellulase enzyme production.
Banana peel powder was found to be the best carbon source
for cellulase production. However in the present work,
maximum yields of cellulase were obtained with cheap and
easily available carbon source which may be useful in the
development of cost effective and high quality
biotechnological processes for cellulase production. In the
present study, T.reesei yielded
maximum amount of
cellulases in the medium containing banana peel powder as
best carbon source with pH 6.0 and temperature 40ºC for 144h
of incubation at 1.5% substrate concentration and further
studies regarding the isolation and purification of cellulases
produced by the strain are in progress.

1.50%

2%

2.50%

Concentration of Banana peel powder

Enzyme production (IU/ml)

Fig 5: Effect of different concentrations of banana peel powder
on cellulase activity of Trichoderma reesei. Data were statistically
analyzed and found to be significant at 5%

Acharya, P.B., Acharya, D.K., and Modi, H.A., 2008.
Optimization for cellulase production by Aspergillus
niger using saw dust as substrate. Afr. J. Biotechnol., 7,
41474152.
Aro, N., Pakula, T., and Penttila, M., 2005. Transcriptional
Regulation of Plant Cell Wall Degradation by ﬁlamentous
Fungi. FEMS Microbiology Reviews, 29, 719–739.
Baig, M.M.V., Mane, V.P., More, D.R., Shinde, L.P., and
Baig, M.I.A., 2003. Utilization of agricultural waste of
banana: production of cellulases by soil fungi, J. Environ.
Biol., 24,173 176.
Baig, M.V.V., Baig, M.L.B., Baig, M.I.A., and Yasmeen, Y.,
2004. Saccharification of banana agrowaste by
cellulolytic enzymes. African Journal of Biotechnology,
3,447450.
Bobbio, P.A., and Bobbio, F.O., 2001. Química do
Processamento de Alimentos, 3rd ed.,Sao Paulo:Varela,
p.58.
Buaban, B., Inoue, H., Yano, S., Tanapongpipat, S., Ruanglek,
V., Champreda, V., Pichyangkura, R., Rengpipat, S., and
Eurwilaichitr, L., 2010. Bioethanol production from ball
milled bagasse using an onsite produced fungal enzyme
cocktail and xylosefermenting Pichia stipitis. Journal
Bioscience Bioengineering, 110, 1825.
Dashtban, M., Schraft, H., and Qin, W., 2009. Fungal
bioconversion of lignocellulosic residues; opportunities
and perspectives. International Journal of Biological
Sciences, 5, 578595.
Devanathan, G., Shanmugan, A., Balasubramanian, T., and
Manivannan, S., 2007. Cellulase production by
Aspergillus niger isolated from coastal mangrove debris.
Trends. Appl. Sci. Res., 2, 2327.
ElHawary, F.I., and Mostafa, Y.S., 2001. Factors affecting
cellulase production by Trichoderma koningii. Acta
Alimentaria, 30, 313.
Gautam S.P., Bundela P.S., Pandey A.K., Jamaluddin Khan.,
Awasthi M.K., and Sarsaiya S., 2011. Optimization for
the Production of Cellulase Enzyme from Municipal Solid
Waste Residue by Two Novel Cellulolytic Fungi.
Biotechnology Research International,
Article ID
810425, 8 pages. doi:10.4061/2011/810425.
Gautam, S.P., Bundela, P.S., Pandey, A.K., Jamaluddin.,
Awasthi, M.K., and Sarsaiya, S., 2010. Optimization of
the medium for the production of cellulase by
Trichoderma viride using submerged fermentation.

173

International Journal of Current Research, Vol. 4, Issue, 11, pp. 169-173, November, 2012

International Journal of Environmental Sciences, 1, 656
665.
Gomes, I., Shaheen, M., Rahman, S.R., and Gomes, D.J.,
2006. Comparative studies on production of cell wall
degrading hydrolases by T. reesei and T. viride in
submerged and solid state cultivations. Bangladesh J
Microbiol., 23, 149155.
Gould, J.M., 1984. Alkaline peroxide delignification of
agricultural
residues
to
enhance
enzymatic
saccharification. Biotechnology and Bioengeneering, 26,
4652.
Goyal, A., 1991. Characteristics of fungal cellulases. Biores.
Technol., 36, 37–50.
Hong, J., Tamaki, H., Akiba, S., Yamamoto, K. and Kumaga,
H., 2001. Cloning of a gene encoding a highly stable
endo1,4glucanase from Aspergillus niger and its
expression in Yeast. J. Biosci. Bioeng., 92:434 – 441.
Immanuel, G., Dhanusha, R., Prema, P., and Palavesam, A.,
2006. Effect of different growth parameters on
endoglucanase enzyme activity by bacteria isolated from
coir retting effluents of estuarine environment.
International Journal of Environment Science and
Technology, 3:2534,.
Jacobus, P.H., and Vanwyk., 2001. Biotechnology and the
utilization of biowaste as a resource for bioproduct
development. Trends in Biotechnology, 19: 172177.
Kang, S.W., Park, Y.S., Lee, J.S., Hong, S.I., and Lim, S.W.,
2004. Production of cellulases and hemicellulases by
Aspergillus niger KK2 from lignocellulosic biomass.
Bioresource Technology, 91, 53156.
Kanosh, A.L., Essant, S.A, and Zeinat, A.M., 1999.
Biodegradation and utilization of bagasse with
Trichoderma ressei. Polym. Degrade. Stab., 62, 273 –
276.
Katzen, R., and Fowler, D.E., 1994. Ethanol from
lignocellulosic wastes with utilization of recombinant
bacteria. Appl. Biochem. Biotechnol., 45, 697–707.
Krishna, S.H., and Chowdary, G.V., 2005. Optimization of
simultaneous saccharification and fermentation for the
production of ethanol from lignocellulosic biomass.
Journal of Agricultural and Food Chemistry, 48, 1971
1976.
Kumakura, M., 1997. Preparation of immobilized cellulase
bonds and their application to hydrolysis of cellulosic
materials. Process. Biochem., 325, 555 – 559.
Larone, D.H., 2002. Medically important fungi. 4th ed., ASM
Press. Washington, DC. p. 175 and 266.
Lehninger, A.L., Nelson, D.L., and Cox, M.M., 2006.
Princípios de Bioquímica, 4th ed.,Sao Paulo : Sarvier, p
1202.
Leite, R.S.R., AlvesPrado, H.F., Cabral, H., Pagnocca, F.C.,
Gomes, E., and DaSilva R., 2008. Production and
characteristics comparison of crude ßglucosidases
produced by microorganisms Thermoascus aurantiacus
and Aureobasidium pullulans in agricultural wastes.
Enzyme and Microbial Technology, 43, 391–395.

Lu, W., Li, D., and Wu, Y., 2003. Influence of water activity
and
temperature
on
xylanase biosynthesis in pilotscale solidstate fermentatio
n
by
Aspergillus sulphurous.
Enzyme
Microbiol. Technol., 32, 305311.
Mandels, M., and Weber, J., 1969. Production of cellulases.
Adv. Chem. Series., 95, 391414.
Miller, G.L., 1959. Use of dinitrosalicylic acid reagent for
determination of reducing sugar. Anal. Chem., 31, 426
428.
Mrudula, S., and Murugammal, R., 2011. Production of
cellulase by Aspergillus niger under submerged and solid
state fermentation using coir waste as a substrate.
Brazilian Journal of Microbiology., 42, 11191127.
Murai, T., Ueda, M., Kavaguchi, T., Arai, M. and Tanaka, M.,
1998. Assimilation of cello oligosaccharides by a cell
surfaceengineered Yeast expressing βglucosidase and
carboxymethylcellulase from Aspergillus aculeatus. Appl
and Environ Microbiol., 64, 48574861.
Murao, S., Sakamoto, R., and Arai, M., 1998. “Cellulase of
Aspergillus aculeatus,” In Methods in Enzymology, W.
A. Wood and S.T. Kellog, eds., Academic Press, London,
275–284.
Nochure, S. V., Roberts, M. F., and Demain, A. I., 1993. True
cellulasses production by Clostridum thermocellum
grown on different carbon sources, Biotech. Letters, 15:
641646.
Omojasola, P.F., Jilani, O. P., and Ibiyemi, S., 2008.
Cellulase production by some fungi cultured on pineapple
waste. Nature and Science, 6, 6479.
Sanchéz, C., 2009. Lignocellulosic Residues: Biodegradation
and bioconversion by Fungi. Biotechnology Advances, 27,
185–194.
Solomon, B.O., Amigun, B., Betikue, TV., Ojumu, T., and
Layokun, S.K., 1999. Optimization of cellulase
production by Aspergillus flavus Linn. isolates NSPR 101
grown on bagasse. JNSCHE., 18, 61 68.
Talebnia, F., Karakashev, D., and Angelidaki, I., 2010.
Production of bioethanol from wheat straw: An overview
on
pretreatment,
hydrolysis
and
fermentation.
Bioresource Technology, 101, 4744–4753.
Tengerdy, R.P. and Szakacs, G., 2003. Bioconversion of
lignocellulose
in
solid
substrate
fermentation.
Biochemistry and Engineering Journal, 13, 169179,
(2003).
Wu, Z.A., and Lee, Y.Y., 1997. Inhibition of the enzymatic
hydrolysis of cellulose by ethanol. Biotechnol. Lett., 19,
977 979.
Yang, Y.H., Wang, B.C., Wang, Q.H., Xiang, L.J., and Duan,
C. R., 2006. Research on solidstate fermentation on rice
chaff with a microbial consortium. Colloids and surfaces
B: Biointerfaces, 34, 16.

*******

