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Cellulases are being increasingly used to hydrolyse
lignocellulosic materials (Okeke and Obi, 1995;
Tomme et al., 1995), however, due to the presence
of lignin, the accessibility of the enzyme is reduced
(Kuhad and Singh, 1993) and the alkali-pretreatment
is known o remove much amount of the constituent
lignin (Marsden and Grey, 1986). Trichoderma reesei
has been widely used for the hydrolysis of lignocel-
lulosic materials but due to its low levels of B-glu-
cosidase, Gliocladium virens is being investigated as
an alternate source for cellulases (Esterbauer et al.,
1983; Singh & Garg, 1995; 1996). The recent ad-
vancement in solid-state-fermentation technology
(Chahal, 1985) has enabled the biotechnologists to
use higher concentrations of the substrate, resulting
in the yield of very high activity of cellulases. As per
F.A.O. (1989) estimates, the total annual world pro-
duction of lignocellulose from cereals alone accounts
for 2946 million tons of which 1135 million tons is
from Asia. Barley is the one of the major crop in
India and its straw can be used as a source of ligno-
cellulosic material.

In this paper, the authors have standardized
various parameters like different fractions, tempera-
ture, pH, urea concentration in nutrient salt solution
and incubation period (in days) for the optimum
producticn of cellulases by G. virens on alkali pre-
treated barley straw under solid-state-fermentation
conditions. The enzyme produced, has been used to
solubilize the partially delingified barley straw. For
comparisen of the process, widely used strain of
Trichoderma reesei QM 9414 has also been included
in the study.

MATERIALS AND METHODS

Gliocladium virens Miller et al., was obtained
from Professor Dr. Hermann Esterbauer, Institute of

Biochemistry, University of Graz, Austria. The fun-
gus was cultured on Potato-Dextrose Agar (PDA)
medium and maintained at 4°C.

Alkali-pretreatment of barley straw : Barley straw
used in this study was obtained from the nearby
agricultural field in C.C.S. University and washed
thoroughly with water to remove extraneous materi-
als and dried in oven at 50°C. 250 g of dried barley
straw was treated with 1000 ml of 4% (w/v) NaOH
and autoclaved at 15 Pa for 30 minutes. The resultant
material was squeez filtered through four layers of
cheese cloth and the filtrate was treated as lignin
fraction. The fibrous residue was washed with tap
water, squeez filtered and the supernatent was ireated
as “water solubles fraction”. The fibrous residue was
finally thoroughly washed under running tap water
till neutrality and kept at 50°C until fully dried. The
oven dried material was powdered in grinder (Mellert
Germany M-82), packed in polythene bags and stored
under dry conditions at room temperature until used.
This alkali-pretreated residue is referred here as ‘par-
tially delignified’. The cellulose, hemicellulose and
lignin contents in both untreated and partially
delignified barley were determined as described by
Moubasher et al> (1982).

Preparation of the enzyme : For solid-state-fer-
mentation, four sets of different fractions in triplicate
were designed. All sets contained 2 g of partially
delignified substrate + 2 ml nutrient salt solution
(Mandels and Weber, 1969; modified by Chahal,
1985). In addition to this, first set contained 10 ml
of lignin fraction, second 10 ml of water solubles
fraction and third set contained S ml of each of the
two fractions, while fourth set contained 10 ml of
double distilled water and treated as control. Prior to
addition, pH of the lignin and water solubles fractions
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Table 1. Per cent content of cellulose, hemicellulose and lignin in
barley (each figure is an average of three independent replicates).

Barley Cellulose Hemicellulose  Lignin
Untreated 47 20 22
Partially delignified 69 18 10

including that of control was adjusted to 5.6 with
concentrated H SO . All contents were autoclaved at
15 Pa for 15 minutes and 2 ml of spore suspensions
of G. virens (10 spores/ml) were inoculated asepti-
cally. Each of the four sets had one control which
contained all contents and treated similarly except
the inoculum. Similar sets were prepared for T. reesei
for comparison. The flasks were incubated at 25°C.
The enzyme was harvested twice, each time with
fresh 25 ml of sterile double distilled water by shak-
ing on orbital shaker at 100 rpm for 30 min at room
temperature and then centrifuged (Sigma 2 K 15) at
3,000 xg at 4°C for 10 min followed by 15,000 x g
at 4°C for 1 h. The supemnatant was treated as crude
enzyme. The cellulase activity was determined in
terms of CMCase (Miller, 1959) and FPase (Mandels
et al., 1976). The extracellular soluble proteins were
estimated according to the method of Bradford (1976).

For optimization of temperature, pH, urea con-
centration in nutrient salt solution (NSS) and incuba-
tion period, similar experiments were designed by
varying one of the parameters and keeping others as
constant. For optimization of temperature 20, 25, 30,
35 and 40°C were used while for pH, the respective
fractions were adjusted to pH 4.0, 4.5, 5.0. 5.5 and
6.0. For urea concentration 1, 2, 3, 4 and 5% urea
(w/v) in NSS was used separately. For determination
of optimum' incubation period, each time flasks @3
with inoculum and 1 without inoculum as control)
were harvested at an interval of 3 days upto 30 days.
The results are expressed as per the recommendations
of International Union of Pure and Applied Chemis-
try (Ghose, 1987).

Saccharification of partially delignified barley
straw : 50 mg of alkali treated, partially delignified
substrates of barley was added in 25 ml sterile unj-
versal screw capped tbes. 10 U of the enzyme
acuvity in terms of CMCase diluted with citrate buffer
(0.05 M, pH 4.8) to obtain the final volume of 5 m]
were added in each set of 6 tubes whic

h were incy-
bated separately at 30, 40, 50 and 60°C o

lemperature
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simultancously. Suitable controls in w_hich enzyme or
substrate were omitted, were routinely included. Threg
tubes from each set and two controls, one for enzyme
and other for substrate were harvested ‘after 24 anq
48 h. The reaction was stopped by keeping the tubeg
on ice cooled water bath and the contents were cep,.
trifuged at 10,000 x g for 10 minutes at 4°C. Tpe
amount of reducing sugars released was measured iy
the supernatent by DNS reagent method (Mnller, 1959),
The rate of saccharification was determined by g|y.
cose release from per cent content of cellulose iy
partially delignified substrate.

Similarly, to determine the effect of pH on the
standardized temperatue of 50°C, 0.05 M citrate buffe,
atpH 4.0, 4.8, 5.6 and 6.2 were used and the content
were harvested as desired.

RESULTS AND DISCUSSION

Effectiveness of alkaline pretreatment : The
untreated lignocellulose of barley contained 479
cellulose, 20% hemicellulose and 22% lignin. The
alkali pretreatment with 4% NoOH removed approxi-
mately 50% of the total constituent lignin from barley
straw and the fibrous residue contained 69% cellu-
lose, 18%, hemicellulose and 10% lignin (Table I).
Thus, the alkali-pretreatment removed lignin and a
part of other carbohydrates like hemicellulose. The
alkali pretreatment is reported to loosen the complex
fibrous structure of lignocellulose which facilitate the
biological process involving the microbes and/or their
enzymes (Viikari et al.,, 1993).

Solid-state-fermentation : Liquid-state-fermenta-
tion (LSF) has been widely used for the production

Table 2. Effect of different fractions on enzyme protein concentra-
tion (ug/ml) and its cellulase activity in terms of CMCase and FPase
of G. virens and T. reesei on barley under solid state fermentation
conditions.
Enzyme protein CMCase FPase TU/ml
Fraction ug/ml Tu/g
G T. G. T.

virens reesei virens reesei

G. T

virens  reesei
e ——

Distilled water 262 488 5735 12.197 0041 008
(Fontrol +0.185 +0.283 +0.004 0003
Water solubles 385 724 9127 17.095 00637 0126
$0.283 $0.185 0,003 #0.004
14306 13.813 0.102 0.8(9)3
$0.649 £0.106 20.007 20

12.086 15.231 o.ggz | !g.tl)gg
+0.282 10283 20.

Lignin 5.22 5.54

Lignin+water 484 6.088
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Table 3. Effect of temperature on extracellular secretion of enzyme
protein (ug/ml) and its cellulase activity in terms of CMCase and
FPase of G. virens and T.reesei produced on barley under solid-
state-fermentation conditions.

Table 4. Effect of Urea concentration (% w/v) in NSS on production
of enzyme protein (ug/ml() and its cellulase activity in terms of
CMCase and FPase of G. virens and T. reesei on barley under solid
state fermentation conditions.

Enzyme protein CMCase FPase Enzyme protein CMCase FPase
Temperature (ug/ml) (TU/g) (TU/ml) Urea concen- (ug/ml) (1U/g) (TU/ml)
°C G. r G T G. T tration (w/v) G. T G. T. G 7
virens reesei virens reesei virens reesei virens reesel virens reese: virens reesei

20 409 487 10294 12172 0071  0.085 0 483 483 11470 12095 0082 0.086
+0.283 20282 +0.00S +0.006 +0.832 0185 +0.007 +0.007
2 5330 791 1493 11183 0102 0117 ! 572 732 13975 17513 0097 0.136
+0.621 £0.283 10.004 0.004 +0.667 £0.107 20009 £0.00S5
30 SEL B 14926 18426 0.108. 0428 2 586 832 14661 18581 0110 0.138
+0.529 20.183 +0.003 +0.004 +0.486 0.534 20011 £0.004
35 37331 8925 8296 0.062 0057 3 260 648 6598 16280 0046 0114
+0.281 20422 +0.006 =+0.006 0931 +0.185 +0.004 +0.006
+0.172 0282 +0.005S +0.00S +0.770 +0283 20002 +0.005
S 1.27 4.84 3.219 12.289 0.023 0.086

of cellulases by several microbes including fungi,
however, the use of limited substrate concentration
(0.5 1o 6% depending upon the density of the sub-
strate) in LSF has forced the scientists to standardize
solid-state-fermentation (SSF) technology which al-
lows the use of high substrate concentration and re-
duces the cost of maintenance of sophisticated equip-
ments required in LSF.

Standardization of parameters : The lowest ac-
tvity was obtained in control with distilled water. G.
virens yielded high concentration of enzyme protein
and maximum cellulase activity in terms of CMCase
as well as FPase on barley under SSF conditions
when the medium was supplemented with lignin frac-
tion, however, when the lignin fraction was supple-
mented with water solubles, the enzyme activity was
not of that order as with the former alone indicating
that the lignin fraction enhanced the production of
cellulases by G. virens on barley. The enzyme activ-
ity was approximately 3 times greater than the con-
trol (with distilled water) in case of G. virens on
barley. It seems that lignin and water solubles frac-
tion might have supported higher growth of the fun-
8us, and therefore, produced greater amount of cel-
lulases than the control (Table 2).

On the other hand, T. reesei produced more en-
zyme protein and greater cellulase activity in the
medium supplemented with water solubles. It sug-
gests that the water solubles fraction in 7. reesei
enhanced the extracellular secretion of proteins, thus,
exhibiting greater enzyme activity (Table 2). This

+0.628 +0.282 +0.002 =0.004

supports the earlier observations of Hahn-Hagerdal er
al. (1991).

After the standardization of the fraction, the tem-
perature was optimized and G. virens yielded highest
enzyme protein concentration when incubated at 25-
30°C temperature while at 40°C it yielded very low
and almost negligible activity. T. reesei also showed
highest activity as well as enzyme protein concentra-
tion at 25-30°C temperature but comparatively good
amount of activity at 40°C, when compared with G.
virens at 40°C (Table 3). Thus, G. virens strain was
remarkably fast growing but very sensitive to the
temperature. The maximum temperature for mycelial
growth of the fungus has been reported as 38°C by
Labudova er al. (1989) which is in confirmation of
our observations. Gomes er al. (1989) also made
similar observations. Hence, the little or no enzyme
activity of G. virens at 40°C is due to its temperature
sensitiveness. On the other hand, greater adaptibility
of T. reesei to the temperature is well documented in
the literature (Gomes er al., 1989; Maheshwari er al.,
1990, 1993).

Temperature is known to determine the amount
and rate of growth of an organism (Garg et al., 1985)
and the increasing temperature has the general effect
of increasing enzyme activity (see : Moorelandecker,
1990), but enzyme begin to suffer thermal inactiva-
tion at higher temperatures. It is also known to in-
fluence the growth of the microbes as well as the
secretion of the secondary metabolities.
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Table 5. Effect of PH on enzyme protein concentration (pg/ml) and
its cellulase activity in terms of CMCase and FPase of G. virens and
T. reesei on barley under solid state fermentation conditons.

Enzyme protein CMCase FPase
rH (pg/ml) (TU/g) (TU/ml)
G. T. G. T. G. T.

virens  reesei  virens  reesei  virens reesei

4.0 4.89 §90 12210 14747 0.087 0.103
+0.806 20.107 $0.007 +0.008
4.5 544 730 13.690 18.240 00.085 0.134
+0.489 +0.370 0.007 +0.007
5.0 6.42 7.54  16.033 18610 0.131 0.138
+0.427 0.370 $0.011 +0.006
5§ 5.88 897 14663 18.685 0.113 0.139
£0.320 £0.185 0.009 +0.005
6.0 4.32 7.14  10.733 17.822 0.084 0.125

20.375 £0.283 $0.006 +0.006

Table 6. Effect of temperature on glucose release (mg) from 50 mg
alkali treated partially, delignified substrate using 10 IU of crude
enzyme preparations of G. virens and T. reesei separately in barley
at pH 4.8.

Tempe G. virens T. reesei
rature
i & 24 h 48 h 24 h 48 h
30 3.92£0.258  4.11:0.283  3.33:0.248 3.41+0.282
13.0% 13.7% 11.1% 11.3%
40 58620422  6.26£0.422  5.84$0422 6.18:0.418
185% 20.8% 19% 20.6%
50 8.24+0285  8.92+0.283 7.94+0.282  8.56x0.283
27% 29% 26% 28.5%
60 1.86£0.283  2.08+0.248  2.524+0.283  2.86+0.282
6.2% 6.93% 84% 9.5%

Table 7. Effect of pH on glucose release (mg) from 50 mg alkali
treated partially delignified substrate using 10 IU of crude enzymes
preparation after 24 h at 50°C.

pH G. virens T. reesei

4.0 3.7210.282 3.3310.283
12.4% 1%

4.8 8.92+0.183 8.62+0.176
29.7% 28.7%

56 6.26+0.247 6.18+0.238
20.7% 20.6%

6.2 6.2110.242 6.16+£0.238
20.6% 20.5%

Nitrogen is the essential nutrient for the synthesis
of microbial protoplasm, therefore, an additional
supply of nitrogen has been reported by various
workers to enhance the growth of microbes and their
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Table 8.Glucose released (mg) from 50 mg of alkali treated partially
delignified substrate using 10 [U of crude enzyme preparation of
G. virens and T. reesei (5 1U of each) after 24, 48 and 72 h at 50°C,

Time barley
h
24 12.28+0.422
40.9%
48 13.41+0.283
44.7%
72 13.58+0.249
45.2%

various physiological functions (Garreett, 1971, 1976;
Garg, 1990).

With this view, after standardization of fraction
and temperature, we decided to optimize the urea
concentration (% w/v) in NSS. On barley, G. virens
showed highest activity in 2% urea in NSS. Higher
concentration of urea (>3%) reduced the production
of enzyme protein as well as the enzyme activity
(Table 4), while T. reesei showed little differences at
1-3% urea in NSS on barley. Controls exhibited al-
most similar amounts of enzyme protein as well as
enzyme activity in both the test species indicating no
substrate specificity by the fungus. Thus, 7. reesei is
more tolerant to nitrogen concentration than G. virens.
Yadav (1987 has reported maximum fermentation of
wheat straw when supplemented with 1-5% of urea
and the adverse effects of higher concentration of
urea confirms our findings. These studies, thus, con-
firm that additional supply of urea in NSS is benefi-
cial but only upto a certain limit and should be stan-
dardized for each test organism separately for each
substrate.

On optimization of pH, it was found that G.
virens produced highest concentration of extracellu-
lar soluble proteins at pH 5.0. At pH 4.0 and 6.0 there
was significant reduction in enzyme protein as well
as cellulase activity (Table 5). In case of T, reesei .oll
barley interestingly, the fungus exhibited no major
changes between pH 4.5 to 6.0. It may, therefore, b¢
concluded that pH seems to control the secondary
metabolism of G. virens while T. reesei is moré
tolerant to pH. The effect of pH on cellulase produc-
tion in SSF has been very little studied and various
workers have reported the change of pH during the
growth in LSF (Grajek, 1987; Kim et al., 1989)-

The incubation period (in days) greatly affected
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Figurel. Production of cellulases in terms of CMCase activity by
G. virens and T. reesei on barley at different periods of incubation.

the secretion of enzyme by the fungus. Therefore,
after optimization of different fractions, pH, tempera-
ture and urea concentration in nutrient salt solution,
the incubation period was standardized. The highest
enzyme activity in terms of CMCase as well as FPase
on partially delignified barley by G. virens was pro-
duced after 21 days of incubation at 30°C which
decreased on longer incubation (Fig 1). T. reesei also
exhibited almost similar results (Fig. 2). Thus, both
G. virens and T. reesei showed linear relationship in
between the incubation period and the cellulase pro-
duction and yiclded highest concentration of the
enzyme after 21 days of incubation.

Biotechnologists have also not given much
emphasis on the standardization of incubation period
under SSF conditions and very few studies were en-
countered by the authors on the effect of incubation
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Figure 2. Production of cellulases in terms of FPase activity by G.
virens and T. reesei on barley at different periods of incubation.

period for the production of cellulases however, Chahal
(1985) recommended 21 days incubation for the pro-
duction of cellulases by T. reesei on wheat straw
under SSF. It confirms our findings.

Saccharification :

Effect of temperature : Using the optimized
enzyme preparation we found that cellulases of both
G. virens and T. reesei exhibited highest release of
glucose at 50°C temperature after 24 h of incubation.
At greater than 50°C, the rate of saccharification was
greatly reduced in both the test species (Table 6).
Longer incubations of 48 h did not sufficiently en-
hance the release of glucose which may possibly be
due to the accumulation of glucose and/cr
cellooligomers, exhibiting the phenomenon of feed-
back inhibition. During 24 h period of incubation
approximately 27% of partially delignified barley
was hydrolysed by the enzymes of G. virens. Com-
paratively, the cellulases of G. virens were little more
active on the barley than 7. reesei at all temperatures
of incubation, however, both cellulases demonstrated
highest rates of saccharification at 50°C (Table 6).
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Manomani and Sreekantiah (1987) also found highest
rate of saccharification at 50°C when incubated for
24 h on alkali treated bagasse with fungal cellulases.
More than 50°C temperature of incubation resulted
in marked decrease rate of saccharification which
may possibly be due to the thermal inactivation of the
enzyme itself.

Effect of pH : At pH 4.8, both cellulases exhi-
bited maximum hydrolysis of partially delingified
barley and lowest at pH 4.0 (Table 7). At pH 5.6 and
6.2, the enzyme activity of both species decreased
and showed little differences with each other.
Eassentially each enzyme operates maximally at
optimum pH and the dependence of cellulase activity
on pH has been demonstrated by various workers
(Chahal, 1985; Kim et al., 1988; Maheshwari et al.,
1993). Sternberg er al. (1977) demonstrated optimum
cellulase activity of Trichoderma viride at pH 4.8 and
50°C temperature. Manomani and Sreekantiah (1987),
while working on Aspergillus ustus and T. viride
found maximum rate of saccharification on bagasse
at pH 4.8. On close comparison of enzyme activities
of both species, it is clear that there are little differ-
ences between them. However, it was found that
when both enzyme preparations were mixed together
(1:1 ratio) so as to give 10 IU of the crude enzyme
to hydrolyse S0 mg substrate under similar condition,
the rate of saccharification enhanced markedly (Table
8). It suggests that cellulases of G. virens act syner-
gistically with T. reesei. It may possibly be due to
the high activity of B-glucosidases exhibited by G.
virens than T. reesei as demonstrated in our labora-
tories.

From the present investigation, it may, therefore,
be concluded that G. virens produces high activity
cellulases which can effectively hydrolyse the alkali-
treated barley and the process has great potential for
commercial exploitation, however, further studies are
recommended.

REFERENCES

Bradford M M 1976 A rapid and sensitive method for
the quantification of microgram quantities of protein
atilizing the principle of protein-dye binding. Anal
Biochem 72 248-254.

Chahal D S 1985 Solid-state-fermentation with

Trichioderma reesei for cellulase production Appl
Environ Microbiol 49 205-210.

Pandey and Gary

Esterbauer H, M Hayn G Jungschaffer E Taufratzhofe;
& 1 Schurz 1983 Enzymatic conversion of lignoce].
lulosic materials to sugars. J Wood Chem Technol 3
261-287.

Food and Agriculture Organisation of United Ng.
tions 1989 Production Year Book 41 FAO, Rome,

Garg A P 1990 Effect of urea on leaf-litter mycoflora
of triticale and guar. J Indian bot Soc 70 207-211,

Garg A P, Sudha Gandotra K G Mukerji & G J F Pugh
1985 Ecology of keretenophilic fungi Proc Ind Acad
Sci (Plant Sci) 94 149-163.

Garrett S D 1971 Effect of nitrogen level on servival
of Phalolophora radicola and Cochliobolus sativus in
pure culture on cellulose. Trans Br mycol Soc 57 121-
128.

Garrett S D 1976 Influence of nitrogen on cellulolysis
survival in soil of some cereal foot-tor fungi. Soil
Biol Biochem 8 229-234.

Ghose T K 1987 Measurement of cellulase activity.
Pure and Appl Chem 2 257-268.

Gomes J, H Esterbauer I Gomes & W Steiner 1989
Screening of some wild fungal isolates for cellulo-
lytic activities. Appl Microbiol Lett 8 67-70.

Grajek W 1987 Comparative studies on the produc-
tion of cellulases by thermophilic fungi in submerged
and solid-state-fermentation. Appl Microbiol
Biotechnol 28 148-154.

Hahn-Hagerdal B, T Linden T Senae & K Skoog
1991 Ethanolic fermentation of pentose to lignocel-
lulose hydrolysis. Appl Biochem Biotechnol 29 131-
134.

Kim D W, J H Yang & Y K Jeong 1988 Adsorption
of cellulases from Trichoderma viride on microcrys-
talline cellulose. App! Microbiol Biotechnol 28 148-
154.

Kuhad R C & A Singh 1993 Lignocellulose biotech-
nology : Current and future prospects. C R C Crit Rev
Biotechnol 13 151-172.

Labudova I, D Czajkowska M Hayn W Steiner & H
Esterbauer 1989 Investigations on the physiology,
mutagenesis and cellulase production of Gliocladium
virens. J Biotechnol 12 123-134.

Maheshwari D K, S Gohode J Hasarat 1990 Produc-
tion of cellulases by a new isolate of Trichoderma
pseudokoningii on sludge. J Indian bot Soc 69 63-66.

B



production of cellulases and saccharification of barley by Gliocladium virens 121

Maheswari D K, H John J Paul & A Verma 1993
Wheat straw, a potential substrate for cellulase pro-
duction using Trichoderma reesei. World J Microbiol
Biotechnol 9 120-121.

Mandels M & J Weber 1969 The production of
cellulase. Adv Chem Ser 93 391-414.

Mandels M, R Andreotti & C Rache 1976 Measure-
ment of saccharifying cellulase. In : Biotechnol
Bioengg Symp 6 (Gooden E L, M H Mandels E T
Reese L A Spano eds) John Willey and Sons New
York, p 21-33.

Manomani H K & K R Sreekantiah 1987 Sacchari-
fication of sugarcane bagasse with enzymes from
Aspergillus ustus and Trichoderma viride. Enzyme
Microbiol Technol 9 589-594.

Marsden W L & P P Grey 1986 Enzymatic hydrolysis
of cellulose in ligno-cellulose material. C R C Criti
Rev Biotechn 3 235-276.

Miller G L 1959 Use of dinitrosalicyclic acid reagent
for determination of reducing sugars. Anal Chem 31
426-428.

Moore-Landecker E 1990 Fundamentals of Fungi.
Prentice Hall, Inc, New Jersy.

Moubasher M H, S I I Abdel-Hafex H M Abdel-
Fattah & M H Moharam 1982 Fungi of wheat and
broad leaf bean straw compost-thermophilic fungi.
Mycopathologia 78 169-176.

Okeke B C & S K C Obi 1995 Saccharification of

agrowaste materials by fungal cellulases and
hemicellulases. Bioresour Technol 51 23-27.

Singh J & A P Garg 1995 Production of cellulases
by Gliocladium virens Miller et al. on Eichhornia
under solid-state fermentation conditions. J Indian
bot Soc 74 305-309.

Singh S K & A P Garg 1996 Bioconversion of pea
crop residues using Gliocladium virens Miller et al.
J Indian bot Soc 75 245-250.

Sternberg D, P Vijay Kumar & E T Reese 1977 B-
glucosidase microbial production and effect on enzy-
matic hydrolysis of cellulose. Can J Microbiol 23
139-149.

Tomme P, R A J Warren & N R Gilkes 1995 cellulose
hydrolysis by bacteria and fungi. In : Advances in
Microbial Physiology (Robert K. Poole ed). Aca-
demic Press Vol 37 2-66.

Viikari L, M Tenkanen J Buchart M Ritto M Bailey
& M Linko 1993 Hemicellulases for industrial appli-
cations. In : Bioconversion of Forest and Agricultural
Plant Residues (J N Saddler ed). C A B International.
131-182.

Yadav J S 1987 Influence of nutritional supplemen-
tation on solid-substrate-fermentation of wheat straw
with an alkaliphilic white-rot fungus (Coprinus sp.)
Appl Microbiol Biotechnol 26 474-478.




{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

