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ABSTRACT

The objectives of the present study were isolation, identification, and characterization of xylanase producing
actinomycetes, optimization of medium composition and cultural conditions for xylanase production, production
using cheaper sources and extraction of extra cellular xylanase from a potential strain.

Streptomyces hygroscopicus was selected and optimized for xylanase production in solid state fermentation using
cheaper sources like wheat bran, rice bran, sugarcane molasses and cellulose paper powder. Maximum enzyme
activity was observed in wheat bran (24.66 U/mL). Optimum pH and temperature for xylanase activity were found
to be 6.0 and 50 °C. Xylanase was remarkably stable in the pH range (4-10), with more than 60 % activity and it
was also stable at 50 °C and retained around 98 % residual enzyme activity up to two hours.

The use of wheat bran as a major carbon source is particularly valuable because oat spelt xylan is more expensive.
Thus the present study proved that Streptomyces hygroscopicus used is highly potential and useful for industrial
production of alkalistable thermostable xylanase using low cost agricultural residues under solid state
fermentation.
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[I] INTRODUCTION

Xylan is the most abundant hemicelluloses in
plant material and comprises up to one third of
the total dry weight of higher plants. It is an
important constituent of renewable resource.
Microbial depolymerization of xylan is carried
out by at least two enzymes; endo-p-xylanase
(EC 3.2.1.8) and B-xylosidase (EC 3.2.1.37).
Most  microbial hemicellulolytic — systems
contain B-xylanase [6]. Actinomycetes play a
considerable role in recycling nutrient and are

involved in the primary degradation of organic
matter in compost and related materials [8].
They are considered as an important source of
enzymes involved in lignocellulose degradation
and activity against xylan. Information on
actinomycetes xylanase activity is largely
derived from studies on Streptomyces sp. [4]
and Thermomnospora sp. [38]. Appropriate
isolation and screening of alkalotolerant and
thermotolerant actinomycetes will lead to the
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production of the enzyme for biobleaching
process and other applications. [16]. Stable
enzymes active at high temperatures are
favourable for increasing reaction rates and
possibly for lessening contamination problems.
The interests in xylan degrading enzyme and
their application in the pulp and paper
industries have advanced significantly over the
past few vyears [2,9,10,12 AND 37] and
therefore large scale production of xylanase at
economical cost becomes more important. Solid
state fermentation in this regard is a better
choice for xylanase production.

Solid-state fermentation (SSF) is the growth of
microorganisms on moist substrates in the
absence of free-flowing water. The advantage
of SSF processes over liquid batch fermentation
include smaller volumes of liquid required for
product recovery, cheap substrate, low
cultivation cost for fermentation, and lower risk
of contamination. The use of abundantly
available and  cost-effective  agricultural
residues, such as wheat bran, corn cobs, rice
bran, rice husk, and other similar substrates, to
achieve higher xylanase yields using SSF
allows reduction of the overall manufacturing
cost of biobleached paper. This has facilitated
the use of this environment friendly technology
in the paper industry.

The use of purified xylan as a substrate for
enhanced xylanase production is uneconomical.
Wheat bran, an important byproduct of cereal
industry and is produced worldwide in
enormous quantities, is an excellent cost-
effective substrate for large scale production of
xylanase in solid state fermentation (SSF) and
therefore wheat bran was used as a substrate for
xylanase production.

[II] MATERIALS AND METHODS

2.1 Isolation and screening

Soil and water samples were collected from
laundry  wastes  from  Sholapur  city
(Maharashtra), India. After serially diluting the
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samples, a loopful of each sample was streaked
on to separate sterile Glycerol Asparagine agar
(GAA) plate and incubated at 50 °C for 5 days
for isolation of actinomycetes. The isolated
actinomycete strains were then spot inoculated
on to sterile Reese and Mendel agar plates
containing 1% (w/v) xylan and incubated at 50
°C for 2 days. The pH of the medium was
adjusted to 8.0 by adding 1% (w/v) sodium
carbonate. After incubation xylanase producing
strains were selected by flooding the plates with
0.1% (w/v) Congo red for 15 min followed by
repeated washing with 1 mol/L NaCl. All
colonies showing a clear zone on agar plates
were further screened by growing them in
liguid medium and assaying the enzyme
activity from the cell-free culture supernatant
fluid. One strain showing maximum zone of
xylan hydrolysis (8.4 cm), identified as
Streptomyces hygroscopicus was selected for
further studies.

2.2 Xylanase production in solid-state
fermentation

Reese and Mendel’s basal media was used as a
moistening agent in a ratio of 1:3 (w/v).
Erlenmeyer flasks (250 mL) containing 10 g of
wheat bran were added with the Reses and
Mandels basal medium (30 mL) just to wet the
wheat bran. The flasks were inoculated with 2
mL of spore suspension prepared from a seven
days old GAA slant of the culture grown at 50
°C. Sterile distilled water containing 0.1% (v/v)
Tween 80 was used to prepare actinomycete
spore suspension. Inoculated flasks were
incubated at 50°C under static conditions for 6
days. The enzyme from one flask each day was
extracted using 100 mL of 0.05M-phosphate
buffer (pH 8.0) and filtered through a wet
muslin cloth by squeezing. The extract was
centrifuged at 5000 rpm for 20 min.

2.3 Estimation of xylanase activity

Xylanase activity was determined by incubating
1 mL of assay mixture containing 0.5 mL of 1
% (w/v) xylan and 0.5 mL of suitably diluted
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enzyme in 50 mM phosphate buffer (pH 8.0)
for 30 min at 50 °C. Enzyme and reagent blanks
were also simultaneously incubated with the
test samples. The reducing sugar formed was
estimated by dinitrosalicylic acid method [25].
One international unit (IU) of enzyme activity
for xylanase was defined as the amount of
enzyme releasing 1 pmol reducing sugar from
xylan per minute using xylose as standard. The
substrate xylan (1 %) was prepared by
suspending two grams of xylan powder in 100
mL of distilled water and stirring the mixture
for 16 h at 28 °C [13]. The insoluble fraction
was separated by centrifugation at 10,000 rpm
for 10 min at 4 °C and the soluble fraction was
used for the estimation of xylanase activity.

2.4 Determination of protein concentration
Protein concentration in supernatant was
determined according to the method of
Bradford [7], using bovine serum albumin as
standard.

2.5 Optimization of medium for enhanced
production of xylanase

Optimization of medium for enhanced
production of xylanase was carried out by use
of variety of alternative carbon sources such as
wheat bran, corncobs, cellulose paper powder,
sugarcane molasses etc. separately. Different
organic and inorganic nitrogenous compounds
yeast extract, meat extract, peptone, tryptone,
ammonium sulfate, diammonium hydrogen
phosphate, ammonium chloride and sodium
nitrate were used as nitrogen sources separately.
2.6 Effect of pH and temperature on the
activity and stability of the crude enzyme
Estimation of xylanase activity at different pH
(4-10) and temperature (29-80 °C) values were
carried out under standard assay conditions to
determine optimum pH and temperature for
enzyme activity. The pH stability of the enzyme
was measured by incubating 5 U of enzyme for
one hour, at 50 °C in buffers of desired pH and
then estimating the residual activity under
standard conditions. The temperature stability
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was determined by incubating 5 U of enzyme at
various temperatures. Aliquots were removed at
different time intervals and their residual
activity was estimated under standard assay
conditions.

[11I] RESULTS

3.1 Time course of xylanase production in
solid-state fermentation method

Maximum xylanase production (24.66 U/mL)
was attained after incubation at 50 °C for 4 days
(96 h) (Fig. 1).
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Fig.1:Time course of xylanase production under
solid-state fermentation

3.2 Medium optimization for xylanase
production

An assortment of substrates, mainly agricultural
residues was evaluated for xylanase production
by Streptomyces hygroscopicus under solid
state fermentation. (Table 1). Wheat bran at a
concentration of 10 % (w/v) was found optimal
for maximum xylanase production (24.66
U/mL). Carbon sources such as rice bran (10%
(w/v)) (13.22U/mL), sugarcane molasses (10%
(w/v)) and wheat bran (10% (w/v)) with
Cellulose Paper Powder (4 % (w/v))
(19.66U/mL) produced moderate amounts of
xylanase while wheat bran (10% (w/v)) with
soyabean meal (4 % (w/v)) produced negligible
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amount of xylanase. The production of
comparable amounts of xylanase using corncob
(22.66 U/mL) is significant, as it is a cheap
agricultural waste. However availability of
wheat bran in large amounts at negligible costs
promoted use of wheat bran as carbon source in
the present study.

Table 1: Effect of different carbon sources on
xylanase production

Sr. Xylanase
No. Carbon source (w/v) Activity (U/mL)
1. Wheat bran (10%) 24.66
2. Rice bran (10%) 13.22
Sugarcane molasses
3. (10%) 19.66
Wheat bran (10%) +
4. Cellulose paper powder 19.66
(4%)
Wheat bran (10%) +
5 Soyabean meal (4%) 06.66
6. Corn cobs (10%) 22.66

Using 10 % (w/v) Wheat Bran as carbon
source, different organic and inorganic nitrogen
sources were evaluated for xylanase production
(Table 2). Meat extract (17.66U/mL) was found
to be the most suitable organic nitrogen source
for the production of xylanase. Comparable
results were obtained on using peptone and
tryptone. When inorganic nitrogen sources were
used, then a maximum xylanase production of
24.66 U/mL was obtained with 1 % (w/v)
diammonium hydrogen phosphate.

An increase in the concentration of organic
nitrogen did not result in enhanced xylanase
production. This signifies the use of inorganic
nitrogen source for obtaining high yields of
xylanase.

Table 2: Xylanase production in the presence of
different nitrogen sources

Sr. | Nitrogen source | Xylanase
No. | (1 %(wiv)) activity (U/mL)
1. | Tryptone 17.33
2. | Peptone 17.00
3. | Yeast extract 15.33
4. | Meat extract 17.66
5 Ammonium 11.66
" | chloride
6. Ammonium 20.33
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Sulphate

7. Di Ammonium 24.66
hydrogen
phosphate

8. Sodium Nitrate 12.33

3.3 Effect of pH on activity and stability of
crude xylanase produced in SSF

The activity of crude xylanase was determined
in buffers of different pH (4-10) and results are
given in Fig. 2 (a) and (b). The crude enzyme
was active in a broad pH range (4-10) with
maximum activity at pH 6. It yielded 97.59 and
75.99 % of its maximum activity at pH 8 and 9,
respectively. The pH stability of crude xylanase
was also determined in buffers of different pH
(pH 4-10) and Xylanase was remarkably stable
in the pH range (4-10), with up to more than 60
% activity. It had 66 and 62 % residual activity
at pH 9 and 10, respectively.
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Fig. 2: Effect of pH on (a) activity and (b) stability
of crude xylanase produced in SSF
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3.4 Temperature activity profile and thermal
stability of crude xylanase produced in SSF
Effect of temperature on activity and stability
of crude xylanase produced by SSF are given in
Fig.3. The crude xylanase had an optimum
temperature of 50 °C. It showed more than 70
% residual enzyme activity in the temperature
range 29- 60 °C. However, at 70 and 80 °C
there was a steep decline in enzyme activity
with 59 and 51 % residual enzyme activity,
respectively. The xylanase was stable at 50 °C;
it showed around 98 % residual enzyme activity
up to two hours and retained 90% and 85 %
residual enzyme activity at 45 °C and 60 °C
respectively.
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Fig. 3: Effect of temperature on (a) activity and (b)
stability of crude xylanase produced in SSF
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[IV] DISCUSSION

Xylanase  production by  Streptomyces
hygroscopicus under solid state fermentation
and using different agricultural waste was
studied. Wheat bran was found to be the most
suitable carbon source for maximum xylanase
production. The use of purified xylan as a
substrate for enhanced xylanase production is
uneconomical. Using abundantly available and
low cost agricultural byproducts as substrates
for the production of xylanase is one of the
ways to substantially reduce the enzyme
production cost [19,37]. Wheat bran, an
important byproduct of cereal industry and is
produced worldwide in enormous quantities, is
an excellent cost-effective substrate for large
scale production of xylanase in solid state
fermentation (SSF) and therefore wheat bran
was used as a substrate for xylanase production.
Xylanase  production by  Streptomyces
hygroscopicus under solid state fermentation
was obtained in 96 hr. ldentical fermentation
periods for xylanase production were reported
by Tandon D. and Sharma N. [39] for xylanase
from Bacillus atrophaeus, Kumar S. et al., [14]
for xylanase from Bacillus tequilensis, gnd
Peter Albert C.F. et al., [29]for xylanase from
Aspergillus niger.

Use of wheat bran as an effective substrate for
xylanase production has been reported by many
users and for variety of microorganisms viz.
Trichoderma  harzianum [35], Rhizopus
stolonifier [14], Trichoderma sp. FETL C3-2
[28], Humicola grisea var. Thermoidea [33],
Aureobasidium pullulans [27], Bacillus pumilus
[5], Bacillus subtilis [32], Bacillus subtilis CO1
[24]and Aspergillus foetidus MTCC 4898 [34].
Many researchers also insisted usefulness of
wheat bran as an efficient substrate for xylanase
production. Gupta et al., [15] for xylanase
production by Staphylococcus sp. SG-13, Xu et
al., [40] for xylanase production by
Pseudomonas sp. WLI- 11 (wild type) and
Pseudomonas sp. WLUN 024 (mutant) ,
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Balakrishnan et al., [3] for xylanase from
Bacillus sp. NCL 87-6-10, Ahmad Z, et al., [1]
for xylanase from Aspergillus niger and
Kamble R.D. and Jadhav A.R [20] for xylanase
from a newly isolated Bacillus sp.. Hooi Ling
Ho and Ke Li Heng [18] studied xylanase
production by Bacillus subtilis using different
agricultural residues such as rice bran, palm
kernel cake, corn cobs, barley husk and wheat
bran and found wheat bran as the best carbon
source.

Wheat bran is supposed to be the best substrate
for xylanase production because it is able to
remain in loose condition, provides large
surface area, contains around 40% xylans-
substrates for xylanase, also contains around
28% proteins, low lignin and silica content,
over all it is completely nutritive for variety of
microorganisms. [5, 32].

An increase in the concentration of organic
nitrogen did not result in enhanced xylanase
production. This signifies the use of inorganic
nitrogen source for obtaining high yields of
xylanase. Diammonium hydrogen phosphate
was found to be the most suitable nitrogen
source for maximum xylanase production by
Streptomyces hygroscopicus. Gupta et al., [15]
also reported use of wheat bran as carbon
source and diammonium hydrogen phosphate as
source of nitrogen for xylanase production by
Staphylococcus sp. SG-13. However, Dey et al.,
[11] reported yeast extract as the most suited
nitrogen source and wheat bran as the carbon
source for enhanced xylanase production by
alkalophilic thermophilic Bacillus sp. and
George et al., [13] reported enhanced
production of xylanase using corncobs as a
source of carbon and yeast extract as the most
suited nitrogen source by Thermomonospora
sp. Lemes J.L. et al., [23] reported use of yeast
extract as a supplement to the nitrogen sources
like sodium nitrate and ammonium sulphate
resulted in considerable improvement in
production of xylanase. Rehmani et al., [31]
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also showed use of urea as nitrogen source for
xylanase production in submerged fermentation
but it resulted in low activity.

Xylanase from Streptomyces hygroscopicus has
a pH optimum at pH 6.0. Similar results were
reported for Rhizopus stolonifier [14] whereas
Penicillium oxalicum showed pH optima at 8.0
[26]. However the enzyme from Streptomyces
hygroscopicus retained considerable activity at
elevated pH. Enzyme also showed stability in a
broad pH range of pH (pH 4-10). Xylanase
from terrestrial Streptomyces sp. C24 also was
stable in the range of pH 6.0 to 10.0 [30]
whereas xylanase from Paenibacillus sp. XJ18
was active in a broad pH range of 4.5 to 9.0
[41], Singh S. et al., [36] also reported that
xylanase from Thermomyces lanuginosus SSBP
was active and stable in a pH range of 5.5 to
10.0.

Xylanase from Streptomyces hygroscopicus
showed temperature optima at 50 ° C. Xylanase
from Penicillium rolfsii ¢3-2(1) IBRL [22],
Fusarium heterosporum [17], newly isolated
Bacillus sp. [20] also showed temperature
optima at 50 ° C. However, Rhizopus stolonifier
[14], Fusarium heterosporum [17] and
Penicillium oxalicum [26] showed temperature
optima at 45 °C whereas Aspergillus foetidus
MTCC 4898 xylanase reported by Shah and
Madamwar [34] was stable at 50 °C and had a
half-life of 57.53 min at 50 °C. Enzyme from
Streptomyces hygroscopicus showed high
degree of stability at 50 °C and did not show
any decrease in the activity even after 2 hours.
Enzyme retained more than 60% activity after 2
h at 70 °C where as it had half-life of 60 min at
80 °C. However, these results are not in
accordance with xylanase from Thermomyces
lanuginosus SSBP which had half-life of two
days at 65°C [36].

Thus, Streptomyces hygroscopicus produced
alkalistable thermostable xylanase using
wheatbran as the source of carbon and
diammonium hydrogen phosphate as the source
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of nitrogen using solid state fermentation
technique.

[VICONCLUSION
The use of purified xylan as a substrate for
enhanced xylanase production is uneconomical.
Using abundantly available and low cost
agricultural byproducts as substrates for the
production of xylanase is one of the ways to
substantially reduce the enzyme production
cost. Wheat bran, an important byproduct of
cereal industry and produced worldwide in
enormous quantities, is an excellent cost-
effective substrate for large-scale production of
xylanase in solid-state fermentation (SSF).

Streptomyces hygroscopicus produced 24.66

U/ml of xylanase when grown in Solid-state

fermentation with wheat bran as a substrate at

pH 8 and 50 °C for 48 h. The crude xylanase
was active in a broad range of pH (4-10) and
temperature (29-80°C). The optimum pH and
temperature were 6 and 50 °C respectively. The

crude enzyme was stable in the pH range 5-8

and was found to be thermostable with half-

lives of two hour at 60 and 70 °C respectively,
but only 60 min at 80 °C. Enzyme also had pH
optima of 6.0 and temperature optima of 50 °C.
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