
Australian Journal of Basic and Applied Sciences, 4(6): 1358-1368, 2010
ISSN 1991-8178
 

Xylanase Production by Streptomyces Lividans (NRC) and It's Application on
Waste Paper

Nadia, H. Abd El-Nasser; Amal, M.Ali and Abeer, A. Keera

Microbial Chemistry Department, National Research Center, Dokki, Cairo, Egypt.

Abstract: The ability of different Streptomyces strains to degrade the lignocellulosic materials to
produce many useful products such as xylanase, reducing sugar and microbial proteins were studied.
Wheat straw and corn cobs were used as substrates in liquid medium for enzymes and protein
production. Four types of Streptomyces strains were screened for enzyme and protein content.
Streptomyces lividans was the most active and producer strains on the static cultured using xylan or
wheat straw as the best substrate for enzyme production. The optimum conditions for enzyme
production were studied. Maximum level of xylanase activity was observed at 20 g/l wheat straw with
S. lividans, while the optimum pH of xylanase formation was observed at pH 7. The effect of
aeration, incubation period, enrichment of the utilized agricultural byproduct with yeast extract and
glucose as the best nitrogen and carbon sources and the effect of heavy metal ions on the xylanase
production by S lividans were studied. Maximum xylanases production was obtained from 75 ml
fermented broth of S lividans. High level of xylanases production by S. lividans 15 U/ml was obtained
after 4 and 5 days. On the addition of the best carbon and nitrogen source to the original substrate
we found that, the level of enzyme formation was increased from 15.0 (Wheat straw without glucose
or yeast) to 33.3 U/ml for S lividans. Ni++, Mn++ and Fe++ gave high stimulated xylanase enzyme
formation by S lividans. Weak production of xylanases was detected when the medium contained Zn++

and Ld++ Co++ and Cu++. High enzyme precipitation was found by 50% cold acetone as partial enzyme
purification. The optimum condition of xylanase activity produced by S. lividans was showed at pH
7.0 and optimum temperature of 50ºC and stable for 35 min at the optimum condition 50ºC and pH
7. Xylanase at a constant enzyme dosage, treated to bleach and deinke pulp of waste paper, can
improve the properties of pulp more than the chemical treatment which cause environmental problems.

Key words: S lividans, xylanase, wheat straw and corn cobs, waste paper, enzymatic and chemical
treatment.

INTRODUCTION

Xylan is one of important compounds of hemicelluloses because they may account for 15 to 30% of plant
weight (Pettersen, 1984). The xylose units constitute the backbone of the linear chain of the molecule of xylan.
Xylans are polysaccharides found in the hemicellulosic fraction of higher plant cell walls (Timell, 1962 and
Burke et al., 1974). These polymers consist of a �-1,4-linked D-xylopyranose chain commonly has side
branches of �-1,3 linked L-arabinofuranose and �-1,2 linked D-glycuronopyranose (Whistler and Richards,
1970).

Streptomyces are widely distributed in terrestrial and aquatic habitats. Most of them strict saprophytes, but
some form parasitic associated with plants or animals. Surprisingly, little has been known about the role of
streptomycetes in natural environments, although evidence of their occurrence and numbers in habitats was
extensive (Williams et al., 1984a and Goodfellow and Simpson, 1987). Streptomyces species are capable of
producing extremely valuable biologically active substances, of which the most important are antibiotics,
enzyme, vitamins, growth stimulators, pigments, toxins, etc….  Also its have the potential to degrade other
naturally occurring polymers such as chitin (Abdel-Fatah, 1995), hemicelluloses, keratin, pectin as well as
fungal cell wall material (Williams et al., 1989). It has been implicated in the degradation of herbicides
(Percich and Lockwood, 1978), plastics (Sharpell, 1980), polyphenolic tannins (Lewise and Starkey, 1969). Also
actinomycetes play a considerable role in recycling the lignocelluolosic materials to hemicellulolytic and
cellulolytic enzymes (Ball and McCarthym 1988; Ball et al., 1990 and Antonopoulos et al. 2001).
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The ability of different streptomycetes to degrade the lignocellulosic materials to produce many useful
products such as xylanase, reducing sugar and microbial proteins were under investigation. Microbial proteins
will solve the problem of animal and plant proteins deficiency. Therefore will be study the ability of different
strains of streptomycetes to grow rapidly on the agricultural byproducts as available substrates with commercial
prices, beside, the accumulation of these byproducts cause environmental problems. Agricultural residues such
as grass lignocelluloses represent large renewable resources for which enzymatic generation of fermentable
sugars are one of the alternative strategies currently under investigation.

The use of enzymes produced by different microorganisms as bleaching aids has been suggested by several
authors. The use of enzymes decomposing lignin showed certain advantages. During the last years most
research has focused on enzyme enhanced deinking (Ow and Eom, 1990; Prasad et al., 1992; Zeyer et al.,
1993; Jefferies et al., 1994; Stork et al., 1995 and Sufeng, et al. 2000). Xylanase and peroxidase have an
important application in the pulp and industry for bleaching of wood pulp and deinking (Senior et al, 1991;
Nakamura et al, 1993; Sufeng, et al. 2000; Gaosheng, et al. 2000, Rodriguez, et al. 2001 and Ninawe &
Kuhad, 2005). A major disadvantage of these processes is the cost of the enzyme preparations. 

Despite the fact streptomycetes are known to produce cellulose-free xylanase and proxidase activity (Ball
& McCarthy, 1988 and Mercer et al. 1996), which are stable and active over a higher pH than the
corresponding fungal enzymes (Sunna & Antranikian, 1997), these organisms have not been extensively studied. 

The aim of the present work was to study the ability of four different strains of Streptomyces strains to
grow on agricultural byproducts as substrates and commercial prices and produce large quantities of enzyme
and protein. The optimum conditions for enzymes production were studied. The use of this enzyme as
bleaching and deinking pulp of waste paper compared with chemical treatment. 

MATERIALS AND METHODS

Organism and Culture Conditions:
The Microorganisms Used in this Study Were:

Four cultures belonging to genus Streptomyces were isolated, from Egyptian soil surrounding Tanta City
in the Delta of Nile River, and identified by Abd El-Nasser, 1991.  Streptomyces strains were cultivated
routinely and maintained at 4°C on a slant of basal starch nitrate agar medium (I.S.P., 1968). 

In all experiments, spores from stock slants of Streptomyces sp. were used as initial inoculum. The initial
inoculums of fungi were activated on minerals media incubated in rotary shaker for 24 hrs before being used.

Liquid Static State Fermentation Media:
One mililitre of heavy spore suspensions of the studied micriooganisms was used to inoculate Erlenmeyer

flasks of 250 ml capacity, each containing 50 ml of the following ingredients (g/L): 
The first medium (M1) contained 0.6 % (wt/vol) yeast extract in a nitrogen-free, mineral salts solution

(Na2HPO4, 5.03; KH2PO4, 1.98; NaCl, 0.2; MgSO4 7H2O, 0.2; CaCl 2H2O, 0.05; plus 1 ml trace element
solution (g/L: Fe SO4 7H2O, 1.0; MnSO4 7H2O, 0.2; ZnSO4 7H2O, 0.9) pH 7.0-7.2 for Streptomyces sp. (Lee
et al., 1991).
The second medium (M2) 

The agricultural byproducts (corn cobs and wheat straw) were added to the mineral salts solution. The
inoculated flasks and uninoculated control were incubated at 34°C. Samples of the growth media were taken
periodically over the growth period.

At the end of the fermentation period, the content of each flask was filtrated to determine the final pH
of the supernatant and immediately analyzed for enzymes production.

The Wastes Used:
Two types of agricultural byproducts were firstly used (wheat straw and corn cobs) as a substrate for

enzymes and protein production. They were collected from Giza farm and were allowed to dry in oven at 70°C
for 72 hrs. These samples were ground well before being used.

Preparation of xylan: Purified xylan was prepared from cane sugar bagasse as follows (Chen et al., 1980):
10.0 g of bagasse were mixed with 100 ml of 8% Na OH (w/v) and autoclaved at 121°C for 30 min. The final
filtrates were combined to make a volume of 100ml. The pH of the filtrate was adjusted to 5.0 with H Cl.
150 ml of 95% ethanol were added, and the mixture was allowed to stand at room temperature for 24h. The
precipitate was collected and washed with 70% ethanol to remove lignin and other soluble. The precipitate was
dehydrated with 95%ethanol, and the ethanol was removed by filtration and vacuum drying at 50°C. The
extracted xylan from bagasse was used in the fermentations for enzyme production.
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Xylanase Activity and Reducing Sugars:
Assay of xylanase activity was carried out as described by Abd El-Nasser and Foda (1995) using oat spelt

xylan and 50 mM phosphate buffer, pH 7.0. The total reducing sugars produced during the assays were
determined with dinitrosalicylic acid reagent (DNS) (Miller, 1959) using xylose as standard. 

Final pH of the fermented broth was determined after the end of incubation period using digital pH meter
646 with glass electrode (Knick).

Mycelial dry weight after the end of incubation period cultures were filtered through predried and weight
whatman No 1 filter paper. The precipitate of mycelium growth was dried in oven at 70C till constant weight.
Weight mycelial was determined by subtraction.

Protein Determination:
The total soluble protein content of the culture filtrate or crude enzyme preparation was carried out as

described by Lowry et al., (1951) using bovine serum albumin as standard.

The Optimum Conditions:
The optimum conditions for enzymes production were studied such as aeration, time course, type and

concentration of the agricultural byproducts, enrichment of the utilized agricultural byproduct with yeast extract
and glucose as the best nitrogen and carbon sources and certain heavy metals on the most active strains
(Streptomyces lividans) on the best utilized agricultural byproduct  medium.

Partial Enzyme Purification:
The cold filtrate of the crude enzyme solution was treated with different concentration of cold acetone

(10% to 90%) and kept in the refrigerator over night. The resulting precipitate was separated by cold
centrifugation, dissolved in 0.1M sodium phosphate buffer pH 7.0. Those fractions solution were designated
as a partially purified enzyme preparation.   

Enzyme Properties:
Enzyme Stability:

Thermostability of the enzyme was tested by heating small amounts of the concentrated enzyme for 15
min in a water bath at 30 to 90ºC. The heated enzyme samples were then assayed for xylanase activity 

The pH stability of the concentrated enzyme was also tested by incubation with 0.1 M phosphate buffer
at different pH values (5.0 to 9.0) for 15 min at room temperature then xylanase activities were determined.

Waste Paper Preparation:
The waste paper was torn, thoroughly washed with distilled water and recovered by filtration. The

preparation was suspended in 1 N HCl overnight; washed with distilled water to neutral pH. The collected
residue was then treated with 0.5 N Na OH and left for 24 hours. The residue was thoroughly washed till the
suspension was free from alkali. The suspension was homogenized in a mechanical blender at high speed,
setting for 10 min. The broken paper was collected by centrifugation and dried in oven at 60�C and pooled
until used as waste paper preparation.

Paper Application:
Enzymatic Treatment:

An outline of the procedure for enzyme treatment has been applied to the amount of waste paper
preparation (0.5 g) soaked and incubated with 4 ml of the concentrated enzyme preparation (20 U) at 40�C
at different times ( 2, 4, 6, 8, 10,12, and 24 hours). Then the filtrate assayed for releasing reducing sugar. The
treated fibers were washed several times by distilled water and dried in an oven at 60�C to determine its
physical properties. 

Preparation of Laboratory Hand-made Paper Sheets:
Paper is made by spreading a dilute suspension of the cellulose fibers in water, on a glass slide to form

a layer of cellulose fibers. This layer of fibers was dried in oven at 60�C and used as paper sheet.
Evaluation of fiber properties

1-Estimation of the Average Degree of Polymerization (DP):
For the measurement of the degree of polymerization, cellulose was dissolved in the Schweizers reagent

which is a solution of copper-hydroxide in ammonia or in other solvent such as cadoxen solution (Brown et
al, 1965) (triethylene diamine cadmium dihydroxide). Routine measurements of viscosity of cellulose
derivatives are generally made by means of Ostwald viscometer type. 

1360



Aust. J. Basic & Appl. Sci., 4(6): 1358-1368, 2010

Dissolve 0.1 g of sample of cellulose in 25 ml of the suitable solvent cadoxen. Ten ml of these solutions
were transferred in a viscometer and the relative viscosity was determined. The intrinsic viscosity � is
calculated by equations.
 

Relative viscosity � rel = � / ��
D.P = {� rel   / 1.84x10-2}-0.76  

Where  �� = viscosity of the pure solvent cadoxen solution.
� = viscosity of cellulose solution of certain concentration.

2- Brightness:
The amount of reflectance of a pad of so many sheets of paper that no change in reflectance occurs when

a backing is used, called R�. This intensity of light designates the brightness of paper as compared to the
intensity of light reflected by a standard white body at the same wavelength. The apparatus used in this study
for measuring the brightness was Hunterlab Color/ Difference Meter D25-2 in the Material Test Lab. Central
Dep. for Scientifically Analysis and Tests, NRC, according to Casey, 1981b.

RESULTS AND DESCUSSION

Streptomyces Strain Selection for Xylanase Production:
A comparative study was conducted between some available cultures of grey series of Streptomyces to

assess their ability to utilize the prepared xylan as sole carbon and energy source. Results are summarized in
table 1. The highest level of xylanase was detected in culture of Streptomyces lividans. Therefore, this culture
was selected for further physiological studies on enzyme production on agricultural byproduct.

Table 1: The extent of growth and level of xylanase activity of selected strains of Streptomyces sp. on basal medium with 1 g% prepared
xylan as sole carbon and energy source at pH 7.0 and 30 °C +2ºC for five days.

Organisms Final pH Dry weight mg/ml Total protein mg/ml Xylanase activity U/ml Specific activity U/mg
Streptomyces lividans 8.68 6.8 0.900 8.86 9.84
Streptomyces cinereus 8.30 10.2 0.900 2.40 2.66
Streptomyces enissius 8.20 9.6 0.950 2.50 2.63
Streptomyces chromofuscus 8.20 9.6 0.950 2.50 2.63
Streptomyces violarus 8.25 9.4 1.060 0.40 0.37

Production of Xylanase on Agricultural By-product:
Streptomyces lividans was selected for further studies on enzyme production. The corn cobs and/or wheat

straw were incorporated in the growth medium at 1 g% final concentration instead of xylan. The growth
parameter and enzymatic levels produced were estimated in static and shaking fermentation medium (Table
2). Streptomyces lividans gave the maximum level of enzyme production with wheat straw.

Table 2: Utilization of agricultural wastes on the static and shaking fermentation for xylanase production Streptomyces lividan grown
at pH 7.0 and 30 °C +2ºC for five days.

Agricultural byproduct                     Streptomyces lividan
-----------------------------------------------------------------------------------------------------------------------------------------------
Final pH Total protein mg/ml Xylanase activity U/ml Specific activity U/mg

Static
Xylan 8.80 0.620 3.40 5.48
Corn cobs 7.60 0.980 4.65 4.74
Wheat straw 8.53 0.920 7.85 8.53
Shaking
Xylan 8.68 0.680 2.86 4.20
Corn cobs 7.40 1.040 3.55 3.41
Wheat straw 8.20 0.980 6.62 6.75

The Optimum Conditions:
1- Effect of the Concentration of Agricultural By-product on Xylanase Production:

The most active microorganism Streptomyces lividans was grown on mineral salts medium supplemented
with agricultural byproduct of wheat straw at different concentration ranged from 0.5 to 3.5 g / 100 ml media
as a carbon sources on static fermentation medium for producing extracellular enzyme and protein content.
Table (3) shows the levels of released total protein and enzyme formation after incubation for 9 days at 34°C.
The maximum level of xylanase activity and protein content was observed using 2.0 g wheat straw by S.
lividans.
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Table 3: Effect of wheat straw and corn cobs concentration on enzymes produced by Streptomyces lividans incubated for 9 days at 34°C
and pH 7.0 on static fermentation.

Concentration of agricultural                   Streptomyces lividans
byproduct g/100ml -------------------------------------------------------------------------------------------------------------------------------------

Final pH Total protein mg/ml Xylanase activity U/ml Specific activity U/mg
Corn cobs
0.5 8.80 1.080 3.40 3.15
1.0 7.60 1.120 3.65 3.26
1.5 8.53 1.130 3.90 3.45
2.0 - - 4.01 -
2.5 8.68 1.080 4.25 3.93
3.0 7.91 1.300 4.55 3.56
3.5 7.95 1.400 3.90 2.78
Wheat straw
0.5 8.08 1.120 5.240 4.68
1.0 8.20 1.125 6.860 6.10
1.5 8.30 1.130 6.89 6.10
2.0 8.45 1.300 7.96 6.12
2.5 8.50 1.400 8.00 5.71
3.0 8.55 1.550 9.18 5.92
3.5 8.60 1.600 4.20 2.62

2- Effect of Initial PH on the Enzymes Production:
It is evident from results represented in Fig. 1 that, the optimum pH of xylanase formation was observed

at pH 7 by S. lividans.

Fig. 1: Effect of pH on the xylanase formation by S. Lividans.

3- Effect of Aeration:
The results obtained in Table (4) show that maximum xylanases production 41.6 U/ml was obtained from

75 ml fermented broth of S lividans, then decrease by increasing the medium volume. 

Table 4: Effect of aeration on the xylanase production by S lividans using wheat straw on static culture at pH 7 and 30C for 5 days
Aeration ml /250                                  S. lividans

-------------------------------------------------------------------------------------------------------------
Final pH Enzyme activity (U/ml)

25 8.15 20.0
50 8.15 25.0
75 8.19 41.6
100 8.15 8.3
125 8.20 0.0
150 8.17 0.0

4- Level of Enzyme Formation in Extended Incubation Period:
The time course of xylanases formation by S. lividas was studied on the basal medium containing 1.5 g

% wheat straw, the best concentration for S. lividans. Table (5) shows that maximum level of xylanases
production by S. lividans 15 U/ml was obtained after 4 and 5 days then declined as incubation period extended
and reached 8.3 U/ml after 7 days incubation.
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Table 5: Effect of incubation period on xylanases production using wheat straw
Incubation period (days) Wheat straw                                    S. lividans

---------------------------------------------------------------------------------------------------------------
Final pH Enzyme activity (U/ml)

3 7.3 8.0
4 7.3 15.0
5 8.0 15.0
6 7.73 11.7
7 8.18 8.3

5- Enrichment of the Utilized Agricultural Byproduct with Yeast Extract and   Glucose as the Best Nitrogen
and Carbon Sources:

Enrichment of the utilized agricultural byproduct with glucose and yeast extract as the best carbon and
nitrogen sources were studied. The results are summarized in table 6. The highest level of enzyme production
was detected in the culture of S. lividans 33.3 U/ml after 5 days from incubation period. 

Table 6: Enrichment of the utilized agricultural byproduct with yeast extract and glucose as the best nitrogen and carbon sources
Incubation period (days) S. lividans

------------------------------------------------------------------------------------------------------
Wheat straw+2g % glucose+ 0.1g % yeast extract Final pH Enzyme activity (U/ml)
3 8.0 3.0
4 8.27 15.0
5 8.0 33.3
6 7.48 8.3
7 7.50 2.3

6- Effect of Heavy Metal Ions on Xylanases Formation:
Some divalent metal salts were added to the basal medium supplemented with wheat straw as agriculture

byproduct after sterilization each in concentration of 0.1 mM. As shown in table 7, Ni++, Mn++ and Fe++ gave
high stimulated xylanase enzyme formation by S lividans. Weak production of xylanases was detected when
the medium contained Zn++, Ld++, Co++ and Cu++. Inhibition by these heavy metal ions was also observed
previously. 

Table 7: Effect of heavy metals on xylanases formation by S. Lividans
Heavy metal ions 0.1M                                       S. Lividans

------------------------------------------------------------------------------------------------------
Final pH Relative activity %

Control 7.09 100
Ni2+ 6.56 259.6
Mn2+ 6.70 218.8
Fe2+ 7.14 199.6
Co2+ 7.24 66.4
Cu2+ 6.95 9.20
Ld2+ 8.27 46.8
Zn2+ 8.27 33.2
Enzyme activity was measured relative to the control reading as 100%.

Partial Enzyme Purification:
The cold filtrate of the crude enzyme solution was treated with different concentration of cold acetone

(10% to 90%) table 8. High enzyme precipitation was found by 50% cold acetone. 

Table 8: Partial purification of xylanses production by S. lividans with cold acetone
Cold acetone % Enzyme activity U/ml Yield %
Fermented broth 74.61 100
10 1.7 2.3
20 23.3 31.22
30 49.9 66.88
40 56.6 75.86
50 58.3 78.86
60 40.3 54.01
70 33.3 44.64
80 33.3 44.64
90 33.3 44.64
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Enzyme Properties:
Enzyme Stability:

The optimum conditions of the partial purified xylanase activity produced by S. lividans were recorded.
Xylanese showed its optimum activity at pH 7.0 and optimum temperature of 50ºC  (Table 9) and  stable  for
50 min at optimum condition 50ºC and pH 7 (Fig. 2).

Table 9: The optimum temperature and pH stability of xylanases activity produced by S. lividans
Temperatureº C Enzyme activity U/ml pH values Enzyme activity U/ml
30 40 3 20
40 56.6 4 23.3
50 73.3 5 23.3
60 16.7 6 25.0
70 10 7 38.3
80 0.0 8 21.6
90 0.0 9 16.7
100 0.0 10 13.3

Fig. 2: Stability of xylanas activity from S. lividans at optimum condition 50C and pH7.

Enzymatic Treatment of Waste Paper:
To clarify the mechanism of the reaction, we investigated the chemical and physical properties of the

produced treated cellulose fibers using a constant dosage of concentrated prepared xylanase at different times
from 1 to 24 hours. Fig. 3 shows that, the high release of reducing sugars was observed after 12 hours from
soaking the enzyme preparation with the waste paper. The reducing sugars content gradually increased within
the first 8 hours. 

Fig. 4: Reducing sugar production as a function of enzyme activity and reaction time.

Degree of Polymerization:
The Polymerized degree (DP) determination was achieved by determining cellulose solution. Viscosity

determination was carried out with cadoxen viscosity and the results are reported in table 10 which showed
that, DP of the fibers after enzymatic treatment were not decreased, in some case it even increased. The high
level of DP and viscosity were observed after 8 hours from enzymatic treatment. The viscosity of the fibers
was not reduced by the enzyme treatments. The level of DP and viscosity of the fibers after chemical treatment
were decreased than the control.
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Table 10: The Degree of polymerization and brightness of fibers after enzymatic and chemical treatment 
 Treatment Relative viscosity Degree of polymerization % Degree of brightness %

----------------------------- ------------------------------------- -----------------------------------
1 2 1 2   1 2

Control 1.22 1.33 295.4 255.3 53.9 54.9
Treatment after 2 hours 1.08 1.17 261.5 243.0 55.8 58.9
Treatment after 4 hours 1.08 1.17 261.5 224.6 54.0 56.1
Treatment after 6 hours 1.20 1.18 260.5 226.5 54.5 57.1
Treatment after 8 hours 1.30 1.18 263.2 224.6 55.8 57.3
Treatment after 10 hours 1.40 1.22 290.5 224.6 55.0 57.4
Treatment after 12 hours 1.40 1.22 291.5 224.6 55.3 57.8
Treatment after 24 hours 1.60 1.20 387.4 217.9 57.0 57.81
= Enzymatic treatment 2= Chemical treatment
Degree of brightness

The degree of brightness of the enzymatic treatment hand sheets increased with increasing the incubation
time of enzyme reaction (Table 10). The brightness is improved by 106.4 % after 8 hours of incubation
compared with the control. It was found that the brightness of the xylanase-treated pulp is higher than the
control pulp by 6.4%.

Descussion:
Agricultural residues such as grass lignocelluloses represent large renewable resources for which enzymatic

generation of fermentable sugars are one of the alternative strategies currently under investigation.
A comparative study was conducted between some available cultures of grey series of Streptomyces to

assess their ability to utilize the prepared xylan as sole carbon and energy source. The highest levels of
xylanase were detected in culture of Streptomyces lividans after five days at pH 7 and 30 °C (9.84 U/ml).
Antonopoulos et al., 2001 found that, the maximal extracellular xylanase and peroxidase produced by S. albus
was detected after 120 h (11.97 U/ml) and 72h (0.58 U/ml) respectively.

Streptomyces lividans the most active strain was selected for further physiological studies on enzyme
production. The corn cobs and/or wheat straw were incorporated in the growth medium at 1 g% final
concentration instead of xylan. The growth parameter and enzymatic levels produced were estimated in static
and shaking fermentation medium. Streptomyces lividans gave the maximum level of enzyme production with
2.0 g wheat straw in static fermentation medium.

The optimum pH of xylanase formation was observed at pH 7 by S. lividans.
The maximum xylanases production 41.6 U/ml was obtained from 75 ml fermented broth of S lividans.

These results are in agreement with those obtained by Techapun et al., 2003.
The time course of xylanases formation by S. lividas was studied on the basal medium containing 1.5

wheat straw, the best concentration. The maximum level of xylanases production by S. lividas 15 U/ml was
obtained after 4 and 5 days. These results are in agreement with those obtained by Techapun, et al., 2002. 

Enrichment of the utilized agricultural byproduct with glucose and yeast extract as the best carbon and
nitrogen sources were studied. The highest level of enzyme production was detected in the culture of S.
lividans 33.3 U/ml after 5 days from incubation period. 

Some divalent metal salts were added to the basal medium supplemented with wheat straw as agriculture
byproduct after sterilization each in concentration of 0.1 mM. Ni++, Mn++ and Fe++ gave high stimulated
xylanase enzyme formation by S lividas. Weak production of xylanases was detected when the medium
contained Zn++, Ld++ , Co++ and Cu++. Inhibition by these heavy metal ions was also observed previously
(Biswas et al. 1990 and Clarke et al., 2000). Collins et al. 2002 found that, heavy metals such as Hg2+, Cu2+,
Zn2+ and Ni2+ were  inhibited the activity of mesophilic xylanase from Streptomyces sp. S38, whereas Mg2+,
Ca2+, Na+, K+, PO4 and Cl as well as chelating agents had no effect.

The partial enzyme purification was done by treated the cold filtrate of the crude enzyme solution
produced by S. lividans with different concentration of cold acetone (10% to 90%). High enzyme precipitation
was found by 50% cold acetone.  

The optimum conditions of xylanase activity produced by S. lividans were recorded. Xylanase showed its
optimum activity at pH 7.0 and optimum temperature at 50ºC and stable for 50 min at optimum condition 50ºC
and pH 7. These results are in agreement with that reported by Abd El-Nasser, 2001 and Nascimento, et. al.,
2002 and Abdel-Fattah, et al., 1996, Fang, et al., 2008 there obtained maximal activity of enzyme at pH 6.0
and 45°C.

It was evident that the enzyme had strong hydrolysis effect on treated cellulose fibers, so the reducing
sugars content gradually increased within the first 8 hours. Thus if the enzyme activity went on increasing and
kept reacting for a long time, the fibers would be deeply hydrolyzed to reducing sugars and be decayed. So,
the enzyme reaction conditions must be controlled to avoid fiber hydrolysis.  Those findings in are full
agreement with Sufeng et al., 2000.
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The Polymerized degree (DP) determination was achieved by determining cellulose solution showed that,
the fibers after enzymatic treatment were not decreased, in some case it even increased. The high level of DP
and viscosity were observed after 8 hours from enzymatic treatment. The viscosity of the fibers was not
reduced by the enzyme treatments indicating that the fiber strength is not affected by the enzyme treatment.
The level of DP and viscosity of the fibers after chemical treatment were decreased than the control, due to
that the chemical treatment caused a cut of cellulose chains through the period of treatment. 

The degree of brightness of the enzymatic treatment hand sheets increased with increasing the incubation
time of enzyme reaction. The brightness is improved by 106.4 % after 8 hours of incubation compared with
the control. It was found that the brightness of the xylanase-treated pulp is higher than the control pulp by
6.4%.  Enzyme presoaking was effective to mix the enzyme with pulp to reach an extent which made contact
process between fibers and enzyme quite well and offered better effect. These findings are in agreement with
Yingjuan, et al., 2000 and Gaosheng, et al., 2000. Rodriguez, et al., 2001 stated that, enzyme from
Streptomyces cyaneus in solid-state fermentation on wheat straw showed an increase in pulp brightness and
improvement of some physical properties. It was obvious that, the brightness of the chemical treated pulp was
increased by increasing the time of incubation but, the cellulose chain was cut off. It was evident that the DP
and viscosity of chemical treated pulp were lower than that of the control, which means that the chemical
process had stronger actions on fibers than the gentle enzyme action.
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