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ABSTRACT:
Evaluation of agricultural, forestry and urban lignocellulosic wastes is very important because of increasing energy
demand, food need and ecological concerns. Celluloses and hemicelluloses of lignocellulosic wastes can be
converted into reducing sugar that has been applied in renewable energy production such as bioethanol. Member of
actinomycetes were isolated from soil in Mersin province in Turkey for hydrolysis purposes. The used isolate
Streptomyces sp. AOA40 was detected as maximum lignocellulose degrading enzyme producer. Different
pretreatment methods were compared for increase the rate of hydrolysis of wheat straw, barley straw, corn stalks,
banana leaves, paper, cotton pulp, poplar and aspen sawdust. The highest reduced sugar was obtained from wheat
straw after pretreatment with NaOH and enzymatic hydrolysis. Effect of pretreatment time (4, 8, 12, 18 and 24
hours), temperature (50, 60, 70 and 80 °C), rate of NaOH (0.5, 1, 1.5, 2 and 2.5%) on enzymatic hydrolysis (2, 5, 10
and 24 hours) were investigated. After 24 h hydrolysis with extracellular crude enzymes of Streptomyces sp.
AOA40, the greatest reducing sugars concentration was 52.83 % when using wheat straw with 1 % NaOH
pretreatment at 40 °C for 12 h. Distortion of the surface of pretreated wheat straw was shown with AFM. Xylose,
arabinose, glucose, cellobiose and mannose were found as hydrolysis products of wheat straw with thin layer
chromatography (TLC).
Keywords: Pretreatment, lignocellulose, reduced sugar, Streptomyces sp. and straw.

[I] NTRODUCTION
Because of industrial development and increasing
energy demand, lignocellulosic biomass can be
use as environmentally sustainable raw
materials[1]. Large amount of lignocellulosic
wastes are generated forestry, agricultural
practices, paper and timber industries [2]. A large

quantity of lignocellulosic residues accumulate
annually, such as wheat straw (154-185 x 106
ton), barley straw (35-42 x 106 ton), cotton fiber
(17-20 x 10 6 ton) and banana wastes (13-15 x 106
ton) generated from different agricultural sources
[3]. Paper is major urban lignocellulosic wastes
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while timber industries main waste is sawdust.
Generally, total agricultural residues are 428
million dry ton/year, forest resources are 370
million dry ton/year, municipal and industrial
wastes are 58 million dry ton/year [4]. Production
of industrial product from these wastes could
improve energy security, decrease air pollution,
strengthen rural economy and reduce production
cost.
Lignocellulose will become an essential source
for fermentable carbohydrate in the near feature.
Lignocelluloses include cellulose (30-45%),
hemicelluloses (25-45%), lignin (15-30%),
extractives (1-5%) and ash [5]. Cellulose is a
homopolymer and exist of D-glucose units linked
by ß-1,4 glycosidic bonds. Polymerization degree
of glucose can be 2000-27,000 [6]. Hemicellulose
is a heteropolymer and consists of pentoses such
as xylose and arabinose and hexoses such as
glucose, mannose and galactose [7]. Major sugar
in hemicellulose is xylan consist of β-1,4-linked
xylose units in hardwoods and agriculture
residues and mannose in softwoods [8]. Lignin is
an aromatic polymer and consist of phenyl
propane units such as p-coumaryl alcohol,
coniferyl alcohol and sinapyl alcohol and amorph
heteropolymer. Lignin is highly resistant towards
chemical and biological degradation, and confers
mechanical resistance to wood, grass and
agricultural wastes. Composition and rate of
cellulose, hemicellulose and lignin in biomass are
different for each species and each condition.
The polymer in the lignocellulosic material is
converted into sugar monomers for before
fermentation. Therefore, the pre-treatment and
enzymatic hydrolysis processes are needed for
efficient sugar yield. Generally, pretreatment
methods are classified into 3 groups: chemical,
biological and thermo/physicochemical. Also,
ionic liquids are used for pretreatment. Chemical
pretreatments carried out with acids, alkaline and
organic solvents [9]. While in acid pretreatment,
biomass soaked in acidic solution such as HCl
and H2SO4, in alkaline pretreatment biomass mix
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with alkaline solution such as NaOH and CaOH.
During the alkaline process, salvation and
sponification take place [10]. Acids act on lignin
and hemicellulose. Thermo/physicochemical
pretreatments methods comprise steam explosion,
CO2 explosion, AFEX and liquid hot water
pretreatment. As a rule, white rot fungi are used
for biological pretreatment. Pretreatment should
be cost effective, practical and ecological. Also, it
should avoid formation of possible inhibitors for
hydrolytic
enzymes
and
fermentating
microorganisms [8].
Cellulases,
hemicellulases
and
some
oxidoreductases play a major role in
lignocellulosic degradation. Endoglucanase, glycosidase, endoxylanase, -xylosidase, -Larabinofuranosidase, -mannosidase and acetyl
xylan esterase contribute to the hydrolysis of the
carbohydrate moieties, while laccases and
peroxidases, in combination with low-molecular
weight mediators have been shown to be involved
in lignin biodegradation. Cellulases are classified
in 3 groups. Endoglucanase act cellulose chain
and
break
-1,4-glucosidic
linkages.
Exoglucanase act reducing and non-reducing end
of the cellulose chains. -glycosidase liberate Dglucose from cellobiose. Endoxylanase cleaves
the glycosidic bonds in the xylan backbone.
Mannanases act on hemicelluloses and liberate
short
-1,4-manno-oligomers.
-LArabinofuranosidase hydrolyze arabinofuranosylcontaining hemicelluloses. Acetyl xylan esterase
hydrolyzes the acetyl substitutions on xylose
moieties [11].
This paper reports the optimization of
pretreatment conditions of lignocellulosic wastes
such as wheat straw, barley straw, corn stalks,
banana leaves, paper, cotton pulp, poplar and
aspen sawdust with NaOH and followed
biological hydrolysis with Streptomyces sp.
AOA40 for reduced sugar yield. Pretreated wheat
straw was also examined by AFM for surface
distortions and hydrolysis products of wheat
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straw
were
analyzed
chromatography.

by

thin

layer

[II] MATERIALS AND METHODS
2.1. Isolation and identification of Streptomyces
sp.
The soil samples were collected from 25 different
locations in Mersin province in Turkey. Soil
samples are collected from depths of 1-10 cm and
CaCO3 (10%) was transferred into soil samples
and incubated 7 days at room temperature. After
incubation, samples were heated to 45 0C for 30
min then 10 g soil samples were homogenized in
100 mL sterile saline solution and 10-3, 10-4
dilutions were prepared before spreading onto
ISP-4 and Starch-Casein Agar plates.
The plates were incubated for 7 days at 30 0C.
Each of the different colonies on agar surface was
purified with streak plate method. Finally, 150
isolates were obtained and maintained as a
suspension of spores and hyphal fragments in
20% (v/v) glycerol at -70 °C and routinely (3–5
weeks intervals) cultured on plates or slants
containing ISP-2 medium at 30 °C for 72–96 h.
The genus of the isolated soil isolate was
identified according to the tables of Bergey’s
manual of systematic bacteriology and
biochemical tests [12].
2.2. Detection of cellulase, xylanase and laccase
activity on solid media
Solid media containing carboxymethylcellulose
(CMC) or birch wood xylan (BWX) were used to
detect cellulase or xylanase producing
Streptomyces sp. isolates. Solid media contain
CMC or BWX (10 g/L), peptone (5 g/L), yeast
extract (5 g/L), K2HPO4 (1 g/L), MgSO4. 7H2O
(0.2 g/L), NaCl (1 g/L) and agar (15 g/L).
Streptomyces sp. inoculated CMC or BWX agar
plates were incubated at 30 °C for 3 days. At the
end of incubation period CMC or BWX agar
flooded with an aqueous solution of congo red
(1% w/v) for 10 minutes. Plates were further
treated by flooding with 1 M NaCl. The
formation of a clear zone of hydrolysis indicated
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cellulose and xylan degradation. The largest ratio
was assumed to contain the highest activity [13].
To detect laccase activity of Streptomyces sp. on
solid media, CMC or BWX was replaced by
either of RBBR, tannic acid or guaicol (10% w/v)
as carbon resources. Then, inoculated agar plates
with Streptomyces sp. were incubated at 30 °C for
3 days. At the end of incubation time the
formation of a clear zone of hydrolysis indicate
laccase activity.
2.3. Liquid culture of Streptomyces sp. AOA40
and harvesting of culture supernatant
For investigation of the effects of incubation time
(up to 5 days), pH (5.0-9.0) and different
lignocellulose type (0.5% w/v) as substrates on
extracellular lignocellulose-degrading enzymes
production by Streptomyces sp. AOA40, cultures
were incubated in minimal salts-yeast extract
medium, which described below at 30 °C for 5
days at 150 rev/min. Samples were removed at 24
h intervals from each flask for enzyme assays.
Samples were centrifuged at 10.000 g for 10 min
at 4°C and then culture supernatant were used in
enzyme assays.
For production of extracellular lignocellulosedegrading enzymes, which were used for
enzymatic hydrolysis of pretreated lignocellulose,
cultures were incubated in minimal salts-yeast
extract medium and supplemented with wheat
straw (0.5% w/v) at 30 °C for 3 days at150
rev/min.
The MS-YEM contained (g/L); yeast extract, 6;
ammonium sulphate, 0.1; sodium chloride, 0.3;
magnesium sulphate, 0.1; calcium carbonate, 0.02
and 1 mL of trace-elements solution (pH 8.0).
The trace-elements solution contained (in g/L):
ferrous sulphate, 1; zinc sulphate, 0.9; manganese
sulphate, 0.2. In order to ensure aerobic
conditions, the volume of the medium was
restricted to one-fifth of the total volume of each
flask.
2.4. Protein estimation
The
protein
concentrations
of
culture
supernatants and total cell protein (used as an
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estimation of biomass) were measured as
described previously [5].
2.4.
Determination
of
extracellular
lignocellulosic enzyme activities
Endoxylanase (1,4--D-xylan xylanohydrolase,
EC 3.2.1.8) and endoglucanase (1,4--D-glucan
4-glucanohydrolase,
EC
3.2.1.4),
were
determined as described previously [5, 14].
Estimation of the concentration of the reducing
sugars present in a sample was performed using
the dinitrosalicylic acid (DNS) reagent method
[15]. One unit (U) of either endoxylanase or
endoglucanase activity was defined as the amount
of enzyme that released 1 mol of reducing sugar
(expressed as xylose or glucose equivalent,
respectively) per minute per milliliter (i.e.
mol/min/mL) under the assay conditions.
-L-arabinofuranosidase (EC 3.2.1.55), glycosidase (EC 3.2.1.21), -xylosidase (EC
3.2.1.37), mannosidase (EC 3.2.1.25) and acetyl
xylan esterase (EC 3.1.1.6) activities were
determined with the substrates used pnitrophenyl-α-L-arabinofuranoside, p-nitrofenyl-D-glucopyranoside,
p-nitrophenyl--Dxylopyranoside,
p-nitrofenyl--Dmannopyranoside, and p-nitrofenol asetat,
respectively. Reaction mixture contained 100 µL
5 mM substrate (in 100 mM phosphate buffer, pH
7.2), 300 µL phosphate buffer (pH 7.2) and 100
µL culture supernatant. Reaction mixture
incubated at 30 0C for 10 min. Reaction was
stopped by adding 2 mL sodium carbonate (1M)
and was measured at 420 nm. One unit of
enzymatic activity was defined as the amount of
enzyme that released 1 µmol of p-nitrophenol per
minute [16].
Peroxidase activity was assayed using 2,4dichlorophenol (2,4-DCP) as the substrate. The
reaction mixture (total volume 1 mL) contained
equal volumes (0.2 mL) of potassium phosphate
buffer (100 mM, pH 8) 2,4-DCP (25 mM), 4aminoantipyrine (16 mM), peroxidase-containing
sample and H2O2 (50 mM). The reaction was
initiated with the addition of H2O2 and the
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reaction was monitored at 30C for 1 min at a
wavelength of 510 nm [5]. One unit (U) of
peroxidase activity was defined as the amount of
enzyme required for an increase in absorbance of
1 unit per minute.
Laccase activity was measured by oxidation of
500 µM 2,2’-azino-bis-[3-ethyl benzothiazoline6-sulfonic acid] (ABTS) (SIGMA) buffered with
200 mM sodium phosphate buffer (pH 7.2) at 420
nm for 1 min [17]. One unit of enzyme activity
was defined as 1 mM of ABTS oxidized per
minute.
2.5. Lignocellulosic wastes
In this study wheat straw, barley straw, corn
stalks, banana leaves, poplar and aspen sawdust,
paper and cotton pulp was used for pretreatment
research. All the lignocellulosic substrates were
dried, milled and stored at room temperature
before use.
2.6.
Determination
of
the
chemical
composition of lignocellulosic wastes
To determine the chemical compositions of
lignocellulosic wastes, lignocellulosic material
was added in 3% (v/v) H2SO4 solution and was
kept at 120 °C for 1 hour. In this treatment stage
only hemicellulose was hydrolyzed and following
the residual material was dried at 55 °C for
overnight and weighed. So, the total weight of
cellulose and lignin was determined. In the next
step, residue was soaked in 10% NaOH solution
and heated to 120 °C for 90 minute. Residual
material was dried at 55 °C for overnight and
weighed. The weight of the remaining material
was assumed as weight of cellulose and some
extractives.
2.7. Pretreatment conditions
Lignocellulosic wastes were pretreated with pure
water at 190 °C for 15 min; 1% H2SO4 at 121 °C
for 1 hour; 3% HCl at room temperature for 3
hours; 99% chloroform at room temperature for 3
hours; 1% lime at 121 °C for 1 hour and 1%
NaOH at 121°C for 30 min. After pretreatment
lignocellulosic wastes were washed (phosphate
buffer 100 mM, pH 7.2), filtered (Whatman No:
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1) and dried. During the pretreatment solid to
liquid ratio was 1/10.
2.8. Optimization of NaOH pretreatment and
enzymatic hydrolysis conditions for wheat
straw
Wheat straw (1 g per replicate) was pretreated
with 0.5%, 1%, 1.5%, 2% and 2.5% (w/v) sodium
hydroxide solutions for 4, 8, 12, 18 and 24 hours
at 40 °C, 50 °C, 60 °C, 70 °C and 80 °C. NaOH
pretreated wheat straw was hydrolyzed with
culture supernatant of Streptomyces sp. AOA40
for 2, 5, 10 and 24 hours. For hydrolysis, 0.05 g
pretreated wheat straw was added in 15 mL
centrifuge tube and added 10 mL crude culture
supernatant. All mixture was shaken at 150 rpm
(J.P. Selecta, Rotabit, Barcelona, Spain) at 30 C.
2.9. Determination of total reducing sugars
Total reducing sugars in the enzymatic
hydrolyzates
were
determined
by
the
dinitrosalicylic acid (DNS) method [15].
2.10. Analysis of the end products of optimum
pretreatment and hydrolysis with TLC
The end products were analyzed (10 µL) by
cellulose-based 5 x 20 (1.05730, Merck) thin
layer chromatography. After developing the
products with formic acid, butanone, tert
butanole, water (15:30:40:15 v/v/v/v), the spots
were visualized by spraying aniline (2% v/v),
phytallic acid (3.5% w/v) in water-saturated
butanol and baking in oven at 90 °C for 5 min.
2.11. Demonstration of degradation
Wheat straw surface, which was pretreated with
1% NaOH at 40 °C for 12 hours was
demonstrated with AFM. AFM images were
taken from the cavity surface of the samples 4 x 4
µm.
[III] RESULTS AND DISCUSSION
In this paper first, the effects of incubation time,
pH and type of lignocellulose on the production
of extracellular lignocellulose-degrading enzyme
activities by isolated and identified Streptomyces
sp. AOA40 was investigated and discussed and
then optimal pretreatment conditions of
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lignocellulosic materials by different chemical,
biological and thermo/physicochemical methods
given. Finally, the potential use of crude
extracellular lignocellulose-degrading enzymes in
the hydrolysis of pretreated lignocellulosic
biomass is also assessed based on the evidence of
AFM images.
3.1. Selection of Streptomyces sp. isolate for
enzymatic hydrolysis
Actinomycetes isolates (150) obtained from soil
samples in Mersin (Turkey). Clear zone
formation on screening plates was detected
(Figure 1). Six isolates (KS0010, KAI004,
ÇAM003, AOA40, AOA39 and AOA14)
determined as lignocellulose degrading enzyme
producing microorganisms. Enzyme activities of
those isolates in liquid culture were compared.
Optimum incubation time and pH for produce
lignocelluloses degrading enzymes was detected
as 72 hours and pH 7,5 respectively.
Wheat straw was selected as best carbon sources
for production of enzymes. After 72 hours
incubation, extracellular liquids were collected
for hydrolysis experiments. Before hydrolysis,
activities of enzymes were measured (Table 1).
Initial
selection
of
lignocellulolitic
Actinomycetes isolates was based on clear zone
formation ability of the microorganisms on agar
media. In the next step selected six isolates were
tested in shake flask fermentation experiments.
During fermentation period, endoglucanase, glycosidase, endoxylanase, -xylosidase, -Larabinofuranosidase, -mannosidase and acetyl
xylan esterase, peroxidase and laccase activities
were measured spectrophotometrically for
quantitative selection.
Isolates was capable of growth in basal saltsyeast extract medium containing wheat straw as a
carbon sources. Maximum endoglucanase activity
was obtained by isolate AOA39 (17.48 U/ml)
after 3 day incubation. Isolate AOA40 (16.25
U/ml) are relatively good producer of
endoglucanase. Maximum β-glucosidase was
produced by AOA40 (1.83 U/ml). Isolates
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A0A14 (1.53 U/ml), KS0010 (1.43 U/ml) and
AOA39 (1.34 U/ml) are relatively good
producers of β-glucosidase (Figure 2).

Fig: 1. Visualisation of endoglucanase, xylanase and
laccase activities with clear zone formation on (a)
CMC agar medium, (b) birch wood xylan agar
medium and (c) tannic acid, guaicol and RBBR
medium (respectively) by selected Streptomyces sp.
isolates.

The production of extracellular endoxylanase
(78.44 U/ml), β-xylosidase (1.58 U/ml), α-Larabinofuranosidase (0.299 U/ml), acetyl esterase
(0.44 U/ml), β-mannosidase (0.25 U/ml) and
peroxidase (0.2 U/ml) by Streptomyces sp.
AOA40 increased significantly during the growth
phase of culture (1-4 days) (Figure 3).
[Table-1].
Enzymes

Fig: 2. Time course of a) β-glucosidase and b)
endoglucanase production of isolated six Streptomyces
sp. from wheat straw at 30 °C and 150 rpm.

3.2. Chemical composition of lignocellulosic
wastes
Maximum hemicellulose rate were found in corn
straw (50,22%) and wheat straw (46%). Paper
(59.22%) and cotton stalks (54.11%) contained
more cellulose compared to the rest. Highest
lignin rates were detected in apsen sawdust
(38,78%) and poplar sawdust (34,22%) (Table 2)

Activity (U/mL)

Standard deviation

Specific activity(U/mg protein)

β-Mannosidase

0,13

0,01

3,319

β-Glucosidase

0,90

0,03

5,507

β-Xylosidase

0,83

0,01

1,553

α-L-Arabinofuranosidase

0,16

0,01

3,319

Asetyl xylan esterase

0,11

0,02

5,719

Endoglucanase

12,50

0,37

130,006

Endoxylanase

16,60

0,23

343,273

Peroxsidase

0,09

0,01

4,663

Laccase

0,00

0,00

0,00

Table: 1. Before hydrolysis, activity of enzymes in crude supernatant of Streptomyces sp. AOA40
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Fig: 3. Time course of endoxylanase, β-glucosidase, α-L-arabinofuranosidase, acetyl esterase, β-mannosidase and
peroxidase production of isolated six Streptomyces sp. from wheat straw at 30 0C and 150 rpm

Content of the lignocellulosic wastes is in line
with previously research. Compared to results in
literature, poplar and apsen sawdust and wheat
straw lignin rate higher in our study [3, 18, 19].
This is due to the type of raw material, growth
condition or climate.
Lignocellulo
sic wastes
Poplar

Cellulose
(%)

Hemicellulose

Lignin (%)

(%)

38.78 ± 1.07

27.00 ± 0.58

34.22 ± 1.64

40.56 ± 0,96

20.67 ± 0.88

38.78 ± 0.77

Banana leave

34.11 ± 0.69

39.44 ± 0.96

26.44 ± 0.69

Paper

59.22 ± 11.62

17.89 ± 0.84

11.44 ± 5.02

Cotton pulp

54.11 ± 0.84

23.56 ± 3.01

22.3 ± 3.61

Corn stalk

40.78 ± 0.84

50.22 ± 3.20

9.00 ± 3.51

Wheat straw

26. 00 ± 4.00

46.00 ± 5.29

28 ± 2.00

Barley straw

37.22 ± 0.96

41.78 ± 0.84

21.00 ± 1.20

3.3. Comparison of reducing sugar yield from
different pretreated lignocellulosic wastes
Lignocellulosic wastes were pretreated with
different methods and hydrolysis with crude
enzyme solution of Streptomyces sp. AOA40 for
10 hours. Pretreatment with NaOH of wheat
straw was detected as the most effective
combination (Figure 4).

sawdust
Aspen
sawdust

Table: 2. Chemical composition of lignocellulosic
wastes
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Fig: 4. Comparison of reducing sugar yield from
different pretreated lignocellulosic wastes
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Hydolysis yields of wheat straw banana leaves
and corn stalk pretreated with HCl were 40 %,
35% and 30 % respectively. But, pretreatment
with HCl is more corrosive than other chemical
pretreatment methods to fermentor and
unecologycal. The main disadvantage of this
method is occurrence of fermentation inhibitors
such as furfurals and hydroxymethylfurfurals.
Hydrolysis yield of barley straw was enhanced by
thermal pretreatment (32 %). Any positive effects
weren’t detective for other lignocellulosic wastes.
Among lignocellulosic wastes pretreated with
Ca(OH)2, maximum hydrolysis yield (27 %) was
obtained from hydrolysis of wheat straw.
Saha and Acotta determined higher hydrolysis
yield (86 %) under same condition pretreatment
and hydrolysis with commercial enzyme
cocktail20. For other biomass, there was no
significant effect of pretreatment with Ca(OH)2to
hydrolysis. Pretreatment with chlorophorm
affected a little to enzymatic hydrolysis.
Hydrolysis yields of pretreated with H2SO4 of
wheat straw and corn stalk was determined as
respectively 41 % and 30 %. Compared to other
pretreatments methods of lignocellulosic wastes,
highest hydrolysis yield was obtained from wheat
straw pretreated with NaOH (41%). The main
effect of NaOH pretreatment is delignification by
breaking the ester bonds crosslinking lignin and
xylan [21].
3.4. Effect of pretreatment time, NaOH
concentration and pretreatment temperature
to hydrolysis by Streptomyces sp AOA40
supernatant of wheat straw
The total reducing sugar was used to evaluate the
overall pretreatment performance. Because,
carbonhydrate in hydrolysate are not only
glucose, xylose and arabinose but also others
such as mannose and galactose. Hydrolysis for 2,
5, 10 and 24 h of wheat straw that only balled and
sieved (0,5 mm) was used as control. Effect of
NaOH
concentration,
pretreatment
time,
pretreatment temperature and hydrolysis time to
hydrolysis yield was determined (Figure 5). The
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application of highest pretreatment temperature
didn’t necessarily result in hydrolysis yield.
Pretreatment with 1% NaOH for 12 h, hydrolysis
yield a little decreased with increase of
pretreatment temperature. In spite of that under
pretreatment with 1% NaOH for 8 h, hydrolysis
yield a little increased with the decrease of
pretreatment temperature. Pretreatment time
affected differently under various condition.
Hydrolysis yields of wheat straw pretreated with
0,5% NaOH solution at 40 °C for 4 , 8, 12, 18
and 24 hours were 33.53 %, 22.14 %, 27.72 %
and 24.14 % When pretreatment was done into
2% NaOH solution at 40 °C for 4 , 8, 12, 18 and
24 hours, hydrolysis yield was determined 25.83
%, 46.80 %, 43.29 % and 40.59 %.
These results indicate that pretreatment time was
not significantly associated with hydrolysis yield.
The effect of NaOH concentration (%) was much
more pronounced than both pretreatment time
and temperature. But, maximum raising of
hydrolysis yield was indicated with the increase
of NaOH concentration from 0.5% to 1.5 %.
Especially, this situation was showed under
pretreatment was done with 4h pretreatment time
for all temperature. There were too little
exceptional case. When the NaOH concentration
increased from 1.5 % to 2.5 %, hydrolysis yield
was decreased. This is because were
solubiliazation of hydrolysed carbonhydrates
accured during the alkaline pretreatment with
higher NaOH concentration [22]. Our study have
demonstrated that, hydrolysis time was very
important factor. With the increase of hydrolysis
time, total reducing sugar in hydrolysates were
increased significantly (don’t show). After 24 h,
biomass conversation rate decreased.
The highest reducing sugar yield (52.83 %) was
obtained by hydrolysis (24h) of wheat straw
pretreated into 1% NaOH solution at 40 0C for 12
hours. But, on the basis of the total reducing
sugar yields and potential pretreatment cost for
24 h hydrolysis, the condition 1,5 % NaOH at 40
0
C for 4h pretreatment time, 1.5 % NaOH at 60
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°C for 4h, 1.5 % NaOH at 70 °C for 18 h and 1.5
% NaOH at 80 °C for 8h were selected as the
recommended conditions for reducing sugar
production from wheat straw.

Pretreatment into low density NaOH solutions is
notable as ecologically. Short pretreatment time
provide energy conservation. Disadvantage of
high pretreatment temperature is increased cost
and difficulty in the process control.

Fig: 5. Effect of pretreatment time, NaOH concentration and pretreatment temperature to hydrolysis by
Streptomyces sp. AOA40 supernatant of wheat straw

3.5. Analysis of the end products of NaOH
pretreated wheat straw after enzymatic
hydrolyze
After pretreatment with NaOH at 40 °C for 12
hours and enzymatic hydrolysis for 10 hours,
glucose, xylose, arabinose, mannose, cellobiose
was visible shortest unit of detectable sugar on
thin layer chromatography. While pentoses were
identified pink point hexoses were determined as
brown point (Figure 6). End products quantity
wasn’t detected with TLC. For truer results,
samples should analysis with HPLC systems.
3.5. Effect of pretreatment and hydrolysis to
wheat straw surface
Effect of pretreatment and hydrolysis on wheat
straw surface was illustrated by AFM(Atomic
Force Microscopy- Park System, XE-100E).

Ali Osman Adigüzel and Münir TUNÇER

Fig: 5. Thin layer chromatography of the end products
of hydrolysis (pretreatment time: 12 h, pretreatment
temperature: 40 °C, NaOH rate: %0.1, hydrolysis time
10 h). X: 50 µL hydrolysis sample; K: 50 µL Xylose
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(0,1%); G: 50 µL Glucose (0,1%); C: 50 µL
Cellobiose (0,1%); MA: 50 µL Mannose and
arabinose (0,1%).

The AFM images show the cavity surface of the
samples 4 X 4 µm. Compared with pure wheat
straw surface, pretreated and both pretreated and
hydrolised wheat straw surface was more wavy
(Figure 7).

Fig: 7. AFM screening results. a: pure wheat straw, b:
wheat straw pretreated with NaOH, c: wheat straw
pretreated and hydrolised
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[IV] CONCLUSION
In conclusion, our results suggest that
Streptomyces sp. AOA40 culture supernatant can
be used for produce reduced sugar. Also,
Streptomyces sp. AOA40 is halotolerant (7%
NaOH) and thermotolerant (50 °C).
This study shows that NaOH pretreatment is an
efficient method to increase the enzymatic
accesibility of wheat straw. After pre-treatment,
the enzymatic conversation to reduced sugar
increased compared to the other pretreatment
methods of wheat straw. Wheat straw pretreated
with 1 % - 1.5 % NaOH at low temperature for
12 - 18 hours can be use effectively for microbial
hydrolysis.
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