Chiang Mai J. Sci. 2020; 47(3) : 391-402
http://epg.science.cmu.ac.th/ejournal/
Contributed Paper

Optimization of Culture Conditions for Xylanase Production
from Cellulase-free Xylanase-producing Thermophilic
Fungus, Thermomyces dupontii KKU−CLD−E2−3
Wasan Seemakram [a], Santhaya Boonrung [b], Urachart Kokaew [c], Tadanori Aimi [d]
and Sophon Boonlue*[e]
[a] Graduate School, Khon Kaen University, Khon Kaen 40002, Thailand.
[b] Biology Program, Faculty of Science, Buriram Rajabhat University, Buriram 31000, Thailand.
[c] Department of Computer Science, Faculty of Science, Khon Kaen University, Khon Kaen 40002, Thailand.
[d] Department of Biochemistry and Biotechnology, Faculty of Agriculture, Tottori University, Tottori 680-8553, Japan.
[e] Department of Microbiology, Faculty of Science, Khon Kaen University, Khon Kaen 40002, Thailand.
*Author for correspondence; e-mail: bsopho@kku.ac.th
Received: 7 October 2019
Revised: 19 December 2019
Accepted: 23 December 2019

ABSTRACT
		 The thermoalkaliphilic cellulase-free xylanase-producing fungi, Thermomyces dupontii KKU−CLD−
E2−3 was isolated from elephant dung. The production of thermo-alkali-stable and cellulase-free xylanase
of the fungus was optimized in solid-state fermentation using statistical approaches. Response surface
methodology (RSM) using central composite design (CCD) was employed to optimize conditions. The
maximum xylanase production was observed at a 1.72% nitrogen concentration, initial pH of 10.54, initial
moisture content of 74.73% and under incubation for 8 days at a temperature of 43.93 ºC. The maximum
xylanase activity was evaluated at pH 11.0 and retained over 80% of the original activity within a pH range
of 7.0–10.0 after incubation at 4 ºC for 24 h. In addition, the optimum temperature for xylanase activity
was 80 ºC. The enzyme also retained more than 80% of its residual activity after heated at 60 ºC for 90 min.
Therefore, its properties demonstrate significant promise for use in pulp bleaching for the paper industry;
for which this study will be the focus of future investigation.
Keywords: elephant dung, thermo-alkaliphilic fungi, response surface methodology
1. INTRODUCTION

The major component of lignocellulosic substrate
is cellulose, along with hemicelluloses and lignin
[1]. Hemicellulose is the second most abundant
plant fraction found in nature after cellulose. Xylan
is the main carbohydrate found in hemicellulose,
and is a heterogeneous carbohydrate consisting
of a homo polymeric backbone of β-1,4-linked
D-xylopyranose units and short chain branches
consisting of O-acetyl, α-L-arabinofuranosyl

and α-D-glucuronyl residues [2]. The complete
degradation of hemicellulose requires the action of
endo-β-1,4-xylanase (EC 3.2.1.8), and β-xylosidase
(EC 3.2.1.37). Endo-β-1,4-xylanase cleaves the
backbone to xylooligosaccharides and β-xylosidase
hydrolyses to xylotriose, xylobiose and xylose [3].
Xylanases have been widely applied in animal feed,
food, textiles, and in paper and pulp industries.
Production of xylanase by solid-state fermentation
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(SSF) using various lignocellulosic substrates has
been investigated by Response surface methodology
(RSM). To optimize condition of enzyme production,
RSM is one of the most practical methods used to
optimize conditions for the production of enzymes
and can be efficiently used to seek the significant
factors concerning with those enzyme production [4].
Xylanase are produced by many microorganisms
particularly Trichoderma asperellum which demonstrates
significant potential for xylanase production and
has been applied in pulp bleaching for separation
of lignin from cellulose [5]. The enzymes from
this fungus cannot tolerate high temperature and
alkaliphilic conditions in the bleaching process.
However, when using xylanase in pulp bleaching
process, the enzyme should be active at high
temperatures, typically ranging from 50–90 °C in
alkaline pH (pH 8–10) [6]. Among filamentous fungi,
thermophilic fungi produce extracellular enzymes
with valuable properties such as optimum activity
at higher temperatures, as well as thermostability
and broad tolerance to pH variation [7]. In recent
years, many reports on thermophilic xylanases from
thermophilic fungal species have been published
[8]. However, only few reports are available on the
production of thermo-alkali-stable and cellulasefree xylanase from thermophilic fungal strains [9].
Thus, there is a need to search for new sources for
xylanases production with these properties, for direct
application in industry.
This work aims to evaluate thermo-alkali-stable
properties of crude cellulose-free xylanase from
Thermomyces dupontii KKU−CLD−E2−3 isolated
from wild elephant dung. Additionally, the successful
optimization of culture conditions using Response
surface methodology (RSM) to produce xylanase
in solid-state fermentation (SSF) is also presented
in this work.
2. MATERIAL AND METHODS

2.1. Isolation and Identification of Xylanase
Producing Thermophilic Fungi
Thermomyces dupontii KKU−CLD−E2−3 was
isolated from elephant dung collected from Chulabhorn
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Dam, Chaiyaphum province, Thailand. The mycelial
culture plugs were inoculated on xylanolysis basal
medium (XBM) pH 8.0 supplemented with 4%
(w/v) of xylan and 1.6% (w/v) of agar. The plates
were incubated at 50 °C for 2−5-d-old. Xylanase
activity of the thermophilic fungus was determined
using Gram’s iodine method [10]. The strain was
kept on potato dextrose agar (PDA) at 50 °C and
was transferred to new medium every 3−4 wk. In
order to identify the fungal species, morphological
characteristics and analysis of internal transcribed
spacer (ITS) sequence of nuclear ribosomal DNA
(ITS rDNA) were carried out. Macro and micromorphological characteristics of fungi were conducted
and compared their morphology with the manual of
identification book described by Raper and Thom
[11]. For molecular identification, the genomic DNA
of the strain was extracted directly from pure culture
of mycelium with some modification of the method
described by Moller et al. [12]. Internal transcribed
spacer (ITS) sequence of rRNA gene of this stain
was amplified using a pair of universal primers, ITS1
(5’−TCCGTAGGTGAACCTGCGG−3’) and
ITS4 (5’−TCCTCCGCTTATTGATATCG−3’).
Amplification was performed using the GENE Q
Thermal Cycler model TC24H/(b) with the following
cycling parameters: 95 °C for 1 min, followed by 40
cycles of 1 min at 95 °C, 1 min at 52 °C, and 1.30
min at 72 °C with final extension for 10 min. Then,
the PCR products were purified with QIAGEN
PCR Purification Kit and sequenced at First BASE
Laboratories Sdn Bhd, Selangor, Malaysia. The
DNA sequences were submitted to Gen Bank for
homology analysis using the BLASTN program.
The sequence obtained was also used to construct
a phylogenetic tree by the neighbor-joining (NJ)
method with PHYLIP version 3.69.
2.2 Microorganism and Xylanase Production
in Solid-state Fermentation
Thermomyces dupontii KKU−CLD−E2−3 with
Accession number LC428093 was isolated from
elephant dung collected from Chulabhorn Dam,
Chaiyaphum province, Thailand. The production
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of extracellular cellulase-free xylanase was carried
out in Erlenmeyer flasks (250 mL) containing five
mycelial culture plugs (0.5 cm diameter), a 5 g
mixture of corncob and 15 mL of mineral solution
(g/L in distilled water: (NH4Cl 1.7%, KH2PO4 3.0 g,
MgSO4.7H2O 0.5 g, CaCl2 0.5 g). The initial pH of
the medium was adjusted to 8.0 prior to sterilization
(121 °C, 15 min) and incubated at 50 ºC under static
conditions for 7 days. After the desired incubation
period, the crude enzyme was extracted with 50 mL of
0.1 M McIlvaine buffer (pH 8.0). The resulting solid
materials and fungal biomass were filtered through
cotton. The supernatants were centrifuged at 6,000
rpm for 20 min at 4 ºC. Finally, supernatant was
utilized to measure for extracellular xylanase activities.
2.3 Enzyme Assays
Xylanase activity was assayed using beechwood
xylan as substrates. In order to investigate
cellulase-free xylanse of xylanase produced by
T. dupontii KKU−CLD−E2−3, carboxymethyl
cellulose (CMC) and Avicel were also used as
substrates. A 0.5 mL of crude enzyme solution
was added to 0.5 mL of 1% (w/v) substrates
solution in 0.1 M McIlvaine buffer (pH 8.0) and
incubated at 50 ºC for 15 min. After cooling to
room temperature, the reducing sugar released
was determined by Somogyi Nelson method [13].
One unit (U) of xylanase activity was defined as the
amount of enzyme required to liberate 1 µmol of
xylose or glucose from substrate per minute under
the assay conditions.
2.4 Protein Determination
Protein was determined by the Lowry method
[14]. The assay was carried out by adding 0.2 mL
of crude enzyme into test tubes and added 0.2 mL
of fresh prepared alkaline copper sulphate reagent
(solution A: 2% sodium carbonate (Na2CO3) in
0.1 N NaOH, and solution B: 0.5% copper sulfate
pentahydrate (CuSO4·5H2O); and 1% potassium
sodium tartrate (KNaC4H4O6·4H2O) at a ratio
A:B of 50:1, v/v). This solution was incubated at
30 °C for 10 min. Then, 0.1 mL of fresh prepared

393

of diluted Folin Ciocalteau solution in distilled
water (1:1, v/v) was added, stirred and incubated at
30 °C for 30 min. Total protein was measured the
absorbance at wavelength of 770 nm, using bovine
serum albumin as standard.
2.5 Optimization of Culture Conditions for
Enzymes Production
To optimize the process parameters influencing
production of solid-state fermentation, the carbon
source, nitrogen source, initial pH, initial moisture,
temperature and carbon supplemented were
determined using a single factor experiments in the
initial screening of fermentation conditions. The
optimum level of selected parameters from single
factor experiments was conducted to consider for
optimization of xylanase production. Response
surface methodology (RSM) using central composite
design (CCD) was employed. The variables and
their levels for the central composite experimental
design were shown in Table 1. The statistical software,
Design–Expert 7.0 (free download) was used for
the statistical design of experiments and for data
analysis. ANOVA was used to estimate the statistical
parameters, which included significance threshold
at P < 0.05.
2.6 Effect of pH on the Activity and Stability
of Xylanase
The optimum pH of the enzymes was
determined in ranging from 3.0 to 12.0, at
50 °C. The buffers used were as follows: 0.1 M
McIlvaine (pH 3.0−8.0), 0.05 M Tris–HCl (pH
8.0−9.0), 0.05 M Glycine-NaOH (pH 9.0−10.0),
and 0.05 M Na2HPO4-NaOH (pH 10.0−12.0).
Determination of the pH stability of crude
xylanase enzyme was determined after incubating
in the buffers described above, at 4 °C for 24 h
and determined by measuring the residual activity
under the standard assay conditions.
2.7 Effect of Temperature on the Activity and
Stability of Xylanase
The optimum temperature was determined by
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Table 1. Selected factors and their levels for the central composite design.
Independent variables

Symbols

Code

levels

−α

−1

0

+1

+α

Nitrogen concentration (%)

A

1.075

1.40

1.70

2.05

2.37

Initial pH

B

9

10

11

12

13

Initial moisture (%)

C

65

70

75

80

85

Temperature (°C)

D

35

40

45

50

55

assaying the enzyme activity at various temperatures
of 30, 40, 50, 60, 70, 80, 85, 90 and 95 °C for 15 min
in an optimum buffer under the standard xylanase
activity assay. For thermal stability determination,
the crude xylanase was incubated at different
temperatures (30 to 90 ºC) for 90 min. After cooling
to room temperature, the residual xylanase activity was
measured according to the standard assay conditions.
3. RESULTS AND DISCUSSION

3.1. Isolation and Identification of XylanaseProducing Thermophilic Fungi
The thermophilic fungus, isolate KKU–CLD–
E2–3 was isolated from wild elephant dung and
identified using morphological characteristics and
molecular approach. The colony of the fungus was
initially pale gray, later turning a gray white. The
microscopic morphology showed the build conidia
of born on the stalk phialide called phialospores
in chains directly. In addition, this strain was
further identified by the internal transcribed
spacer (ITS) region of fungal ribosomal DNA
(rDNA). This strain was phylogenetically related
to members of the genus Thermomyces, where
it showed maximum similarity of 99% with the
Thermomyces dupontii isolate TAFCs1 (Accession
No. KT365210.1). Based on these data, the fungus
KKU−CLD−E2−3 was identified as Thermomyces
dupontii, namely T. dupontii KKU−CLD−E2−3 (data
not shown). The partial sequence was deposited
in the DNA Data Bank of Japan (DDBJ) with
Accession number LC428093. Several research
works have been conducted in thermophilic fungi
particularly, in genera of Thermoascus. They were

identified using ITS region of fungal rDNA and
could isolated from several resources. For instance,
Kumar et al. [15] reported that the thermophilic
fungus, T. laginosus was isolated from a decaying
wood sample, whilst Sikandar et al. [16] isolated T.
lanuginosus STm from garden soil compost.
3.2 Cellulase-free Xylanase Assay
The result showed that the crude enzyme of
highest hydrolytic activity was obtained in beechwood
xylan, followed by birchwood xylan and oat spelt xylan,
respectively. The crude enzyme did not act towards
Avicel, CMC and cellulose powder (data not shown).
The xylanase specific activity gives a measurement of
product purity in the solid medium by fungi.
3.3 Optimization of Culture Conditions for
Enzymes Production by Single Factor Experiments
3.3.1 Effect of carbon sources on xylanase
production
The effect of various carbon sources on
the xylanase production by T. dupontii KKU−
CLD−E2−3 was studied. Agricultural wastes,
namely bagasse, rice husk, rice bran, rice straw,
corncob, sawdust and cassava residue were used
as substrates. The maximum xylanase (26.72 U/g
dry weight) production was obtained by culturing
on corn cob. Therefore, this lignocellulose material
was selected for further studies. Similarly, Kumar
et al. [17] reported that corncob and wheat bran
enhanced maximum xylanase production of T. laginosus
MC134. According to Panagiotou et al. [18], corn
stover composed of cellulose 30.8%, hemicelluloses
31.2%, lignin 15.0%, pectin 9.8%, protein 5.0%,
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ash 4.6% and moisture 3.6%. The high content of
hemicellulose might be a reason for induction of
xylanase biosynthesis.
3.3.2 Effect of nitrogen sources on xylanase
production
Different nitrogen sources used in this study
were malt extract, yeast extract, peptone, NaNO3,
(NH4)2SO4 and NH4Cl. Among the various nitrogen
sources tested, NH4Cl was found to be the best in
stimulating xylanase production. These findings
were in contrast to those reported in the literature.
Ammonium sulphate was found to be the best in
stimulating xylanase production by Myceliophthora
thermophila BF1−7 [19]. Carbon source and nitrogen
sources is one of the most critical components for
biosynthesis of enzymes [20]. The NH4Cl optimal
concentration was 1.7% and was subjected to use in
subsequent experiments.
3.4 Optimization of Culture Conditions for Enzymes
Production with Response Surface Methodology
There have been reports on optimization
of culture condition using statistical approaches
for a few fungal xylanase processes but not for
cellulase-free and thermo-alkali-stable xylanase
in SSF. Based on the results from single factor
experiments, nitrogen concentration (A), initial pH
(B), initial moisture (C) and temperature (D) were
selected for the further evaluation of their effects
on xylanase production by CCD. A four-factor
and five-level second-order regression for CCD
consisting of 30 experimental runs was employed
including 16 factorial points, 8 axial points and
6 center points. The experimental design with
observed xylanase activity is shown in Table 2.
The center points were set up at runs of
25, 26, 27, 28, 29, 30 and the maximum xylanase
production was achieved at the center points
(65.98 U/g dry weight). The minimum xylanase
production was detected in run No. 20 and 24. From
the statistical software package Design–Expert,
the regression equation obtained was as follows:
Xylanase activity (Y) = 59.77 + 1.93A – 5.17B –
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1.53C – 0.92D – 0.71AB + 0.032AC + 0.21AD
+1.34 BC + 2.02 BD – 0.57 CD – 8.03A2 –
10.44B2 – 10.59C2 – 12.78D2 Where, Y is the
xylanase production; A is nitrogen concentration
(%); B is initial pH; C is initial moisture (%) and
D is temperature (°C).
The statistical significance of the model
equation was checked by F–test, and the analysis
of variance (ANOVA), which showed that the
regression is statistically significant (P < 0.05) is
shown in Table 3. The Model F–value of 13.12
implies that the model is significant, with only a
0.01% chance that a ‘‘Model F–value’’ could occur
due to noise. The p-value (Prob > F) less than 0.05
indicated that the model terms were also significant.
The “Lack of Fit F–value” of 2.97 implies that the
lack of fit was not significant relative to the pure error.
The non-significant lack of fit also indicated
that the model was a good fit. The coefficient of
determination (R2) was 0.9847, indicated that
98.47% of the total variability in the response
could be explained by this model and only 1.53%
can occur due to chance. The P–value less than
0.05 indicate model terms were also significant and
in this case A, A2, B2, C2 and D2 were significant
model terms. The response surface showed that
initial pH had the most important effects on xylanase
production of T. dupontii KKU−CLD−E2−3 in SFF.
The 3D response surfaces plots were generated
for different combinations of two factors at one
time, while other factors were kept constant. The
results from ANOVA analysis indicated that the
initial pH had a direct correlation relationship with
xylanase production. The effects of varying the
initial pH and one of the other variables are shown
in Figure 1. The perturbation plot indicated that the
initial pH of culture medium had a significant effect
on xylanase production compared to other variables
(Figure 2). According to the report of Farinas et al.
[21] the changes in initial pH of the medium, lead to
charges in the substrate and ionic components of the
substrate, thus affecting the permeability of microbial
cells. This also affected enzyme stability and caused
of denaturing of the secreted enzymes [22]. Cunha
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Table 2. Experimental design and results of the central composite design.
Std

Code levels

Xylanase activity (U/g dry weight)

A

B

C

D

Actual value

Predicted value

1

1.40 (-1)

10.00 (-1)

70.00(-1)

40.00 (-1)

22.9

25.95

2

2.05 (+1)

10.00 (-1)

70.00 (-1)

40.00 (-1)

31.57

30.76

3

1.40 (-1)

12.00 (+1)

70.00 (-1)

40.00 (-1)

10.02

10.32

4

2.05 (+1)

12.00 (+1)

70.00 (-1)

40.00 (-1)

9.34

12.29

5

1.40 (-1)

10.00 (-1)

80.00 (+1)

40.00 (-1)

12.08

21.29

6

2.05 (+1)

10.00 (-1)

80.00 (+1)

40.00 (-1)

21.91

26.22

7

1.40 (-1)

12.00 (+1)

80.00 (+1)

40.00 (-1)

8.78

11.01

8

2.05 (+1)

12.00 (+1)

80.00 (+1)

40.00 (-1)

18.81

13.1

9

1.40 (-1)

10.00 (0)

70.00 (-1)

50.00 (+1)

18.11

20.78

10

2.05 (+1)

10.00 (0)

70.00 (-1)

50.00 (+1)

24.97

26.42

11

1.40 (-1)

12.00 (+1)

70.00 (-1)

50.00 (+1)

13.87

13.23

12

2.05 (+1)

12.00 (+1)

70.00 (-1)

50.00 (+1)

28.28

16.03

13

1.40 (-1)

10.00 (-1)

80.00 (+1)

50.00 (+1)

13.13

13.85

14

2.05 (+1)

10.00 (-1)

80.00 (+1)

50.00 (+1)

22.97

19.62

15

1.40 (-1)

12.00 (+1)

80.00 (+1)

50.00 (+1)

13.89

11.65

16

2.05 (+1)

12.00 (+1)

80.00 (+1)

50.00 (+1)

13.97

14.58

17

1.08 (-α)

11.00 (0)

80.00 (+1)

45.00 (0)

31.14

23.8

18

2.38 (+α)

11.00 (0)

75.00 (0)

45.00 (0)

24.83

31.53

19

1.72 (0)

9.00 (-α)

75.00 (0)

45.00 (0)

36.66

28.35

20

1.72 (0)

13.00 (+α)

75.00 (0)

45.00 (0)

0

7.68

21

1.72 (0)

11.00 (0)

65.00 (-α)

45.00 (0)

18.54

20.48

22

1.72 (0)

11.00 (0)

85.00 (+α)

45.00 (0)

16.94

14.37

23

1.72 (0)

11.00 (0)

75.00 (0)

35.00 (-α)

17.98

10.52

24

1.72 (0)

11.00 (0)

75.00 (0)

55.00 (+α)

0

6.82

25

1.72 (0)

11.00 (0)

75.00 (0)

45.00 (0)

57.13

59.77

26

1.72 (0)

11.00 (0)

75.00 (0)

45.00 (0)

59.09

59.77

27

1.72 (0)

11.00 (0)

75.00 (0)

45.00 (0)

56.56

59.77

28

1.72 (0)

11.00 (0)

75.00 (0)

45.00 (0)

65.98

59.77

29

1.72 (0)

11.00 (0)

75.00 (0)

45.00 (0)

65.31

59.77

30

1.72 (0)

11.00 (0)

75.00 (0)

45.00 (0)

54.58

59.77
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Table 3. Statistical analysis of components by central composite design for xylanase production.
Sum of
Squares

df

Mean Square

F Value

p-value
Prob > F

9675.34

14

691.10

13.12

< 0.0001

A

89.72

1

89.72

1.70

0.2114

B

640.84

1

640.84

12.17

0.0033

C

56.13

1

56.13

1.07

0.3182

D

20.48

1

20.48

0.39

0.5423

AB

8.09

1

8.09

0.15

0.7006

AC

0.016

1

0.016

3.096E-004

0.9852

AD

0.70

1

0.70

0.013

0.9100

BC

28.59

1

28.59

0.54

0.4726

BD

65.40

1

65.40

1.24

0.2826

CD

5.11

1

5.11

0.097

0.7597

2

1767.18

1

1767.18

33.56

< 0.0001

2

2989.40

1

2989.40

56.77

< 0.0001

2

3074.65

1

3074.65

58.39

< 0.0001

D

2

4476.81

1

4476.81

85.02

< 0.0001

Residual

789.87

15

52.66

Lack of Fit

675.99

10

67.60

2.97

0.1207

Pure Error

113.88

5

22.78

Cor Total

10465.21

29

Source
Model

A
B

C

et al. [23] reported that the effect of initial pH was
the most important condition for optimization when
using soybean residue as carbon source for xylanase
production from Aspergillus foetidus.
3.5 Validation of the Experimental Model
To confirm the optimization results, a validation
experiment was performed. The optimized conditions
by response surface analysis were 1.72% NH4Cl,
pH 10.54, 74.73% initial moisture content and
43.93 ºC (Figure 2). Under these conditions, the
predicted response for xylanase production was
62.39 U/g dry weight, whereas the observed
experimental value was 65.29 U/g dry weight. The
xylanase production was 2.9 U/g dry weight higher
than the predicted value. The xylanase produced

significant

not significant

under optimum conditions; it can be found that
the production was increased at 31.13% of the
initial activity.
3.6 Effect of pH on the Activity and Stability
of Xylanase
The crude enzyme xylanase from T. dupontii
KKU−CLD−E2−3 was most active at pH 11.0
and retained over 80% of the original activity in
range of pH 7.0−10.0 after incubation at 4 ºC for
24 h (Figure 3), which is higher pH than those from
previous reports among thermophilic fungi (Table 4).
The optimum pH of crude xylanase from Thermoascus
aurantiacus was at pH 5.0, whereas stability of crude
xylanase was found to be between 3.0−9.5 [24].
Also, the crude xylanase of T. lanuginosus AVPS−24
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Figure 1. Response surface and contour plot for thermo-alkali-stable xylanase production. The
interaction between initial pH and nitrogen concentration (a), initial pH and initial moisture content
(b), and initial pH and temperature (c).

Figure 2. Perturbation graph showing the effect of each of the independent variables on xylanase
production. A: 1.72% NH4Cl, B: pH 11, C: 75% initial moisture content, D: 45 ºC.
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Figure 3. Effect of the optimum pH (a), and pH stability (b), of the crude xylanase from Thermomyces
dupontii KKU−CLD−E2−3.

Table 4. Literature examples of some enzymatic properties of crude xylanase from xylanase-producing
fungi.
Fungi

Xylanase activity
(U/g-1)

Optimum Optimum
pH
Thermostability References
pH
temperature stability

Thermomyces dupontii
KKU−CLD−E2−3

65.29

11

80 °C

Myceliophthora
thermophilaM.7.7

1292

5

70 °C

4.0-9.0

>80%, 65 °C

[7]

119.91

7

65 °C

3.0-9.0

>50%, 75 °C

[15]

Thermoascus aurantiacus

248

5.5

60 °C

3.0-9.5

>80%, 60 °C

[16]

Rhizomucor pusillus SOC−4A

824

6

70 °C

5.0-7.0

>80%, 75 °C

[28]

Trichoderma asperellum UC1

255.01

4

60 °C

3.0-4.0

50%, 60 °C

[29]

Thermomyces lanuginosus
AVPS−24

[a] Pre-incubation at 4 °C, 24 h.
[b] Pre-incubation at pH 11.0, 90 min.

7.0-10.0[a] >80%, 60 °C[b]

Thiswork
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was detected the optimum pH at pH 7.0 with 100%
activity and it was found to be less stable below pH
3.0 and above pH 9.0 [15].
3.7 Effect of Temperature on the Activity and
Stability of Xylanase
The crude enzyme from T. dupontii KKU−CLD−
E2−3 exhibited its optimal activity at 80 ºC. As for
thermostability, xylanase activity retained more than
80% of the original activity after heating at 60 ºC for
90 min (Figure 4). These findings contrasted with
those reported in the literature (Table 4). Kulkarni
et al. [25] report that the optimal temperature for
endoxylanases activity of fungi between at 40–60
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°C. Optimum temperature of crude xylanase from
Thermoascus aurantiacus was 60 ºC and high thermal
stability was demonstrated up to 60 ºC [26]. The
ability of the xylanase to resist thermodegradation
is a result of improved hydrophobic packing, from
favorable interactions of charged side chains with the
helix dipoles and introduction of proline amino acid
binding at the N-terminus of the helices [27]. The
proline amino acid has a ring-like appearance, thus
making destruction by heat difficult or an alternative
reason for high thermostability is that packing of the
hydrophobic core enables the enzyme to with stand
elevated temperatures.

Figure 4. Effect of optimum temperature (a), and thermal stability (b), of the crude xylanase from
Thermomyces dupontii KKU−CLD−E2−3.
4. CONCLUSIONS

This work revealed that optimized conditions by
response surface analysis could produce xylanase from
T. dupontii KKU−CLD−E2−3, where the maximum
value of 65.29 U/g dry weight was obtained. Crude
xylanase had optimum activity at alkaline pH (11.0)
and showed enzyme stability at alkaline pH regions
(7.0–10.0). Moreover, crude enzyme from this fungus
had optimum temperature at 80 ºC and exhibited
thermostable properties. This result suggests that

xylanase from this fungus might be useful as key
enzymes in pulp bleaching processes of the pulp
and paper industry.
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