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Abstract

Sugar generation is important for many industries, such as livestock feed and
bioethanol production. Rice straw is an agricultural waste that serves as a good source
of sugar. In this study, a xylanase-producing fungus was isolated form compost pile
and identified as Aspergillus fumigatus based on the internal transcribing spacer
sequence. Xylanase produced by this fungus was characterised. The optimal conditions
for fungal xylanase activity were 55°C and pH 5.0. Enzyme activity declined to 45.26%
following incubation at 50°C for 2 days. Rice straw was more suitable for xylanase
production than other substrates. The filtrate of A. fumigatus grown on rice straw as a
substrate was added to rice straw, and reducing sugar production was determined. The
maximum reducing sugar production was achieved with incubation at 30°C for 18 h.
Xylanase produced by A. fumigatus can be used for rice straw pre-treatment to improve
the nutrient content of livestock feed and increase bioethanol production.
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Introduction

Rice straw is one of the major agricultural wastes
produced in rice-producing Asian countries such as
Bangladesh, China, India, Indonesia, Vietnam and
Thailand. In 2013, 12.15 million tonnes of rice straw
was produced in Thailand (Sheikh et al., 2018). Rice
straw primarily contains ash (7.45%), lignin
(18.12%), hemicellulose (28.45%) and cellulose
(34.12%) (Sindhu et al., 2012). Following
fermentation, rice straw can serve as a source of sugar
and can thus be used for livestock feed and bioethanol
production. During biomass conversion of rice straw
to bioethanol, an important step is the production of
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fermentable sugars via hemicellulose hydrolysis.
However, this process is slow due to the crystalline
structure of the hemicellulose. Currently, enzymes
produced by fungi and bacteria are used to enhance
the efficiency of sugar production (Choudhary et al.,
2014; Makhuvelea et al., 2017). As livestock feed, the
digestibility of rice straw is rather low. Rice straw can
be pretreated to overcome this problem. Several
chemical, physical and biological pre-treatment
methods have been reported recently (Khan et al.,
2015). Chemical pre-treatment is performed using
urea, ammonia or alkali (sodium hydroxide or calcium
hydroxide), and physical pre-treatment involves
chopping, streaming or grinding; moreover, both pre-
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treatments are often used together (Jayanegara et al.,
2017; Sheikh et al., 2018). For biological pre-
treatment, fibre-degrading enzymes produced by
fungi are used. This biological pre-treatment method
is preferred due to its environmental sustainability and
safety (Sheikh et al., 2018). However, the commercial
enzymes used to generate sugar for livestock feed and
bioethanol production are expensive (Thammiah et
al., 2017).

Xylanases are a class of enzymes used for sugar
production from straw. These enzymes collaborate to
degrade hemicellulose (a polymer of xylan and other
C5 sugars) in rice straw (Sindhu et al., 2012).
Xylanases include p-xylosidase (EC 3.2.1.37),
endoxylanase (EC 3.2.1.8) and other enzymes with
side-branch splitting (Maheshwari et al., 2000).
Filamentous fungi are an important source of
xylanase, and these can readily produce enzymes via
solid state fermentation (Ang et al., 2013).

In this study, xylanase-producing fungi were isolated
from compost pile and genetically identified. In
addition, the optimal conditions for fungal xylanase
activity were characterised. Various agricultural
wastes were tested as suitable substrates for fungal
cultivation. Finally, the crude enzyme was used to
pretreat rice straw for sugar production.

Material and Methods

Fungal isolation

Fungi were isolated from compost pile by culturing on
potato dextrose agar at 45°C for 5 days. Fungal
morphology was examined under a light microscope.

Spore suspension

The spore suspension was prepared using 0.1% (v/v)
Tween 80, and the spore concentration was measured
using a hemocytometer. The suspension was diluted
to 1 x 10° spores/mL for inoculation.

Xylanase assay

Fungal mycelia were cultured in a minimal medium
supplemented with 2% (w/v) xylan from birch wood
as the sole carbon source. The fungal culture was
filtered through a filter cloth, and the filtrate was
diluted to appropriate concentration. Then, 0.5 mL the
diluted filtrate was added to 0.5 mL 1% (w/v) xylan
from birch wood in 0.05 M sodium acetate buffer (pH
5.0). The cultures were incubated at 55°C for 1 h.
Following incubation, dinitrosalicylic acid (1 mL)

&
é

4
\ S

D)
i § Asian ] Agric & Biol. 2020;8(4):422-427. 423

was added. The cultures were boiled for 10 min and
chilled on ice for 3 min. Absorbance was measured
using a spectrophotometer at 540 nm (Miller, 1972).
The amount of enzyme required to release 1 uM of
reducing sugar per minute under the assay conditions
was measured.

Fungal DNA extraction and identification

Fungal mycelia were filtered from broth cultures and
washed three times with deionised water. The mycelia
were ground to a fine powder in liquid nitrogen using
mortar and pestle. Genomic DNA was extracted using
the phenol-chloroform method, as described by
Chukeatirote et al., 2012. Dried DNA pellet was re-
suspended in 50 pL TE buffer. The internal
transcribing spacer (ITS) region was amplified using
the primers ITS1 (5-
TCCGTAGGTGAACCTGCGG-3") and ITS4 (5°-
TCCTCCGC-TTATTGATATGC-3’) and sequenced.
A phylogenetic tree was constructed using the
neighbour-joining method (MEGA4 software).

Optimal conditions for xylanase production
Fungal spores were cultured in a minimal medium
supplemented with 2% (w/v) xylan and incubated at
45°C for 10 days. Xylanase activity in the culture
filtrates was assessed at various conditions:
temperature range 30°C—-75°C and pH range 3-6.

Xylanase stability
The culture filtrates were incubated at 50°C, 60°C or
70°C. Xylanase activity was measured every 2 days.

Solid state fermentation

Various agricultural wastes, including husk, rice bran,
nutshell, rice straw, sawdust, coconut residue,
bagasse, corn husk, coir and corn cob, were tested as
substrates for solid state fermentation. The substrates
were dried and chopped into small pieces (~ 0.5-2
inches). Each substrate (10 g) was mixed with a
medium (15 mL) containing 10 g NaNOs;, 3.3 ¢
K2HPO,, 1.6 g MgS0Os, 0.0003 g FeSO4, 0.4 g KClI,
1.6 g peptone, 1.6 g yeast extract per litre of the
medium (Thiagarajan et al., 2005). The spore
suspension (1 x 10° spores/mL) was inoculated, and
the cultures were incubated at 45°C for 7 days.
Following incubation, 0.05 M sodium acetate buffer
(pH 5.0) was added, and the cultures were incubated
for additional 1 h on a shaker at 180 rpm and 45°C.
The culture was filtered, and xylanase activity in the
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filtrate was measured.

Rice straw degradation

Rice straw was dried and chopped into small pieces
(~0.5-2 inches). Crude enzyme (160 mL) was added
to 10 g of rice straw. Flasks were incubated at room
temperature (30°C) for 3, 6, 12, 18, 24 or 30 h. A
filtrate without the spores was used as a negative
control. After incubation, sugar production was
determined using the DNSA method.

Results and Discussion

Isolation and identification of xylanase-producing
fungi

A total of 10 different fungi were isolated from
compost piles. The isolates were cultured in a minimal
medium containing 2% (w/v) xylan, and Xxylanase
activity was determined. Xylanase activity was
detected in the fungal isolates UR01, UR02, UR03 and
URO7 but not in UR04, UR05, UR06, UR08, UR09
and UR10. URO1 showed the highest activity and was
thus selected for further experiments (Figure 1).
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Figure-1. Xylanase activity of fungi isolated from
compost pile.
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Genomic DNA of URO1 was extracted using the
phenol-chloroform method. The ITS region was
amplified, sequenced and compared with that of other
fungi in the National Center for Biotechnology
Information database. The phylogenetic tree indicated
that the ITS region of UR01 shared 100% similarity
with the ITS region of Aspergillus fumigatus strains
YCY2 (KM268716) and DYJ1 (KM268635; Figure
2). Thus, URO1 was assigned as Aspergillus fumigatus
URO1.
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Figure-2. Phylogenetic tree of ITS region from
Aspergillus fumigatus UR01 and other fungi were
constructed by using the neighbor-joining method
(MEGAA4).

Percentages of bootstrap values are showed at all
branches. The scale bar represents to 0.02 substitutions
per nucleotide.

Optimisation of conditions for xylanase production
A. fumigatus spores were cultured in a minimal
medium supplemented with 2% (w/v) xylan and
incubated at 45°C for 10 days. Xylanase activity was
measured in culture filtrates at various temperatures
(30°C-75°C) and pH (3-6) conditions; a pH range of
3-6 was used because xylan could not be dissolved in
acidic (pH < 3) or alkaline (pH > 6) buffers. Xylanase
activity was the highest at 55°C (Figure 3) and pH 5.0
(Figure 4). According to other studies, the optimum
pH and temperature for A. fumigatus growth ranged
3.0-6.0 and 55°C-60°C, respectively (Ang et al.,
2013; Gomes et al., 2016).
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Figure-3. Effect of temperatures on xylanase
activity from A. fumigatus URO1

In addition, the cellulase activity in culture filtrate of
A. fumigatus URO1 was very low (data not shown). It
implied that the degradation of rice straw was mainly
affected by xylanase.
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Figure-4. Effect of pH on xylanase activity from A.
fumigatus URO1

Xylanase stability

Culture filtrates were incubated at 50°C, 60°C or
70°C, and xylanase activity was determined every 2
days. The residual enzyme activity was 45.26% when
incubated at 50°C for 6 days and become almost 0%
by 20 days. At 60°C and 70°C, the enzyme activity
was lost after 2 days of incubation (Figure 5).
According to other studies, the residual enzyme
activity at 60°C—70°C was 40%-53% after incubation
for 60 min (Bajaj and Abbass, 2011).
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Figure-5. Residual activity of crude enzyme when
were incubated at 50, 60 and 70 °C

Solid state fermentation

Agricultural wastes (husk, rice bran, nutshell, rice
straw, sawdust, coconut residue, coir bagasse, corn
husk and corn cob) were used as substrates for fungal
culture. However, A. fumigatus URO1 did not grow on
bagasse, corn husk, coir or corn cob (data not shown).
The highest xylanase activity (161.20 + 3.34 U/g of
dried substrate) was detected when the fungus was
grown on rice straw (Figure 6).
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Rice straw is a suitable substrate for xylanase
production by many fungi. For instance,
Schizophyllum commune ARC-11 showed high
xylanase activity for the solid state fermentation of
rice straw (Gautam et al.,, 2018). However, the
substrate size affected enzyme production such that
the enzyme activity was higher for smaller particle
sizes than for larger sizes (Ang et al., 2013).
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Figure-6. Production of xylanase by A. fumigatus
URO01 by using various agricultural wastes as
carbon sources

Rice straw degradation

Culture filtrate of A. fumigatus UR01 grown on rice
straw was added to rice straw. After incubation, the
sugars produced via rice straw degradation were
determined. The experiment was performed at 30°C
to simulate the average temperature of tropical
countries. The highest proportion of reducing sugars
(19.67 + 0.12 mg/g of dried substrate) was achieved
after incubation for 18 h (Figure 7).

The crude enzyme produced by A. fumigatus contains
other enzymes. Cellulases and xylanases are the
essential enzymes for sugar production from rice straw.
However, A. fumigatus URO1 showed high xylanase
activity but low cellulase activity, as described above.
Thus, A. fumigatus xylanase plays an important role in
sugar production from rice straw.

In a previous study, xylanase was added to rice straw
to improve the digestibility of ruminant in livestock
feed (Phakachoed et al., 2012). In addition,
supplementation of a commercial enzyme with A.
awamori xylanase could enhance sugar production
from rice straw (Choudhary et al., 2014).
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Figure-7. Reducing sugar concentration after
crude enzyme incubated with rice straw at room
temperature for various time

Conclusion

The optimal conditions for xylanase production by A.
fumigatus URO1 were 55°C and pH 5.0. The crude
enzyme produced the highest levels of reducing sugar
from rice straw when incubated at 30°C for 18 hours.
These results indicate that xylanase produced by A.
fumigatus URO1 can be used in many industrial
applications such as feed and bioethanol production.
Rice straw can be pretreated with xylanase to improve
the nutrient content of livestock feed. Moreover, rice
straw can be used as a substrate for generating sugars
to increase the efficiency of bioethanol production.
Finally, rice straw is the most suitable substrate for
xylanase production. This substrate is a common and
cheap agricultural waste, and its use can reduce the
costs of xylanase production.
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