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Selection of Potential Fungi for Production of Cellulase-
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Recently, xylanase has attracted attention in the pulp and paper industry
because of its bleach-boosting properties, which reduces chemical
consumption during the bleaching process. Four fungi species, namely
Penicillium oxalicum T3.3, Aspergillus niger ATCC 6275, Colletotrichum
gloeosporioides, and Pycnoporus sanguineus, were studied to select
which fungi can best produce cellulase-poor xylanase using rice straw as
a substrate. The fungi were screened for xylanase production based on
the clear zone formation on a malt extract agar (MEA) plate containing
xylan. P. oxalicum T3.3 and A. niger ATCC 6275 showed greater clear
zone formation on the agar plate than the other two studied fungi. These
fungi were grown in a liquid medium containing rice straw as the substrate.
P. oxalicum T3.3 showed the highest xylanase activity (65.89 U/mL) with
lowest carboxymethyl cellulase (CMCase) (1.88 U/mL) and filter paperase
(FPase) activity (0.16 U/mL) after four days of fermentation at 30 °C. P.
oxalicum T3.3 produced higher xylanase activity when rice straw was used
as a substrate compared to commercial xylan. Thus, cellulase-poor
xylanase produced from P. oxalicum T3.3 has high potential for
biobleaching application in the pulp and paper industry in terms of
technical and biological performance and economical aspects.
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INTRODUCTION

Growing consumer demand for environmentally safe products and processes has
had a major influence on the pulp and paper industry. Like other industries, the pulp and
paper industry can significantly impact the environment. The chlorinated organic
compounds and absorbable organic halides that are produced during the bleaching are
harmful to biological systems (Beg et al. 2000; Ali and Sreekrishnan 2001; Techapun et
al. 2003). Thus, to reduce pollution, eco-friendly approaches are often suggested, such as
using enzymes. Currently, xylanase enzyme production focuses more on the application of
fiber processing in various industries. The enzyme is used to pretreat pulps prior to
bleaching, which is known as the biobleaching process (Ghatora et al. 2006). The use of
xylanase enzymes enhances the bleaching by removing the region of xylan with high
hexenuronic acid content and facilitating the release of lignin from the pulp (Henriksson
and Teeri 2009). Therefore, xylanase reduces the usage of chlorine during the bleaching
process. In the pulp and paper industry, the removal of lignin is required to produce brighter
or whiter pulps. Chromophores, which are located on lignin in all woody or nonwoody
plants, causes absorption of visible light by the wood, pulp, or fibres (Koponen 1991; Beg
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et al. 2001; Sahin and Mantanis 2011; Nagar et al. 2013). Successful biobleaching occurs
when the enzyme used is stable and active at both temperature and alkaline conditions (Beg
et al. 2000; Gupta et al. 2000). The biobleaching process also requires the use of cellulase-
free xylanase or low cellulase enzymes (Nagar et al. 2013). A high level of cellulase
activity results in loss of cellulose, degradation of pulp quality, and an increase in effluent
treatment cost (Beg et al. 2001). According to Liao et al. (2015), P. oxalicum GZ-2 has
different types of xylanase genes, which are xyn10A, xyn11A, xyn10B, and xyn11B that
produced different types of xylanase. These xylanase have different properties. But for the
biobleaching process, pure xylanase is not required, and this can save costs during
production. Besides, the cloning process is an expensive process.

Xylanases are glycosidases, which catalyze the hydrolysis of 1,4-B-D-xylosidic
linkages in xylan (Hatanaka 2012). The depolymerisation action of xylanase produces
monomeric pentose units, Xylobiose, xylotriose, and substituents containing two or four
xylose residues that are used by microorganisms as a primary carbon source (McCrae et
al. 1994; Latif et al. 2006; Kanimozhi and Nagalakshmi 2014). Xylanases differ in their
specificity towards the xylan polymer. The bond selected for hydrolysis depends on the
nature of the substrate molecule, including the chain length, the degree of branching, and
the presence of substituents (Li et al. 2000). Xylan’s varying and complex structure results
in a great diversity of xylanase with varying specificities, primary sequences, and folds
(Collins et al. 2005).

From an industrial point of view, filamentous fungi are particularly interesting for
xylanase production. This is due to their high production level and extracellular secretion
of enzymes, as well as the relative ease of cultivation. Generally, xylanase activity levels
from fungal cultures are typically higher than yeast or bacteria (Paloheimo et al. 2003). For
fungi producing xylanase, particular attention has been granted to the enzymes produced
by Aspergillus, Trichoderma, and Penicillium (Abdel-sater and El-said 2001). Xylanase
production that uses a variety of lignocellulosic biomass has been reported by many
researchers (Okafor et al. 2007).

Agricultural activities such as crop production, crop harvest, saw milling, and agro-
industrial processing produce a large amount of lignocellulosic biomass (Pang and Ibrahim
2005). Accumulation of these wastes without recycling can cause environmental pollution
(Abu et al. 2000; Norazlina et al. 2013). Because of the biodegradable properties, these
lignocellulosic wastes can be managed and converted into valuable products such as
biofuels, chemicals, cheap energy source for fermentation, improved animal feed, and
human nutrients (Howard et al. 2003).

In many countries where rice is a major crop, rice straw is a primary agricultural
by-product (Sun et al. 2008). According to the United States Department of Agriculture
(USDA 2015), rice production in the world was estimated at 481.74 million tonnes in
2015/2016, an increase of 5.62 million tonnes from the previous year. China, which is the
largest global producer and exporter of rice, produces around 204.28 million tonnes of rice
per year, India produces 152.60 million tonnes, and Indonesia produces 69.04 million
tonnes (FAO 2014). According to FAO (2010), Malaysia produces over 2.5 million tonnes
of rice. In Malaysia, the ratio of rice harvest to straw is fairly consistent from year to year,
and the ratio 1:1 was used to estimate the amount of straw that will be obtained (MADA
2010). Rice straw is mostly composed of cellulose, hemicellulose, and lignin. The major
portion of hemicellulose is known as xylan, which represents approximately 20% to 35%
of the total dry weight in tropical plant biomass (Levasseur et al. 2005). A molecule of
xylan is the major structural heteropolysaccharide in plants consisting of -1, 4-linked
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polymers of xylopyranosyl units, and it can be substituted by side groups such as L-
arabinose, D-galactose, acetyl, feruloyl, p-coumarouyl, and glucuronic acid residues
(Subramaniyan and Prema 2002; Bakri et al. 2010). Previous reports have shown that
xylanase is an inducible enzyme. Thus, the production of xylanase enzyme is enhanced
when the fungus is grown in a medium containing xylan such as rice straw, wheat straw,
acetylated oat spelt xylan, and arabitol, but the level of production varies (Eyzaguirre et al.
1992; Egafa et al. 1996; De loannes et al. 2000).

Even though a lot of commercial xylanase products are available at industrial scale,
only a few are used in pulp and paper industry such as Cartazyme, EcopulpX-200,
Pulpzyme and Xylanase GS 35, which are specialized in bleaching of pulp (Harris and
Ramalingam 2010). Xylanase from bacteria might have higher values for application in
biobleaching, yet they have low activity compared to fungi. The high activity of crude
enzyme is very important when the enzymes are not applied in pure form (Kulkarni et al.
1999; Subramaniyan and Prema 2002). Therefore, the aim of this study was to determine
potential fungi that could best produce cellulase poor xylanase using a renewable
lignocellulosic biomass, such as rice straw, as an economical substrate.

EXPERIMENTAL

Microorganisms and Culture Condition

The fungi species P. oxalicum T3.3 is an endophytic fungus isolated from dragon
fruit stem. Additionally, during this study, P. sanguineus was isolated from wood obtained
from the Department of Bioprocess Technology, Faculty of Biotechnology and
Biomolecular Sciences, Universiti Putra Malaysia. C. gloeosporioides was obtained from
the Strategic Resource Research Centre, Malaysian Agricultural Research and
Development Institute (MARDI), while A. niger ATCC 6275 was obtained from the
American Type Culture Collection. To prolong the life and expand the number of cells,
these fungi were subcultured on potato dextrose agar at 30 °C for seven days and
maintained at 4 °C.

Plate Screening for Xylanase Activity on Malt Extract Agar (MEA)

The purpose of primary screening was to obtain fungi that were able to produce
xylanase enzyme. Plate screening is a qualitative method used to identify xylanase
producers using selective agar plates to produce different sizes of clearing zone (Wong et
al. 1988). The four fungal species were screened based on their abilities to produce
extracellular xylanase during their growth on enriched malt extract agar (MEA) that
contains 0.5 % (w/v) xylan as the carbon source. The fungi were incubated for 3 to 4 days
at 28 + 2 °C (Nakamura 2003). Xylanase producers were detected based on the clear zones
of xylan hydrolysis around the colony after the plates were flooded with 0.1% (w/v)
aqueous Congo Red for 15 min, followed by washing with 1 M NaCl (Sridevi and Charya
2011). The clear zones were measured and the relative enzyme activity of each isolate was
determined. The relative enzyme activity was determined by dividing the diameter of the
clearing zone (mm) with the diameter of mycelia growth (mm) (Adesina and Onilude
2013). The fungi species that produced clear zones around the colonies were selected for
the next experiment.
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Enzyme Production by Submerged Fermentation

The selected fungi were subjected to submerged fermentation to quantitatively
estimate the xylanase enzyme production. Three discs (1 cm in diameter) of mycelia from
seven-day-old cultures of P. oxalicum T3.3 were inoculated in triplicate in 250-mL
Erlenmeyer flasks containing 100 mL of Mandel’s medium. The Mandel’s media was
composed of (NH4)2S04, 1.40 g; KH2PO4, 2.00 g; urea, 0.63 g; MgS04.7H20, 0.30 g; trace
element, 1.00 mL; CaClz, 0.30 g; yeast extract, 0.75 g; Tween 80, 2.00 mL; and rice straw,
1.00 g, per litre of distilled water (Mandels et al. 1974). The flasks were shaken for six
days at 30 °C on a rotary shaker at 150 rpm. Samples were periodically drawn every 24 h.
Culture filtrates from the fermentation broth were centrifuged at 10,000 rpm for 10 min at
room temperature, and the supernatants were tested for enzyme activity assay (Bakri et al.
2008). In this experiment, A. niger ATCC 6275 and commercial xylan from beechwood
were used as the control model.

Quantitative Assay for Xylanase, Cellulase Enzyme, and Protein
Xylanase assay

Xylanase enzyme activity was assayed by measuring the reducing sugar liberated
from 1% (w/v) beechwood xylan (Sigma-Aldrich Co., St. Louis, MO) dissolved in 50 mM
sodium citrate buffer (pH 5.0). The reaction mixture (composed of 1.8 mL xylan and 0.2
mL crude enzyme) was incubated in a water bath at 40 °C for 30 min. The reaction was
stopped by adding 3 mL of 3,5-dinitrosalicylic acid (DNS) and incubated in boiling water
for 15 min. After cooling, the sample was read at 575 nm using a spectrophotometer
(UvLine 9400 by Secomman, France). The amount of reducing sugar was measured using
xylose as the standard. One unit of enzyme activity is defined as the amount of enzyme
which releases 1 umol of xylose in 1 min under assay conditions.

Cellulase assay

Cellulase activity (CMCase and FPase) was analysed as described by Wood and
Bhat (1988). CMCase activity was determined by measuring the reducing sugars produced
from 1% (w/v) carboxymethylcellulose, whereas FPase activity was determined by
measuring the reducing sugar from Whatman filter paper No. 1. The liberated reducing
sugars were measured using the dinitrosalicylic acid (DNS) method (Miller 1959). One
unit of CMCase and FPase activity is defined as the amount of enzyme which releases 1
umol of glucose in 1 min under assay conditions.

Protein assay

The protein content of the sample was determined according to the Bradford
method (Bradford 1976), using bovine serum albumin as the standard (Sigma-Aldrich
Catalog).

RESULTS AND DISCUSSION

Screening for Fungal Xylanase Producer

Among the four fungi tested, P. oxalicum T3.3 and A. niger ATCC 6275 produced
the largest clear zones based on the relative enzyme activity determination. In contrast, C.
gloeosporioides and P. sanguineus did not produce any clear zones. From another study,
Gutierrez-Soto et al. (2015) revealed that Pycnoporus sanguineus can produce a clear zone
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by using plate screening test, in contrast with this study. The fungus showed the highest
xylanase activity, corresponding to 18.39 U/mL, which was obtained in submerged
fermentation using a combination of wheat straw and orange peel as the substrate. Table 1
shows the relative enzyme activity for each species based on the plate screening test. The
highest relative enzyme activity was obtained from P. oxalicum T3.3 (2.01 £ 0.39),
followed by A. niger ATCC 6275 (1.2 + 0.13). This result is in agreement with results
reported by Polizeli et al. (2005), where Aspergillus and Penicillium sp. have the most
commercial potential as xylanase producers among the filamentous fungi. Currently, the
qualitative screening that uses a solid screening medium containing xylan as the sole
substrate is popular among researchers to identify xylanase producers based on the
diffusion principle. This halo detection is an easy and valuable way of conducting
screening (Ribeiro et al. 2014), where the Congo red (used for staining) has specific link
and binds strongly with xylan containing p-1,4-xylosidic linkages (Samanta et al. 2011).
The degradation of these linkages rendered the Congo red unable to associate with xylan
or to produce a clear zone on the medium after repeatedly cleansing with 1 M NacCl.
Although this method saves times and energy, it also has limitations. This technique is
dependent on the fungus, where some fungi may sporulate too much and spread over the
plates, making it difficult to interpret the results (Ribeiro et al. 2014). Therefore, the growth
of fungus needs to be monitored daily to ensure that the fungus will not spread over the
plate. Hence, the diameter of the mycelial and clear zone can be determined. The diameter
of clear zone varies depending on the fungal species.

The result from the clear zone analysis only gave a qualitative result of the
hydrolytic enzyme production and is not an accurate method to determine the maximum
enzyme production. This is because there are some technical problems that can influence
the clear zone size. For example, in addition to the growth kinetics of the isolates, the
migration of enzyme released depends upon the agar percentage, molecular size and weight
of the enzyme, and growth temperature (Sridevi and Charya 2011). Therefore, the
quantitative screening by submerged fermentation needs to be conducted to distinguish the
most efficient xylanase enzyme-producers among the fungi species that produce clear
zones.

Table 1. Relative Enzyme Activities of Fungi Species on the Screening Plate
Based on the Clear Zone Formation

Sample Fungi species Average relative enzyme activity
A A. niger ATCC 6275 1.2+0.13
B C. gloeosporioides ND
C P. oxalicum T3.3 2.01+0.39
D P. sanguineus ND

ND: not detected

Time Course of Xylanase and Cellulase Enzyme Production by Submerged
Fermentation

The positive fungi species (A. niger ATCC 6275 and P. oxalicum T3.3) were
selected for this stage of study. The two species were used to determine xylanase
production via submerged fermentation after six days of incubation. The results in Fig. 1
show the amount of reducing sugars released by the enzyme of P. oxalicum T3.3 and A.
niger ATCC 6275. The xylanase activities started on the first day of incubation for both
species of fungi. For P. oxalicum T3.3, maximum xylanase production was observed after
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four days of incubation with an enzyme activity of 65.89 U/mL and 141.14 U/mg proteins.
The enzyme activity pattern obtained from P. oxalicum T3.3 shows slight increase in
enzyme production from day 0 to the first day. The pattern changed and gradually increased
from the second day to the fourth day. A noticeable decrease in xylanase activities was
seen from the fifth day onwards. Meanwhile, maximum xylanase production by A. niger
ATCC 6275 occurred on the fifth day of fermentation, with an enzyme activity of 41.95
U/mL and 99.84 U/mg proteins. The result showed that P. oxalicum T3.3 needed less
incubation time and produced higher enzyme activity compared to A. niger ATCC 6275.
Earlier reports indicated the maximum xylanase production by fungi occurred after 4 to 5
days of fermentation (Carmona et al. 1998; Ruckmani and Rajendran 2001; Shah and
Madamwar 2005; Murthy and Naidu 2010). The results of this study are in good agreement
with the results obtained by Bajaj et al. (2011), where the highest xylanase production from
Penicillium sp. SS1 was reported on the fourth day (43.84 U/mL). Furthermore, the highest
xylanase production for A. terreus was also captured on the fourth day (Sathish et al. 2008),
and A. niger KKS was captured on the sixth day of fermentation, using rice straw as the
substrate (Kang et al. 1995). According to Bajaj et al. (2011), the optimum fermentation
period of any organism is dependent on the microbial strain and its genetic make-up as well
as on cultural and environmental conditions during the growth of the organism. The
decrease in enzyme activity was due to the release of xylanase from the bound substrate
and from the autolysis of fungal cells (Bushan et al. 2012). Therefore, P. oxalicum T3.3
offers a better choice compared to A. niger ATCC 6275. This is because P. oxalicum T3.3
reduces the risk of contamination and the cost of enzyme production as a result of its shorter
incubation time.
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Fig. 1. Time course of xylanase enzyme production and specific activity by P. oxalicum T3.3 and
A. niger ATCC 6275. Values were derived after three replicates with + SD. Symbol represent (Il
xylanase activity from P. oxalicum T3.3; ( @) xylanase activity from A. niger ATCC 6275; ([])
specific activity from P. oxalicum T3.3; (() ) specific activity from A. niger ATCC 6275

Because of these advantages, P. oxalicum T3.3 was chosen for the next stage of
study. Although the high xylanase enzyme was important in the biobleaching process, the
level of cellulase enzyme also needs to be considered to avoid the negative effects. The
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cellulase activity for CMCase and FPase enzyme production from P. oxalicum T3.3, using
rice straw as a substrate, was determined. In many applications, the xylanase enzyme must
be free of cellulase enzyme activity or have very low traces of it (Nagar et al. 2013). In
fact, in biobleaching application, cellulase activity gives many negative effects such as loss
of cellulose, degradation of pulp quality, and increased effluent treatment cost (Beg et al.
2001). Figure 2 shows that P. oxalicum T3.3 had very low cellulase enzyme activity,
indicating that the xylanase was more or less cellulase-free.
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Fig. 2. Production of xylanase, CMCase, and FPase enzyme from P. oxalicum T3.3. Values are
means of 3 replicates with + SD.

Table 2. Enzyme Yields under Submerged Fermentation by Various Isolates and
Carbon Sources

Fungal Species Carbon Enzyme Activity (U/mL) References
sources
Xylanase CMCase FPase
Aspergillus fumigatus Alkali 235.88 12.55 2.38 Sarkar and
NITDGPKA3 treatment of Aikat (2012)
rice straw
Rice straw 193.58 6.53 1.02 Sarkar and
Aikat (2014)
Bacillus subtilis NS7 xylan 353 1.90 1.8 Bansal et al.
(2012)
Aspergillus fumigatus Xylose 135 <0.4 ND Anthony et al.
AR1 (2003)
Aspergillus niger H202 + 2% 65.8 25.7 5.0 Irfan et al.
NaOH treated (2010)
bagasse
Penicillium oxalicum Rice staw 65.89 1.88 0.16 This study
T3.3

ND: not detected

Zahari et al. (2016). “Selection of xylanase fungi,” BioResources 11(1), 1162-1175. 1168



PEER-REVIEWED ARTICLE b | oresources.com

The highest production for both enzymes was captured on the fourth day of
fermentation, 1.88 U/mL for CMCase and 0.16 U/mL for FPase. This shows that rice straw
induced the production of xylanase by P. oxalicum T3.3 in comparison to cellulase
production. The comparison of xylanase, CMCase, and FPase enzymes production from
this study, as well as findings by other references, are presented in Table 2.

Rice Straw vs. Beechwood Xylan as Substrate

Figure 3 shows xylanase production from P. oxalicum T3.3 using rice straw and
beechwood xylan as substrates. The production increased after four days of fermentation,
but it dropped gradually on the 5" and 6" day. The xylanase production was fairly similar
for these substrates: 65.89 U/mL (141.14 U/mg protein) for rice straw and 64.72 U/mL
(119.81 U/mg protein) for beechwood xylan. Although beechwood xylan can support
xylanase production, the results from this experiment indicate that the medium containing
rice straw yielded higher xylanase enzymes compared to the medium containing
beechwood xylan at earlier periods of fermentation. Because the production of xylanase
enzymes is affected by the substrate, the choice of an appropriate substrate is of great
importance in having successful xylanase production. This is because the substrate not only
serves as a carbon source, but also as an inducer for enzyme production (Bakri et al. 2010).
Therefore, it can be concluded that P. oxalicum T3.3 performed better in media containing
rice straw as the substrate for the growth and production of enzymes. In any industrial
production process, the cost of the substrate plays a crucial role. Therefore, the low-value
lignocellulosic waste was preferred compared to an expensive substrate (commercial
xylan) for large-scale xylanase production (Bakri et al. 2010; Bajaj et al. 2011). Besides,
this study was done in Malaysia where rice is known as a major food for Malaysians. That
means, rice straw are abundance in Malaysia and these rice straw can be used as a valuable
energy source for enzyme production. Additionally, utilization of lignocellulosic wastes
also helps to solve the environmental waste disposal problem (Bajaj et al. 2011). Besides
the cost of production, we also can protect the environment from the pollution with using
this lignocellulosic waste.
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Fig. 3. Effects of rice straw and beechwood xylan on xylanase enzyme production. Values are
means of 3 replicates with + SD. Symbol represent: (Il ) xylanase activity using rice straw;
(®) xylanase activity using beechwood xylan; ( [ ) specific activity using rice straw; ( O )
specific activity using beechwood xylan
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Table 3 shows a comparison of xylanase production by various species of fungi
using various agro-residues and commercial xylans. The production of xylanase by P.
oxalicum T3.3 in this study was comparable with other findings.

Table 3. Xylanase Production under Submerged Fermentation using Different
Lignocellulosic Waste and Commercial Xylan as Substrate

Fungi Species Substrate Xylanase Enzyme References
(U/mL)
Aspergillus terreus FSS Wheat bran 108.00 Bakri et al.
129 Wheat straw 111.00 (2010)
Corn cob hulls 174.00
Birch wood xylan 113.00
Oat xylan 77.00
Beech wood xylan 73.00
Penicillium glabrum Brewer’s spent grain 34.32 Knob et al.
Rice straw 17.65 (2013)
Wheat bran 20.54
Oat spelt xylan 25.44
Penicillium sclerotiorum Wheat bran 7.50 Knob and
Oat spelt xylan 7.82 Carmona
(2008)
Penicillium oxalicum T3.3 Rice straw 65.89 This study
Beech wood xylan 64.72

The differences in chemical composition of lignocellulosic wastes and the
accessibility of the substrates to the fungi are important factors that affect the production
level of enzyme (Knob et al. 2013). Therefore, rice straw can be seen as an acceptable
substrate for producing xylanase using P. oxalicum T3.3.

CONCLUSIONS

1. P. oxalicum T3.3 was found to be a potential xylanase producer with low cellulase
enzyme activity.

2. Rice straw is a suitable substrate for the production of xylanase.
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