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Abstract
This study describes a xylanase produced by A. japonicus var 
aculeatus, and evaluated the suitability of this protein for cellulose 
pulp biobleaching process. The best production of xylanase was 
achieved with wheat bran (AE=11 U/mg of protein). We observed 
that the xylanase was induced similarly, when the A. japonicus was 
grown on xylan 0.5% (10.3 U/ml), and on a mixture of wheat bran 
and xylan (10 U/ml). The optimum xylanase pH and temperature 
corresponded to 5.0 and 55ºC, respectively. The xylanase remained 
stable at 45 and 50ºC, retaining 64% of the initial activity during 1 
hour of incubation at 45ºC, and had its half-life corresponded to 1 
hour at 50ºC. The xylanase activity increased 22% with glycerol, 
when compared to the control (without additives), incubated during 
1 hour at 50ºC. The best result of biobleaching was obtained 
with 10 U/g dry pulp for 3 hours of treatment, that decreased 3.9 
points of the kappa number, in comparison to the control (kappa 
efficiency-25.2%). Using the xylanase, the brightness improved 
2.8, 2.2 and 3.1 points. The results showed that the xylanase 
produced by A. japonicus has promising characteristics, to be 
industrially applied on the biobleaching of cellulose pulp.
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Introduction
Due to the ever-increasing demand for paper, the paper pulp 

industry is rapidly growing and becoming one of the worst offenders 
in environmental terms [1]. The use of eco-friendly technology is 
actually preferred in any industrial process; therefore, due to severe 
concern over the environmental hazards of toxic chemicals used in 
pulp and paper industries, alternative methods for bleaching of pulp 
have been suggested [2].

At present, the use of xylanases for biobleaching of pulp is 
recognized as an economically feasible biotechnology-based process 
in the pulp and paper industries. Pre-bleaching with xylanases does 
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exactly this function of reducing the need for toxic bleaching chemicals, 
and is thus environmentally and economically advantageous [3].

An alternative approach in eliminating chlorine in bleaching, 
reducing chlorinated organic compounds bleach plant effluents, 
reducing the kappa number (residual lignin content in the pulp) 
and increasing the brightness of the pulp, is the use of xylanases in 
prebleaching of cellulose pulp [4]. It is based on the unique specificity 
of hemicellulases, particularly xylanolytic enzymes, in attacking the 
hemicellulose component in pulp [3].

Xylanases and other hemicellulases are used to modify the 
structure of xylan and glucomannan in pulp fibers, in order to 
enhance chemical delignification efficiency. Endo-β-xylanases cause 
hydrolysis of the main chain of xylan in pulp, reducing the degree of 
polymerization of substrate, and are used primarily for the removal 
of the lignin-carbohydrate complex (LCC), generated in the kraft 
process, acting as a physical barrier against the entry of bleaching 
chemicals. LCC removal, thus, facilitates the efficient extraction of 
high molecular mass lignin from pulp [5].

For biobleaching applications, the candidate xylanase should 
be thermostable, alkali tolerant and stable on kraft pulping, and its 
various properties, such as low molecular weight and specific action 
pattern, must suit the pulping process requirements. Moreover, to 
avoid damage to cellulose pulp, enzyme preparations should be free 
from cellulase activity [6].

The aim of the present study was to describe the extracellular 
xylanase produced by Aspergillus japonicus var aculeatus, and test its 
suitability for cellulose pulp biobleaching.

Materials and Methods
Microorganism

Aspergillus japonicus var aculeatus strain was isolated by us from 
soil samples, identified in the Federal University of Pernambuco–
UFPE (PE, Brazil), and deposited in our laboratory fungi collection. 
Stock cultures were propagated at 30°C on slants of solid potato 
dextrose agar (PDA) medium, stored at 4°C.

Xylanase production and enzyme extraction

Spores were inoculated into 125 ml Erlenmeyer flasks, containing 
25 ml medium [7], using 1% (w/v) of the desired carbon sources (1% 
of xylan or agroindustrial residues, such as rice straw, sugarcane 
bagasse, wheat bran or corncob). The cultures were incubated under 
orbital agitation (100 rpm), or stationary conditions, at 30°C, during 
different periods (24-168 hours). The medium was subsequently 
vacuum-filtered using filter paper (Whatman nº1), and the crude 
filtrate was used for the study of the extracellular enzyme.

Enzymatic assays and protein determination

The reaction mixture consisted in 500 μl of citrate-phosphate 
buffer [8], pH 5.0, containing 1.0% (w/v) of xylan, and 500 μl of 
enzymatic extract, appropriately diluted. The samples were incubated 
at 55°C to determine xylanase activity. The amount of reducing sugar 
released was determined using the 3,5-dinitrosalicylic acid (DNS) 
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method, employing xylose (Sigma) as the standard. One unit of 
enzyme activity was defined as the amount of enzyme which releases 
1 μmol of reducing sugar per minute, under assay condition. Specific 
activities were expressed as U/mg of protein. Protein concentrations 
were determined by the Lowry method [9], using bovine serum 
albumin (BSA), as the standard.

Effects of pH and temperature

The effect of pH and temperature on xylanase activity was 
analyzed using crude filtrate from A. japonicus. The suitable pH value 
for xylanase activity was assayed using McIlvaine buffer, in the pH 
range 3.5-8.0, at 55°C. The assays of temperature were performed in 
the same buffer pH 5.0, incubated at different temperatures (35-60°C). 
To determine thermal stability, the enzyme was incubated between 45 
and 60°C for different durations (5 to 60 min), and the assays were 
performed using McIvaine buffer pH 5.0 at 55°C.

Biobleaching

The amounts of enzyme used for this treatment was 10, 20 or 40 
units of enzyme per gram of dried cellulose pulp from Eucalyptus 
grandis. The treatments were performed during different periods 
(1-24 hours). All calculations and procedures were determined, 
according to the standard methods of Technical Association of the 
Pulp and Paper Industry [10]. The consistency was determined on 
a percent dry weight basis. The volume of enzyme or distilled water 
was added, until it reached a 10% pulp consistency. Crude xylanase 
extract from A. japonicus was added to the treated pulp, and the 
control was prepared by adding distilled water, instead of enzyme. 
The samples were incubated inside sealed polyethylene bags at 50°C 
for 24 hours, and after that, the treated cellulose pulps were filtered 
on a Büchner funnel, rinsed with 200 ml of distilled water, and used 
for determination of kappa number and brightness parameters. The 
liberation of aromatic compounds was monitored by absorbance 
values at 237 nm.

Reproducibility of results

All results are expressed as the means of at least three independent 
experiments.

Results and Discussion
Time course for xylanase production

Nutritional and environmental factors, such as the type of 
carbon source, time course, use of agitation (or not), temperature 
and pH, may affect enzyme synthesis and production by fungi [11]. 
To evaluate the growth time and the effect of stationary and agitated 
conditions in the production of extracellular xylanase by the fungus 
A. japonicus, it was grown in SR medium [7], with 1% wheat bran 
for 168 hours. It was observed that the production of xylanase was 
better in medium under stationary condition than in the medium 
under agitation (Figure 1). Under stationary conditions, there was a 
progressive increase of xylanase production in the period, 24-96 hours 
of cultivation (the period in which there was maximum production), 
followed by a reduction (45%), and stabilization in the production 
of the enzyme. Probably, the reduction in xylanase yield was due to 
the depletion of available nutrients to microorganism, or due to the 
proteolysis [12]. Under agitated condition, there was a xylanolytic 
production between 24 and 96 hours, with maximum peak at 96 
hours, with a subsequent decrease, but these values ​​are much lower 
than those produced under stationary condition.

Aspergillus foetidus MTCC 4898 grown on solid fermentation 
using wheat bran as carbon source, also had maximal xylanase 
production between 24 and 96 hours of cultivation [13]. A similar 
result was observed at work using the fungus A. casielus, with brewery 
industrial residue as carbon source [14]. A. fumigatus RP04 [5] and 
A. niger [15], also had maximal xylanase production with 96 hours of 
cultivation.

Xylanase production using different agroindustrial residues 
and substrates 

In order to induce xylanase synthesis from microbial sources, 
agricultural residues such as wheat bran, oat flakes, corn flakes, 
corncob, rice straw, sugarcane bagasse and others, can be used. The 
use of agricultural residues as alternative carbon sources reduces the 
production costs and the price of the final product [16].

The xylanase production by A. japonicus was evaluated using 
different alternative carbon sources. The best production of xylanase 
was achieved with wheat bran (AE=11 U/mg of protein), followed 
by soybean bran (AE=7 U/mg of protein), and sugarcane bagasse 
(AE=5.6 U/mg of protein) (Table 1).

In literature, we found several studies using industrial and 
agroindustrial wastes as inducing sources for xylanase production 
[11,12,17]. Among the fungi producers of xylanase from agroindustrial 
wastes, has Aspergillus terreus [11], Aspergillus terricola Marchal 
[17], Aspergillus foetidus MTCC 4898 [13] and Aspergillus ficuum 
AF-98 [18], producing xylanase from wheat bran. And in work 
with Aspergillus japonicus C03, the xylanase production was better 
induced with soybean bran [19].

After finding that the wheat bran was the best substrate inducer 
of xylanase production by A. japonicus, the influence of mixtures of 
substrates was evaluated (Table 1). We can note that the xylanase 
was similarly induced, when the A. japonicus was grown in xylan, 
and in the medium containing a mixture of wheat bran and xylan. 
The enzymatic activity produced in the presence of 0.5% birchwood 
xylan or oat spelt xylan (10.3 and 9 U/ml, respectively), was almost 
the same of the mixtures of xylans with wheat bran (10 and 10.6 U/
ml, respectively), and of the test only with 0.5% of wheat bran (8.7 
U/ml), demonstrating that the use of alternative carbon sources 
shown viable, as well as favoring the cheaper of the cost of enzyme 
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Figure 1: Growth time of extracellular xylanase production by A. japonicus (24-
168 hours), under stationary and agitated conditions (100 rpm).
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production, since the commercial xylan is extremely expensive for 
widespread use.

There are several studies using different combinations of 
industrial and agroindustrial wastes as carbon sources for xylanase 
production in literature [3,19]. Facchini et al. [19] found that a 
mixture of soybean meal and crushed corncob increased xylanolytic 
activity by 8.5%. In work using the fungus A. niger, A. niveus and 
A. ochraceus, and some agroindustrial residues, wheat bran mixed 
with corncob increased production by about 20% for A. ochraceus 
and A. niger, however, not improved the production of xylanase by 
A. niveus [16]. In studies with A. fumigatus RP04 and A. niveus RP05 
was possible to prove that the production of xylanase by A. fumigatus 
was between 5 and 6% higher with corncob meal and wheat meal, as 
compared with media containing birchwood xylan as carbon source 
[5].

A higher xylanase production using wheat bran may possibly be 
due to its low lignin content and higher protein content, compared to 
other substrates (14.87% protein) [13]. So to optimize the xylanolytic 
activity, tests were performed with different concentrations of wheat 
bran, as shown in table 2. The results showed that with increasing 
of wheat bran concentrations, there was a gradual reduction of 
xylanolytic activity. At a concentration of 0.5 to 1.5%, there was a high 
xylanase production as compared to higher values ​​of wheat bran, 
showing that a small amount of wheat bran is sufficient for a good 
production of xylanase, consequently reducing production costs. 
Presumably, 4% inoculum level was so high, that the nutrients were 
consumed faster, and it overall resulted in a lower enzyme yield [12]. 
There are few studies of this test with fungi, but in work with Bacillus 
mojavensis, maximum xylanase activity was observed in the presence 
of 2% oat bran as substrate inducer of the enzyme, and this also had 

a decreased production in higher concentrations [12]. In studies with 
Pseudomonas sp. WLUN024, the yield of xylanase increased greatly 
with increasing concentrations of wheat bran [20], as well as work 
with Streptomyces cyaneus SN32 [21].

Effect of pH on xylanase activity

The extracellular xylanolytic activity produced by A. japonicus 
showed stable enzymatic activity in the pH range between 4.0 and 6.5, 
reaching maximum activity at pH 5.0 (Figure 2). These results were 
similar to other studies, where most of the fungal species, Aspergillus 
sp. showed maximum xylanolytic activity at pH ranging from 4.0 to 
6.0, as A. japonicus (5.0) [22], A. ochraceus (5.0) [17]; A. fumigatus 
RP04 (5.0-5.5), and A. niveus RP05 (4.5-5.0) [5]; A. ochraceus (5.0), 
A. niger (5.5-6.0) and A. niveus (5.0-5.5) [16].

Effect of temperature on xylanase activity and stability

The optimum temperature for A. japonicus was evaluated in the 
range 35-60°C, where the xylanolytic activity had a gradual increase 
with higher temperatures, and had maximum activity at 55°C, and 
after a drop of 20% at 60°C (Figure 3). This result agrees with the 
fact that the optimum temperature for xylanase produced by most 
fungi is in the range of 40-60°C [23]. In the literature, it cites other 
microorganisms with similar optimum temperatures such as 55°C 
for xylanolytic activity of A. terreus and 50°C to A. aculeatus and 
A. sydowii [24], and A. casielus [14]. Studies with A. niger, A. niveus 
and A. ochraceus shows optimum temperature range 55-65°C [16], 
and work of Khonzue et al. [3] relates to an optimum temperature 
range 50-60°C, showing that the temperature found in A. japonicus 
resembles other Aspergillus species.

The xylanase produced by A. japonicus remained stable at 45 and 
50°C, retaining 64% activity with 1 hour of incubation at 45°C and had 
a half-life of 1 hour at 50°C (Figure 4). In studies with A. terreus, the 
xylanase was also thermotolerant at 45 and 50°C, but had half-life of 
only 36 minutes at 50°C [11]. And, A. phoenicis had a half-life of only 
25 minutes at 50°C [15]. At 55°C, the xylanase of A. japonicus had a 
half-life of 15 minutes, while the xylanase of A. carneus M34 had only 
7.5 minutes [25].

The addition of 5% glycerol or polyethyleneglycol somehow 
protected enzyme from thermal inactivation at 50°C (Figure 5). 
The xylanase activity increased 22% with glycerol, when compared 
to the control (without additives), with 1 hour of incubation. It was 
observed a half-life of 32 minutes to the control, and more than 60 
minutes with glycerol (57% activity with 60 minutes). In studies of 

Carbon Source Activity 
(U/ml)

Protein 
(mg/ml)

Specific activity 
(U/mg of protein)

Glucose 1 1 1 (± 0.25)

Rice straw 1 1 1 (± 0.21)

Corncob 3 1 3 (± 0.25)

Sugarcane bagasse 9 2 5 (± 0.21)

Soybean bran 7 1 7 (± 0.26)

Avicel 1% 0.3 0.5 0.6 (± 0.3)

Avicel 0.5% 0.5 0.5 1 (± 0.26)

Wheat bran 1% 11 1.2 9 (± 0.25)

Wheat bran 0.5% 8.7 0.8 11 (± 0.2)

Xylan (oat spelt) 1% 10.3 0.7 15 (± 0.2)

Xylan (oat spelt) 0.5% 9 0.5 18 (± 0.3)

Xylan (birchwood) 1% 10.8 0.7 15 (± 0.2)

Xylan (birchwood) 0.5% 10.3 0.6 17 (± 0.3)

Xylan (oat spelt) 0.5%+Wheat 
bran 0.5% 10.6 0.9 12 (± 0.3)

Xylan (birchwood) 
0.5%+Wheat bran 0.5% 10 1 10 (± 0.2)

Avicel 0.5%+Wheat bran 0.5% 6.2 0.9 7 (± 0.27)

Table 1: Effect of carbon source on xylanase production by A. japonicas.

The fungus A. japonicus was grown in Erlenmeyer of 125 ml containing SR 
liquid medium [7], and different carbon sources, which were incubated for 96 
h at 30ºC in stationary condition. The temperature used for enzyme assay was 
55°C.

The fungus A. japonicus was grown in Erlenmeyer of 125 ml containing SR liquid 
medium [7], and different concentrations of wheat bran (0-8.0%), which were 
incubated for 96 h at 30ºC in stationary condition. The temperature used for 
enzyme assay was 55°C.

[Wheat bran] Activity (U/ml) Protein (mg/ml) Specific activity 
(U/mg of protein)

0.5% 8.7 0.8 10.9 (± 0.2)

1.0% 11 1.2 9.2 (± 0.25)

1.5% 6.8 1.0 6.8 (± 0.29)

2.5% 5.6 1.1 5.1 (± 0.31)

4.0% 3.5 0.9 3.9 (± 0.30)

8.0% 3.6 1.2 3.0 (± 0.25)

Table 2: Effect of different concentrations of wheat bran on xylanase production 
by A. japonicas.
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Sandrim et al. [26], both xylanases were inactivated with a half-life 
(Thalf) value of 2.3 min at 65°C, but the addition of 30% glycerol or 
polyethyleneglycol somewhat protected the enzyme from thermal 
inactivation.

Assays of cellulose biobleaching using xylanase

In recent years, a wide variety of studies about xylanases have 
been reported to have potential application in the bleaching process. 
Among the filamentous fungi used to produce xylanase, Aspergillus 
species are one of the most explored. For example, production of 
xylanase and cellulose pulp biobleaching processes have been reported 
for Aspergillus niger [3]; A. terricola Marchal and A. ochraceus [17]; 
A. niger, A. niveus and A. ochraceus [16]; A. niveus RP05 and A. 
fumigatus RP04 [5]; A. nidulans and A. awamori [27]; A. fumigatus 
[1], and A. caespitosus [26].

For estimation of the pulp bleaching potential of the crude 
xylanase from A. japonicus var aculeatus, two approaches were used: 
measurement of absorbance at 237 nm and estimation of kappa 
number. Cellulose pulp was pretreated with 10, 20 or 40 units of 
crude xylanase from A. japonicus per gram of dry cellulose pulp for 
2 hours or with 10 units for different periods as 1, 2, 3 or 24 hours at 
50ºC, pH 5.2. Kappa number is an indication of the lignin content 
or bleach ability of wood pulp. Thus, it is expected to reduce the 

kappa number after the enzyme treatment, and it is also expected 
the releasing of chromophores from lignin molecule (absorbing at 
237nm). The filtrate extracted from the treated pulps were compared 
with the control pulp (not treated with xylanase), and it was observed 
that over the treatment time and with the increasing on enzyme 
concentration, there was a release of lignin (Table 3). The best result 
was obtained with 10 U/g dry pulp with 3 hours of treatment, which 
decreased 3.9 points in the kappa number comparing to the control, 
where the kappa efficiency corresponded to 25.2%. On the treatment 
of 2 hours, the xylanase (10 and 40 U/g dry pulp) reduced 2.1 points 
in the kappa number, which corresponded to a kappa efficiency of 
18.8%. Using the xylanase, the brightness improved 2.2, 2.8 and 3.1 
points in the treatment with 10, 20 and 40 U/g dry pulp, respectively, 
during 2 hours of treatment. The xylanase from A. japonicus was free 
of cellulase, not changing the viscosity of the pulp, meaning that the 
physical properties of cellulose were maintained. The delignification 
efficiency of A. japonicus in the treatment with 10 U/g dry pulp/ 1 
hour (7.8%) was better than the described results with xylanases 
from A. niveus and A. ochraceus (6.5 and 7.5%, respectively) [16]. 
The xylanase of A. caespitosus (10 U/g dry pulp/2 hours) reduced 
kappa number only in 12.6% (xyl II) and 1.7% (xyl I) [26], while the 
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Figure 2: Xylanase pH was determined at 55°C using McIlvaine buffer on pH 
ranging from 3.5-8.0.
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Figure 3: To test the effect of temperature, the xylanase activity was determined 
using McIlvaine buffer, pH 5.0, at temperatures ranging from 35-60°C. 
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Figure 4: Thermostability of the xylanase of A. japonicus was determined using 
McIlvaine buffer pH 5.0 at 55°C after incubating the enzyme on temperatures 
of 45 (■), 50 (●) and 55°C (▲).
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Figure 5: Thermostability of the xylanase at 50°C, without additives (□), and 
with 5% glycerol (○) and polyethyleneglycol (Δ).
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A. japonicus xylanase kappa efficiency corresponded to 18.8%. Using 
the xylanase of A. japonicus (40 U/g dry pulp/ 2 hours), the brightness 
improved 3.1 points, while the xylanase of A. ochraceus (35 U/g dry 
pulp/ 2 hours) improved the brightness just 2.0 points [16].

Conclusions
The production of xylanase by A. japonicus using alternative 

carbon sources proved to be almost as efficient as when using the 
specific substrate, demonstrating that the use of alternative carbon 
sources shown viable, as well as favoring the cheaper of the cost 
of enzyme production, since the commercial xylan is extremely 
expensive for widespread use. The xylanase from A. japonicus showed 
to be relatively stable, demonstrating that it presents promising 
characteristics to be industrially applied on biobleaching of cellulose 
pulp process.
Acknowledgements 

This work was supported by grants from Conselho de Desenvolvimento 
Científico e Tecnológico (CNPq). This work was part of Master Dissertation of 
NCAG (Laboratório de Bioquímica/CCBS, Universidade Federal de Mato Grosso 
do Sul, Campo Grande, MS, Brazil). 

Declaration of Interest

This work do not presents any conflict about financial interest, and all authors 
are in completely agreement with the submission. The agency that financered 
this project, and is properly quoted in acknowledgements.

References

1.	 Savitha S, Sadhasivam S, Swaminathan K (2007) Application of Aspergillus 
fumigatus xylanase for quality improvement of waste paper pulp. Bull Environ 
Contam Toxicol 78: 217-221. 

2.	 Yeasmin S, Kim CH, Park HJ, Sheikh MI, Lee JY, et al. (2011) Cell surface 
display of cellulase activity-free xylanase enzyme on Saccharomyces 
cerevisiae EBY100. Appl Biochem Biotechnol 164: 294-304.

3.	 Khonzue P, Laothanachareon T, Rattanaphan N, Tinnasulanon P, Apawasin 
S, et al. (2011) Optimization of xylanase production from Aspergillus niger for 
biobleaching of eucalyptus pulp. Biosci Biotechnol Biochem 75: 1129-1134. 

4.	 Medeiros RG, Silva Jr FG, Báo SN, Hanada R, Filho EXF (2007) Application 
of xylanases from Amazon forest fungal species in bleaching of eucalyptus 
kraft pulps. Braz Arch Biol Technol 50: 231-238.

5.	 Peixoto-Nogueira SC, Michelin M, Betini JHA, Jorge JA, Terenzi HF, et al. 
(2009) Production of xylanase by Aspergilli using alternative carbon sources: 
application of the crude extract on cellulose pulp biobleaching. J Ind Microbiol 
Biotechnol 36: 149-155.

6.	 Miller GL (1959) Use of dinitrosalicilic acid reagent for determination of 
reducing sugar. Anal Chem 31: 426-429.

7.	 Rizzatti ACS, Jorge JA, Terenzi HF, Rechia CGV, Polizeli MLTM (2001) 
Purification and properties of a thermostable extracellular β-xylosidase 
produced by thermotolerant Aspergillus phoenicis. J Ind Microbiol Biotechnol 
26: 156-160.

8.	 McIlvaine TC (1921) A buffer solution for colorimetric comparison. J 
Biotechnol 49: 183-186.

9.	 Lowry H, Rosebrough NJ, Farr AL, Randal RJ (1951) Protein measurement 
with the Folin phenol reagent. J Biol Chem 193: 267-275.

10.	TAPPI test methods (1996) Technical association of the pulp and paper 
industry. TAPPI Press, Atlanta, GA, USA.

11.	Sorgatto M, Guimarães NCA, Zanoelo FF, Marques MR, Peixoto-Nogueira 
SC, et al. (2012) Purification and characterization of an extracellular xylanase 
produced by the endophytic fungus, Aspergillus terreus, grown in submerged 
fermentation. Afr J Biotechnol 11: 8076-8084. 

12.	Sepahy AA, Ghazi S, Sepahy MA (2011) Cost-effective production and 
optimization of alkaline xylanase by indigenous Bacillus mojavensis AG137 
fermented on agricultural waste. Enzyme Res 2011: 593624. 

13.	Chapla D, Divecha J, Madamwar D, Shah A (2010) Utilization of agro-
industrial waste for xylanase production by Aspergillus foetidus MTCC 
4898 under solid state fermentation and its application in saccharification. 
Biochemical Eng J 49: 361-369.

14.	Kronbauer EAW, Peralta RM, Osaku CA, Kadowaki MK (2007) Produção de 

TREATMENT 1

Xylanase
(U/g dry pulp) Time (h) Treatment Kappa number Kappa efficiency (%) Brightness (ISO) A237

10 2 Control 11.2 - 56.8

Treated 9.1 18.8 59.0 0.033

20 2 Control 11.2 - 56.8

Treated 9.4 16.1 59.6 0.066

40 2 Control 11.2 - 56.8

Treated 9.1 18.8 59.9 0.070

TREATMENT 2

Xylanase
(U/g dry pulp) Time (h) Treatment Kappa number Kappa efficiency (%) Brightness (ISO) A237

10 1 Control 12.8  - 57.6

Treated 11.8 7.8 58.7 0.017

10 2 Control 11.2 - 56.1 

Treated 9.1 18.8 58.3 0.027

10 3 Control 15.5   - 56.6 

Treated 11.6 25.2 57.7 0.037

10 24 Control 12.2 - 57.0 

Treated 10.6 13.1 57.2 0.040

The microorganism was grown on its standardized conditions. The controls corresponded to untreated samples. Cellulose pulp was pretreated with 10, 20 or 40 units 
of crude xylanase from A. japonicus per gram of dry cellulose pulp for 2 h, and with 10 units for 1, 2, 3 or 24 h at 50ºC and pH 5.2.

Table 3: Properties of pulp treated with xylanase produced by A. japonicus.

http://www.ncbi.nlm.nih.gov/pubmed/17437052
http://www.ncbi.nlm.nih.gov/pubmed/17437052
http://www.ncbi.nlm.nih.gov/pubmed/17437052
http://www.ncbi.nlm.nih.gov/pubmed/17437052
http://www.ncbi.nlm.nih.gov/pubmed/18923855
http://www.ncbi.nlm.nih.gov/pubmed/18923855
http://www.ncbi.nlm.nih.gov/pubmed/18923855
http://www.ncbi.nlm.nih.gov/pubmed/18923855
http://www.ncbi.nlm.nih.gov/pubmed/18923855
http://pubs.acs.org/doi/abs/10.1021/ac60147a030
http://pubs.acs.org/doi/abs/10.1021/ac60147a030
http://pubs.acs.org/doi/abs/10.1021/ac60147a030
http://www.ncbi.nlm.nih.gov/pubmed/11420656
http://www.ncbi.nlm.nih.gov/pubmed/11420656
http://www.ncbi.nlm.nih.gov/pubmed/11420656
http://www.ncbi.nlm.nih.gov/pubmed/11420656
http://www.ncbi.nlm.nih.gov/pubmed/11420656
http://www.academicjournals.org/ajb/abstracts/abs2012/19Apr/Sorgatto et al.htm
http://www.academicjournals.org/ajb/abstracts/abs2012/19Apr/Sorgatto et al.htm
http://www.academicjournals.org/ajb/abstracts/abs2012/19Apr/Sorgatto et al.htm
http://www.academicjournals.org/ajb/abstracts/abs2012/19Apr/Sorgatto et al.htm
http://www.academicjournals.org/ajb/abstracts/abs2012/19Apr/Sorgatto et al.htm
http://www.ncbi.nlm.nih.gov/pubmed/21904670
http://www.ncbi.nlm.nih.gov/pubmed/21904670
http://www.ncbi.nlm.nih.gov/pubmed/21904670
http://www.ncbi.nlm.nih.gov/pubmed/21904670
http://www.sciencedirect.com/science/article/pii/S1369703X10000392
http://www.sciencedirect.com/science/article/pii/S1369703X10000392
http://www.sciencedirect.com/science/article/pii/S1369703X10000392
http://www.sciencedirect.com/science/article/pii/S1369703X10000392
http://www.sciencedirect.com/science/article/pii/S1369703X10000392
http://ojs.c3sl.ufpr.br/ojs2/index.php/alimentos/article/viewArticle/10608


Citation: Guimarães NCA, Sorgatto M, Peixoto-Nogueira SC, Betini JHA, Zanoelo FF, et al. (2013) Xylanase Production from Aspergillus japonicus var 
aculeatus: Production using Agroindustrial Residues and Biobleaching Effect on Pulp. J Biocatal Biotransformation 2:1.

• Page 6 of 6 •

doi:http://dx.doi.org/10.4172/2324-9099.1000105

Volume 2 • Issue 1 • 1000105

xilanase por Aspergillus casielus com diferentes fontes de carbono. B ceppa 
Curitiba 25: 207-216.

15.	Yuan QP, Wang JD, Zhan H, Qian ZM (2005) Effect of temperature shift 
on production of xylanase by Aspergillus niger. Process Biochem 40: 3255-
3257.

16.	Betini JHA, Michelin M, Peixoto-Nogueira SC, Jorge JA, Terenzi HF, et al. 
(2009) Xylanases from Aspergillus niger, Aspergillus niveus and Aspergillus 
ochraceus produced under solid-state fermentation and their application in 
cellulose pulp bleaching. Bioprocess Biosyst Eng 32: 819-824.

17.	Michelin M, Peixoto-Nogueira SC, Betini JH, da Silva TM, Jorge JA, et al. 
(2010) Production and properties of xylanases from Aspergillus terricola 
Marchal and Aspergillus ochraceus and their use in cellulose pulp bleaching. 
Bioprocess Biosyst Eng 33: 813-821.

18.	Fengxia L, Mei L, Zhaoxin L, Xiaomei B, Haizhen Z, et al. (2008) Purification 
and characterization of xylanase from Aspergillus ficuum AF-98. Bioresour 
Technol 99: 5938-5941.

19.	Facchini FD, Vici AC, Reis VR, Jorge JA, Terenzi HF, et al. (2011) Production 
of fibrolytic enzymes by Aspergillus japonicus C03 using agro-industrial 
residues with potential application as additives in animal feed. Bioprocess 
Biosyst Eng 34: 347-355.

20.	Xu ZH, Bail YL, Xu X, Shi JS, Tao WY, et al. (2005) Production of alkali-
tolerant cellulase-free xylanase by Pseudomonas sp. WLUN024 with wheat 
bran as the main substrate. World J Microbiol Biotechnol 21: 575-581.

21.	Ninawe S, Kuhad RC (2005) Use of xylan-rich cost effective agro-residues in 
the production of xylanase by Streptomyces cyaneus SN32. J Appl Microbiol 
99: 1141-1148.

22.	Wakiyama M, Yoshihara K, Hayashi S, Ohta K (2010) An extracellular endo-
1,4-β-xylanase from Aspergillus japonicus: Purification, properties, and 
characterization of the encoding gene. J Biosci Bioeng 109: 227-229.

23.	Kulkarni N, Shendye A, Rao M (1999) Molecular and biotechnological aspects 
of xylanases. FEMS Microbiol Rev 23: 411-456.

24.	Polizeli MLTM, Rizzatti ACS, Monti R, Terenzi HF, Jorge JA, et al. (2005) 
Xylanases from fungi: properties and industrial applications. Appl Microbiol 
Biotechnol 67: 577-591.

25.	Fang HY, Chang SM, Lan CH, Fang TJ (2008) Purification and 
characterization of a xylanase from Aspergillus carneus M34 and its potential 
use in photoprotectant preparation. Process Biochem 43: 49-55. 

26.	Sandrim VC, Rizzatti ACS, Terenzi HF, Jorge JA, Milagres AMF, et al. (2005) 
Purification and biochemical characterization of two xylanases produced by 
Aspergillus caespitosus and their potential for kraft pulp bleaching. Process 
Biochem 40: 1823-1828.

27.	Techapun C, Poosaran N, Watanabe M, Sasaki K (2003) Thermostable and 
alkaline-tolerant microbial cellulase-free xylanases produced from agricultural 
wastes and the properties required for use in pulp bleaching bioprocesses: a 
review. Process Biochem 38: 1327-1340.

Submit your next manuscript and get advantages of SciTechnol 
submissions

�� 50 Journals
�� 21 Day rapid review process
�� 1000 Editorial team
�� 2 Million readers
�� More than 5000 
�� Publication immediately after acceptance
�� Quality and quick editorial, review processing

Submit your next manuscript at ● www.scitechnol.com/submission

Author Affiliations                                           Top

1Laboratory of Biochemistry, CCBS-Universidade Federal de Mato Grosso do 
Sul/UFMS, Av Costa e Silva, 79070-900 Campo Grande, MS, Brazil
2Department of Biology, Faculdade de Filosofia, Ciências e Letras de Ribeirão 
Preto, Universidade de São Paulo, Av do Café, 14040-901 Ribeirão Preto, 
SP, Brazil

http://ojs.c3sl.ufpr.br/ojs2/index.php/alimentos/article/viewArticle/10608
http://ojs.c3sl.ufpr.br/ojs2/index.php/alimentos/article/viewArticle/10608
http://ojs.c3sl.ufpr.br/ojs2/index.php/alimentos/article/viewArticle/10608
http://www.sciencedirect.com/science/article/pii/S1359511305001522
http://www.sciencedirect.com/science/article/pii/S1359511305001522
http://www.sciencedirect.com/science/article/pii/S1359511305001522
http://www.sciencedirect.com/science/article/pii/S1359511305001522
http://link.springer.com/article/10.1007/s00449-009-0308-y
http://link.springer.com/article/10.1007/s00449-009-0308-y
http://link.springer.com/article/10.1007/s00449-009-0308-y
http://link.springer.com/article/10.1007/s00449-009-0308-y
http://link.springer.com/article/10.1007/s00449-009-0308-y
http://www.ncbi.nlm.nih.gov/pubmed/20091051
http://www.ncbi.nlm.nih.gov/pubmed/20091051
http://www.ncbi.nlm.nih.gov/pubmed/20091051
http://www.ncbi.nlm.nih.gov/pubmed/20091051
http://www.ncbi.nlm.nih.gov/pubmed/20091051
http://www.ncbi.nlm.nih.gov/pubmed/18068974
http://www.ncbi.nlm.nih.gov/pubmed/18068974
http://www.ncbi.nlm.nih.gov/pubmed/18068974
http://www.ncbi.nlm.nih.gov/pubmed/18068974
http://www.ncbi.nlm.nih.gov/pubmed/21046416
http://www.ncbi.nlm.nih.gov/pubmed/21046416
http://www.ncbi.nlm.nih.gov/pubmed/21046416
http://www.ncbi.nlm.nih.gov/pubmed/21046416
http://www.ncbi.nlm.nih.gov/pubmed/21046416
http://link.springer.com/article/10.1007/s11274-004-3491-7
http://link.springer.com/article/10.1007/s11274-004-3491-7
http://link.springer.com/article/10.1007/s11274-004-3491-7
http://link.springer.com/article/10.1007/s11274-004-3491-7
http://www.ncbi.nlm.nih.gov/pubmed/16238744
http://www.ncbi.nlm.nih.gov/pubmed/16238744
http://www.ncbi.nlm.nih.gov/pubmed/16238744
http://www.ncbi.nlm.nih.gov/pubmed/16238744
http://www.ncbi.nlm.nih.gov/pubmed/20159568
http://www.ncbi.nlm.nih.gov/pubmed/20159568
http://www.ncbi.nlm.nih.gov/pubmed/20159568
http://www.ncbi.nlm.nih.gov/pubmed/20159568
http://www.ncbi.nlm.nih.gov/pubmed/10422261
http://www.ncbi.nlm.nih.gov/pubmed/10422261
http://www.ncbi.nlm.nih.gov/pubmed/10422261
http://www.ncbi.nlm.nih.gov/pubmed/15944805
http://www.ncbi.nlm.nih.gov/pubmed/15944805
http://www.ncbi.nlm.nih.gov/pubmed/15944805
http://www.ncbi.nlm.nih.gov/pubmed/15944805
http://benz.nchu.edu.tw/~tjfang/pdf/2008/Fang2008.pdf
http://benz.nchu.edu.tw/~tjfang/pdf/2008/Fang2008.pdf
http://benz.nchu.edu.tw/~tjfang/pdf/2008/Fang2008.pdf
http://benz.nchu.edu.tw/~tjfang/pdf/2008/Fang2008.pdf
http://www.sciencedirect.com/science/article/pii/S0032959204002870
http://www.sciencedirect.com/science/article/pii/S0032959204002870
http://www.sciencedirect.com/science/article/pii/S0032959204002870
http://www.sciencedirect.com/science/article/pii/S0032959204002870
http://www.sciencedirect.com/science/article/pii/S0032959204002870
http://www.sciencedirect.com/science/article/pii/S003295920200331X
http://www.sciencedirect.com/science/article/pii/S003295920200331X
http://www.sciencedirect.com/science/article/pii/S003295920200331X
http://www.sciencedirect.com/science/article/pii/S003295920200331X

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Microorganism
	Xylanase production and enzyme extraction
	Enzymatic assays and protein determination
	Effects of pH and temperature
	Biobleaching
	Reproducibility of results

	Results and Discussion 
	Time course for xylanase production
	Xylanase production using different agroindustrial residues and substrates 
	Effect of pH on xylanase activity
	Effect of temperature on xylanase activity and stability
	Assays of cellulose biobleaching using xylanase

	Conclusions
	Acknowledgements
	Declaration of Interest 
	References
	Figure 1
	Table 1
	Table 2
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 3

