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ABSTRACT

The efficiency of three white rot fungi Trametessieelor, Lenzites betulina and Polyporus
elegans in bringing about decolorization and enkleanent of xylanase production was studied
using sawdust liquid extract, a crude source oémyt two different concentrations of 12% and
20%. The selected cultures were proved to be efiiciin both decolorization of xylan and
production of xylanases. A clear linear correlatidretween the enzyme production and
decolorization was observed. The decolorizatiorceetage increased with increase in enzyme
production from & to 12" days of incubation. Trametes versicolor showed imam
decolorization and enzyme production at both theaceatrations. It showed 100% of
decolorization and 900ug/ml enzyme productioh2#b and 95% decolorization and 750ug/ml
enzyme at 20%. Lenzites betulina and Polyporusaateghowed 90% and 85% of decolorization
and 700ug/ml, 650ug/ml enzyme production at 12%ew8tb% and 80% decolorization with
650ug/ml, 583ug/ml enzyme production at 20 % canagon of saw dust extract respectively.
The study of the bleaching and delignifying (kappenber reduction) ability of wood degrading
fungi on pulp were also studied. The results olstdirevealed that the selected cultures were
able to reduce kappa numbdiametes versicolor was able to reduce kappa nurapeto 10
points, Lenzites betulina and Polyporus elegamso 6 and 2 points respectively. Xylanase
enzyme was secreted during bleaching by all theetlarhite rot fungi. Based on the results it can
be interpreted that xylanases enhance the del@atibn process and therefore the bleaching of

pulp.
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INTRODUCTION

The study of xylanases has been started in 196ifsthe development and application of new
technologies, such as molecular biology, structhi@logy and protein engineering. Using these
technologies substantial progress has been achieveésearch concerning structures and
functions of xylanases. Xylanases [1$4-D xylan xylano hydrolase E.C.3.2.1.8] catalydes t
random hydrolysis of 1-# -D- xylosidic linkages in xylan. Xylan, the secomibst abundant
polysaccharide constitutes from 20-40% of dry weighd forms the major component of
hemicellulose in plant biomass [6,31h wood as well as in saw dust lignin and xyla@ more
tightly bound together imparting brown colour [40Kylan structure is very complex and
variable ranging from linear 1-43-linked polyxylose chains to highly branched “heter
polysaccharide [Fig-1]. The prefix “hetero” denothe presence of sugars other than D-xylose.
The main chain of xylan is analogous to that ofutee, but is composed of D-Xylose instead
of glucose. Branches consist of L-arabino-furaniodgead to 0-3 positions of D-xylose residues
and of D-glucoronic acid (or) 4-0-methyl D-glucororacid linked to 0-2 positions. Both side
chain sugars are linked L-glucosidically [19The hydrolysis of xylan is carried out by
synergistic action of xylanases and associated neegy like B-xylosidase, a-2-arabino
furanosidase L-galactosidase, acetyl estefasgnnosidase arfitglucosidase [30] The main
products formed from hydrolysis of xylan are xylede, xylotriose and substituted oligomers
containing 2 to 4 xylosyl residues [46, 47]

~ly
1.ENDO-1,4- A-XYLANASE [ EC 3.2.1.8 ] XY B 1-4XY 31
2.%-1,-ARABINOFURANOSIDASE [ EC 3.2.1.55 ] A
3.&-GLUCURONIDASE [ EC 3.2.1 ] | 5

4 .ACETYLESTERASE [ EC 3.1.18 ]
5.12XYLOSIDASE [ EC 3.2.1.37 ]

FIG:1: STRUCTURE OF XYLAN

Xylanases have received a great deal of attentidhe last 10 years. Potential applications of
xylanases include bioconversion of lignocellulosiaterial and agro wastes to fermentative
products, bio-conversion of waste materials to @tdal products, bio-processing of agro
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residues, biomass conversion, and bio-refineryigofolcellulosic wastes [9, 3, 2, 45]. Pulp and
paper industry has given utmost preference inyapplxylanases where the quantities of raw
materials processed is huge as well as the usatafatly hazardous chemicals are also large
[30,44,26]. Pulping is the means where by the wgoteduced to a fibrous mass for onward
processing into paper and broad products [24]. ihigtomponent binds with cellulose fibers
together with hemicelluloses. In order to produapgs, the fibers must be separated from each
other. Xylan forms a barrier against effective agtion by chemicals of the residual brown
colored lignin from the fibers [40]. Residual lignis both darker and more tightly bound to the
fibers together with xylan. The principal aim oflpuleaching is to increase the brightness of
pulps. Large quantities of chlorine or chlorine t@aming compounds are required to be used for
effective increase in pulp brightness [5]. Evidemaeunted throughout the 1980’s that mill
discharges were responsible for increasing theldeseorganic chlorines detected in receiving
environments and a variety of ecological effectsgiag from lethal effects upon marine micro
flora to deformalities [35, 36, 37, 21, 23]

Progress through intensive research and developingctivities to make technology eventually
free from hazardous chemicals would be a cherisliedm and this has been realized through
biopulping [41,42,43,15,13,20,1]. Hydrolysis by aiyhses of relocated and reprecipitated xylan
on the surface of cellulose fibers formed duringking facilitates the removal of lignin by
increasing permeability to oxidizing agents [1418B], Prebleaching of pulp by xylanases would
decrease 20% xylan from pulp saving up to 25% d¢drate containing bleaching component
[39].

Xylanases are now playing a role in clarifying gscand wines, extraction of coffee and plant-
oils, in improving nutritional starch property ofrécultural silage and grain feed. Xylanase
based enzyme products are used in pig and pouéty dased on wheat and rice[48]. Microbial
xylanases enhanced dough rheological propertiesfested as an increase in loaf volume that
improves its baking performance and hence has gmgatrtance in cereal industries [32,27].
The multifarious physiological roles of xylanasasfruit softening, seed germination and plant
defense mechanisms [1] were well known. Severaiessthave shown that microbial production
of enzymes can be induced by using substratesgp&ydanases are co-induced in response to
substrates containing xylan or hemicellulose ookidse or xylotriose or their residues in the
medium [7].White rot fungi come under sub division fleshy blasmycete members. All the
components of wood including lignin, cellulose dramicellulose are used up by these fungi as
their hyphae are able to penetrate wood and caasdssease. The degraded wood appears light
in color due to loss of lignin (brown colour). Aet strength to the wood is because of lignin
component, the tissue becomes spongy due to ligegradation. Fungi with this ability are
collectively known as White rot fungi. White rotrigi secrete high levels of plant cell wall
hydrolyzing enzymes such as cellulases and xylanase their culture media, and are employed
for the hydrolysis of lignocellulosic materials[4729,34].

Major impediments to exploit commercial potentiéixglanases are the difficulty in obtaining
yield stability and cost of xylanase production.efiéfore research has been aimed to exploit
commercial potential of existing and new xylanaisesature. In view of the earlier indications
and the aforesaid applications, the present stsiggfanned to improve xylanase production on
natural substrates of xylan and also to optimizedpction of xylanases and decolorization of
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saw dust extract and studying the biobleachinyiggtoy detecting the kappa number by TAPPI
method and estimating the xylanase production dubteaching by three white rot fungi
Trametewersicolor, LenzitebetulinaandPolyporuselegans.

EXPERIMENTAL SECTION

About twenty wild species of white rot fungi werellected from forests as well as from
common timber depots and identified according te tharacteristics of their basidiocarps.
Among the collected white rot fungal species, thisssidiomycetes fungi selected were
Trametesversicolor, Polyporuslegans, Lenzitebetulina for the present study. The selected
white rot fungi were characterized by the followifeatures.Trametes versicolo(turkey tail
fungus)was characterized by the distinctive brightly cetbbanding pattern on the fruiting body
resembling the tail of strutting turkey.enzitesbetulina nulti color gill polypore) was
characterized by their white to creamy pore surfemeered with coarse hairs, concentrically
zoned with colorsPolyporuseleganswas characterized easily by its fairly small sizéhw
whitish pore surface and half-black central stewrePsurface is white when young, becoming
brown on age. A piece of basidiocarp was cut anst filipped in sterile water containing
antibiotic then in spirit and exposed to little fla for surface sterilization. After surface
sterilization, the inner piece of it was placedmalt agar plates and incubated. After incubation
period the cultures were sub-cultured on to madr a&tants.

1. Estimation of xylanase production in the presence of liquid and crude source of xylan
(sawdust) by the selected cultures

Five percent of sawdust was taken, boiled andréitte The filtrate obtained is used as liquid
source of xylan. To estimate the xylanase prodoctivze sawdust filtrate obtained was added to
the malt extract medium in two concentrations d¥l@nd 20%. Initial pH and optical density at
445nm of the medium was noted. To the above medwith, saw dust filtrate, the selected
cultures were seeded and incubated for 12 daysheAend of 6, 8, 10, 12 days of incubation
culture filtrate was taken and the following aspetére studied.

1.1. Deter mination of decolorization Percentage of 12% and 20% sawdust extract
Decolorization percentage was determined by chante initial and final optical density of the
filtrate at 445 nm. Optical density at 445nm of thature filtrate was observed and results are
given in Tables-1 and 3

1.2. Estimation of xylanase production at 12% and 20% sawdust extract
At the end of 6, 8, 10, 12 days of incubation, undtfiltrate was taken and estimated for xylanase
activity in terms of xylose production and resalis recorded in Tables- 2 and 4

2. Study of bio-bleaching activity of selected cultures

The selected cultures were cultured on 20gms dfiséel pulp and incubated for 35days. At the
end of 7, 14, 21, 28, 35 days pulp samples weteddsr the following aspects.
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2.1. Detection of Kappa number using TAPPI (Technical Associations of the pulp and
paper industry) method

At the end of 7, 14, 21, 28, 35 days of incubatjoulip samples were taken and kappa number
was detected by using Standard TAPPI method (TARRt Method T 236 om-99). Kappa
number was calclulated using the following formaital results are set out in Table-5

Where

K= kappa number.

f=factor for correction to a 50% permanganate comgption, dependent on the value of p (see table).
w= weight of moisture- free pulp in the specimeags.

p= amount of 0.1 N permanganate actually consunyeithd test specimen, ml.

b= amount of the thiosulphate consumed in the bltkrmination, ml.

a= amount of the thiosulphate consumed by thesgestimen, ml.

N= normality of the thiosulphate.

Factors in table are based on the equation:
Log k= log p/w+0.00093(p-50).

Table: factorsf to correct for different percentages of permanganate used

P+| 0 1 2 3 4 5 6 7 8 9

30 | 0.958| 0.960 0.962 0.96¢4 0.966 0.968 O0.yO 0/90357| 0.977
40 | 0.979| 0.981 0.983 0.985 0.987 0.989 0.991 0[{99496| 0.998
50 | 1.000{ 1.002 1.004 1.006 1.009 1.011 1.013 1|0ILB17| 1.019
60 | 1.022| 1.024 1.026 1.048 1.080 1.033 1.p035 1|0BD39| 1.042

70 | 1.044

2.2. Estimation of production of Xylanases
At the end of 6, 8, 10, 12th days of incubationlppsamples were taken and estimated for
xylanase activity in terms of xylose production aasults are presented in Table-6

RESULTSAND DISCUSSION

1. Estimation of xylanase production in the presence of liquid and crude source of xylan
(sawdust) by the selected cultures

For the present study, saw dust was selected ragla source of xylan. The crude extract of saw
dust was added to the medium at 12 % and 20% ctaten and cultures were seeded and
incubated for 12 days. At the end of 6, 8, 10 aB@dlays of incubation decolorization activity
(%) and xylanase production were estimated andethdts were recorded.

1.1. Determination of decolorization Percentage of 12% saw dust
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It was evident from the results that the organiseiected were efficient in decolorization of saw
dust extract. Three white rot fungi achieved thieaive color removal of saw dust by 100,
95and 85% respectively in 12 days of incubationisitrevealed thafTrametes versicolor
exhibited 25-100% decolourizatiobenzites betulin@xhibited 15-90% decolourization activity
and Polyporus elegangxhibited 10- 85% decolourization. Of the cultusetected,Trametes
versicolor exhibited maximum decolorization 0f 100% néxinzites betulinaip to 90% and
Polyporus eleganap to 85 %.

Table-1 Deter mination of decolorization Percentage of 12% saw dust

DECOLORIZATION PERCENTAGE (%)
6TH DAY | 8THDAY | 10THDAY | 12TH DAY

r 25 (£0.57)| 50(x0.50) 75((x0.47) 100(z0.4

Lenzites betulina | 15(+0.50) | 30(x0.50) 65(+0.50 90(+0.47

Polyporus elegans| 10(x0.57) | 25(x0.50) 60(x0.50 85(+0.50
All +values are significant at 5% level.

ORGANISM
Trametes versicolo

D)

1.2. Estimation of xylanase production at 12% saw dust extract

The selected cultures were able produce xylanasesrude source of xylan and there was
gradual increase in the xylanase production fromddty to 12th day of incubation by the three
cultures. From the above results, it can be comdutiat the decolorization activity increased
along with an increase in xylanase production leydelected cultures. Rakisudetal (2006)
[33] tested different xylan-containing agriculturaye-products for substrate specificity and
observed rice husk was to be the best substratieeicase oAspergillusniveus RS2.Judith
Liliana et al. (2002) [11] performed xylanase productionAspergillusawamorion sugar cane
baggage.

Table-2 Estimation of xylanase production at 12% saw dust extract

PRODUCTION OF XYLANASE (ug/ml)
6TH DAY 8THDAY 10THDAY 12TH DAY

ORGANISM

Trametes versicolo

283.35(0.33)

550.00(0.47

)

700.00(20.4

7)  900.004Z)

Lenzites betulina

150.00(+0.33)

350.00(20.5(

)

533.34(20.5

0) 700.0048)

Polyporus elegans

116.67(+0.33)

316.67(x0.50

)

483.35(x0.5

0) 650.00%8)

All +values are significant at 5% level.

Table-3 Determination of decolorization Percentage of 20% sawdust

DECOLORIZATION PERCENTAGE (%)
6TH DAY | 8THDAY | 10THDAY | 12TH DAY
r 20(x0.33) | 40(x0.33) 65(x0.47 95(+0.47
Lenzites betulina | 15(+0.50) | 30(x0.50) 50(+0.50 85(+0.50
Polyporus elegans| 10(+0.50) | 25(+0.50) 45(+0.50 80(x0.50
All £values are significant at 5% level.

ORGANISM
Trametes versicolo

1.3. Deter mination of decolorization Percentage of 20% saw dust

It can be concluded from the results that the asyas selected were efficient in decolorization
of saw dust extracfTrametes versicolor exhibited 20- 95% decolourizatidrenzites betulina
exhibited 15-85% decolourization activity anHolyporus elegansexhibited 10- 80%
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decolourization. Of the cultures selectéfametes versicolor exhibited maximum
decolorization 0f 95% followed blyenzites betulindringing 85% andPolyporus elegansp to
80 %.

1.4. Estimation of xylanase production at 20% saw dust extract

The selected cultures were able produce xylanasesrude source of xylan and there was
gradual increase in the xylanase production fromdaty to 12th day of incubation by the three
cultures. Xylan degrading systemPRiianerochaetehrysporiumwas well studied and reported
to be producing about 3.86(U) mg-1 when grown ah spelt arabino xylan and birch wood
xylan [22,8]. It is evident from the results that the xylanase production increases there was
increase in decolorization activity by the seleatatures.

From the results obtained it was interesting tcenibat the decolorization activity increased
along with an increase in xylanase production leygblected cultures. There was a clear linear
correlation between xylanase production and dezabon of sawdust extract. The brown color
of wood is because of xylan, the hemicellulose comept of wood. The pulp and paper industry
striving hard to decolorize and bleach the woodppiubm brown to white by using higher
amounts of chlorine. From the results obtainedit lbe suggested that biobleaching can become
an efficient method in pulp and paper industry wahit turn may reduce the amount of chlorine
usage.

Table-4 Estimation of xylanase production at 20 % saw dust extract

| PRODUCTION OF XYLANASE (ug/ml)
ORGANISM 6TH DAY 8THDAY 10THDAY 12TH DAY
Trametes versicolof 250.00(+0.50)| 500.00(+0.50 650.00(x0.50) 750.00%&)
Lenzites betulina | 116.67(x0.50)] 316.67(+0.50) 466.68(+0.50) 650.00%A)

Polyporus elegans| 83.35(x0.50)| 300.00(x0.50) 433.34(x0.50) 583.3%#80).
All £values are significant at 5% level.

2. Study of bio-bleaching activity of selected cultures

2.1. Detection of Kappa number using TAPPI (Technical Association of the pulp and paper
industry) method:

Pulping is the means where by the wood is redugedfiorous mass for onward processing into
paper and other products. The principal aim of gagaching is to increase the brightness of
pulps. Enzymatic solubilization of the hemicellidessettled on the pulp fibers would be an
“environmentally compatible” technology to improtiee accessibility of the brown lignin to
chemical bleaching together with substantially et quantities of bleaching chemicals
required to achieve the same degree of bleachiddpaghtness.

It is evident from the results that the selectedteviot fungi exhibited affective bio bleaching
activity. Of the selected cultur@sametes versicoloshowed maximum activity and was able to
reduce kappa number up to 10 poihisnzites betulinaeduced kappa number up to 6 points and
Polyporus elegans upto 2 points. The present results are in accoelamith the earlier
investigations on biobleaching carried out by otfuegal cultures as given. Ryuichiro Kondb

al. (1994)[16], Harazinet al. (1996)[9] and Hirofurnket al. (2005)[10]visualized that white rot
fungi Phanerochaete sordida YK-6&tightened pulp up to 21.4 points to 54.0% brigbm
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higher thanPhanerochaete chrysosporiufit3.4%] and Coriolus versicolor.Kalagiri et al.
(1995)[12] studied Phanerochaete chrysosporiuand Trametes versicoloin the solid state
fermentation with low nitrogen and high carbon noediand reported that pulp brightness
increased by 15-30 points thereby decreasing Kappaber. It was reported by Moreirat al.
(1997)[25]that Bjerkandera sp. Strain Bo556creased 80% of brightness on eucalyptus kraft
pulp hand sheets.

Table-5 Detection of Kappa number using TAPPI method

ORGANISM REDUCTION IN KAPPA NUMER
Trametes versicolof 10(z+0.50)
Lenzites betulina 6(+0.50)
Polyporus elegans 2(+0.50)

All +values are significant at 5% level.

Table-6 Estimation of xylanase production

ORGANISM PRODUCTION OF XYLANASE(ug/ml)
Trametes versicolof 83.35(+0.50)
Lenzites betulina 66.68(+0.50)
Polyporus elegans 33.34(x0.50)

All £values are significant at 5% level.

Figure-2 Linear correlation between enzyme production and Biobleaching activity

(o]
o

| @ Production of
|| xylanase(ug/ml)

B Reduction in Kappa
- number

Biobleaching activity

Production of Xylanase and

BN WS OO N
O O O O O O O o o
| | | | | | | |

| [

Trametes Lenzites Polyporus
versicolor betulina elegans

White rot fungi

2.2. Estimation of production of Xylanases

It was clear from the results that there was xygenproduction by all the selected cultures.
Trametes versicoloproduced maximum enzyme, moderate productiohdnzites betulinand
least production by Polyporus elegandt was also noticed that increased enzyme productio
lead to increased biobleaching activity there Ijuoeng the kappa number with the resultant
brightness of the pulp [Fig-2].

The significance of the present work lies in thetfthat hazardous chemical usage can be
replaced by fungal cultures for biobleaching atjivi
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