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Abstract A very high level of alkalophilic and thermosta-
ble pectinase and xylanase has been produced from newly
isolated strains of Bacillus subtilis and Bacillus pumilus
respectively. Enzyme production for pectinase was carried
out under SSF using combinations of cheap agricultural res-
idues while xylanase was produced under submerged fer-
mentation using wheat bran as substrate to minimize the cost
of production of these enzymes Among the various sub-
strates tested, the highest yield of pectinase production was
observed by using combination of WB + CW (6592 U/g of
dry substrate) supplemented with 4% yeast extract when
incubated at 37 °C for 72 h using deionized water of pH 7.0
as moistening agent. The biobleaching eVect of these cellu-
lase free enzymes on kraft pulp was determined. Both xylan-
ase and pectinase showed stability over a broad range of pH
from 6 to 10 and temperature from 55 to 70 °C. The bleach-
ing eYciency of the pectinase and xylanase on kraft pulp
was maximum after 150 min at 60 °C using enzyme dosage
of 5 IU/ml of each enzyme at 10% pulp consistency with
about 16% reduction in kappa number and 84% reduction in
permanganate number. Enzyme treated pulp when subjected
to CDED1D2 steps, 25% reduction in chlorine consumption
and upto 19% reduction in consumption of chlorine dioxide
was observed for obtaining the same %ISO brightness. Also
an increase of 22 and 84% in whiteness and Xuorescence
respectively and a decrease of approximately 19% in the
yellowness of the biotreated pulp were observed by pretreat-
ment of the pulp with our enzymatic mixture.

Keywords Pectinase · Xylanase · Biobleaching · 
Thermostable · Cellulase-free

Introduction

In the past few years, the need for safer and “environmen-
tal friendly” technologies has become imminent. EVorts to
save the environment and yet achieve the goals of chemi-
cal technology are gaining momentum in several frontier
developments. One such area is the pulp and paper indus-
try where the quantities of raw materials processed are
huge, as well as the use of naturally hazardous chemicals
are also large [32]. Only in the past two decades, however,
the use of microbial enzymes is gaining momentum to
make the technology eventually totally free from hazard-
ous chemicals.

In the paper production process, pulping is a step during
which cellulose Wbres are broken apart and lignin is
removed. Kraft pulping is the most common and while it
removes most of the constituent lignin, the residual lignin
covalently bound to carbohydrate moieties is one of the
chief components that impart dark brown color to the kraft
pulp [14]. This yellow/brownish kraft pulp must be
bleached before paper production. A multistage bleaching
process is used to remove the residual lignin using chlorine
(C), chlorine dioxide (D), and NaOH treatments [15]. The
chlorinated organic byproducts generated during this pro-
cess by using these chemicals are toxic, mutagenic, highly
persistent, bioaccumulating, and thus cause numerous
harmful disturbances in the biological systems [3, 11, 14,
16, 30, 32]. This necessitates the use of microbial enzymes
to reduce the use of chlorine and chlorine dioxide in the
paper making process.
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Biological bleaching of pulp till date has been approached
mainly by the use of xylanolytic enzymes. Xylan is found
mainly in the secondary cell wall and is considered to be
forming an interphase between lignin and other polysaccha-
rides such as pectin [32]. The Wrst scientiWc report of pulp
biobleaching using xylanase was published by Viikari et al.
[34] whereas there have been very few reports so far on the
eYcacy of pectinase pretreatment for biobleaching. With
the advancement of biotechnology and increased reliance
of pulp and paper industries on the use of microorganisms
and their enzymes for biobleaching and paper making, the
use of enzymes other than xylanase and ligninase, such as
mannanase, pectinase and galactosidase is increasing in the
pulp and paper industries in many countries [3, 22]. It has
been found that bleached or alkaline treated pulps con-
tain a substantial amount of harmful pectins. By incorpo-
rating pectinase in the bleached or alkaline treated pulp
such harmful pectins in the aqueous phase of the pulp
are degraded and thus rendered harmless to papermaking
process [3].

Xylanases and pectinases have been reported from bac-
teria, fungi, actinomycetes and yeasts [9, 24, 35]. The use
of abundantly available and cost-eVective agricultural resi-
dues to achieve higher xylanase and pectinase yields pro-
vide suitable means to reduce the manufacturing cost of
biobleached paper. No report is published so far utilizing a
combination of xylanase and pectinase for eVective pulp
biobleaching. The present study reports high level produc-
tion of thermostable, cellulase-free pectinase and xylanase
by newly isolated strains of Bacillus subtilis SS and Bacil-
lus pumilus ASH respectively using cheap agricultural resi-
dues and their potential application in the pulp and paper
industry.

Materials and methods

Microorganisms and growth conditions

Bacillus subtilis and B. pumilus were isolated from soil
samples collected from sanitary landWll and were identiWed
by the Institute of Microbial technology (IMTECH),
Chandigarh, India on the basis of their morphological,
physiological and biochemical characteristics and were
maintained and stored at 4 °C on nutrient agar medium.
Both the strains are alkalophilic being capable of growing
at pH values up to 11.0. The isolated bacterial strains are
Gram positive, moderate thermophile with minimum, opti-
mum and maximum temperature for growth at 10, 37 and
60 °C, respectively. Bacillus subtilis was used to produce
pectinase while xylanase was produced by B. pumilus. The
qualitative assay of pectinase enzyme activity was carried
out by culturing the microorganism on the nutrient agar

plates containing pectin (2% w/v). The clear zones around
the colonies indicated the pectinase activity. The qualitative
estimation of xylanase production was performed by Congo
red staining [5]. Both the cultures were maintained on
nutrient agar slants (g/l): Peptone, 10.0; NaCl, 5; Yeast
Extract, 3; and Agar, 2% at 4 °C.

Pectinase production in SSF

To 10 g of substrate in 250-ml Erlenmeyer Xask, 20 ml
mineral salt solution (g/l: MgSO4.7H2O, 0.2; K2HPO4, 0.5;
pH 7.0) was added and sterilized by autoclaving at 121 °C
for 20 min. The Xasks were brought to room temperature
and inoculated with 10% (v/w) inoculum of overnight cul-
ture of B. subtilis and incubated in a humidiWed incubator at
37 °C for 72 h. The Xasks were tapped at regular intervals
in order to mix the contents.

Enzyme extraction

The enzyme from each Xask was extracted twice with
10 mM glycine phosphate buVer pH 9.5 (100 ml for 10 g of
substrate) and the contents were squeezed through a wet
muslin cloth. The enzyme extract was centrifuged at
10,000g for 30 min at 4 °C and the clear supernatant was
used as crude enzyme.

Chemicals

Polygalacturonic acid, birchwood xylan, carboxymethyl
cellulose, 3, 5-dinitrosalicylic acid were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). All other
chemicals used were of the highest purity grade available
commercially. Pulp used for biobleaching was hardwood
pulp obtained from Ballarpur Industries Limited (BILT),
Yamunanagar, Haryana, India. Agro residues were pro-
cured locally.

Pectinase, xylanase and cellulase assay

Polygalacturonic acid, birchwood xylan and carboxymethyl
cellulose were used as the assay substrates for pectinase,
xylanase and cellulase respectively. The reaction mixtures
containing 400 �l of 1% polygalacturonic acid and carb-
oxymethyl cellulose prepared in 0.1 M glycine phosphate
buVer (pH 9.5) and 100 �l of appropriately diluted enzyme
produced by B. subtilis were incubated at 65 °C for 10 min
for pectinase and cellulase assay, respectively. The reaction
mixtures for xylanase and cellulase assay contained 490 �l
of 2% of respective substrates prepared in phosphate buVer,
pH 7.0 and 10 �l of appropriately diluted enzyme produced
by B. pumilus and were incubated at 60 °C for 10 min. The
enzyme activity was determined by measuring the release
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of reducing sugars during the enzyme substrate reaction
using Miller’s method [27]. One IU of activity towards the
substrates mentioned above was deWned as 1 �mol of
galacturonic acid, xylose or glucose equivalent released per
minute under the above assay conditions by referring to
their standard curves. All the experiments were carried out
independently in triplicates and the results presented here
are the mean of the three. Pectinase activity in SSF was
expressed as U/g of dry substrate.

Optimization of various parameters for pectinase 
production

For cost-eVective production of polygalacturonase by SSF,
the strain was grown with diVerent combinations of maxi-
mum productive cheap agroresidues mixture (5 g each) as
substrates: (1) wheat bran + cotton seed cake (WB + CSC)
(2) wheat bran + citrus waste (WB + CW) (3) wheat
bran + alpha-alpha leaves (WB + ��l) (4) cotton seed
cake + citrus waste (CSC + CW) (5) cotton seed cake +
alpha-alpha leaves (CSC + ��l) (6) citrus waste + alpha-
alpha leaves (CW + ��l) and (7) mixture of all the four sub-
strates (2.5 g each) (WB + CSC + CW + ��l) moistened
with 20 ml of mineral salt solution for pectinase production
by B. subtilis SS. After sterilization by autoclaving, the
Xasks were cooled and inoculated with 18 h grown inocu-
lum. The enzyme was extracted and assayed.

Time course of enzyme production

The Xasks were incubated at 37 °C after inoculation for
diVerent time periods ranging from 24 to 144 h.

EVect of diVerent moistening agents

DiVerent moisturizing agents were tried such as MA I (g/l):
KH2PO4, 1.0; NaCl, 5.0; CaCl2, 0.1; MgSO4.7H2O, 0.4; pH
7.0; MA II (g/l): K2HPO4, 1.0; MgSO4.7H2O, 0.4; pH 7.0,
prepared in distilled water for enzyme production in SSF.
Besides these salt solutions, deionized water and distilled
water were also used as moistening agents.

EVect of pH of moisturizing agent

SSF was carried out using suitable moistening agent with
diVerent pH ranging from 6.0 to 10.0. The Xasks were incu-
bated at 37 °C for 72 h.

EVect of moisture level

The eVect of moisture level on the pectinase production
was studied by varying the substrate-to-moisture ratio (w/v)
ranging from 1:1.5 to 1:3.

EVect of temperature

The inXuence of temperature on the enzyme production
was studied by incubating at diVerent temperatures, ranging
from 30 to 50 °C for 72 h.

Inoculum size

Flasks containing 10 g of substrate were inoculated with 5,
10, 15 and 20% of 18 h old inoculum. The inoculated Xasks
were incubated at 37 °C for 72 h. Thereafter the enzyme
was extracted and assayed.

EVect of additives

The eVect of diVerent additives was studied by supplement-
ing the moistened substrates with yeast extract, peptone and
glucose at a concentration of 4% (w/w).

Production of xylanase under submerged fermentation

The xylanase production was studied in Erlenmeyer Xask
(250 ml) containing 50 ml of basal medium having (g/l):
Yeast extract, 2.5; Peptone, 2.5; KNO3, 2.5; supplemented
with Wheat bran, 20.0 and Olive oil, 0.2%(w/v); pH 8.0.
The Xasks were inoculated with 2.5% (O.D. »0.5) of the
overnight grown inoculum and incubated at 37 °C under
shaking conditions (200 rpm) for 26 h. The enzyme was
harvested by centrifuging at 10,000g for 15 min. The super-
natant was treated as enzyme and was assayed for xylanase
activity.

Optimization of enzyme dose and other reaction parameters 
for biobleaching

For eYcient biobleaching of the paper pulp diVerent param-
eters such as pH, temperature and enzyme dosage were
optimized by carrying out the enzymatic treatment at 10%
(w/v) pulp consistency in transparent plastic bags. Experi-
ments were conducted at diVerent pH values ranging from 7
to 10 and at temperatures varying from 55 to 70 °C. The
optimization of enzyme dose for biobleaching was carried
out by treating moistened unbleached pulp with varying
doses of pectinase and xylanase enzyme mixture, ranging
between 2.5 and 5.0 IU/g of each enzyme keeping a con-
stant retention time of 150 min.

Biobleaching of kraft pulps (ECDED1D2)

Kraft pulps used for bleaching were kindly provided by
Ballarpur Industries Limited, Yamunanagar, India. Pulp
samples were washed thoroughly with distilled water
before and after each experiment till neutrality and were
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oven dried. The above, optimized parameters were used in
each experiment. Prewashed kraft pulp (50 g) of 10% con-
sistency was taken in plastic bag and treated with the opti-
mized dose of enzymatic mixture consisting of pectinase
from B. subtilis and xylanase produced from B. pumilus.

Then pectinase and xylanase treated pulp was exposed to
CDED1D2 bleaching sequence and thereafter various exper-
iments were conducted to measure the reduction in chlorine
consumption to obtain the same amount of brightness in
both enzyme-treated and control (untreated). In these
experiments, all the parameters and treatment conditions
were kept the same except for the dose of chlorine treat-
ment given at the chlorine and chlorine dioxide (CD) stage.
The percentage of chlorine used in the bleaching sequence
was calculated from the brown pulp Kappa number, which
represents the content of residual lignin in the brown pulp.
All the experiments were carried out in triplicates. After the
bleaching experiments, the pulp samples were washed with
distilled water, Wltered and suction-dried, and stored in
plastic bags for the later determination of the Kappa
number.

Pulp properties

The enzyme treated pulp was thoroughly washed and hand-
sheets were prepared under standardized pressure and air-
dried in a room with standardized light, humidity and
temperature, following Technical Association of Pulp and
Paper Industry (TAPPI) recommendations and the investi-
gation of pulp properties was carried out according to
TAPPI standard methods [33]. The Kappa number, which
estimates the lignin content, was determined by the reaction
of pulp samples with acidiWed potassium permanganate
(Tappi method T236 cm-85). The brightness of the hand-
sheets was measured as %ISO (International Organization
of Standardization, ISO) by reXectance at 457 nm with ISO
Colourtech, USA, according to Tappi protocol (T-452 om-87).
The yellowness, whiteness and Xuorescence of pretreated
pulp were also evaluated by ISO Colourtech, USA at
457 nm (T 1216), and Permanganate No. (P. no.) was
estimated by reaction of pretreated pulp with acidiWed
permanganate solution by using starch and potassium iodide
as an indicator.

Results and discussion

Pectinase production under SSF

The production of pectinase by B. Subtilis SS was tested in
solid state fermentation using various agroresidues as sub-
strates. Agroresidues were considered as the best substrates
for SSF and enzyme production by microorganisms [13].

Among the various substrates tested, the highest yield of
pectinase production was observed using combination of
WB + CW (4,607 U/g per dry substrate) when incubated at
37 °C for 72 h (Fig. 1). Wheat bran is a complete nutritious
feed for microorganisms having all the ingredients and
remains loose even under moist conditions providing a
large surface area [2, 9]. The high productivity of enzyme
in WB + CW combination is due to very high nutrient con-
centration of wheat bran and high pectin content in citrus
waste [26]. Wheat bran serves both as a source of carbon
and nitrogen. There are reports related to the fungal and
bacterial production of pectinase by utilizing various agro
industrial residues like coconut oil cake, cotton seed oil
cake, ground nut oil cake, sesame oil cake, rice bran [19];
wheat bran [19, 20]; lemon peel, sunXower head, sorghum
stem [29] but no work has been reported till now by using
these substrates in combination which can enhance the pro-
duction many fold while minimizing the cost.

A low level of pectinase activity was detected in the ear-
lier stages of incubation but gradually increased to reach
the maximum at 72 h of incubation. Decrease in pectinase
production after 72 h may be due to accumulation of end
product which hampers pectinase production or due to scar-
city of the nutrients. The period required for incubation
depends on the enzyme production pattern and the growth
rate of microorganism. Similar incubation period for
enzyme production has been reported from Streptomyces
lydicus [19] where as comparatively longer incubation peri-
ods were required by fungal systems.

The diVerent mineral salt solutions used as moistening
agents (MA) showed varying extent of pectinase produc-
tion. The highest enzyme titer (5,128 U/gds) was obtained
when mixture of WB + CW was moistened with deionized
water followed by MA I (4,901 U/gds), MA II (4,731 U/gds),
and distilled water (2,543 U/gds). Deionized water without
any mineral supplementation had been used as moistening
agent for xylanase production [5].

Fig. 1 Production of pectinase by Bacillus subtilis on various solid
substrates
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Deionized water with diVerent pH ranging from 6.0 to
10.0 was used as moistening agent in SSF. Maximum pro-
duction of pectinase enzyme (5,187 U/gds) was observed at
pH 7 (Fig. 2). With increase or decrease in pH of moisten-
ing agent, the enzyme production decreased. The variations
in pectinase production due to pH changes may be because
of the availability of nutrients at that particular pH. An opti-
mum pH of 7.5 for pectinase production by Bacillus
sp.MG-cp-2 using wheat bran as substrate was reported by
Kapoor et al. [20].

The maximum pectinase titer (5,710 U/gds) was found
when WB + CW were moistened with deionized water in
the ratio of 1:2.5. On increasing or decreasing the moisture
level, the pectinase yield decreased (Fig. 3). In SSF, mois-
ture content is a signiWcant factor, which determines the
success of a process [28]. On increasing or decreasing the
moisture level pectinase production decreased. The reason
may be that the moisture content lower than the optimum
level leads to the poor solubility of solid substrate nutrients,
high water tension and improper swelling whereas the
higher moisture content decreases the porosity due to
gummy texture of the substrate, alters the particle structure,
leads to impaired oxygen transfer and decreases the diVu-
sion [7, 17]. An optimum substrate-to-moisture ratio of 1:5
for pectinase production has been reported for Streptomy-
ces sp. RCK-SC using wheat bran as substrate [23].

The SSF was carried out by incubating the Xasks at
diVerent temperatures such as 30, 37, 40, 45 and 50 °C for
72 h. The maximum enzyme production was found at 37 °C
(5768 U/gds) in a humidiWed incubator and decrease in the
enzyme production was observed at 30 °C (2,143 U/gds)
and 40 °C (5,634 U/gds) temperature. Maximum pro-
duction of enzyme at 37 °C may be due to the optimum
growth of bacterium and higher biomass production at this
temperature.

Pectinase production was highest (6,086 U/gds) when
inoculum was used at a level of 15% whereas with increase

(20%, 5,683 U/gds) or decrease (10%, 5,711 U/gds) in the
inoculum size from 15% resulted in a decrease in pectinase
production. Earlier 10% (v/w) of inoculum was used for the
production of polygalacturonase from Bacillus sp. MG-cp-
2 [19] where as an optimum inoculum size of 15% has been
reported from B. licheniformis A99 in case of xylanase pro-
duction under SSF [1].

Among the diVerent additives tested for pectinase
production, yeast extract (6,592 U/gds) and peptone (6,298
U/gds) induced the enzyme production, while glucose
(3,124 U/gds) notably repressed the pectinase production
which may be due to catabolite repression. Similar results
have been reported by many workers, such as synthesis of
pectinase by A.niger on pectin supplemented with glucose/
sucrose repressed the enzyme [31]. An alkali and thermo-
tolerant pectinase produced by a mesophilic Bacillus sp.
DT7 using SSF conditions repressed the enzyme produc-
tion when supplemented with glucose [21]. Similarly in
case of �-amylase production by B. coagulans under SSF,
wheat bran supplemented with glucose repressed the
enzyme production [2].

Optimization of various parameters for pulp biobleaching

The pectinase produced by B. subtilis and xylanase pro-
duced by B. pumilus are cellulase-free as no endoglucanase
activity could be detected with carboxymethylcellulose at
diVerent pH, which make them suitable for application in
pulp biobleaching. Various parameters such as enzyme dos-
age, pH and temperature were optimized for the enzyme
mixture in order to enhance the eYciency of enzymatic
pulp bleaching [18]. These optimized conditions suitable
for the enzymatic mixture were used to obtain the same
%ISO brightness as it was achieved in chemical bleaching.
From an industrial point of view, it is simple to adjust the
pH but diYcult and expensive to control temperature due to
cost of cooling. The ideal solution therefore would be toFig. 2 EVect of pH on pectinase production in SSF
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use enzymes with higher pH and temperature stability,
which will make the large-scale operations simpler and
cost-eVective [32]. Both xylanase and pectinase extracted
from B. pumilus and B. subtilis respectively showed stabil-
ity over a broad range of pH from 6 to 10 and temperature
from 55 to 70 °C. However, the maximum eYciency of the
enzymatic mixture in biobleaching was obtained at 60 °C
and at pH 7.0. At a retention time of 150 min, an enzyme
dosage of 5 IU/ml each of xylanase and pectinase was
found suitable for biobleaching (Table 1). Higher enzyme
doses did not lead to any signiWcant enhancement in the
biobleaching eYciency.

Biobleaching of kraft pulp

The bleaching eYciency of the cellulase-free enzyme mix-
ture containing pectinase from B. subtilis and xylanase
from B. pumilus on kraft pulp was maximum after 150 min
at 60 °C using enzyme dosage of 5 IU/ml of each enzyme at
10% pulp consistency with about 16% reduction in kappa
number and 84% reduction in permanganate number which
is much signiWcant as compared to pretreatment with xylan-
ase decrease of only 83% in permanganate number [6].
After treatment with this enzyme mixture an increase of 7%
in brightness was observed in case of unbleached pulp with
respect to control. At each stage of chemical bleaching, the
biobleaching eVects of pectinase and xylanase treatment
were observed on unbleached kraft pulp. In the ECDED1D2

process, nearly 53% increase in brightness by xylanase was
achieved after chlorination, 36% after alkali treatment, 35%
after D1 stage, 4% after D2 and only 1% after the Wnal step.
This indicates that the biobleaching eVect of this enzyme
mixture was maximum at the Wrst stage where the maxi-
mum reduction in kappa number and P. no. was achieved
that was signiWcantly more as compared to the other stages
of either biobleaching or chemical bleaching. Therefore,
prebleaching by this enzyme mixture can be established
as the most suitable step to facilitate bleach boosting of

pulp. The application of xylanases for improvement in
pulp bleaching has been reported by several workers by
using xylanase from B. pumilus ASH [6], Streptomyces sp.
QG-11-3 [9], S. cuspidosporus [25], B. licheniformis 77-2
[12], Chaetomium cellulolyticum [4], and Streptomyces sp.
strain S38 [15]. An overall bleach-boosting of eucalyptus
kraft pulp was obtained when alkaline pectinase from
Streptomyces sp. QG-11-3 was used in combination with
xylanase from the same organism for biobleaching [10].

Enzyme treated pulp when subjected to CDED1D2 steps,
25% reduction in chlorine consumption and upto 19%
reduction in consumption of chlorine dioxide was observed
for obtaining the same %ISO brightness (Table 2). Battan
et al [6] have reported chlorine reduction of upto 20% by
pretreatment of pulp using only xylanase produced by
B. pumilus and a chlorine reduction of 8% by using xylanase
from Streptomyces sp. QG-11-3 has been reported earlier.
A combination of these two enzymes was very eVective in
leading to the percentage increase of 22 and 84% in white-
ness and Xuorescence respectively and a decrease of
approximately 19% in the yellowness of the biotreated pulp
was observed whereas pretreatment of pulp by xylanase
alone caused increase of only 21% in whiteness and 28% in
Xuorescence [6]. Thus apart from making the bleaching
process environmental-friendly, the use of these enzymes
also makes the process economically feasible while
improving the pulp properties.

The scanning electron microscopic (SEM) studies
revealed that this enzymatic mixture of pectinase and
xylanase introduced greater porosity, swelling up and sepa-
ration of pulp microWbrils and pulp Wbres compared to the
smooth surfaces of untreated pulp. After enzymatic treat-
ment, when the pulp Wbres were subjected to addition of
chlorine bleaching chemicals, swelling, separation and loss
in compactness in the pulp Wbres was observed (Figs. 4, 5).
This indicates that the addition of pectinase and xylanase to
the pulp Wbres prior to the addition of bleaching chemicals
renders the pulp Wbres more accessible to the chemical

Table 1 Optimization of 
various parameters for pulp 
biobleaching

PH Temp. 
(°C)

Enzyme 
dose (IU/ml)

Brightness 
ISO % (B)

P. no. K. no Yellowness 
(b*)

Whiteness 
(CIE WI)

Fluorescence 
(�B)

07 55 05 + 05 30.6 12.2 18.5 13.36 ¡37.96 ¡0.27

08 55 05 + 05 29.8 13.4 19.7 13.34 ¡38.93 ¡0.04

09 55 05 + 05 28.7 13.2 20.0 13.48 ¡39.75 ¡0.06

10 55 05 + 05 30.9 12.0 18.2 13.14 ¡35.67 ¡0.22

07 60 05 + 05 32.3 11.1 16.7 12.81 ¡33.02 ¡0.04

7.5 60 05 + 05 31.9 11.5 17.4 13.35 ¡36.03 ¡0.16

08 60 05 + 05 29.9 13.1 19.9 13.34 ¡38.93 ¡0.04

07 70 2.5 + 2.5 30.8 12.2 18.5 13.44 ¡38.32 ¡0.11

07 70 05 + 05 31.7 11.6 17.6 13.50 ¡36.23 ¡0.13

7.5 70 2.5 + 2.5 31.1 11.8 17.9 13.09 ¡34.47 ¡0.04

All these experiments have been 
performed at 10% pulp consis-
tency with retention time of 
150 min
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bleaching agents, thereby, reducing the requirement of
chlorine and chlorine compounds in the subsequent bleach-
ing process [8].

In conclusion, the criterion for any process to be indus-
trially favorable is its cost-eVectiveness and eco-friendly
nature. Therefore, the enzymes have been produced under
optimized conditions to achieve a very high yield. Also, in
the paper industry, xylanase and pectinase free of cellu-
lase activity are required for selective removal of only the
hemicellulose component and pectins respectively with
minimal damage to the cellulose pulp. Both these
enzymes are cellulase-free and their wide range of thermal
and pH stability make them suitable for their application

in pulp and paper industry. This is the Wrst report of using
pectinase and xylanase mixture for eVective bleaching of
paper pulp and the results indicate that this enzymatic
mixture is more eYcient than using pectinase and xylanase
alone.
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Table 2 EVect of enzymatic 
treatment on various pulp 
properties

Parameters Control Enzyme (mixture) (%)

100% 100 90 80 75 70

Kappa No. 18.2 17.0 17.0 17.0 17.0 17.0

Cl2 added % 4.38 4.38 3.9 3.5 3.3 3.1

Cl2 consumed % 4.382 4.380 3.864 3.478 3.247 3.054

Brightness ISO % 45.6 48.7 48.1 46.9 46.1 45.2

Alkali added % 2.5 2.5 2.5 2.5 2.5 2.5

H2O2 % 0.5 0.5 0.5 0.5 0.5 0.5

P. No. 2.3 1.7 1.6 2.1 2.3 2.5

Brightness ISO % 62.5 65.9 64.6 63.9 62.6 62.1

D-1 (ClO2 added) % 0.9 0.9 0.8 0.7 0.6 0.5

ClO2 consumed % 0.783 0.783 0.713 0.668 0.569 0.487

Brightness ISO % 84.0 86.6 85.1 84.6 84.2 83.6

D-2 (ClO2 added) % 0.5 0.5 0.45 0.40 0.375 0.35

ClO2 consumed % 0.387 0.387 0.372 0.353 0.311 0.304

Brightness ISO % 87.5 88.0 87.9 87.7 87.5 87.1

SO2 added % 0.50 0.50 0.50 0.50 0.50 0.50

Brightness ISO % 88.1 88.7 88.5 88.3 88.1 87.7

Fig. 4 Scanning electron micrograph of unbleached (control) euca-
lyptus kraft pulp (500£) Fig. 5 Scanning electron micrograph of eucalyptus kraft pulp after

enzymatic treatment (300£)
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