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Abstract 

 A thermoalkalophilic and cellulase free xylanase produced from Arthrobacter sp. 

MTCC 5214 in solid state fermentation using wheat bran as a carbon source was 

evaluated for prebleaching of kraft pulp. The UV absorption spectrum of the compounds 

released by enzyme treatment showed a characteristic peak at 280 nm indicating the 

presence of lignin in the released coloring matter. Enzymatic prebleaching of kraft pulp 

showed 20 % reduction in kappa number of the pulp without much change in viscosity. 

Enzymatic treatment reduced the amount of chlorine by 29 % without any decrease in 

brightness. The viscosity of xylanase treated pulp was 4.0 p. where as of the pulp 

treated exclusively with chlorine was 4.1 p. 
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1. Introduction 

The interest in xylan degrading enzyme and their application in the pulp and paper 

industries have advanced significantly over the past few years (Bajpai et al., 1994; Christov et 

al., 1999; Garg et al., 1998; Srinivasan and Rele, 1999). In kraft pulping, hemicelluloses and 

lignin are dissolved and partially degraded during the heating process. In a subsequent phase of 

the process the pH drops sharply because of the discharge of xylan side groups and xylan 

precipitates with re- adsorption of lignin on top of the cellulosic microfibrils. Lignin is coloured 

during kraft pulping and as a consequence, cellulosic fibers become darkly stained.  Usually one 

or more bleaching sequences are needed to remove the dark colour caused by the deposition of 

lignin. Organic chlorine compounds are formed during the chemical bleaching of pulp. These 

compounds arise mainly from the reaction between residual lignin present in wood fibers, and 

the chlorine used for bleaching.   

Chlorinated organic compounds produced during chemical bleaching technologies are harmful 

to the environment and need to be substituted by environment compatible procedures. One 

environmentally safe technique is the use of xylanases.  Xylanases cleave and solubilize 

reprecipitated xylan and lignin located on the surface of the microfibrils. This facilitate pulp 

bleaching and lowers chlorine consumption thereby reducing discharge of toxic organo-chlorine 

compounds in the environment (Senior et al., 1992; Tolan and Canovas, 1992). The 

effectiveness of xylanase treatments has been evaluated in at least two aspects: first by 

determining the amount of sugars after enzyme incubations, where 0.5% to 1.0% of the pulp 

carbohydrate content is liberated and second, by observing increased bleachability with 

conventional methods after xylanase treatments (Vikari et al., 1993). Furthermore, xylanase 

treatment of kraft pulp releases the lignin-carbohydrate complexes (Yang and Eriksson, 1992).  

Moreover, xylanase treatment helps in increasing brightness of pulp which is very important to 

develop chlorine free bleaching process. 

Xylanases are useful only if the cellulosic fiber is not affected by the presence of cellulolytic 

activities (Erikson, 1990; Vikari et al., 1993). Preparation of cellulase-free xylanases can be 

obtained through several, not always cost effective methods, like removal by purification or 

enzymatic inactivation of cellulases, or by production from microorganisms that fail to produce 

detectable amounts of cellulase activity (Beily et al., 1980; Gomes et al., 1993; Milagres et al., 

1993). Selective induction using chemically defined inducers (Beily et al., 1980; Hrmova et al., 

1991), production by cellulase negative mutants (Erikson and Goodell, 1974; Moundou et 

al.,1986) and production by genetically engineered strains can also be used. 
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In addition, since xylanases are used as bleaching additives in the processing of chemical or 

thermomechanical pulps, it would be desirable that the enzyme meets the requirements of the 

process rather then the process meeting the needs of the enzyme. Thus, the perfect enzyme for 

bleaching process should be active at high temperature and pH (Wakarchuk et al., 1994).   

In this paper an attempt has been made to assess the potential of the thermoalkalophilic 

xylanase isolated from Arthrobacter sp. in the treatment of kraft pulp utilized for the production 

of paper by M/s. West Coast Paper Mills, Dandeli, India, 

2. Methods 

2.1. Culture and growth condition 

Bacterial cultures utilizing xylan were isolated from sediment sample collected from 

Mandovi estuary, west coast of India. From these isolates Arthrobacter sp. MTCC 5112 which 

produced highest amounts of xylanase was selected for present study. The culture was grown 

at room temperature in 15 ml  mL modified basal salt solution (MBSS) containing 5 g of wheat 

bran as substrate (substrate to moisture ratio 1:3) for 7 days.  The composition of the medium 

(w/v) was as follows:  NaCl, 30.00 g; KCL, 0.75 g; MgSO4,7.00 g; NH4Cl, 0.5 g; K2HPO4 (10%) 

7.00 mL; KH2PO4(10%) 3.00 mL; yeast extract, 2 g; peptone, 0.3 g: Trace metal solution, 1.00 

mL; Distilled water 1000  mL; pH of the medium was adjusted to 9.0 using 1N NaOH. Trace 

metal solution has the following composition H3B03 , 2.85  g; MnCl2 .7 H2O, 1.80  g; FeS04.7H20, 

2.49  g; Na - Tartarate, 1.77 g; CuCl2, 0.03  g; ZnCl2 , 0.02  g; CoCl2, 0.04  g; Na2MoO4.2H2O, 

0.02g ; Distilled water , 1000 mL.  

Ehrlenmeyer flask (500 mL) containing 10 g of wheat bran and 30 mL of MBSS, pH 9 was 

sterilized, cooled and inoculated with pre-grown culture of the isolate.  The flasks were 

incubated at room temperature. The culture was harvested in the stationary growth phase i.e. 

after 4 days. The content of the flask was suspended in 100 mL of 50 mM glycine-NaOH buffer 

(pH 9) vortexed thoroughly and centrifuged  (10, 000 g for 10 min, 4 oC). The enzyme was 

precipitated from the culture supernatant by adding ammonium sulfate to 80 % saturation. This 

was left overnight and the precipitate collected by centrifugation at 10, 000 g for 10 min. The 

enzyme obtained was purified by gel and ion exchange chromatography and was used for the 

pulp treatment.  

2.2. Enzymatic assay 

Xylanase activity was assayed using 1% birchwood xylan as the substrate.  Xylan was 

dissolved in 50 mM Glycine NaOH buffer (pH 9.0). The reaction mixture, containing 10 µL of an 
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appropriate dilution of the enzyme and 250 µL of the substrate, was incubated for 10 min in an 

incubator maintained at 100 0C. The amount of reducing sugars liberated was determined by 

using 3, 5-dinitrosalicylic acid method (DNS method) (Miller 1959). One unit of xylanase activity 

was expressed as µmol of reducing sugars (xylose equivalent) released in 1 min under the 

above conditions. Cellulase activity was assayed as above, using low-viscosity 

carboxymethylcellulose  (1 %) in place of xylan. 

Pulp sample 

Unbleached kraft pulp was used for the present study. Kraft pulp was kindly provided by 

West coast paper mill, Dandeli, India. Pulp samples were thoroughly washed before use and 

after each treatment step with water until neutral pH was obtained. All the studies were 

performed at pH 9.0 at 70 °C, unless otherwise mentioned. All the studies were carried out in 

the R & D laboratory of the above factory. 

2.4. Colour removal from the kraft pulp 

The kraft pulp was first treated with xylanase in 50 mM glycine-NaOH buffer, pH 9.0. The 

enzyme dosages ranged from 0 to 40 U g -1 of the oven dried pulp. The pulp samples were 

mixed with suitably diluted enzyme and then incubated at 70 0C for 3 hours. The pulp treated 

with the buffer in a similar manner was used as control. Following incubation period the pulp 

samples were washed with distilled water and the absorbance of the filtrate was determined 

spectrophotometrically from  λ 200 nm to  λ 400 nm. 

2.5. Optimization of enzyme dose and reaction time for biobleaching  

The optimization of the enzyme dose and reaction time for biobleaching was carried out 

by treating pulp with varying doses of xylanase, ranging between 0 U to 40 U/g moisture free 

pulp for variable time intervals up to 4 h, and the pulp properties were studied at regular 

intervals. Release of reducing sugars was determined by the dinitrosalicylic acid (DNS) method 

(Miller, 1959) and release of phenolic compounds was estimated by measuring the absorption 

at λ 237nm. Hydrophobic compounds were determined by measuring the absorbance of the 

pulp free samples at λ 465 nm  (Gupta et al., 2000; Patel et al., 1993). 

 2.6. Enzymatic pretreatment 

The optimized enzyme dose of 20 U/gm pulp and 50 mM Glycine-NaOH buffer (pH 9) 

were mixed thoroughly in polyethylene bags at a 6% consistency, then the bags were immersed 

in a constant-temperature (70 oC) water bath for 2 hours.  After enzyme pretreatment, kraft pulp 
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was washed with tap water. The controls were prepared as above but without the addition of 

enzyme. 

2.5 Chemical bleaching 

The kraft pulp was exposed to Hypochlorite followed by Hydrogen peroxide treatment to 

obtain pulp with different properties. In the first stage of bleaching sequence, the pulp was made 

to 6% consistency and half the pulp was treated with 7% NaOCl while other half was treated 

with 5% NaOCl and incubated for 1 h at 70 oC. The pulp obtained was then washed with distilled 

water. In the second sequence, the pulp was treated with 1% hydrogen peroxide. The pulp 

consistency was maintained at 6% and incubated for 1h at 70 0C. The pulp thus obtained was 

subsequently washed with tap water. Bleached pulp was analyzed for Kappa number, 

brightness, and viscosity. 

2.5. Physical and chemical characterization of kraft pulps 

The bleached kraft pulp was washed and handsheets were prepared by standard TAPPI 

methods (Tappi test methods 1996). The effect of this treatment on the pulp was assessed by 

estimating kappa number (T236 m-60), viscosity (T230 m-04), and brightness (T217 m-48) 

following the standard protocols described below. 

3. Results and Discussion 

3.1. Colour removal from the kraft pulp 

When the pulp was treated with enzyme the colour removal increased. Further the 

amount of colour increased with the increase in enzyme dose. The peak at 280 nm in the U.V. 

spectrum indicates the presence of lignin in the released coloured compounds after the enzyme 

treatments (Fig. 1). Very few reports are available in which clear correlation between action 

pattern of the enzyme and nature of chromophore released is described (Patel et al., 1993; 

Kulkarni and Rao, 1996). The Arthrobacter sp. xylanase treatment gave the absorption of 1.5 

when treated with 20 U /g of oven dried pulp (Fig. 1), while Kulkarni and Rao, (1996) showed 

absorption of 0.8 when 20 U /g of oven dried pulp was used. Our results showing increase in 

absorbance at 280 nm with a peak in the UV spectrum emphasize the presence of lignin in the 

released colouring matter from the kraft pulp (Nissen et al., 1992)   

3.2. Optimization of enzyme dose and reaction time for biobleaching 

The biobleaching efficiency of xylanase from Arthrobacter sp. was highest when the pulp 

was treated for 2 h at 70 oC.  A xylanase dose of 20 U/g  (9.0 pH) at 6% pulp consistency 
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produced 20% reduction in kappa number and 6-7 fold increase in release of reducing sugars 

(Figs. 2 and 3). The release of phenolic compounds (λ 237 nm) and hydrophobic compounds (λ 

465 nm) were also maximum after 2 h of reaction time. The correlation between the release of 

chromophores (λ 237nm) and hydrophobic compounds (λ 465nm) and the reduction in kappa 

number coupled to the release of reducing sugars suggested the dissociation of lignin-

carbohydrate complex (LCC) from the pulp fibers. Higher enzyme dose or longer periods of 

incubation did not enhance the extent of biobleaching significantly (Figs. 2 and 3).  

The release of reducing sugars and the release of lignin and phenolic compounds are 

interrelated phenomena. When the kraft pulp was pretreated with xylanase, the xylose and other 

reducing sugars were released from the hemicellulose layer that ultimately resulted in an 

increase in the free sugar content in the pulp sample. Xylan is a part of hemicellulose and is 

sandwiched between lignin and cellulose layer.  When xylan is degraded by the xylanase, in 

addition to xylose, it also results in the release of lignin and phenolic compounds from the pulp 

fibers that ultimately causes the enhancement in absorbance (λ 237nm) of pulp free samples 

compared to the control.  

3.3. Biobleaching 

Enzymatic prebleaching of kraft pulp by Arthrobacter sp. xylanase showed the reduction 

in kappa number of the pulp by 20 % with increase in brightness and without much change in 

viscosity (Table 1). Observed differences in kappa number and brightness were highly 

significant as evident from One-way ANOVA (Table 2). The reduction in kappa number means 

ultimately reduction in the amount of chlorine used for bleaching. When the enzymatic 

prebleached pulp was treated with 7% NaOCl, it improved the quality of pulp when compared to 

untreated pulp. The reduction in kappa number and increase in brightness without much change 

in viscosity (Table 1) was observed. 

These studies clearly showed that if the pulp was treated with enzyme it required less 

amount of chlorine to obtain the same properties of the pulp which otherwise requires the more 

amount of chlorine to do the same job. Thus the xylanase enzyme produced by Arthrobacter sp. 

was effective in the treatment of pulp. Application of the Arthrobacter sp. enzyme to 

biobleaching helped to reduce the chlorine treatment by 29 %. Reports show that xylanase have 

been used as prebleaching agent so as to improve quality of pulp. For example, xylanases from 

thermophilic Bacillus sp. NCIM 59 increased the brightness of pulp by 2.5% (Kulkarni and Rao, 

1996). Xylanase from Bacillus circulans  AB 16 showed 20 %  chlorine reduction in the pulp 

treatment (Dhillon and Khanna, 2000). Duarte et al. (2003) showed the chlorine reduction by 
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0.3% when xylanase from Bacillus pumulus CBMAI 0008 was used to treat the eucalyptus pulp. 

Thermomyces lonquinesis xylanase showed chlorine reduction by 18 % (Bissoon et al., 2002). 

3.4. Kappa number of pulp  

Kappa number is the measure of the amount of lignin present in the pulp. Kappa number 

of untreated pulp was 16.9. After treating it with enzyme it decreased to 13.6, which indicates 

that the kappa number of pulp  decreased by ~20% at the first stage itself. On further treatment 

with 7% NaOCl Kappa number was reduced to 5.6 and finally the treatment with 1 % hydrogen 

peroxide it came down to 3.9. The untreated pulp with 16.9 kappa number was treated with 7 % 

NaOCl and 1 % hydrogen peroxide in the similar way and its kappa number was reduced to 5.3. 

(Table 1). The enzyme treatment was given before the chemical treatment of the kraft pulp 

because, enzyme treatment followed by chemical treatment gives better results as compared to 

that obtained with chemical treatment followed by xylanase treatment (Beg et al., 2000). 

The reduction in kappa number shown by some other bacterial enzymes is as follows. Xylanase 

from Bacillus plumillus showed the reduction in kappa number of kraft pulp by 14 % (Bim and 

Franco, 2000). Xylanase from Streptomyces thermoviolaceus showed the reduction in kappa 

number by 16% when treated on birchwood kraft pulp. Xylanase from Streptomyces 

thermoviolaceus showed the reduction in kappa number by 25% when treated on Eucalyptus 

kraft pulp. 

3.5. Viscosity of pulp 

The increase in viscosity reflects the hydrolysis of low DP (degree of polymerization) 

xylans in the pulp. This phenomenon has also been reported earlier (Paice et al., 1988). The 

cellulose chain length is indicated in terms of viscosity, and non-specific endoglucanase has 

been reported to reduce the viscosity of softwood Kraft pulp, indicating the degradation of 

cellulose chains (Da Silva et al., 1994). No decrease in viscosity of Kraft pulp was observed in 

this study with the xylanase of the Arthrobacter sp. (Table 1) indicating that the enzyme did not 

affect the cellulose chain and thus the quality of paper. 

3.6. Brightness of pulp 

The enzyme treated pulp showed the increase in brightness at each step of bleaching).  

When 7% of chlorine was applied for both enzyme treated and untreated pulp 9.6 % increase in 

brightness of enzyme treated pulp was observed (Table 3). When compared to the enzyme 

treated pulp which was subjected to 5 % chlorine treatment and the untreated pulp with 7% 

chlorine treatment it is seen that the brightness of pulp remained unchanged, suggesting that 



 8

even with less amount of chlorine the same brightness can be attained if the pulp is pretreated 

with enzyme (Table 4).  

Xylanases from some other bacterial cultures are also used to increase brightness of 

pulp. For example Bacillus sp. NCIM 59 xylanase showed 2.5% increase in brightness of 

bagasse pulp (Kulkarni and Rao, 1996), while xylanase from Bacillus pumilus produced 6.5% 

increase in brightness (Bim and Franco, 2000) when applied to eucalyptus pulp. Streptomyses 

thermoviolaceus xylanase treatment on birchwood kraft pulp showed 6.9% increase in 

brightness (Garg et al., 1998). The efficiency of xylanase from Arthrobacter sp in bleaching of 

pulp is better as compared to the other bacterial xylanase reported which can been seen from 

the Table 5. These properties make this enzyme potentially very effective for industrial 

applications.  

4. Conclusion 

Biobleaching process needs xylanases that are active at high temperature and pH. The 

Arthrobacter sp. produced a xylanase with high temperature and pH optima thereby suggesting 

its potential in biobleaching processes. When the enzyme was actually used for the 

biobleaching process a 20 % reduction in kappa number of the kraft pulp without much change 

in viscosity was observed. This is equivalent to 29 % reduction in chlorine during the bleaching 

process.  Moreover, the enzyme treatment enhanced the brightness of the pulp by 9.6 % 

compared to the untreated pulp.  Our results suggest that our xylanase is useful in the paper 

and pulp industry as it produced better quality kraft pulp than that obtained with xylanase 

produced by other bacterial cultures. 
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Fig. 1.  UV spectrum of  coloured compounds released during 
enzyme treatment at different enzyme units per g oven dry pulp. 
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Fig. 2. Optimization of xylanase dose (units/gram pulp) for biobleaching of pulp. 
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Fig. 3.  Optimization of  time (h) for biobleaching of pulp (pH 9.0) with 20 U/gm xylanase dose at 70 °C  
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Table 1 

Effect of xylanase treatment on kappa number, viscosity and    
brightness of  kraft pulp.   

Bleaching 

state 

Kappa 

number 

Brightness  

% 

Viscosity 

(poise) 

1.   Untreated 16.9 ± 0.41 - 5.18 ± 0.021 

   X 13.6 ± 0.25 - 4.79 ± 0.011 

2. C 8.30 ± 0.02 77.19 ± 0.47 4.36 ± 0.023 

 CX 5.60 ± 0.01 82.06 ± 0.59 4.36 ± 0.034 

3. CH 5.3 ± 0.024 79.11 ± 0.36 4.17 ± 0.041 

 CHX 3.9 ± 0.031 83.9 ± 0.41 4.08 ± 0.022 

 

(X: xylanase treatment with  20 U g-1 moisture free pulp (70 °C for 2 h; pH 9.0), C: Chlorine 

treatment with 7% NaOCl (70 °C for 1 hour), CX: Chlorine treatment  on enzyme treated pulp 

with 7 % NaOCl (70 °C for 1 hour), H: Hydrogen peroxide treatment with 1% H2O2 (70 °C for 1 

hour), CH: Hydrogen peroxide treatment on untreated pulp, CHX: Hydrogen peroxide treatment 

with 1% H2O2 on enzyme treated pulp) 
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Table 2 

Result of one-way ANOVA comparing the treatments and properties of pulp. 

Source of variation df SS MS Fs P-value 

Kappa number      

among groups 5 404.6295 80.92591 6360.988 0.001 

within groups 12 0.152667 0.012722   

Total 17 404.7822    

Brightness 

among groups 
 

 

3 74.24097 24.74699 192.696 0.001 

within groups 8 1.0274 0.128425   

Total 11 75.26837    

Viscosity   

among groups 1 0.0004167 0.0004167 6.25 0.1  ns 

within groups 4 0.0002667 6.667E-05   

Total 5 0.0006833    

 

ns = non significant 
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Table 3 

 Effect of xylanase treatment on brightness of kraft pulp obtained at        

different  stages during  bleaching of pulp 

Bleaching  

state 

Brightness  

(% ISO) 

Whiteness 

index (WI) % 

Yellowness 

index (YI) % 

1.   Untreated - - - 

   X - - - 

2. C 77.19 51.42 9.97 

 CX 82.06 58.88 7.80 

3. CH 79.11 56.08 9.10 

 CHX 83.9 61.95 7.12 

 

X: xylanase treatment with  20 U g-1 moisture free pulp (70°C for2 h; pH 9.0), C: Chlorine 

treatment with 7% NaOCl (70°C for 1hour), CX: Chlorine treatment  on enzyme treated pulp with 

7 % NaOCl (70°C for 1hour), H: Hydrogen peroxide treatment with 1% H2O2 (70°C for 1hour), 

CHX: Hydrogen peroxide treatment with 1% H2O2 on enzyme treated pulp. 
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Table 4 

Effect of xylanase treatment on kappa number, viscosity and    

brightness  of kraft pulp after the chlorine reduction.  

Bleaching 

state 

Kappa 

number 

Brightness  

% 

Viscosity 

(poise) 

1.   Untreated 16.9 ± 0.41 - 5.18 ± 0.013 

   X 13.6 ± 0.25 - 4.79 ± 0.014 

2. C 8.30 ± 0.05 77.19 ± 0.42 4.36 ± 0.021 

 CX 8.32 ± 0.031 77.45 ± 0.46 4.36 ± 0.026 

3. CH 5.3 ± 0.011 79.11 ± 0.31 4.17 ± 0.011 

 CHX 5.3 ± 0.023 79.4 ± 0.28 4.18 ± 0.016 

(X: xylanase treatment with 20 U g-1 moisture free pulp (70 °C for 2 h; pH 9.0), C: Chlorine 

treatment with 7% NaOCl (70 °C for 1 hour), CX: Chlorine treatment on enzyme treated pulp 

with 5 % NaOCl (70 °C for 1 hour), H: Hydrogen peroxide treatment with 1% H2O2 (70 °C for 1 

hour), CH: Hydrogen peroxide treatment on untreated pulp, CHX: Hydrogen peroxide treatment 

with 1% H2O2 on enzyme treated pulp) 
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Table 5 

The comparison of pulp properties obtained by xylanase treatment from  Arthrobacter 

sp.  with the pulp properties obtained from other bacterial xylanases 

 

 

 

 

 

Organism IU pH Temp 

ºC 

Time Reduction 

in kappa  

Number 

Chlorine  

reduction 

Brightness 

Increase 

Type of Pulp Reference 

Bacillus sp. 10- 40 7 50 4 h -  2.5 % Bagassae 

pulp 

Kulkarni and 

Rao,  (1996) 

Bacillus 

circulans AB 16 

7 - 55 3 h - 20 % - Eucalyptus 

pulp 

Dhillon et al., 

(2000) 

Bacillus pumilus 20 9 50 3 h 14 % - 6.5 % Kraft pulp Bim  and 

Franco,  (2000) 

Thermomyces 

Longuinesis 

150  7 60 3 h - 18% 4.5% Bagassae 

pulp 

Bisson et al., 

(2002)  

Bacillus pumulus 

CBMAI 0008 

10  9 60 90 min - 0.3% - Eucalyptus 

pulp 

Duarte et al., 

(2003) 

Streptomyces 

thermoviolaceus 

10  6 65 3 h 16 % - 6.9 % Birchwood 

Kraft pulp 

Garg et al.,  

(1998) 

Streptomyces  

thermoviolaceus 

3.5 8.5 50 2h 25 % 20 % 9.6 % Eucalyptus 

kraft pulp 

Beg et al., 2000 

Arthrobacter sp. 

MTCC 5214 

20 9 70 2 hrs 19.6 % 28.6 % 9.6 % Hard wood This work 


