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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Master of Science 

 

 

EFFECTS OF XYLANO-PECTINOLYTIC ENZYMES BY Bacillus subtilis ADI1 

ON BIOBLEACHING OF KENAF (Hibiscus cannabinus L.) PULP 
 

 

By  

 

 

MUHAMMAD HARIADI NAWAWI 

 

 

June 2016 

 

 

Chairman :  Wan Zuhainis Saad, PhD  
Faculty :  Biotechnology and Biomolecular Sciences  
 

 

Kenaf (Hibiscus cannabinus) is an annual non-wood plant which has shown great 

potential as an alternative source of papermaking fibre. In the pulp and paper industry, 

due to growing public concern about the environment, technological changes in the 

bleaching processes have been rising. The use of chemical additives during bleaching 

process to improve the brightness of paper causes the effluent to contain some 

chlorinated organic compounds that have shown mutagenic activity. The use of 

combined xylanase and pectinase in pulp bleaching may assist in enhancing the 

brightness of paper and could reduce harmful pectins produced in the effluent and thus 
rendering a more eco-friendly papermaking process as well as improvements in the paper 

quality. The aim of this research was to study the production of xylano-pectinolytic 

enzymes from a bacterial isolate Bacillus subtilis ADI1 and to examine the effectiveness 

of using xylano-pectinolytic enzymes on kenaf pulp in biobleaching. The characteristics 

of enzymes being sought in papermaking are higher production, higher optimal pH and 

temperature, good stabilities under these conditions and finally a low associated cellulase 

production. Bacillus subtilis ADI1, as the potentially high extracellular xylanase and 

pectinase producer, was isolated from composting and rotting area around UPM 

Serdang, Malaysia (Biorefinery Complex, UPM, Selangor). The effects of pH, 

temperature, inoculum concentration, agitation speed and concentration of rice bran on 

xylanase and pectinase production were studied. Optimum pH and temperature for 

xylano-pectinolytic enzymes production by Bacillus subtilis ADI1 was at pH 8 and 
50°C. Highest xylanase and pectinase production was from 3% (v/v) inoculum 

concentration and agitation speed of 200 rpm. Maximum xylanase and pectinase 

production was obtained from 3% (w/v) of rice bran while higher and lower 

concentration of rice bran resulted in poor enzyme production. Bacillus subtilis ADI1 is 

an alkalophilic thermotolerant bacteria which under optimal cultural conditions, can 

produce 5.25 times more xylanase and 1.6 times more pectinase than prior to 

optimisation study (non-optimized condition). Meanwhile, the xylano-pectinolytic 

enzymes stabilities were studied at optimal pH and temperature for enzyme activities. 

Xylano-pectinolytic enzymes of Bacillus subtilis ADI1 resulted in the optimum 
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conditions of pH 8 and temperature 50°C. The enzymes showed considerable 

thermostability (stable up to 2 to 3 hours at 40°C) and pH stability (stable up to 3 hours 

at pH 8). Thus, xylano-pectinolytic enzymes of Bacillus subtilis ADI1 are suitable for 

application in biobleaching of pulp. Optimal enzymatic processes were studied, the 

xylanase-pectinase doses required in biobleaching pretreatment were 15 and 7.5 U/g of 

oven dried pulp, and the effective retention time needed for pretreatment was 180 min. 
The optimised enzymatic processes significantly improved the pulp properties and 

showed that the ISO brightness increased from 71.14% (untreated) to 84.18% (treated) 

and reduced the chlorine consumption by 15.5% reduction. In conclusion, xylano-

pectinolytic enzymes from Bacillus subtilis ADI1 showed interesting biotechnological 

characteristics that are suitable for application in pulp and paper industry. 
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MUHAMMAD HARIADI NAWAWI 

 

 

Jun 2016 

 

 

Pengerusi :  Wan Zuhainis Saad, PhD  

Fakulti :  Bioteknologi dan Sains Biomolekular  

 

 

Kenaf (Hibiscus cannabinus) merupakan tumbuhan bukan kayu tahunan yang telah 

menunjukkan potensi yang besar sebagai sumber alternatif gentian pembuatan kertas. 

Dalam industri pulpa dan kertas, timbul kebimbangan di kalangan orang ramai mengenai 

alam sekitar yang kini membawa kepada perubahan dan perkembangan teknologi dalam 

proses pelunturan. Penggunaan bahan kimia semasa proses pelunturan untuk 

meningkatkan kecerahan kertas menyebabkan efluen mengandungi beberapa sebatian 

organik berklorin yang telah menunjukkan aktiviti mutagen. Penggunaan kombinasi 

xylanase dan pektinase dalam pelunturan pulpa boleh membantu dalam meningkatkan 
kecerahan kertas dan boleh mengurangkan pektin-pektin berbahaya yang terhasil di 

dalam pengeluaran efluen dan dengan itu menjadikan proses pembuatan kertas menjadi 

lebih mesra alam dan meningkatkan kualiti pengeluaran kertas. Tujuan penyelidikan ini 

adalah untuk mengkaji pengeluaran enzim xylano-pektinolitik daripada isolat bakteria 

am Bacillus subtilis ADI1 dan untuk memeriksa keberkesanan bioluntur menggunakan 

enzim xylano-pektinolitik pada pulpa kenaf, kerana kenaf (hibiscus cannabinus) 

memainkan peranan utama dalam industri "hijau", dengan seratnya menghasilkan pulpa 

yang sangat baik membuatkan kilang kenaf menjadi terkemuka bagi industri kertas. 

Sifat-sifat enzim yang dicari dalam pembuatan kertas adalah: pengeluaran enzim yang 

lebih tinggi, pH dan suhu optima yang lebih tinggi, kestabilitian enzim yang baik di 

bawah syarat-syarat ini dan akhirnya pengeluaran selulase yang rendah. Oleh itu, enzim 

dari bakteria yang akan disasarkan dalam kajian ini. Bacillus subtilis ADI1 telah 
diasingkan sebagai xylanase luar sel yang berpotensi tinggi dan pengeluar pektinase 

yang dikumpul dari kawasan kompos dan reput di sekitar UPM Serdang, Malaysia 

(Kompleks kilang biopenapisan, UPM, Selangor), jelas mempunyai daya katabolit 

terhadap xylan dan pektin alam semula jadi. Kesan pH, suhu, kepekatan inokulum, 

kelajuan goncangan dan kepekatan dedak beras untuk xylanase dan pektinase untuk 

pengeluaran optimum telah dikaji. pH optimum untuk pengeluaran enzim xylano-

pektinolitik oleh Bacillus subtilis ADI1 adalah pada pH 8 dan mencapai suhu optimum 

pada 50°C. Pengeluaran tertinggi xylanase dan pektinase berlaku pada kepekatan 

inokulum 3% (v/v) dan pengeluaran enzim tertinggi berlaku pada goncangan 200 rpm. 
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Perbezaan kepekatan dedak beras menunjukkan pengeluaran maksimum xylanase dan 

pektinase adalah pada 3% (w/v) manakala kepekatan yang lebih tinggi dan lebih rendah 

menyebabkan pengeluaran enzim berkurangan. Bacillus subtilis ADI1 adalah bakteria 

tahan haba alkalofilik yang di bawah keadaan optimum seperti yang dinyatakan sebelum 

ini, boleh menghasilkan 5.25 kali lebih xylanase dan 1.6 kali lebih pektinase daripada 

basal medium (bukan kondisi optimal). Sementara itu, kestabilan enzim xylano-
pektinolitik turut dikaji dan merangkumi kesan suhu, pH dan juga kestabilan pada 

keadaan optimum. Enzim xylano-pektinolitik milik Bacillus subtilis ADI1 menghasilkan 

suhu yang tinggi dan nilai pH yang bersamaan dengan keadaan optimum untuk pH (pH 

8) dan suhu (50°C). Enzim menunjukkan kestabilanthermo yang baik (stabil selama 2 

hingga 3 jam pada suhu 40°C) dan kestabilan pH (selama 3 jam). Oleh itu, ini 

menjadikan enzim xylano-pektinolitik Bacillus subtilis ADI1 adalah sesuai untuk 

digunakan di dalam proses bio-luntur pulpa.. Proses enzim yang optimum telah dikaji 

menyebabkan dos xylanase-pektinase yang diperlukan dalam rawatan awal bioluntur 

adalah 15 dan 7.5 U/g pulpa kering ketuhar, dan masa tahanan yang berkesan diperlukan 

untuk rawatan awal adalah 180 min. Proses-proses enzim dioptimum bagi memberikan 

peningkatan yang ketara dalam sifat-sifat pulpa dan menunjukkan peningkatan 

kecerahan ISO dari 71.14% (tidak dirawat) kepada 84.18% (telah dirawat) dan 
menyebabkan kurang penggunaan klorin berkurangan sebanyak 15.5%. Oleh itu, 

Bacillus subtilis ADI1 dan enzim xylano-pektinolytik yang telah mempunyai sifat-sifat 

bioteknologi yang dikehendaki kelihatan sesuai untuk kegunaan industri pulpa dan 

kertas. 
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psi   pounds per square inch (pressure) 

rpm   Rotation per minute 

SmF   Submerged fermentation 

sp.   Species 

SSF   Solid-state fermentation 

TAPPI   Technical Association of the Pulp and Paper Industry 

TCF   Total chlorine free 

ton   Tonne 

ton/ha   Tonne per hectare 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

The utilization of raw materials for pulp and paper production, such as non-wood plant 

fibers instead of wood fibers is rising in many developing and developed countries. From 

1970 to the present time, the capacity of the non-wood plant fiber has increased two to 

three times compared to the capacity for producing wood pulp for papermaking (Dutt et 

al., 2009; Rowell et al., 1997). Due to the global demand for fibrous material, non-woods 

have become one of the important alternative sources for the 21st century, since there is 

a worldwide shortage of trees in many areas (Ashori and Bahreini, 2009). 

 

 

Over the last decade, kenaf (Hibiscus cannabinus L.) a warm-season annual plant in the 

family of Malvaceae, which grows quickly, has attracted attention as a potential non-

wood raw material for pulp and papermaking. In Malaysia’s climate, kenaf managed to 

grow to height of 3.66-4.27 m for around five months, thus achieving yields of kenaf 

that vary from 2 ton/ha to 25 ton/ha (Mossello et al., 2010a; Paridah et al., 2009a; Fried 

1999; Touzinsky, 1993) which is faster when compared to hardwood that requires 

several years to grow (Webber and Bledsoe, 2002; Kaldor et al., 1990). Kenaf can act as 

great alternative fibre crop in the pulp and paper industry since it can produce pulp and 

papers in comparable quality to those produced from wood (Ashori et al., 2006). 

Furthermore, kenaf is becoming a new important non-wood fibre crops for paper 

products because of the dwindling amount of virgin wood and forests cause these 

products to become more expensive (Monti and Alexopoulou, 2014). 

 

 

In the pulp and paper industry, growing public concern about the environment is giving 

rise to technological changes in the bleaching processes. The effluent from the 

conventional bleaching process contains some chlorinated organic compounds that have 

shown mutagenic activity (Bajpai et al., 2006; Bajpai, 2005; Erikson and Kirk, 1985). 

During conventional pulp bleaching, chlorinated phenolic compounds are produced. 

These compounds are highly resistant to biodegradation, thus contributing to 

environmental pollution.  

 

 

When Viikari et al. (1986) initially carried out the use of xylanases to depolymerize 

hemicelluloses from Kraft pulp prior to pulp bleaching, it showed a reduction of 

chemicals released. With increasing environmental awareness, ligninase and 

hemicellulase (xylanases) have been tested for biobleaching and resulted in low chlorine 

consumption as reported by Kaur et al. (2010). Instead of using xylanase to degrade 

xylan, pectin is also present in the pulp fibres which required pectinase to degrade pectin 

(Yang et al., 2008). The pectinases are effective in biobleaching of mixed hardwood and 

bamboo kraft pulps due to its ability to depolymerize polymers of galacturonic acid. This 

lowered the cationic demand of pectin solutions and the filtrate from peroxide bleaching 

(Dhiman et al., 2009; Ahlawat et al., 2007; Viikari et al., 2001; Reid and Ricard, 2000). 

Nowadays, xylanases are commonly used as a physical barrier to the access of bleaching 

chemicals since it can remove lignin-carbohydrate complex (Kapoor et al., 2008; Beg et 
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al., 2000a; Viikari et al., 1994). In addition, pectinase are known to depolymerize pectin 

(or polymers of galacturonic acid) that is present in xylan-pectin-lignin complexes on 

pulp fibres, subsequently reducing the requirement of peroxide bleaching and cationic 

demand of pectin solutions. Therefore, the use of xylanase and pectinase from microbes 

in combination in pulp bleaching may able to reduce harmful pectins produced in the 

effluent, thus rendering the papermaking process more eco-friendly and improving the 

quality of paper production. 

 

 

No report has been published on the biobleaching of kenaf pulp by using concurrent 

xylanase and pectinase. To date, there is no report available regarding the simultaneous 

production of xylanase and pectinase in combination from the local Malaysian bacterial 

isolate for kenaf pulp biobleaching. One of the new and developing techniques is the 

replacement of chlorine-based bleaching stages with biobleaching using xylano-

pectinolytic (ligninolytic) enzymes. 

 

 

Therefore, the specific objectives of this study were: 

a) to isolate, screen and identify xylanase and pectinase enzymes-producing bacteria 

from compost,  

b) to determine the optimum cultural conditions for enhanced production of xylano-

pectinolytic enzymes by the isolated bacteria, and 

c) to investigate the effect of xylano-pectinolytic enzymes in pretreatment on the 

physical properties of the bleached kenaf pulp.  
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