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The importance of environmental aspects in paper manufacturing processes has grown
dramatically in recent years since production of pulp and paper by current chemical reactions
causes global environmental problems due to production of toxic byproducts such as dioxin and
chloroform. The drawback of current paper-making process has prompted us to develop
environmentally-benign deliginification system by use of lignin-degrading microorganisms. In this
project, strong ligninolytic fungi were first screened from Indonesian forests, and the fungal
isolates were applied to biopulping and biobleaching processes. As a result of extensive screening
of strong ligninolytic fungi, we isolated several thermophilic fungi superior to typical white rot
fungi like Phanerochaete chrysosporium and Coriolus versicolor. Application of these new
isolates to biobleaching and biopulping ensured high potentials of these strains for developing the
environmentally-friendly paper-making processes. Among the new isolates, a white-rot fungus
from tropical oil palm plantations (K14) showed a remarkable potential for biodelignification of
empty fruil bunches of oil palm trees (EFBOP). Enzymatic systems to bleach UKP by manganese
peroxidase and laccase from the new isolates were also developed.

Wood Biomass is the most abundant renewable bioresource on Earth and its effective
utilization in harmony with environmental safeguard is the urgent task for ensuring human
activities in the twenty-first century. Wood is basically composed of three main natural polymers,
cellulose, hemicelluloses and lignin. Since the separation of cellulose is hindered by the presence
of lignin, biological degradation of lignin by ligninolytic microorganisms is of enormous
significance in various industrial fields including production of pulp and paper from woody plants.
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P. chrysosporium had no significant effects on pulp yield and kappa number reduction, although
the treatment increased tear index by 16 %. Biological treatment with the strain K14 reduced 23%
of energy consumption in mechanical pulping of oil palm EFB. By the pretreatment with K14, tear
index of pulp sheet increased 16% and kappa number decreased 4.2% compared with control run
without the fungal pretreatment.

The growing area of oil palm trees in Indonesia will become the largest in the world by the
year of 2005. At that time production of the EFBOP will reach approximately 15 millions tons per
year. This means that tremendous resources are available for pulp and paper, as alternatives of
woody plants. The present study indicates that the EFBOP functions as a reliable substrate of
white-rot basidiomycetes, and that application of biopulping of the EFBOP by using the new
fungal isolates have great potentials for establishing the environmentally-friendly paper-making
process from the residual biomass, EFBOP.

Biobleaching of Unleached kraft pulp

The new fungal strains isolated in Indonesia were applied to biobleaching of UKP. Among the
new isolates, treatment of hardwood UKP with CPNO1 and PSMO01 were found to be effective for
decolorizing the UKP to a greater extent than that of the standard fungal strains, Phanerochaete
chrysosporium and Coriolus versicolor. Cultivation of these fungi on wood meal and liquid media
demonstrated that CPN 01 can produce a high amount of manganese peroxidase (MnP) and lignin
peroxidase (LiP) while PSMOI1 produced laccase (Lac) as its major lignin-degrading enzyme.

MnP from CPNO1 was applied to biobleaching of UKP from hardwood in the presence of
Mn(II) and a chelator for manganese ions. The enzymatic treatment in combination with alkali-
extraction resulted in kappa number reduction and brightness gain by 13 point and 15 %,
respectively. In these treatments, consistency larger than 3% was ineffective for the bleaching. In
this project, biobleaching with laccase and mediators was also carried out. Treatment of UKP with
laccase from PSMO1 and HBT under oxygen atmosphere at 3 bar reduced kappa number by 31 %.
Bleaching of the pulp by the sequence of LELEPP decreased kappa number by 90 % (Table 3, 4).
Thus, significant effects on biobleaching was observed with the enzymes from CPN 0l and
PSMOI, ensuring the potentials of these tropical white rot fungi in environmentally-friendly paper
making processes.
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Table 3. Biobleaching of hardwood UKP by laccase-mediator system*

Step Condition for Laccase-Mediator system Kappa number ~ Reduction (%)
Original UKP - 20.2 B
- Oxygen: 1 :gf?c(:;g Il.]iniu‘ g pulp) 14.5 21.7
. Oxygen: 1 :g:((:i(? II_]Iniu' g pulp) 13.9 30.7
- Oxygen: 1 ggl:((:ISﬁ{l}nib’ g pulp) 13.7 320
= Air, (ﬁ?:?r:it? lg1 pulp) 134 33.1
- Oxygen: 1 :gr,a((:i: [l}nw g pulp) 15.0 25.2
ek Oxygen: 1 lésgric(’lg :ljniu' g pulp) 9.3 53.5
= Oxygen: 1 E::([:i(?:}nit! g pulp) 8.0 60.3
LEP Oxygen: 1 ggrj?‘:anitf g pulp) 6.8 66.3
LEP Air, (16{?&3 2 pulp) 6.3 68.4
LEP 40°C,2h 65 i

Oxygen: 1 bar, (10 Unit/ g pulp)

*L: Treated with crude laccase from PSM 01 and HBT (0.02 g/ g pulp) at 50°C for 4 h

Table 4. Biobleaching of hardwood UKP by laccase-mediator system*

Step Kappa number Reduction (%)

Original UKP 20.2 -

L 13.9 313
LE 13.6 329
LEL 10.0 50.2
LELE 10.0 50.8
LEP 7.6 62.4
LEPP 24 88.1
LELEP 34 83.0
LELEPP 2.0 90.0

*L: Treated with crude laccase from PSM 01 (5 Unit/ g pulp) and HBT (0.02 g/ g
pulp) at 50°C for 4 h
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