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Biobleaching of Acacia kraft pulp by
extracellular enzymes secreted from white-rot fungi
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Due to the environmental concern, bleaching sequences of kraft pulp should be shifting
away from the use of conventional bleaching chemicals. The use of enzymes in pulp and paper
industry is alternative techniques for an environmental safety. As white-rot fungi can
selectively degrade lignin, white-rot fungi are expected to use in biobleaching process. The
ability of white-rot fungi to degrade lignin is associated with their extracellular lignolytic
enzymes, together with low-molecular weight cofactors. Here I study the ability of Indonesian
white-rot fungi to degrade residual lignin in Acacia kraft pulp using extracellular enzymes from
selected fungal strains.

It has been completed to screen on white-rot fungi from Indonesia for biobleaching of
Acacia oxygen-delignified kraft pulp (A-OKP). Five novel fungal strains (KB-1.1, CF-11,
CF-18, LP-7, and LP3-72) showed high biobleaching activity in vivo as compared with
Trametes versicolor and Phanerochaete chrysosporium. Internal Transcribed spacer (ITS)
sequences of the five fungal strains was compared with data in GenBank database at the DNA
Data Bank of Japan (DDBJ), from which KB-1.1 showed 93% similarity with Irpex lacteus,
CF-11 and CF-18 showed 94% similarity with Trametes sp. LP-7 showed 94% similarity with
Lentinus tigrinus, and LP3-72 showed 95% similarity with Phanerochaete sordida.

The five selected strains showed good biobleaching ability in vivo. However, it took time
to get biobleaching activity (at least 3 weeks). Then I study on using extracellular enzymes in

vitro. In this study, I used the most potential strains I Jacteus KB-1.1 and L. tigrinus LP-7. They
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were cultured in three types of economical media of agricultural and forestry wastes, then

extracellular enzyme activities and stabilities were investigated. Biobleaching activities to
A-OKP were estimated from kappa number reduction as an indicator of delignification. After 3
days of incubation, the extracellular enzymes, which were prepared from I lacteus and L.
tigrinus cultures in media of Acacia mangium wood powder supplemented with rice bran and
additional 1% glucose (WRBG), resulted in significant decrease of 4.4% and 6.7%,
respectively.

To reduce cost, I examined effect of palm sugar instead of glucose in culture medium on
extracellular enzyme production. Both strains showed higher lignolytic activities on A.
mangium wood powder supplemented with rice bran and additional 1% palm sugar (WRBP).
Effect of the combined extracellular enzyme of 1. lacteus and L. tigrinus was examined, which
achieved higher kappa number reduction (7.4%) as compared with single extracellular enzyme.
Effect of shaking was also examined and it was concluded that shaking reduced incubation time
from 3 days to 1 day. Finally biobleaching procedure was established as; 1) pulp was treated
with combined extracellular enzymes produced from I lacteus and L. tigrinus, manganese
peroxidase (MnP) activity (74 £ 7.5 pumol/L/min), manganese-independent peroxidase (MIP)
activity (41 + 4.0 pmol/L/min), laccase activity (18 + 4.7 umol/I/min), and cellulase activity
(99 £ 1.8 pmol/L/min), and 2) reagent was added such as H,O,, NaOH, MgSO,, and Na,SiOs.
As results, kraft paper decreased the kappa number by 25% and increased in physical properties
of burst index (35%), tensile index (20%), and tear index (12%).

In conclusion, biobleaching method of A-OKP was established using two important
breakthrough technologies; 1) to apply mixed extracellular enzyme secreted from 1. lacteus and
L. tigrinus, and 2) to apply cheap medium composed of WRBP. This new novel biobleaching
technology contributes to reduce environmental pollution, because this technology replaces

chemical process.
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Biobleaching of Acacia kraft pulp by
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