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Abstract

Decolorization of oxygen-delignified bleaching effluent (abbreviated as OBE) and biobleaching of oxygen-delignified kraft pulp (OKP)
were conducted using a non-white rot fungus Geotrichum candidum Dec 1 (abbreviated as Dec 1) which has ability to decolorize various
synthetic dyes and molasses. Dec 1 decolorized up to 77% of OBE for 6 days. In addition, Dec 1 increased the brightness of OKP from
47.8% to 51.2% and decreased the kappa value of OKP from 12.4 to 10.4 points during a 6-day incubation period at a 25% of pulp-
concentration. At 2% pulp-concentration, the brightness of OKP increased by 13% and the kappa value of OKP decreased by 4 points
only for a 3-day incubation period. When the decolorized OBE was used for bleaching of OKP, the brightness of OKP increased to
62.7% under the shaking culture to a 2% pulp-concentration using culture fluid of decolorized OBE. It was revealed that Dec 1 is a
potential to apply for decolorization of wastewater and biobleaching of pulp in paper-mills.

Key words: decolorization; oxygen-delignified bleachning effluent; biobleaching; oxygen-delignified kraft pulp; non-white rot fungus

Geotrichum candidum Dec 1

Introduction

It is difficult to remove the existing lignin in unbleached
kraft pulp (UKP). Therefore, the multistage bleaching pro-
cess with the chlorine-based chemical is used. However,
the chlorine-based multistage bleaching process causes
environmental pollution. This is because much environ-
mental pollutant (such as dioxin) is included in effluent
drained from chlorine-based multistage bleaching process
(Kringstad et al., 1984; Smeds et al., 1994).

Therefore, the development of different bleaching pro-
cess to reduce the consumption of the chlorine-based
chemical is necessary to solve this problem. One of this
method is oxygen bleaching process, and the de-lignin of
pulp by oxygen bleaching process becomes the important
bleaching process (Maria et al., 1997). However, it is
necessary to remove colored substance (mainly lignin)
in oxygen-delignified bleaching effluent (OBE) drained
from oxygen bleaching process, because much colored
substance is included in OBE and approximately 30% of
this colored substance is carried over to the next bleaching
process.

There is the biobleaching process to remove the lignin

* Corresponding author. E-mail: nshintani @sit.ac.jp

of pulp with the microbe and the enzyme as other methods.
The content of residual lignin of oxygen-delignified kraft
pulp (OKP) after oxygen-delignified bleaching is half of
UKP and this is suitable for the bleaching due to the
microbe (Reid and Paice, 1994). Therefore, biobleaching
of OKP using white rot fungus such as Trametes versicolor
(Reid and Paice, 1994), IZU-154 (Murata et al., 1992),
Bjerkandera sp. strain BOS55 (Moreira and Feijoo, 1997),
SKB-1152 (Iimori et al., 1994) is studied. However, no
study of biobleaching of OKP using the non white-rot
fungi has been reported.

We screened a novel decolorizing fungus, Geotrichum
candidum Dec 1 (Dec 1), which has isolated from the soil,
and Decl is on-white-rot fungus (McMullan et al., 2001).
Decl has decolorized 30 synthetic dyes, molasses (Kim
et al., 1995) and kraft pulp bleaching effluent (Shintani
et al., 2002). Decl secretes enzyme having a unique and
novel per-oxidase as well as manganese peroxidise (Kim
and Shoda, 1999). Therefore, we applied a non-white rot
fungus Decl to the decolorization of OBE and to the
bleaching of OKP.
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1 Materials and methods

1.1 Strain

We used Non-white-rot fungus Geotrichum candidum Dec
1 (Dec 1), which decolorized 30 kinds of synthetic dyes
and showed tolerance in highly-concentrated dyes (Kim et
al., 1995)

The suspension of Dec 1 spores was stocked in 25%
glycerol at —80°C.

1.2 OBE and oxygen-delignified kraft pulp (OKP)

The effluent at the oxygen extraction stage of hard wood
pulp provided by Oji Paper Co. was used as the oxygen-
delignified bleaching effluent (OBE).

The pulp after the oxygen extraction stage of hard wood
pulp provided by Oji Paper Co. was used as the oxygen-
delignified kraft pulp (OKP). The initial brightness and
kappa value of OKP were 47.8% and 12.4, respectively.

1.3 Pre-culture of Decl

Potato dextrose (PD) medium was prepared by the follow-
ing method. Commercial potato (100 g) was cut to blocks
around 1 cm? and boiled in 1 L of water for 30 min. Then,
the potato was mashed and the suspension was filtered
using filter paper and vacuum aspiration. Glucose (20 g)
was added to the obtained filtrate. This solution was made
up to 1 L with distilled water and adjusted to pH 5.5. A 10-
uL aliquot of 25% glycerol stock suspension of Dec1 spore
was inoculated on a PDA agar plate and incubated for 10
days at 30°C. The mycelia on four plates were collected
and suspended in 10 mL of sterilized water with a vortex
mixer. The suspension was filtered with gauze, and the
filtrate was obtained as a fresh spore suspension.

1.4 Decolorization of OBE by Decl

1.4.1 Decolorization

The OBE was adjusted to pH 5.5 with 2 mol/L HCI and
centrifuged to remove insoluble particles (6000 r/min for
60 min). Glucose (1.5 or 4.5 g), ammonium tartrate (0.075
g), KH,POy4 (0.15 g), MgS04-7H,0 (0.075 g), and yeast
extract (0.45 g) were added to 150 mL of OBE in 500 mL
shake flask and sterilized (120°C, 20 min). These media
were named as OGY 10 medium and OGY30 medium,
depending on glucose concentration.

Decl spore suspension (5 mL) was inoculated into the
flask and the flask was shaken with a reciprocal shaker (120
r/min) at 30°C for 7 days.

1.4.2 Color removal

The color of the effluent was determined by the standard
method of the Canadian Pulp and Paper Association (Na-
garathnamma and Pratima, 1999). The absorbance at 465
nm of cell-free solution against distilled water was mea-
sured using a spectrophotometer (UV-2200, Shimadzu,
Japan). The absorbance values were then transformed into

color units (CU) according to the following formula.
CU=500x%x A,/ A,

where, A corresponds to the A4es of a 500-CU platinum-

cobalt standard solution (0.132) and A, is the absorbance

of the cell-free effluent sample. The color removal (%)

was defined as the ratio of CU of the cell-free culture

supernatant to that of the initial medium.

1.5 Biobleaching of OKP by Decl grown in DGY30
medium

1.5.1 Cultivation of Decl

Glucose (4.5 g), ammonium tartrate (0.075 g), KH,PO4
(0.15 g), MgS0O4-7H,0 (0.075 g), and yeast extract (0.45
g) (named DGY30 medium) were added to 150 mL of the
distilled water in 500 mL shake flask and sterilized (120°C,
20 min). Decl spore suspension (5 mL) was inoculated
into the flask and the flask was shaken with a reciprocal
shaker (120 spm) at 30°C for 3 days.

1.5.2 Biobleaching of OKP by Dec1 cultured in DGY30
medium

A 4-g of OKP in 180 mL of the distilled water (2% (w/V)
of pulp concentration) in 500 mL shake flask was sterilized
(120°C, 20 min) and 20 mL of culture including Decl
grown in DGY30 medium for 3 days was added in the
shake flask, then the flask was shaken with a reciprocal
shaker (120 r/min) at 30°C for 15 days (Iimori et al., 1994).

On the other hand, 25% of pulp-concentration was
prepared and biobleached under the similar condition as
2% pulp concentration at 30°C for 12 days.

1.6 Biobleaching of OKP using the culture fluid after
the decolorization of OBE by Decl

1.6.1 Culture after the decolorization of OBE by Decl

The OBE decolorized by Decl in OGY30 medium at
30°C for 3 days was prepared.

1.6.2 Biobleaching of OKP with the culture filtrate

The OBE prepared above was filtered through the gauze
and then filtered by a membrane filter (0.45 wm). The 20
mL of filtrate was added in 500 mL shake flask including
80 mL of sterilized water and 2 g of OKP (2% of pulp-
concentration) and shaken with a reciprocal shaker (120
r/min) at 30°C for 7 days. As a control, the 500 mL shake
flask including 200 mL of sterilization water and 4 g of
OKP were tested.

1.7 Measurement of the brightness and the kappa
value of pulp

After the biobleaching of OKP, OKP was sterilized
(120°C, 20 min), washed with distilled water. A sheet
of OKP prepared was prepared by washed OKP, and the

brightness of a sheet of OKP prepared was determined-with—————

a Spectrophotometric colorimeter (SUGA Test Instruments
Co., Ltd., Japan) according to JIS (Japgnese Industrial
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Standard) P 8209 and JIS P 8123. The Kappa value of the
sheet was measured according to TAPPI standard (Katagiri
et al., 1995).

1.8 Enzyme assay

1.8.1 DyP assay

DyP is a novel peroxidise produced by G. candidum Decl
which was associated with decolorization of dyes (Kim
and Shoda, 1999). Reactive Blue 5 (RB5; g4 = 8800
M~'em™!), a representative anthraquinone dye, was used
as the substrate of DyP. The analytical procedure was
described in a previous paper and one unit of enzyme
activity was defined as the amount of the enzyme that
decolorized 1 umol of RBS5 at 30°C for 1 min (Shintani
et al., 2002).

1.8.2 Manganese peroxidase assay

Guaiacol was used as the substrate for the manganese
peroxidise (MnP) assay. The analytical procedure was
described in a previous paper and one unit of enzyme
activity was defined as the amount of the enzyme that
reacted with 1 umol of guaiacol at 30°C for 1 min (Shintani
et al., 2002).

1.8.3 Lignin peroxidase assay

Veratryl alcohol was used as the substrate for the lignin
peroxidise (LiP) assay. The analytical procedure was de-
scribed in a previous paper and one unit of enzyme activity
was defined as the amount of the enzyme that reacted with
1 umol of veratryl alcohol at 30°C for 1 min (Shintani et
al., 2002).

1.8.4 Laccase assay
2,2’-Azino-di-(3-ethylbenzthiazoline)-6’-

sulfonate (ABTS) was used as the substrate for the laccase
(lac) assay. The analytical procedure was described in
a previous paper and one unit of enzyme activity was
defined as the amount of the enzyme that reacted with
1umol of ABTS at 30°C for 1 min (Shintani et al., 2002).

2 Results and discussion

2.1 Decolorization of OBE by Decl

The time courses for color removal and the pH of OBE at
two glucose concentrations are shown in Fig. 1. Color re-
moval was 65% after 3 days of culture in OGY 10 medium,
but the pH increased when color removal decreased after
4 days. Because this has a lower glucose concentration,
consumption of glucose disappears, and it is thought that
the metabolism by Dec1 stopped.

The color removal was 72% after 3 days of culture and
levelled off in OGY30 medium. In the medium of 0 g/L of
glucose, the color removal was 0% (data not shown).

The time courses of color removal and enzyme activities
of the culture supernatant in OGY30 medium are shown

Vol. 25
100 8
—+—0GY30 (color removal)
90 - —=—0GY30 (pH)
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84 1s
o
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Fig. 1 Time courses for color removal and the pH of OBE at two glucose
concentrations.
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Fig. 2 Time courses for color removal and enzyme activities of OBE in
OGY30 medium.

in Fig. 2. Color removal increased similarly to Fig. 1.
DyP and MnP activities appeared in the culture, but the
activities of LiP and Lac were not observed.

Although the mechanism is unknown, color removal by
Decl is thought to proceed through two steps. The first
step is color adsorption to the cells. Actually, the color of
the cell pellet was observed to be enhanced gradually up to
3 to 4 days of culture. The second step is decomposition of
the adsorbed colored substance by enzyme. After 4 days,
enzyme activity is seen, and it is thought that the adsorbed
colored substance is decomposed by enzyme.

2.2 Biobleaching of OKP by Decl cultured in DGY30
medium

The time courses of the biobleaching of OKP (2% pulp-
concentration) by Decl cultured in DGY30 medium are
shown in Fig. 3. Dec 1 increased the brightness of OKP

from 47.8% to 60.3% and decreased the|kappa value of
OKP from 12.4 to 8.1 points during a 3jday incubation
period of a 2% of pulp-concentration.
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In the case of 25% pulp-concentration of OKP, the
brightness of OKP increased only by approximately 4%
(52.1% from 47.8%) and the kappa value of OKP de-
creased by 3 points during a 12-day incubation period (data
not shown). It was considered that oxygen is essential in
the decolorization of various synthetic dyes by Decl (Kim
et al., 1995), oxygen supply may be limiting by high pulp-
concentration.

The time courses of enzyme activities during OKP (2%
pulp-concentration) bleaching are shown in Fig. 4. During
bleaching of OKP, DyP and MnP activities appeared but
the activities of LiP and Lac were not observed.

2.3 Biobleaching of OKP using the culture fluid after
the decolorization of OBE by Dec 1

In Fig. 1, Dec1 decolorized 70% of OBE for 3 days. There-
fore, by using the culture after decolorization of OBE,
we attempted to bleach OKP (2% pulp-concentration). As
shown in Fig. 5, the brightness of OKP increased to 62.7%

70 13
12
o 41
PR —H10 £
< 6o} —0— Control (Brightness) %
2 —=—Control (Brightness) 19 =
_:E —8—Decl (Kappa value) p g
ool —O—Decl (Brightness) 7] %
- {7 <
-6
S0
i s
1 1 1 4
46 3 6 9 2
Incubation time (days)
Fig.3  Time courses of the biobleaching of OKP (2% pulp-

concentration) by Dec 1 grown in DGY30 medium.

70 ——Brightness ~ —&—Lac activity .
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50
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40 =
—_ -]
s 60 j—?
< =
2 30 2
£ g
& 55 p
& 20 &
=
83}
50
10
4 0

Incubation time (days)

Fig.4 Time courses of enzyme activities during OKP (2% pulp-
concentration) bleaching by Dec 1 grown in DGY30 medium.

under the shaking culture of a 2% pulp-concentration
during a 7-day incubation period. In the case of a cell-free
culture, the brightness of OKP increased by 4 points during
a 3-day incubation period, but the increasing the brightness
of OKP was not seen after 3 days (data not shown).

The time courses of enzyme activities during OKP
(2% pulp-concentration) bleaching using the culture fluid
after the decolorization of OBE by Decl are shown in
Fig. 6. DyP and MnP activities appeared during OKP
biobleaching. On the other hand, the activities of LiP and
Lac were not observed.

70
—— Brightness
—O— MnP activity
651 —2— Lac activity
& 60}
g
£
B 55|
—
m
50
[
l l | L l 1 1
4 0 1 2 3 4 5 6 7 8
Incubation time (days)
Fig. 5 Time courses of the biobleaching of OKP (2% pulp-

concentration) using the cell-free culture and the culture fluid after the
decolorization of OBE by Dec 1.

70 60
—O— Brightness
—#—DyP activity
651 —®MnP ac'ti\'/ity
—A—Lac activity
—4— Lip activity

40

Brightness (%)
Enzyme activity (U/I)

Incubation time (days)

Fig.6 Time courses of enzyme activities during OKP (2% pulp-
concentration) biobleaching using the culture fluid after the decoloriza-
tion of OBE by Dec 1.

3 Conclusions

Dec 1 decolorized up to 77% of OBE flor 6 days. The
brightness of OKP (2% pulp-concentration) by Dec 1
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cultured in DGY medium increased from 47.8% to 60.3%
and Kappa number decreased from 12.4 to 8.1 points
during 3-day incubation period. Furthermore, using the
culture fluid after the decolorization of OBE by Dec 1,
the brightness of OKP (2% pulp-concentration) increased
from 47.8% to 62.7% during 7-day incubation period.
These results clearly showed that Dec 1 had ability to
decolorize OBE and to bleach oxygen-delignified Kraft

pulp.
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