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Ab strac t  A marine fungus, Phlebia sp. MG-60, and three 
white-rot fungi were incubated with whole sugarcane 
bagasse (WSB). The residual lignin content and 
holocellulose content in the decayed WSB were deter- 
mined, and based on their content delignification selection 
factors of the fungi were calculated. More than 50% of 
lignin in the WSB was degraded by Phlebia sp. MG-60, and 
less than 10% of the holocellulose was lost. The WSB was 
fractioned by sieving to separate long-fiber bagasse, short- 
fiber bagasse, and bagasse pith. When Phlebia sp. MG-60 
was incubated with the three fractions, more efficient 
delignification activity on the bagasse pith was observed. As 
the most efficient utilization of bagasse, we predict that 
bagasse fiber might be employed as the raw material in the 
pulp and paper industry after biopulping with Phlebia sp. 
MG-60 and bagasse pith, or WSB might be used to produce 
animal feed after fermentation with the strain. 
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Introduction 

Sugarcane bagasse, generally called simply bagasse, is a by- 
product of the sugar industry. As a fibrous residue of cane 
stalks left over after crushing and extracting juice from 
sugar cane, more than 95% of the bagasse is used by the 
sugar factories themselves as fuel for the boiler after mixing 
it with heavy oil. More efficient utilization than as fuel has 
been under development in recent years. Bagasse has been 
employed for the production of enzymes, amino acids, 
drugs, ethanol, and single-cell protein as animal feed after 
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cultivating it with a large number of microorganisms includ- 
ing bacteria, yeasts, and fungi, among which basidiomycetes 
are preferred) However, such bioprocesses require only 
small quantities of bagasse and could not eventually solve 
the problem of surplus bagasse. Furthermore, the process 
of ethanol production from bagasse needs renewed consid- 
eration. 2 Hence, processes that can utilize large quantities 
of bagasse must be considered. 

Due to increasing restraints on forest harvesting, the use 
of agro-based residues for pulp and paper production has 
been steadily increasing in recent years. 3 In addition, ba- 
gasse offers numerous advantages compared with other 
agro-based residues such as rice straw and wheat straw 
because of its lower ash content. The advantages of 
using fungal treatment prior to mechanically refining wood 
have been confirmed, and the benefits of biopulping 
agro-based materials with white-rot fungi have been 
researched. <5 

It is generally acknowledged that microorganisms 
degrade untreated bagasse slowly; therefore, isolation of 
efficient strains is regarded as an important research area 
for lignin degradation in bagasse. Breccia et al. screened 
several white-rot fungi to degrade long-fiber bagasse aiming 
at biopulping and found that about 16% of the lignin was 
removed. 6 A marine fungus, Phlebia sp. MG-60, which has 
been screened from mangrove stands, proved to have excel- 
lent lignin degrade ability and selectivity] In this research, 
its ability to degrade bagasse was investigated and com- 
pared with that of several white-rot fungi: Phanerochaete 
chrysosporium ME-466, Phanerochaete sordida YK-624, 
and Ceriporia sp. MZ-340. Whole sugarcane bagasse 
(WSB) was fractioned to long-fiber bagasse (LFB), short- 
fiber bagasse (SFB), and pith; and they were respectively 
degraded with Phlebia sp. MG-60. Based on the investiga- 
tion of lignin degradation in WSB and its fractions by 
Phlebia sp. MG-60, their efficient utilization in industry is 
proposed. 
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Materials and methods 

Fungal strains 

Phlebia sp. MG-60 isolated from mangrove stands in 
Okinawa, Japan, P. chrysosporium ME-466, P. raside 
YK-624, 8 and Ceriporia sp. MZ-3409 were maintained in 
potato dextrose agar (Difco Laboratories) slants at 4~ 
before use. 

Raw material and its preparation 

Bagasse was placed in a plastic bag and frozen to prevent 
the growth of contaminating microorganisms. Before being 
treated with white-rot fungi, bagasse was washed with 
running water for 12h and dried at room temperature. 1~ 
Bagasse was sieved with 10- and 20-mesh screens as shown 
in Fig. 1. 

Analytical methods 

Klason lignin and holocellulose were analyzed with TAPPI 
standard methods. 11'12 

Inoculum preparation 

Phlebia sp. MG-60, P. chrysosporiurn ME-466, P. sordida 
YK-624, and Ceriporia sp. MZ-340 were, respectively, in- 
oculated in potato dextrose broth (PDB) (Difco Laborato- 
ries) liquid medium, and then incubated at 30~ for 5 days. 
In each case the mycelium was separated from PDB liquid 

medium, washed in sterilized water, and homogenized with 
8ml of sterilized water. WSB or bagasse fractions of 4.0g 
were mixed with 8ml of sterilized water or Kirk medium, ~3 
which contained glucose 10 g/l, ammonium tartrate 01221 g/l, 
sodium acetate 1.64g/1, Tween 80 1.0g/l, Kirk,s salts solu- 
tion and Kirk's trace element solution; they were then 
sterilized and inoculated with the homogenized fungal 
mycelium. The inoculated WSB and its fractions were incu- 
bated without shaking at 30~ for 30 days. 

Evaluation of biodegradation ability of fungi 

The lignin-degrading selection factor (SF) of every strain 
was calculated as follows: 

SF = lignin loss/holocellulose loss 

in which holocellulose loss was calculated as follows: 

Holocellutose loss = weight loss - lignin loss 

The weight loss, residual lignin content, and SF are em- 
ployed to evaluate the delignification ability of the strains, s 

Results 

Composition of bagasse 

The compositions of WSB and its fractions before ~creat- 
ment are tabulated in Table 1. The untreated WSB con- 
tained 29.4% Klason lignin and 62.9% holocellulose. The 
lignin and holocellulose contents of LFB; SFB, and pith 
were different. The holocellulose content in LFB (71%) 



Table 1. Composition of bagasse 

Substance Moisture (%) Ash content (%) Klason lignin (%) Holoceliulose (%) 

WSB i0.1 1.9 29.4 62.9 
LFB 4.0 1.9 21.5 71.0 
SFB 5.5 1.9 29.0 63.9 
Pith 6.7 2.5 37.3 53.2 

WSB, whole sugarcane bagasse; LFB, long-fiber bagasse; SFB, short-fiber bagasse 
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Fig. 2. Lignin decrease in whole sugarcane bagasse (WSB) after treat- 
ment with white-rot fungi in water medium (open bars) and Kirk 
medium (filled bars) (incubation time 30 days) 
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Fig. 3. Holocellulose loss in WSB after treatment with white-rot fungi 
in water medium (open bars) and Kirk medium (filled bars) (incuba- 
tion time 30 days) 

was the highest, and its lignin content (21.5%) was the 
lowest in the three fractions. The lignin content in pith was 
almost twice that in LFB. The different components  in the 
three fractions appear to lend themselves to different indus- 
trial uses. 

Degradat ion of WSB by four fungal strains 

WSB was treated with four white-rot fungi for 4 weeks with 
or without Kirk medium added to the culture. The residual 
lignin content and holocellulose content were estimated 
(Figs. 2, 3), and SF was calculated for each strain (Fig. 4). 
Without  Kirk medium addition, Phlebia sp. MG-60 did not 
show higher delignification ability or better delignification 
selectivity than the other white-rot fungi. However,  when 
Kirk medium was added to the culture instead of sterilized 
water, outstanding delignification capability and excellent 
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Fig. 4. Selective properties to delignify WSB during treatment with 
white-rot fungi in water medium (open bars) and Kirk medium (filled 
bars) (incubation time 30 days) 

selective property to delignify sugarcane bagasse were 
observed. Thus, with proper addition of a nutrient such as 
Kirk medium, Phlebia sp. MG-60 could efficiently degrade 
lignin in sugarcane bagasse while holocellulose was scarcely 
damaged. 

Degradation of bagasse fibers with Phlebia sp. MG-60 

The white-rot fungus Phlebia sp. MG-60 was employed to 
treat the bagasse fractions with addition of Kirk medium 
to the incubation culture. The delignification and holo- 
cellulose loss of LFB and SFB were evaluated, and the 
results are shown in Table 2. The delignification efficiency 
of LFB and SFB was almost the same, although the holo- 
cellulose loss in LFB was slightly higher than that in SFB; 
that is, there was no significant difference for Phlebia sp. 
MG-60 to degrade LFB and SFB selectively. 

Degradation of bagasse pith by Phlebia sp. MG-60 

Although about 33% of lignin in bagasse pith was degraded 
by Phlebia sp. MG-60, only 6% of the holocellulose was 
damaged (Table 2). Therefore, it was concluded that the 
strain could selectively degrade lignin in bagasse pith. 

Discussion 

Lignin and holocellulose contents have been reported to be 
almost the same in bagasse fiber and pith, ~4 but, a different 
result for bagasse composition was observed in our investi- 
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Table 2. Delignification and holocellulose loss of bagasse fractions treated with Phlebia sp. MG-60 for 30 days 

Parameter WSB (n = 3) Mixt. (n = 3) LFB (n = 3) SFB (n = 3) Pith (n = 3) 

Delignification (%)a 52.7 +_ 1.3 45.8 _+ 3.3 21.9 _+ 1.2 22.9 +_ 1.1 33.0 _+ 1.2 
Holocellulose loss (%) 10.2 10.6 9.2 7.7 6.2 
Selection factor 2.4 2.1 0.7 1.4 3.7 

Mixt., mixture of LFB, SFB, and pith 
~Results are mean _+ SD 

gation. As shown in Table 1, the holocellulose content  in 
bagasse fibers, especially LFB, was higher than that in pith, 
whereas the lignin content  in fibers was lower than that in 
pith. 

It has been demonstrated that the use of white-rot fungi 
helps remove lignin from lignocellulosic materials. ~>17 
When several white-rot fungi, including Phlebia sp. MVHC 
5535, were employed to degrade LFB by Breccia et al., they 
produced LFB with the lowest lignin content, but the high- 
est delignification efficiency was less than 17% after 30 days 
of incubation. 6 Phlebia sp. MG-60 removed more than 
21.9% of lignin in LFB, so it can be regarded as an effective 
strain for biopulping or biodegradation of lignocellulosic 
residues. Although pulp property of the decayed bagasse 
was not analyzed to evaluate its pulping possibility, it 
should be helpful during mechanical or chemical pulp pro- 
duction by selectively removing as much lignin as possible 
during the fungal pretreatment  process. 

Alternative utilization of WSB is for animal feed produc- 
tion. When  lignocellulosic residues are employed to pro- 
duce animal feed, the key process is to degrade lignin to 
improve their digestibility for ruminant  animals such as 
cattle. After  fermentat ion by Phlebia sp. MG-60, more than 
50% of the lignin in WSB is removed; therefore, its digest- 
ibility as animal feed is significantly improved and the pro- 
tein enriched. One  of the potential  applications of PhIebia 
sp. MG-60 is for animal feed production by fermentat ion 

with WSB. 
A n  interesting result was obtained in our investigation. 

Lignin was less effectively degraded in the bagasse fractions 
than in WSB. To demonstrate this, the fractions were mixed 
according to the ratio of fractions in the WSB (Fig. 1) and 
then incubated under  the same conditions. After t reatment  
with MG-60, the weight loss and lignin decrease were deter- 
mined. The lignin decrease is shown in Table 2. Although 
lignin reduction from the mixture of the three fractions was 
lower than that from the WSB, the lignin reduction of the 
mixture was much higher than that of each fraction. The 
results demonstrate that WSB was more effectively de- 
graded with MG-60 than its fractions under  the same incu- 
bation conditions. When  the WSB was fermented, bagasse 
pith or metal ions in pith is likely to affect the delignification 
ability of MG-60, but  this must be further investigated. 
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