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Abstract 

Bagasse is fibrous residue that remains after the sugarcane is crushed to extract it’s juice. It 

mostly consists of lignocellulosic materials that may provide material for paper production 
through biopulping process. White rot fungi (WRF) is producers of extracellular ligninolytic 

enzymes that has the capability to mineralize lignin compounds. Three types of white rot fungi 

that were used in this study are Phanerochaete chrysosporium, Pleurotus ostreatus and 
Schizophyllum commune. Each of it was inoculated on bagasse substrate within 0, 15, and 30 

days of incubation. This study was aimed to know the effect of interaction between white rot 

fungi and incubation time in the biopulping process and to investigate the most appropriate 

fungus and incubation time to produce good material for paper making obtained from sugarcane 
bagasse. The experimental design was done by using Completely Randomized Design (CRD) 

with a factorial pattern in two factors and analyzed by using Analysis of Variance (ANNOVA) 

then followed by Duncan’s Multiple Range Test (DMRT) on highly different significance effect 

of the treatment. The result of this study showed that S. commune is the most effective fungi to 
degrade highly lignin content (17.38% to 8.88%) at 30 days of incubation, while P. 

chrysosporium is the most effective fungi to lowering cellulose content in small amount (23.64% 

to 19.38%) during 30 days of incubation. 

Keywords: White Rot Fungi (WRF); bagasse; biopulping; Phanerochaete chrysosporium; 
Schizophyllum commune. 

 

INTRODUCTION 

Central and East Java are centers of cane 

sugar industry in Indonesia because the area of 

sugarcane plantation in this area is wide. According 

to Badan Pusat Statistik (2015), the largest 

sugarcane production derived from East Java 

Province which is amounted to 1.24 million tons, 

whereas the sugarcane production that is located in 

Central Java is amounted to 206.25 thousand tons. 

The production of sugar cane plantation always 

remains sugarcane leaves and bagasse in large 

amount (Khuluq, 2012).  

Bagasse is the fibrous residue that remains 

after the sugarcane is extracted into it's juice and 

mostly contains of lignocellulose compound such 

as lignin (13-22%), cellulose (26-43%), 

hemicellulose (17-23%) and pentosan (20-33%) 

(Johnson, & Vikram, 2012). The utilization of 

bagasse will provide more benefits in reducing 

deforestation rather and can be used as a raw 

materials for pulp and paper making (Al-Sulaimani 

& Dwivedi, 2017). Bagasse is derived from the 

sugar cane plant (Saccharum officinarum) which 

grows in tropical and sub tropical areas. It is a 

member of family Gramineae which has 

morphology of stem height approximately 3-5 m, 

does not have branches and grows upright. The 

fiber of bagasse is insoluble in water and consists 

mainly of cellulose, pentosan and lignin (Rulianah 

et al., 2017). The process of degrading lignin is 

necessary to do by lignin-degrading fungi before 

making pulp through biopulping process. 

Biopulping is the treatment of lignocellulose 

degradation with a fungus which have ligninolytic 

enzyme and the subsequent processing of material 

can be done through mechanical or chemical 
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pulping (Saad et al., 2008). The best treatment of 

the biopulping process is treatment which results in 

a high decrease of lignin content but minimal loss 

of cellulose content. The concept of biopulping is 

based on the ability of fungi to colonize and 

degrade lignin selectively in wood thereby remains 

cellulose relatively intact (Singhal et al., 2015). 

One part of biopulping is biodelignification. 

Biodelignification is a process which use biological 

agents or organisms that are capable of releasing 

cellulosic fibers from a lignin bonds by its natural 

ability (Chang & Miles, 1989). 

White rot fungi (WRF) which is classified in 

the Basidiomycota group is the most effective 

organisms that able to degrade the whole wood 

components due to the secretion of extracellular 

ligninolytic enzymes such as lignin peroxidase 

(LiP), manganese dependent peroxidase triplicate 

(MnP), and laccase that has the capability to 

mineralize lignin and phenolic organic substrates. 

According to Musa et al. (2012), White rot fungi 

will break down lignin completely into water (H2O) 

and carbon dioxide (CO2) At the end process of 

lignin degrading, they will leave decayed wood by 

whitish in color and fibrous in texture. They are 

preferentially attacking lignin more readily and 

then leaving enriched cellulose (Rodríguez-Couto, 

2017). 

Three white rot fungi that have been 

employed are Pleurotus ostreatus, Schizophyllum 

commune and Schizophyllum commune which are 

classified in the Phylum Basidiomycota. The 

activity of those fungal may interact with the time 

of incubation to biodelignify bagasse by the 

lignocellulolytic properties of their ezyme. The 

incubation time is expected affect the ability of 

several white rot fungi to degrade lignin in bagasse. 

This situation can occurs because the incubation 

time will give the opportunity to fungi to use 

organic materials as an energy source and carbon 

source to form new cells and produce lignin-

breaking enzymes (Chang & Miles, 1989). 

Biopulping process requires longer 

incubation time for growth of fungal biomass and 

delignification. However, the longer the incubation 

time the higher losses of bagasse chemical 

components such as extractive substances, lignin, 

cellulose and hemicellulose can be occured. It may 

be caused by differences capability of each fungi in 

the production of enzyme to degrade the substrate.  

According to Musa et al. (2012), P. 

chrysosporium fungi is the most effective that exist 

in wood and produce three extracellular enzymes of 

LiP, MnP and Lac. It has an ability to degrade 

lignin component first then followed by degrading 

cellulose component. 

The objectives of this study are (1) to know 

the effect of interaction between white rot fungi 

and incubation time in the biopulping process, and 

(2) and to investigate the most appropriate fungus 

and incubation time to produce good material for 

paper making from sugarcane bagasse. 

MATERIAL AND METHODS 

Materials 

The materials were used are isolate of 

Pleurotus ostreatus from Agro Jamur Pabuwaran 

collection, isolates of Phanerochaete 

chrysosporium and Schizophyllum commune from 

Mycology and Phytophatology Laboratory of 

Biology Faculty collection, bagasse from cane 

sugar factory of PT. Gendhis Multi Manis Blora, 

Potato Dextrose Agar (PDA), distilled water, 

alcohol 70%, sorghum, spiritus, plastic wrapper, 

aluminium foil, cotton. 

Research Design 

The experiment was conducted using 

Completely Randomized Design (CRD) with a 

factorial pattern in two factors. The two factors are 

three types of white rot fungi and incubation times 

of 0, 15, and 30 days. Three types of white rot 
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fungi that were used are Phanerochaete 

chrysosporium, Pleurotus ostreatus and 

Schizophyllum commune. The treatments were 

carried out as follows (P1W0) the treatments of P. 

chrysosporium at 0 day of incubation, (P1W1) the 

treatments of P. chrysosporium at 15 days of 

incubation, (P1W2) the treatments of P. 

chrysosporium at 30 days of incubation, (P2W0) 

the treatments of P. ostreatus at 0 day of 

incubation, (P2W1) the treatments of P. ostreatus 

at 15 day of incubation, (P2W2) the treatments of 

P. ostreatus at 30 days of incubation, (S3W0) the 

treatments of S. commune at 0 day of incubation, 

(S3W1) the treatments of S. commune at 15 days of 

incubation, (S3W2) the treatments of S. commune 

at 30 days of incubation. Each treatment had 3 

replication and obtained 27 experimental units. All 

of the results have been analyzed by using Analysis 

of Variance (ANNOVA) then followed by 

Duncan’s Multiple Range Test (DMRT) on highly 

different significance effect of the treatment. 

Procedures 

Sample Preparation 

Bagasse sample was strained through a 

muslin cloth to remove from dirt and then dried 

under sunlight for approximately 5 hours in a day 

until dry. Further, the bagasse was collected into a 

cloth carry bag.  

Fungal Spawn Inoculum Preparation 

(Kusnadi & Yayan, 2003, modified) 

Sorghum as much as 5 kg was prepared. It 

was soaked in water for approximately 2 hours. 

Floating dirt and seeds were removed. The 

sorghum was drained and then steamed with water 

until the seeds burst at one point. After steaming 

process, it was cooled for several minute and 

drained. 50 g CaCO3 and 25 g dextrose were added 

and mixed evenly with the sorghum. Then, all of it 

was evenly mixed. The sorghum was filled into 350 

ml glass bottles until 2/3 bottle size. The bottles 

were covered by using cotton wool plug and then 

sterilized with autoclave at 121ºC for 1 hours and 

allowed it to released the condensed water of 

steam.  

Fungal Inoculation on Sorghum Media 

(Rachel & Adebolu, 2014, modified) 
 

The pure culture of P.chrysosporium, P. 

ostreatus, and S. commune in PDA medium 

prepared. The inoculation was done in triplicates 

for each of fungal spawn. The inoculation process 

was done by using sterilized cork borer (which has 

a diameter 0.5 cm) to cut the agar media that 

containing the pure culture of the fungi. Each pure 

cultures was taken as much as 5 plug and then 

transferred to the glass bottle that contains the 

sorghum aseptically inside the LAF. Then, it was 

incubated at room temperature for 1 month until the 

mycelium are fully covered the sorghum medium. 

Preparation of Bagasse Substrate (Sidana & 

Umar, 2014, modified) 

Bagasse which has been processed was take 

out from cloth carry bag, drained and then put it 

into a container. The distilled water as much as 1L 

and bagasse as much as 1 kg were prepared. The 

distilled water was added slowly and mixed evenly 

with 1 kg bagasse in the container. The water 

content of bagasse was set up until 10%. After the 

bagasse substrate had been evenly mixed, 200 g of 

bagasse was weighed by using analytical scale and 

then filled it into 25x20x0.008 cm poly propylene 

plastic bags. The preparation was done in three 

replications of each fungal isolate. All of baglogs 

were carried out with the process of compaction, 

then baglog which have been densed on the top of 

plastic bag was given a paralon ring and corked 

with cotton. The baglogs were sterilized in 

autoclave for 2 hours at temperature 121
o
C. The 

media that have been sterilized was cooled for 12 

hours before inoculation. 



Biopulping Of Bagasse Using Different Types Of White Rot Fungi; Angelin M .C: Aris Mumpuni, Nuniek Ina R. 

 

406 

 

Fungal Inoculation on Bagasse substrate 

(Suryani & Hilda, 2017, modified) 

The isolates of three types of white rot fungi 

(P. ostreatus, P. chrysosporium, and S. commune) 

from sorghum media was taken 10% from the 

weight of bagasse substrate medium. The 

inoculation process was done by make a deep hole 

approximately 2 cm in the middle of the baglog 

media by using sterilized wooden sticks. Then, the 

fungal spawn put into polybags aseptically by using 

spatula. Further, it was incubated in the room 

temperature with the incubation time of 0, 15, and 

30 days. 

Analysis of Lignin and Cellulose content 

(Chesson, 1981) 

Analysis of lignin and cellulose before and 

after incubation time (0, 15, and 30 days) was done 

by following the Chesson method 

Analysis Data (Weber & Skillings, 2000, 

modified) 

The quantitative data of the lignin and 

cellulose contents at the beginning and the end of 

treatment were analyzed by using analysis of 

variance (ANNOVA) with 5% significant. Then it 

was followed by Duncan’s Multiple Range Test 

(DMRT) to determine the difference between each 

treatment. 

RESULT AND DISCUSSION 

Lignin Contents 

The content of lignin on bagasse substrate 

can be degraded by using the treatment of 

Phanerochaete chrysosporium, Pleurotus 

ostreatus, and Schizophyllum commune during 

biodelignification process. The measurement of 

lignin content was done to evaluate the effect of 

type of white rot fungi and incubation time to the 

biodelignification processs. The treatments of S. 

commune fungi that incubated at 30 days of 

incubation had the lowest percentage of lignin 

content on the bagasse substrate. The data of lignin 

content on bagasse substrate by each type of white 

rot fungi can be showed  

in Figure 1. 

 

Figure 1. Lignin content on bagasse substrate by each type of white rot fungi at different incubation time 

Figure 1. showed the content of lignin in all 

treatments at incubation time of 0 day was 17.38%. 

This lignin content can be used as the initial lignin 

content. The treatments of  S. commune in 30 days 

of incubation showed that this fungus was able to 

degrade the lignin content on bagasse from 17.38% 

to 8.88% (S3W2). While the treatments of S. 

commune at 15 days of incubation was only able to 

degrade lignin compound from 17.38% to 11.93% 

(S3W1). This result revealed that the most effective 

treatment showed by the treatment of S. commune. 

Meanwhile, according to Nurika, (2019) S. 

commune also produced similar extracellular 

enzymes of peroxidase enzymes (LiP and MnP) 

and laccases, but the activity of this fungi increased 

at fourth and fifth week. Based on the result, the 

lowest reduction of final lignin content was showed 

by the treatment of S. commune.  
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Table 1.Duncan’s Multiple Range Test (DMRT) 

on The Interaction between Type of White 

Rot Fungi and Incubation Time on The 

Contents of Lignin (%) in Bagasse 

Substrate 

 

Treatment Averages 

P1W0 17.38a 

P1W1 11.12c   

P1W2 10.15d       

P2W0 17.38a 

P2W1 10.07c  

P2W2 11.17d       

S3W0 17.38a 

S3W1 11.93b 

S3W2   8.88e        

 
*Note : The numbers was accompanied by different 

letters the mean is significant (p <0.05) 

 

P1W0 : P. chrysosporium at 0 day of incubation 

P1W1 : P. chrysosporium at 15 days of 

incubation 

P1W2 : P. chrysosporium at 30 days of 

incubation 

P2W0 : P. ostretaus at 0 day of incubation 

P2W1 : P. ostreatus at15
 
days of incubation 

P2W2 : P. ostreatus at 30
 
days of incubation 

S3W0 : S. commune at 0 day of incubation 

S3W1 : S. commune at15
 
days of incubation 

S3W2 : S. commune at 30
 
days of incubation 

 

The DMRT results above showed that the 

interaction of the three types of white rot fungi and 

incubation times gave highly significant difference 

to the lignin content on bagasse substrate. The most 

effective treatment of the delignification process on 

bagasse was shown by the inoculation of S. 

commune at 30 days of incubation. The most 

effective lignin degradation activity in bagasse by 

S. commune is contrary with the statement of 

Ramos et al. (2004), who stated that P. 

chrysosporium is the best fungi in the degradation 

of lignin content on bagasse due to the highest 

yield production by this fungi in the biomechanical 

pulping process. But according to the observation 

result of Herliyana (1997), after 6 weeks of 

incubation, the inoculation of S. commune on wood 

pulp of Acacia mangium was able to reduce lignin 

content up to 69.3% compared to P. chrysosporium 

that can only reduce lignin content 41.8% on the 

similar  pulp for 30 days of incubation. Actually, S. 

commune was reported as a slow degrader of wood 

under controlled laboratory conditions, but, if 

natural conditions are provided, it degrades wood 

faster like other white rot fungi (Koyani et al., 

2014).  

The least average reduction of lignin content 

can be showed by the treatment of P. 

chyrsosporium fungi. In this study, the growth of P. 

chrysosporium fungi was slower compared to other 

fungi, S. commune and P. ostreatus fungi. 

According to Herliyana (1997), this was thought 

due to several factors, such as the origin of isolates 

and the media growth that were used. 

Cellulose Content 

The content of cellulose on bagasse 

substrate also can be degraded by using the 

treatment of P. chrysosporium, P. ostreatus, and S. 

commune fungi during the biodelignification 

process. The measurement of cellulose content was 

done to evaluate the effect of type of white rot 

fungi and incubation time to the biodelignification 

procees. 

 

Figure 2. Cellulose content on bagasse substrate by each type of white rot fungi at different incubation time  
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Figure 2. showed the content of cellulose in 

all treatments at incubation time of 0 day was 

23.64%. The highest percentage of cellulose 

content in the incubation of 0 days due to there 

were no treatment with the type of WRF. 

Therefore, this cellulose content can be used as the 

initial cellulose content.  

Table 2. Duncan’s Multiple Range Test (DMRT) 

on The Effect of Interaction between Type 

of White Rot Fungi and Incubation Time 

on The Final Cellulose Contents (%) 

*Note  : The numbers was accompanied by different 

letters the mean is significant (p <0.05) 

 

P1WO : P. chrysosporium delignification on 

bagasse substrate at 0 day of incubation 

P1W1 : P. chrysosporium delignification on 

bagasse substrate at 15 days of incubation 

P1W2 : P. chrysosporium delignification on 

bagasse substrate at 30 days of incubation 

P2W0 : P. ostreatus delignification on bagasse 

substrate at 0 day of incubation 

P2W1 : P. ostreatus delignification on bagasse 

substrate at 15 days of incubation 

P2W2 : P. ostreatus delignification on bagasse 

substrate at 30 days of incubation 

S3W0 : S. commune delignification on bagasse 

substrate at 0 day of incubation 

S3W1 : S. commune delignification on bagasse 

substrate at 15 days of incubation 

S3W2 : S. commune delignification on bagasse 

substrate at 30 days of incubation 

 

Table 2. showed the result of DMRT test. 

The treatment between white rot fungi and 

incubation time gave a highly significant difference 

to the reduction of cellulose content in bagasse 

substrate. The most effective treatment of cellulose 

degradation process was shown by P. 

chrysosporium at the incubation time of 30 days 

(P1W2) with the highest average of final cellulose 

content 19.35% followed by P. ostreatus fungi at 

incubation time of 30 days (P2W2) with an average 

final cellulose content of 18.27% and the least 

average percentage of final cellulose content found 

in the treatment of S. commune fungi at incubation 

time of 30 days with an average cellulose content 

reduction 17.38% (S3W2). These results in 

accordance to Fadilah et al. (2008), states that in 

addition to the ability of produced the ligninase 

enzyme, P. chrysosporium fungi also produced 

cellulase and hemicellulose enzymes. 

According to Kempken (2012), P. 

chrysosporium is a selective white rot fungi that 

appears to be selective in their degradation of 

lignocellulose, which mainly degrading lignin and 

hemicellulose but leaving a major part of cellulose 

undegraded. Besides producing ligninase enzyme, 

P. chrysosporium also produced cellulase and 

hemicellulase enzymes. According to Rulianah et 

al. (2017), the cellulase enzyme that produced by 

P. chyrsosporium had the highest activity in 

temperature 25 to 40
o
C.  

According to Nadir et al. (2019), P. 

ostreatus fungi was able to degrade all the 

lignocellulose components of lignin (11.1%), xylan 

(15.7%) and glucan (8.4%) on the bagasse substrate 

at 60 days of incubation. This fungi can be 

considered as a non-selective delignifier because it 

concurrently breaks down lignin and structural 

carbohydrate. According to Gunawan et al. (2017) 

xylan and glucan are the main hemicellulose in the 

primary cell wall of hardwood plant. 

Treatments of S. commune in different 

incubation times (15 and 30 days of incubation) 

showed a significant increase to the final cellulose 

content, but the average percentage of final 

cellulose content was not greater than final 

cellulose concentration which was resulted by the 

treatments of P. chrysosporium and P. ostreatus 

fungi. According to Maryam (2011), S. commune 

Treatment Averages 

P1W0 

P1W1 

P1W2 

P2W0 

P2W1 

P2W2 

S3W0 

S3W1 

S3W2 

23.64a 

16.69e 

19.35b 

23.64a 

16.90de 

18.27c 

23.64a 

15.09f 

17.38d 
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fungi is one type of non-selective fungi which had 

fast growth and can causes a weathering and wood 

discoloration. This fungus also had the enzyme of 

selobiohydrolase and endo1.4 β-glucanase for 

cellulose degradation. 

According to Rodríguez-Couto (2017), 

during pulp and paper production, it is necessary to 

separate the cellulose fibers from lignin. 

Biopulping is a good treatment for wood chips 

processing with ligninolytic fungi prior to 

conventional pulping methods either mechanical or 

chemical pulping methods. The benefits of 

biopulping in the production of paper were 

environmentally-friendly, cheap cost and can 

reduce not only energy consumption but also the 

utilization of chemicals. 

CONCLUSION 

The interaction effect of 3 types of white rot 

fungi and incubation time has a highly significant 

effect on the final lignin content of bagasse 

substrate. The most effective interaction to degrade 

lignin showed in the treatment of S. commune at 30 

days of incubation with the lowest average of final 

lignin content as 8.88%. While, the most effective 

interaction that resist cellulose content remained 

high showed by the treatment of P. chrysosporium 

in 30 days of incubation with the highest average of 

final cellulose contents as 19.38 %. S. commune 

and P. chrysosporium are the most appropriate 

fungus which are effective in the biodelignification 

process of bagasse within 30 days of incubation 

time. 
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