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Biodegradation and Composting of Sawdust Lignocelluloses Waste for Use and 
Application as Potting a t Nurseries 

Jan Renee Stephanie Jiorry 

Resource Biotechnology Prograrmme 

Faculty of Resources Science and Technology 

Universiti Malaysia Sarawak 

ABSTRACT 

Sawdust is small or fine particles of wood residues resulting from the cutting of the wood. In its raw state, sawdust is 
harmful to plant because of the tendency of sawdust to absorb nitrogen from the plant causing nitrogen deficiency 
which subsequently cause dead to the plant. Additionally, the large amount of sawdust disposal has arise the need to 
be properly disposed. In this study, biodegradation and composting of sawdust were done to be used as potting at 
nurseries. Optimizations were done to obtain the optimum condition for Cerrena unieolor growth before the actual 
composting was done. High glucose concentration was observed at day 10 in sterile condition and at day 16 in non 
sterile condition indicating the activity of the fungi. pH value of 6.0 is found to be efficient for the growth of the 
fungi. Addition of Cerrena unieolor to the compost had been found effective in degrading lignin content present in 
the sawdust. The lignin content of the sawdust sample has been decreased from 17.34% to 16.61 % throughout the 
composting process. Meanwhile, the seed germination test (phytotoxicity test) of the water-extract from sawdust 
sample inoculated with the fungus showed high germination index (GI) indicating that the extract is non inhibitory 
to the Kangkong seed. The time of sawdust composting should be longer since sawdust has high CIN ratio. 

Key words: Ligni n, sawdust, Cerrena unieolor, germination index (G1) 

ABSTRAK 

Habuk kayu adalah habuk yang terhasil daripada aktiviti pemotongan kayu. Habuk kayu ini merbahaya kepada 
tumbuhan kerana keeenderungannya untuk mengambil nitrogen daripada tumbllhan yang seterusnya menyebabkan 
kematian kepada tumbuhan terse but. Selain daripada itu penghasilannya yang tinggi memerlukan satu sistem yang 
berkesan untuk membuangnya. Dalam projek ini, biodegrdasi dan pengkomposan habuk kayu telah dilakllkan untuk 
digunakan di da/am tapak semaian. Keadaan yang optimum bagi pertllmbuhan Cerrena unieolor telah ditentllkan 
sebe/um proses pengkomposan dalam skala yang lebih besar dilakukan. Kepekatan glukosa adalah tinggi pada hari 
ke-IO bag; sampel yang steril dan pada hari ke-16 bagi sampel yang lidak steril. Nilai pH yang optimllm bagi 
pertumbuhan fungi juga lelah ditentukan iaitu pH 6. O. Penambahan Cerrena unieolor di dalam kompos didapati 
berkesan untuk mendegradasi lignin yang terdapat di dalam habuk kayu. Kandungan lignin berkurangan daripada 
17.34% kepada 16.61% sepanjang proses pengkomposan ini. Sementara itu, lIjian pereambahan biji benih 
menggunakan pati sampel daripada kompos yang ditambahkan dengan kulat tersebut telah dilakukan. Sampel 
lersebul menunjukkan ni/ai index pereambahan (GI) yang linggi yang membawa maksud pati sample itu tidak 
menyekal perlumbuhan biji benih kangkong. 

Kata kunei: Lignin. habuk kayu, eerrena unieolor, index pereambahan (GI) 
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1.0 INTRODUCTION 


Lignocelluloses are the major structural component in both woody and non-woody plants 

such as tree and grass respectively (Howard et at., 2003). They are the most abundant biomass 

on earth since it can be found easily in the woody and non-woody plant as well in dead plant 

materials (Acharya et at.2008; Kalmis et at., 2008). Lignocelluloses comprise of lignin, cellulose 

and hemicellulose in which lignin is the hardest to be degraded in nature. This is because lignin 

is a persistent macromolecule where it provides strength and rigidity to the plant (Turpeinen et 

aI., 2003). Additionally, lignin protects the cellulose and hemicelluloses from the attack of the 

hydrolytic enzyme produced by bacteria as well as acting as major defense from pathogens, 

insects and other herbivores (Hatfield & Fukushima, 2005). Lignocelluloses wastes include 

agricultural wastes, herbaceous wastes, deciduous (hardwood) and coniferous (softwood) wastes 

and municipal solid waste (MSW) (Blunk & Jenkins, 2000). 

One of the examples of lignocelluloses waste is sawdust. Sawdust lignocelluloses wastes 

are the small or fine particles of wood which is produced as the result of cutting the wood. When 

the wood, for example a log is cut using a saw or other cutting materials, there would be a 

production of small particles of wood residues that look like dust. Sawdust can be found in wood 

industry, sawmill and in building construction. Sawdust lignocelluloses waste has high carbon 

content and low nitrogen content. Thus in its raw state, sawdust is considered poisonous to the 

plant since it will strip the nitrogen from the plants causing nitrogen deficiency which in turn 

cause death to the plants. Nowadays, the sawdust produced from building construction is being 

thrown away and allow to degrading over time without realizing that the sawdust could harm the 

p t and that the sawdust can be used to improve the poor condition of soil. As wood complexes 

Dec:on~ more integrated, there is a need for better management of the wood residues in Malaysia. 
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Harkin (1969) stated that sawdust and shavings disposal have caused a problem that 

concern the wood industries where tons of sawdust are being produced annually by sawmills. 

One of the reasons is because of the creation of laws that restrict open burning of the waste to be 

done (Montano et al., 1977) since the burning of sawdust could cause air pollution. Additionally, 

sawdust is easily and abundantly available as waste and generaIly being disposed in landfill area 

because it is the cheapest way to do it (Miskam et al., 2009). Traditionally dumped or incinerated, 

they are now increasingly used as fuel, which enable wood industries to be self-sufficient in 

energy. Another alternative i's by composting the sawdust to produce valuable end products that 

can be used as potting mixture in plant nurseries. However, the enzymatic degradation rate of 

sawdust lignocelluloses waste is low due to the resistant crystaIline structure of cellulose and the 

physical barrier formed by lignin that surrounds the cellulose (Mtui & Nakamura, 2005). 

Thus, in this project, the sawdust lignocelluloses waste was composted using the 

windrow composting method. Throughout the project, analysis was done to check the 

degradation of lignin by the white rot fungi. In windrow composting, sawdust was used as the 

carbon source while the palm oil mill effluent (POME) was used as the nitrogen source. 

Generally, sawdust took a long period of time to be composted because of its high carbon to 

nitrogen ratio. Therefore, the addition of palm oil mill effluent (POME) would help in speeding 

up the sawdust compo sting process. This is because POME contains low carbon to nitrogen ratio 

thus making it as good nitrogen source in sawdust composting. Furthermore, POME can provide 

the moisture needed by the compost pile in the composting process. 

Several parameters such as moisture, temperature, oxygen and pH are essential for the 

action for microorganisms during the composting of sawdust. Additionally, the sawdust is 

sh ded in order to get smaller size of sawdust to speed up the composting process. Therefore, 
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optimizations were required to optimize to suitable parameters as mentioned before which would 

favor or speed the compo sting process as well to check the optimum condition for the compost 

pile to be composted. The optimizations were done in smal.l scale for 14 days for the parameters 

such as time of incubation and the pH that favors the growth of fungi. Glucose content was 

analyzed using the DNS method to check the highest glucose content. 

In this study, Cerrena unicolor is used in the biodegradation of sawdust lignocellulosic 

waste. These fungi are the white rot fungi which is able to degrade lignin through the production 

of laccase enzyme. The optimum conditions for the fungi growth were determined before the 

composting process to ensure that the fungi able to grow on the sawdust compost pile. During 

the windrow composting in large scale, analyses were done to check whether or not there is 

composting take place. The end product from the composting process will be used in the potting 

mixture as the soil improvement for plants. The quality of the potting medium is crucial for the 

successful growth of plant (Baiyeri, 2005, as cited by Bunt, 1988). One may think that soil is a 

good medium for plant growth, but it is a poor growing medium if used alone (Baiyeri, 2005). In 

this project, the seed germination test was done to check whether the sample is suitable for the 

growth of the seed or not. 

The main objective of this study is to do biodegradation and composting of sawdust 

Iignocelluloses waste to be used as potting mixture at the nurseries. Seed germination index test 

(Huang et al., 2004) was done to check the phytotoxicity of the compost. In the end of the 

sawdust composting, compost quality was determined and the end product were observed to see 

whether there is a change in the texture. This project served as the platform to determine the 

iency of sawdust lignocelluloses waste to be composted by Cerrena unicolor. Generally, 

eed longer period of time to be composted due to the high carbon to nitrogen ratio and 
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nitrogen need to be sufficient for the fungi to grow. Comparison between the compost with the 

fimgi and the one without the fungi will facilitate the efficiency of the fungi to speed up the 

composting process. Additionally, lignin content was determined using the TAPPI Standard 

1'222 os-74 (Salim, 2008). Results from the lignin content analysis will reveal that there is 

degradation of lignin by the white rot fungi which was compare with the control (without the 

inoculation of the fungi). Thus, the decreasing of lignin content indicated that lignin from the 

wastes have beeD degraded. 
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2.0 LITERATURE REVIEW 

2.1 Composition of lignocelluloses waste 

The chemical composition of plants differs from each other and is influenced by genetic 

and environmental factor (Malherbe & Cloete, 2002). All lignocelluloses are composed of plant 

cells with a thin primary wall which contains cellulose microfibril. Therefore, lignocellu 'oses 

wastes are mainly composed of polysaccharides such as cellulose and hemicelluloses and lignin. 

Malherbe & Cloete (2002) stated that cellulose is a linear polymer of glucose linked by a-I, 4

linkages and usually arranged in a microcrystalline structure. This condition makes it harder to 

be dissolved or bydrolysed in a normal condition. In the other hand, hemicellulose is a 

heteropolysaccharide which composed of different hexoses, pentoses, and glucoronic acid 

(Malherbe & Cloete, 2002). Hemicelluloses are the low molecular weight heteropolysaccharides 

which are easier to acid-hydrolyzed compared to cellulose. Additionally, they are easy to be 

hydrolyzed using alkali. The most common hemicelluloses component in plants is xylan 

(Malherbe & Cloete, 2002) and mannan. 

Lignin is the highly irregular and insoluble polymer (Malherbe & Cloete, 2002) and 

mainly concentrated in the spaces between cell wall of adjacent cells and in middle layer of 

secondary wall of cell wall. It provides strength to the plant cell wall, facilitate water transport 

(Hatfield & Fukushima, 2005) as well as acting as the defense against pathogens. Biodegradation 

of Iignocelluloses is not dependent on environmental condition alone because of its complex 

substrate (Malherbe & Cloete, 2002). Among the three main constituents of lignocelluloses, 

lignin is the hardest to be breakdown. It is problematic in cellulose-based wood processing due to 

fact that it has to be separated from cellulose using enormous energy, chemical and 

envi ntal expenses (Malherbe & Cloete, 2002). Several properties of lignin account for its 
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resistance to microbial attack are it is a water-insoluble, aromatic, three-dimensional polymer 

with a very high molecular weight (Vikman et al., 2002). The white-rot fungi have known to 

have the ability to degrade lignin. Lignin degradation by this type of fungi is an oxidative 

process which involves enzymes such as lignin peroxidases (LiP), manganese peroxidases (MnP) 

and laccase. Malherbe & eloete (2002) stated that the white rot fungi such as P. chrysosporium, 

Pleurotus ostreatus and Trametes versicolor have been best studied. 

2.2 Lignin determination 

There are many methods that have been developed to quantitatively determine lignin 

content in plant tissue. Hatfield & Fukushima (2005) stated there are two basic categories in 

detennining lignin in sample; one that rely on gravimetric determination and one that are based 

on noninvasive method. The gravimetric determination of insoluble-lignin residue after digestion 

of sulfuric acid (Klason lignin) is the frequently used method in determining the lignin content (1. 

Rodrigues et ai., 1999). Small fraction of insoluble lignin will remain in the diluted sulfuric acid 

and has to be determined, whereby the total lignin would be the sum of Klason lignin and acid 

soluble lignin. 

Wood chemists have developed a standard protocol to measure the acid soluble lignin 

listed as TAPPI Usefu l Method UM-250. This method relies on the UV absorption of the final 

diluted acid solution of Klason lignin procedure (Hatfield & Fukushima, 2005). However, there 

are two problems with this method. First, the extinction coefficient may vary with the type of 

in and should be determined for each type of lignin. Second, the choice of absorption 

imum for lignin analysis must be determined. Hence, caution should be made for the 

aticm ofacid soluble lignin. 
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2.3 The use of sawdust as potting at nurseries 

In the wood based industry, removal of wood waste is an important activity in which 

proper way of disposing the waste is necessary. Gan & Ho (1995) stated that this activity to a 

certain extent affects the productivity and profitability of the mill operation. They also stated that 

there are two types of waste produced in sawmilling which are sawdust and waste slabs. Sawdust 

are thrown away without any proper disposal technique or simply being burned which would 

cause air pollution and subsequently lead to global warming. Hence, the proper disposal of 

sawdust is important in order to keep the pollution become worse. 

Sawdust can be applied as potting at the nurseries. The physical properties of soil, 

structure, texture, density, pH, organic matter and nutrient such as nitrogen, phosphorus and 

potassium (Ahmad e/ al., 2003) are the key factors for the development and growth of plant. 

Hence, composted sawdust that is improved upon addition of POME (nitrogen source) is suitable 

as the potting mixture (Ahmad et aI., 2003) for the growth of plant. The compost contains 

substantial amount of nitrogen and phosphorus (Bugbee, 1998) and this nutrient will help in the 

growth and development of the plant when used as potting media. Besides, the usage of compost 

as soil amendment will reduce the use of fertilizer. 

Montano et al. (1977) reported that the use of sawdust for growing seedlings should 

reduce nurseries production costs and thus help in disposing the waste. The species of the tree 

whereby the sawdust were produced will determine the quality and its value use as the potting 

media. Sawdust in potting can affect the need of fertilizer as reported by Bugbee (1999). In his 

study, the potting media that is improved with biosolids compost can contain up to 30% fresh 

ood sawdust without affecting the growth of the plant. 
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1 4 Palm oil mill effluent (POME) as nitrogen source 

Oil palm production is the major agricultural industry in Malaysia in which about 

USS 7.3 billion in export were earned each year (Suhaimi et at., 2001). It is considered to be one 

ofthe leading industries in Malaysia with the production of more than 13 million of crude palm 

oil and 11% of the plantation land area in Malaysia (Wu et at., 2009). Old oil palm trunks, palm 

fronds, empty fruit bunch (EFB), shells and palm oil effluent (PO ME) are the waste material that 

is generated in the palm oil industry (Johari et at., 1990). POME or palm oil mil effluent was 

produced in a huge amount in which it is almost three times the quantity of the crude palm oil 

(Wu et at., 2009). It is estimated that for a production of crude palm oil, water is required. 

During the process, 50% of the water ends up as POME. Therefore, oil palm industry is one of 

the major contributors to pollution in Malaysia (Johari, et at., 1990) and a proper way to dispose 

this waste is needed to reduce the pollution. 

Based on Wu et at (2009), raw POME contains 95-96% water, 0.6-0.7% oil and 4-5% 

total solid. It can cause environmental problem when discharged without being treated to the 

aterways because of its high biochemical oxygen demand (BOD), chemical oxygen demand, 

oil and grease, total solids and suspended solid. PO ME had been treated in ponds; however there 

are some disadvantages of PO ME treatment in ponds that cannot be avoided (Schuchardt et aI., 

2002). They are: 

(8) High air pollution by the green house gas methane. 

(b) Water pollution by the effluent to the river. 

igh cost for maintenance of the ponds; and sludge transportation and distribution. 
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also results 10 the loss of the potential energy source methane 

el aJ., 2002). 

POME can be used in the compost material because of its high concentration of carbohydrate, 

nitrogenous compounds, lipid and minerals (Roslan et al., 2009). POME contains low 

. ratio compare to sawdust lignocel. luloses waste. Hence, sawdust can be converted to a good 

it improvement upon the addition of nitrogen rich source like POME. Additionally, POME act 

to provide and maintain the moisture of the compost. The efficiency of composting process 

uld be improved since sawdust helps to increase porosity, retaining nutrient, reduce odor and 

provide additional carbon (Tiqua & Tam, 2000 as cited by Wu et al., 2009). 

2.5 Type of composting systems 

Composting is the biological decomposition and stabilization of organic substrates, under 

aerobic condition to produce a final product that is stable, free of pathogen and can be beneficial 

P_I......'" to land (Haug, 1993). Composting process required a suitable condition that allows the 

.ltmlWUl of microorganisms such as bacteria, fungi and actinomyces. [t is a form of recycling 

help in reducing the amount of sawdust lignocelluloses waste that have to be sent to the 

to be burned, thereby reducing the disposal cost. The advantages of doing composting are 

the compost product can be used to improve the soil condition and eventually help in 

IIQ1lCl1112 pollution caused by sawdust burning. Sawdust lignocelluloses waste is the example of 

substrate. Therefore, water must be added to the composting pile to avoid biochemical rate 

~lIti(.n (Haug, 1993) from low moisture content. The addition of moisture is necessary since 

1In11XJS1:ing is a dehydrating environment. 
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Basically, there are four stages of decomposition that progress naturally. Stage one is the 

stage whereby the moisture content of the compost piles increase. Next, in stage two the most 

consumable part of the compost material is biodegraded in the period which is known as cooking 

(Edgar, 1996). The next stage involves the break down of lignocelluloses waste in which the 

tough part of it has been broke down. During this stage, the compost pile (sawdust) will change 

color in which it become darken and texture. Additionally, there is reduction in the compost 

volume if turning is done regularly at this stage. The last stage is the production of humus like 

product. At this stage, the compost is stabilized (Edgar, 1996) and the final product has low C:N 

ratio. 

Turned windrow system is the traditional and conventional method (Daiz et al. , 1993) 

that has been used to do composting. Aeration of the windrow can be achieved by turning the 

compost pile regularly. It requires some management to set up the compost pile and the 

composting process has to be monitored so that the process will take place in the suitable 

condition for the microbes' activities. Turpeinen et al. (2005) stated that temperature, pH, 

oisture content, adequate carbon and nitrogen source are the important determinants that 

ntrol the rate ofdecomposition rate and the growth of microorganisms. 

Production of laccase by the white-rot fungi Cerrena unicolor 

In the composting of sawdust, the enzymes that involved are the manganese peroxides, 

peroxides and laccase.lt is believed that Cerrena unicolor is the source of enzyme laccase 

can be used in the biodegradation of sawdust lignocellulosic waste. Laccase is one of the 

_ra::lVI1ne.4; that can be used to degrade lignin because of the ability of this enzyme to uses 

11 
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as an oxidant to degrade lignin (Yousung Kim et ai., 2002). Besides that, the degradation 

1I11UIJIIU by laccase enzyme would produce no harmful product which makes it environmental 

to do the composting of sawdust. In this study, the Cerrena unicoior were cultured and 

_..-nC:<1 in the 4% Malt Extract Agar (MEA). 

The white-rot fungi are known to be the efficient lignin degrader. They are the 

.liOlnyc;ett~ that have a potential to grow on lignocelluloses substrate because of their ability 

."IHiW:e a variety of hydrolytic and oxidative enzymes (Elisashvili et ai., 2009). Their ability 

_pie lignocelluloses waste has gains many attractions from the scientist and entrepreneur 

alillilertle & eloete, 2002). From the study made by Winquist et ai. (2008), they reported that 

unicoior can produced laccase and manganese peroxides where there is highest amount 

l!JllalC production. The ability of these white-rot fungi to degrade lignin is because of their 

oxidative activity and low substrates specificity of their enzyme (Ohkuma et ai., 2001). 

Laccase has been shown to be involved in lignin degradation in the basidiomycetes 

fungi (Durrant et ai., 1991). It has broad substrate specificity and it can oxidize lignin 

as well as phenols with the formation of oxygen radical (Malherbe & eloete, 2002). 

is a small group of enzyme called the large blue copper protein or blue copper oxidase 

Di!1tDn, 1994). 

iQlI1D1l1OIt maturity criteria 

The final compost material which has been converted into useful product is rich in 

that is suitable for the plant. Besides that, it is poor in carbon and is free from the plant 

Basically, the fmal compost is dark brown in color, humus like product and spongy or 

12 



brous when touched. The final product at the end of the composting process is analyzed to 

check whether or not it has reach maturity. One of the criteria of compost maturity is the carbon 

nitrogen (C:N) ratio. However, it is difficult to reach because of the presence of recalcitrant 

organic compound. Sawdust lignocelluloses wastes contain lignin which makes it hard to be 

degraded. 

Another criterion of compost maturity is the absence of plant inhibitor. According to 

Mathur (as cited in Dveleeschauwer et ai., 1982), the absence of bioinhibitory aliphatic acid and 

phenolics may be the best indicator of whether the compost has reached maturity or not and they 

can be assayed either chromatographically or by seed germination test. Additionally, the absence 

human pathogen should be considered in compost maturity. A final compost product should 

considered free from the buman pathogen that could cause diseases. 

13 
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of the fungi was at fifth day. 

Hum. 

TERIALS AND METHOD 

Materials 

The starting material util ized in this project is the sawdust sample obtained from the external 

ratory of University Malaysia Sarawak. The white rot fungi, Cerrena Unicolor was obtained 

postgraduate student, Miss Lee Wak Ha. POME was collected at Bau Palm Oil Mill 

Preparation of Cerrena unicolor inoculums 

extract agar was prepared to be used as the medium for Cerrena unicolor growth. 109 of 

extract agar and 5 g of agar powder were added into a 500 ml blue cap bottle to make a 2% 

extract agar. 500 ml of distilled water was added into the bottle and sent for autoclaved. The 

was poured in sterile petri dish and allowed to solidify in the laminar flow hood. A culture 

rrena unicolor was then sub cultured into the petri dishes containing the 2% MEA and 

ilCulbatl:d in 29°C incubator until the entire plate was covered with the fungi mycelium. The best 

2% of liquid malt extract was prepared by adding 109 malt 

into 500 ml of blue cap bottle and autoclaved. The media was transferred into 250 ml 

flask and allowed to cool. The sub cultured fungi from the petri dish was cut into small 

appro imately I cm length using a sterile scalpel and transferred into the 250 ml conical 

fungi were incubated in 29°C incubator until the entire liquid medium was covered 

In this case, the best grow of fungus were at seventh day. Inoculums were 
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temperature. 
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hn!NllrM using the homogenizer. The mycelium of fungi were homogenized and transferred to a 

conical flask. These procedures were done in the laminar flow hood. 

Optimization of the compost parameters 

optimizations for the composting parameters were done for 16 day in a small scale. The 

~!IlPost mixture of sawdust and POME were mixed in 500ml conical flasks and incubated in 

The data obtained from the optimization were used to do the actual 

1 Optimization of time of incubation 

IIY4IdUlIt samples were prepared for the optimization of time of incubation. There were two 

prepared; sterile sawdust samples and the non-sterile samples. 3 g of sawdust was 

,..bedand transferred into 250 ml conical flask. Two replicates and one control were prepared . 

~XIDlIlOI was the sawdust sample without the fungi inoculums. In the replicate sample, I ml of 

[iiC1l1lUms prepared earlier was inoculated in the samples. In the sterile condition, 3 g of sawdust 

ghed in each conical flask and sent for autoclave. Palm oil mill effluent (POME) was 

IfDClaw!d before being used as the nitrogen source. 10 ml of POME was added into each flask 

sterile condition. I ml of fungi inoculums were added into two of the three flasks while 

became the control. For the non-sterile batch, sawdust samples and POME were not 

Mil. The procedures were the same as for the sterile batch. The samples were incubated at 

16th!IJ1entllll'le for 16 days in which glucose analysis was done on lOth and day of 
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_UbIIlhon. Reducing sugar analysis was done using the DNS method as described by Shide et 

(2004). 800 J11 of the supernatant was mixed with 800 1-11 ofDNS solution. The mixtures were 

in boiled water for 15 minutes. After that, 400 J11 of Rochelle salt was added to the 

iIIb'tw~ and vortex. I ml of the mixture was transferred to the cuvette and OD reading was 

lecCmtc!d using the spectrophotometer at absorbance of 575 nm. Glucose concentration was 

using the standard curve of known glucose concentration. The data for glucose 

Optimization of pH 

~.imization was carried out by adjusting the pH of the sawdust sample at the range of 5.0, 5.5, 

6.S 7.0, 7.5 and 8.0. The optimization of pH was done in a non sterile condition, but during 

inoculation of inoculums the procedure were done in laminar flow hood. This is to avoid any 

~IIIDIIDIIl;lon from other microorganisms which may affect the inoculums activity. For each of 

prepared for this optimization. 3 g of sawdust sample and 4 ml of POME were mixed into 

flask. The sample was further moistened using 4 ml of I% malt extract liquid media. After 

the samples were inoculated with 5 ml of inoculums except for the control. The pH was 

by addition of I N He l or I N NaOH. After inoculation with 5 ml of fungi inoculums, 

re incubated for 16 days. After 16 days, samples were prepared to be used for 

sugar analysis. 30 ml of sterile distilled water was added to the flasks containing the 

The mixtures were allowed stirred and allowed to stand for I minute. Muslin clothes 

to filter the mixture and the supernatant was transferred to the falcon tube. The tubes 
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