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Abstract: In this study, Pleurotus djamor was grown in different substrates i.e. paddy straw, sugarcane
bagasse and co-substrates (sugarcane bagasse + paddy straw) in the ratio of 1:1 (w/w) in solid state
fermentation  for  28 days  at an interval of 7 days, the biodegraded parameters viz., cellulose, lignin and
reducing sugars were analyzed. In these findings, maximum degradation of cellulose and lignin were recorded
in co-substrates (sugarcane bagasse + paddy straw) followed by a gradual decline in paddy straw and
sugarcane bagasse used as substrate separately. Ultimately, there was a gradual increase in reducing sugar
content in co-substrates (paddy straw + sugarcane bagasse) was noticed during the incubation period as
compared with paddy straw and sugarcane bagasse alone. It was concluded that the pre-treatment of sugarcane
bagasse was an important parameter for increasing the cellulolytic and lignolytic enzyme production.
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INTRODUCTION Soild state fermentation (SSF) is generally defined as

Sugarcane bagasse is an agricultural byproduct absence or near the absence of free water [5]. SSF has
generated in large quantity in India. About 244.8 million been usually exploited for the production of value-added
tons of sugarcane is produce annually in India. This leads products (antibiotics, alkaloids, plant growth factors, etc.)
to generation of huge quantity of bagasse [1]. Sugarcane biofuels, enzymes, organic acids, aroma compounds and
bagasse requires no chipping, cutting, or grinding to be also for bioremediation of hazardous compounds,
utilized as substrate material, unlike corn cobs, grasses biological detoxification of agro - industrial residues,
and banana leaves. It can be collected directly from nutritional enrichment, biopulping, biopharmaceutical
factory, so we don’t need extra labor collecting and can products, etc. [6].
preserve in this environment by using this agricultural The intensity of research and the magnitude of
waste. These are lignocelluosic in nature and are by three capital investment in this field increased vastly once
main polymeric in constituents - cellulose, hemicelluloses commercial viability seemed probable for many of these
and lignin. new applications (e.g., fuel ethanol, acetone and butanol)

The biological degradation of the sugarcane bagasse [7- 9].
involves the enzymatic hydrolysis of the glucosidic Pleurotus djamor is one of the most cultivated
linkages from the cellulose chain and an attack on the species of mushroom in the world due to number of
lignin polymer. Several agricultural residues have been characteristic features such as medicinal, nutritional,
used to produce the edible mushroom Pleurotus sp., also bioremediation of contaminated environments and
known as “oyster mushroom”, “hiratake”, “shimeji”, or enzymes production etc. [10]. Oyster mushrooms require
“houbitake” [2, 3]. Among these residues, the use of nitrogen and more carbon source. Thus most organic
sugarcane bagasse allows a byproduct to be utilized in matters containing cellulose, hemicelluloses and lignin
the production of a food of high nutritional value, with a can be used as mushroom substrate that is sugarcane
protein content of up to 40% in dry matter [4]. bagasse.

the growth of microorganisms on solid materials in the
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White rot fungi (WRF) are known to producers of analysed for change in cellulose [15], lignin [16], reducing
extracellular lignolytic enzymes including lignin sugars [17]. All the experiments were carried out in
peroxidase (LiP), manganese dependent peroxidase triplicates.
(MnP), manganese independent peroxidase (MiP) and
laccase [11]. WRF have the capability to mineralize lignin RESULT AND DISCUSSION
and phenolic organic substrates due to the non specific
and non – streo selective nature of their enzyme system Sugarcane bagasse is an agricultural byproduct
that functions together with H O  –producing oxidases generated in large quantity in India. About 244.8 million2 2

and secondary metabolites [12-14]. tons of sugarcane is produced annually in India. This
Keeping these views in our mind, we attempt an work leads to generation of huge quantity of bagasse. These

on the biodegradation of sugarcane bagasse by using are lignocellulosic in nature and are formed by three main
white rot fungi. The objectives were as follows to study polymeric constituents –cellulose, hemicelluloses and
the efficiency of solid state fermentation and lignin [1]. Large quantity of these bagasse remained
lignocellulose degradation in sugarcane bagasse and its unutilized and either left to natural degradation / burnt in
supplement (Rice straw) by Pleurotus djamor. the field leading of severe environment aggression and

MATERIALS AND METHODS Pleurotus djamor is significant as it not only leads to

Collection of Substrate: Sugarcane bagasse was procured protein rich food.
from  sugarcane  juice   shop,   Thiruthangal,  Sivakasi. The white rot fungus Pleurotus djamor is an edible
The waste was collected in the gunny bags and dried mushroom, which confers advantages over other
under shade. Further the waste was used for the mushrooms for its capability to grow on non-fermented
biodegradation studies. lignocellulosic wastes and produce in turn fruit bodies

Organism Used: Pure culture of oyster mushroom viz The efficiency of cellulose degradation varied on the
Pleurotus djamor (Fr.) Singer (CO 1) variety was obtained 7 day, 14 day, 21 day and 28 day as 22.8% to 62.1% in
from the Agricultural research station, Kovilangulam, Paddy straw; 24.0% to 68.0% in paddy straw+ sugarcane
Aruppukottai, Virudhunagar (Dt.) Tamilnadu. The culture bagasse and 26.0% to 60.3% in sugarcane bagasse alone
was maintained on Potato Dextrose Agar (PDA) slants as inoculated with Pleurotus djamor on solid state
and stored at 4°C and the slant was sub cultured once in fermentation  as   compared   to   their   initial  values
a month. (Table 1 and 2). 

Biodegradation Studies: Biodegradation of pretreated bagasse with alkaline and acid solutions promoted the
sugarcane bagasse, paddy straw and mixture of sugarcane rupture of the lignin and cellulose fibers there by resulted
bagasse + paddy straw were studied by using Erlenmeyer in a high lignolytic activity by the Pleurotus and
Flasks (250 ml). An appropriate amount of sugarcane Trichoderma reesei cultures were utilized. Cellulosic
bagasse was cut into small pieces and soaked into hot biomass like trees, grasses and crops are renewable
water for 1-2 hours and then squeezed. The pre-treated, energy, such as biofuels /bioenergy, important for human
Paddy straw sugarcane bagasse and a mixture of development [22]. Cellulose is converted it into
sugarcane bagasse + paddy straw (1:1) were taken into fermentable sugars by the enzyme cellulase and cellulase
Erlenmeyer flask (250ml) separately containing 70% based biorefinery technologies are versatile and flexible
moisture content (w/v), plugged with cotton and because they utilize cheaper substrates for enzyme
autoclaved at 121°C for 15 minutes. The mycelial inoculum synthesis [23].
(7mm diameter) was made by using a sterile cork borer Biodegradation of the hot water treated sugarcane
taken from the 7-days old culture of Pleurotus djamor by bagasse waste in terms of loss of lignin, cellulose and
using a sterile scalpel. The mycelial agar block was hemicellulose showed correlation with cellulases,
inoculated into conical flasks and incubated at 28 ± 2°C in xylanase, laccase and polyphenol oxidase activity of the
the culture room. After 7 days of intervals, the substrates fungus Pleurotus citrinopileatus [1]. The fast
were withdrawn and dried biodegraded samples were degradation  of  lignin and slow depletion of cellulose and

wastage of resource. Biodegradation of bagasse by

formation of simpler compounds but also results in

with higher nitrogen content [18].

th th st th

Several researchers [19-21] observed that treatment of
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Table 1: Composition of substrates
Substrates (% dry weight)
---------------------------------------------------------------------------------------------------------------------

S.No Parameters (dry weight basis) Paddy straw Sugarcane bagasse Paddy straw + Sugarcane bagasse
1 Cellulose 22.8 26.6 24.0
2 Hemicellulose 17.7 28.7 23.2
3 Lignin 6.4 14.3 10.3
4 Organic carbon 51.4 26.3 40.3
5 Ash - 2.4 -
6 Sugars 0.83 2.3 1.5
7 P 6.6 6.0 6.7H

Table 2: Percent degradation of cellulose in sugarcane bagasse and its supplement during solid state fermentation of Pleurotus djamor
Days of degradation (%)
-------------------------------------------------------------------------------------------------------------------

S.No Substrates 0 7 14 21 28
1. Paddy straw 22.8 35.0 48.4 54.6 62.1
2. Sugarcane bagasse 26.0 33.3 45.7 50.0 60.3
3. Paddy straw + Sugarcane bagasse 24.0 39.0 50.0 61.0 67.9

Table 3: Percent increase / decrease in reducing sugars content in sugarcane bagasse and its supplement during solid state fermentation of Pleurotus djamor.
Percent increase or decrease in reducing sugars content
-------------------------------------------------------------------------------------------------------------------

S.No Substrates 0 7 14 21 28
1. Paddy straw 1.2 3.2 5.6 7.0 9.1
2. Sugarcane bagasse 3.3 4.4 5.9 8.4 11.0
3. Paddy straw + Sugarcane bagasse 2.1 3.6 6.2 11.2 9.0

Table 4: Change in lignin content during biodegradation of sugarcane bagasse and its supplement during Pleurotus djamor.
Days of Degradation (%)
-------------------------------------------------------------------------------------------------------------------

S.No Substrates 0 7 14 21 28
1. Paddy straw 18.2 20.0 41.0 63.0 70.0
2. Sugarcane bagasse 17.0 32.0 48.0 56.0 65.0
3. Paddy straw + Sugarcane bagasse 20.0 46.0 64.0 76.0 88.0

hemicellulose during mycelial growth and slow take place after profuse microbial growth. It was further
degradation of lignin and fast depletion of cellulose and reported that no microorganism could grow on
hemicellulose during fruit body formation in the present carbohydrate-free medium and decomposition of lignin
investigation revealed the differential requirement of the was  difficult  in  the  absence  of  readily  degradable,
fungus Pleurotus djamor during different phase of its high-energy source.
growth. Same pattern of biodegradation of lignocellulosic The efficiency of solid state fermentation using the
wastes by various species of Pleurotus have been two different substrates (Sugarcane bagasse and rice
reported [24-27]. These observations suggested that the straw) indicates that lignin loss is high in comparision to
cellulose and hemicellulose serve as energy source for the cellulose  loss  by  Aspergillus  tamarii  over a period of
formation of fruit bodies. 21 days [29]. Decrease in the lignin fractions could be due

The highest degradation of lignin was observed in to the production of various enzymes during the
the co-substrates of paddy straw+ sugarcane bagasse i.e. vegetative and reproductive phases with lignocellulose
88.0% of reduction on the 28  day of degradation with degrading properties. This agrees with the result obtainedth

Pleurotus  djamor  in  solid  state fermentation flasks. in this study [30].
Then followed a gradual decline in the substrates of The change in reducing sugar content of sugarcane
paddy straw (75.0%) and in the sugarcane bagasse bagasse and its supplement depend on the nature of
(82.0%) respectively (Table 4). Our results were positively white rot fungi. The co-substrates of sugarcane bagasse
correlated [28] observed that the decomposition of lignin + paddy straw showed significantly fivefold increase in



Advan. Biol. Res., 10 (1): 22-26, 2016

25

reducing sugar content to the maximum of 11.2% by dry 8. Wheales,  A.E.,  L.C.  Basso,   D.M.G.   Alves  and
weight on the 21  day of experimental period using H.V. Amoriam, 1999. Fuel ethanol after 25 years.st

Pleurotus djamor respectively. While Pleurotus djamor TIBTECH, 17: 482-487.
colonized the substrates i.e., sugarcane bagasse and 9. Kaylen, M., D.L. Van Dyne, Y.S. Choi and M. Balse,
paddy straw separately to the maximum of 11 and 9.1% on 2000. Economic feasibility of producing ethanol from
the 28  day of experimental period (Table 3). The potency lignocellulosic feedstocks. Biotechnol., 56: 1-24.th

of Pleurotus ostreatus in lignocellulolytic activity over 10. Nikitina, V.E., O.M. Tsivileva, A.N. Pankratov and
other mushrooms like Lentinus spp.has also been reported N.A. Bychkov, 2007. Lentinula edodes
[31]. Biotechnology - from Lentinan to Lections. Food

There was an gradual increase of reducing sugars Technol. Biotechnol., 45(3): 230-237.
and protein content in lignocellulosic substrate and 11. Onyango, B.O.,    V.A.    Palapala,     P.F.   Arama,
mycelial protein in the solid state fermentation flasks till S.O. Wagai and B.M. Gichimu, 2011. Suitability of
the end of the 28 days of experimental period respectively. selected  supplemented  substrates   for  cultivation
One of the goals of biological delignification of of  Kenyan  native  wood  ear mushrooms
agricultural wastes using white rot fungi is to make as (Auricularia auricula). American J. Food Technol.,
much possible of the digestible substrate carbohydrate 6: 395-403.
and reduce environmental hazard [32, 33]. 12. Wizentier, B., J.O. Machado and J.L.Andrioli, 1996.

It was concluded that the pre-treatment of sugarcane Crescimento do cogumelo comestivel Pleurotus
bagasse was an important parameter for increasing the sajor-caju em bagaco de cana nao esteriizado
cellulolytic and lignolytic enzyme production. The rice Cientifica, 24: 341-352.
straw, major agricultural by-product of South Asia, is high 13. Leatham, G.F., 1982. Cultivation of shitake the
in lignin and cellulose in combination with bagasse which Japanese forest mushroom on logs. A potential
is easy to be attacked by the fungus mycelia following industry  for  the   United   Sates.   Forest.  Prod.  J.,
degradation through solid state fermentation. 32: 29-35.

REFERENCES Biodegradation and bioconversion by fungi.

1. Pandey, A.K., A.K. Mishra and A. Mishra, 2012. 15. Updegraff, D.M., 1969. Semi microdetermination of
Antifungal and antioxidative potential of oil and cellulose   biological    materials.     Anal.   Biochem.,
extracts, respectively derived from leaves of Indian 32: 420-424.
spice plant Cinnamomum tamala. Cell.Mol. Biol. 16. Chesson, A., 1978. The maceration of linen flax under
58(1): 142-147. anaerobic condition. J. Appl. Bacterial., 45: 219-230.

2. Mizuno, T., C. Zhuang and Houbitake, 1995. 17. Jayaraman, J., 1981. Laboratory manual in
Pleurotus sajor-caju- antitumor activity and biochemistry.   Willey    eastern  limited,    Madras,
utilization. Food Reveiw. International., 11: 185-187. pp: 1-65.

3. Bononi, V.L., M. Capelari, R. Maziero and S.F.B. 18. Tan, Y.H. and M.N. Wahab, 1997. Extracellular
Trufem, 1995. Cultivo de cogumelos comestíveis. Sao enzyme production during anamorphic growth in the
Paulo: Icone: 20. edible mushroom, Pleurotus sajor-caju. World J.

4. Rajarathnam, S. and Z. Bano, 1989. Pleurotus Microbiol. Biotechnol., 13: 613-617.
mushrooms: Part III. Bioinformations of natural 19. Mane, J.D., S. Modi, S. Nagawadeur, S.P. Phadnis
lignocellulosic wastes commercial applications and and V.M. Bhandari, 2006. Treatement of spent wash
implications. Cri Rev. Food Sci. Nutri., 28: 113-131. using chemically modified bagasse and colour

5. Pandey, A., 1992. Recent process developments in removal studies. Bioresour. Technol., 97: 1752.
solid state fermentation.Proc. Biochem., 27: 109-117. 20. Fasanella, C.C., 2008. Master of science Dissertation,

6. Perez-Guerra, A., A. Torrado-agrasar, C. Lopez- (homepage on the internet). Piracicaba, SP. Available
macias and L. Pastrana, 2003. Main characteristics from:httb//www.testes.usp.br.
and application of solid state fermentation. Elec. J. 21. Doerge, D.R., R.L. Divi and M.I. Churchwell, 1997.
Environ. Agric. Food Chem., 2: 343-350. Identification of the coloured Guaiacol oxidation

7. Lee, J., 1997. Biological conversion of lignocellulosic product produced by peroxidases. Anol. Biochem.,
biomass to ethanol. J. Biotechnol., 56: 1-24. 250: 10.

14. Sanchez, C., 2009. Lignocellulosic residues:

Biotechnol. Adv., 27: 185-194.



Advan. Biol. Res., 10 (1): 22-26, 2016

26

22. Farrell,  A.E.,  R.J.  Plevin,  B.T.  Turner,  A.D. Jones, 28. Costa, S.M., A.R. Goncalves and E.Esposito, 2002.
M. O’ Hare and D.M. Kammen, 2006. Ethanol can Action of white rot fungus Panus tigrinus on
contribute to energy and environmental goals. Sci., sugarcane  bagasse.   Appl.   Biochem.  Biotechnol.,
113: 506-172. 98: 357-364.

23. Mane, V.P., S.S. Patil, A.A. Syed and M.M. Baig, 29. Singh, M.P. and N.C. Gautam, 2004. A.n overview of
2007. Bioconversion of low quality lignocellulosic lignocelluloses biotechnology. In Recent advances
agricultural  waste   into   edible   protein by in Biotechnology, Gautam, N.C. and Singh, M.P.
Pleurotus sajor-caju (Fr.) Singer. J. Zhejiang Univ. (Eds), Shree Publishers, New Delhi, pp: 3-20.
Sci., B. 8: 745-751. 30. Belew, M.A. and K.Y. Balew, 2005. Cultivation of

24. Singh,  M.P.,  V.K.  Pandey,  A.K.   Srivastava  and mushroom (Volvariella volvaceae) on banana
S.K. Vishwakarma, 2011. Biodegradation of Brassica leaves. Afric. J. Biotechnol., 4: 1401-1403.
haulms by white rot fungus Pleurotus eryngii. Cell. 31. Elisashvilli,   V.,    M.   Penninckx,   E.  Kachilishvilli,
Mol. Biol., 57(1): 47-55. N. Tsiklauri, E. Metreveli, T. Kharziani and G.

25. Singh,  M.P.,  V.K.  Pandey,  A.K.   Srivastava  and Kvesitadaze, 2008. Lentinus edodes and Pleurotus
S.K. Vishwakarma, 2011. Enzyme technology and species lignocellulolytic enzymes activity in
mycoremediation by white rot fungi. In Recent trends submerged and solid state fermentation of
in Biotechnology, Singh, M.P., Agrawal, Anju and lignocellulosic wastes of different composition.
Sharma, Bechan (Eds), Nova Science Publisher, New Biores Technol., 99: 457-462.
York (USA), 2: 157-163. 32. Adenipekun, C.O. and I.O. Fasidi, 2005. Degration of

26. Singh,  M.P.,  A.K.  Srivatava,  S.K.   Vishwakarma, selected agrictural wastes by Pleurotus tuber-
V.K. Pandey, A.K. Pandey and S.K. Singh, 2007. rewgium (Fries.) Singer and Lentinus subnudus
Extracellular enzyme profiles by white rot fungi on (Berk.)  Nigeria  edible  mushroom.  Adv.  Food  Sci.,
lignocellulosic wastes. Poll Res., 26(3): 445-448. 27: 61-64.

27. Singh, M.P., R. Sharma and R. Balkema, 2002. 33. Eyini, M. and K. Parani, 2010. Strain Improvement
Pleurotus florida Eger an effective biodegrader of through Protoplast Fusion for Enhanced Coffee Pulp
steam  sterilized  lignocellulosic  waste.    Poll.  Res., Degradation. African Journal of Basic & Applied
21: 63-67. Sciences, 2(1-2): 37-41.


