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Abstract—Screening for raw material was done by comparative 
evaluation for the reducing sugar and cellulose content of SMS of 
different mushrooms. Spent substrate of paddy straw mushroom was 
selected as raw material owing to its high residual sugar content 
(83.2 µg/ml). The delignification of spent substrate was optimized 
using 4×4×4 CRD of Time, Temperature and Concentration of alkali 
by Tukey Test using SAS software.  The correlation data by statistical 
analysis demonstrates that the major effect is of temperature and 
concentration of alkali with the responses being less dependent on 
time of processing. Delignification treatment was optimized at 0.75M 
NaOH at 60 ºC for 30 min.  This was followed by treatment with 
enzyme cellulase to hydrolyze cellulose to simple reducing sugars to 
ensure maximum supply of reducing sugars. 
 
Keywords: spent mushroom substrate, delignification, enzymatic 
hydrolysis. 

1. INTRODUCTION 

With increase in acceptance of mushroom as next generation 
food, mushroom cultivation is on a rise. This increase leads to 
proportional increase in spent mushroom substrate. Handling 
and disposing of spent mushroom substrate (SMS) is 
envisaged to be a problem of future. Alongside with depleting 
levels of fuel and energy sources available for mankind new 
bio sustainable energy sources are being researched upon. 
Utilization of SMS for biofuel production will serve the dual 
purpose of waste management from mushroom industry and 
production of environment friendly fuel. Lau et al. [1] 
concluded that production of 1 kg of mushrooms will generate 
5 kg of spent residual material. As per Singh et al. [2] an 
average farm discards about 24 tonnes of SMS per month. 
Approximately 254000 T and more than 800000 T of SMS is 
generated each year in Ireland and Netherlands respectively 
[3]. SMS has been used for various applications such as 

bioremediation, crop production, reusing as casing soil, animal 
feed, vermicompost, pest management and an alternative fuel. 

SMS being lingo-cellulosic in nature could be a source of 
reducing sugars for producing biofuels and other value-added 
bio-materials [4, 5]. Removal of lignin and digestion of 
cellulosic component to reducing sugars is a mandatory step to 
realize these applications of SMS. Sulfuric acid has been used 
to pretreat SMS by Qiao et al. [6] and Kapu et al. [7]. The 
sulfuric acid pretreatment method involves high process 
temperature, which leads to high energy input and may also 
cause degradation of useful sugars and formation of 
fermentation inhibitors [8]. Sodium hydroxide, ammonia and 
lime have been widely employed as alkaline pretreatment 
agents in lingo-cellulosic biomass and have been proved to be 
efficient at mild conditions [9, 10]. Enzymatic treatment has 
also been tried by various researchers as Zhu et al. [11] by 
using cellulose and xylanase enzymes. 

The present study is based on utilization of SMS for 
production of reducing sugars that can act as a quick substrate 
for fermentation to produce butanol. Two step pathway is 
optimized for maximization of reducing sugars production as 
a) lignin removal (by heat-alkali treatment) by CRD using 
tukey test; b) digestion to simple sugars (by hydrolyzing 
enzymes) using response surface methodology.  

2. MATERIALS AND METHODS 

2.1 Prescreening of SMS of different mushrooms 

SMS of button (Agaricus bisporus), oyster (Pluerotus 
ostreatus), paddy straw (Volvariella volvacea) and shitake 
mushroom (Lentinula edodes) was dried and analyzed for total 
sugar (Phenol sulphuric acid method), reducing sugar (Nelson 
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