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IN T R O D U C T IO N

O w ing to the exceeding changes in this world particularly  rising gasoline 
prices, constant conflicts in the oil-supply region o f  the w orld  and depletion  o f fossil 
fuels, m any researches related with renew able fuels and chem icals such as ethanol 
and butanol have been substantially increased. Butanol, an alternative fuel, which is 
greater than ethanol, is used as an industrial solvent that can be produced from  agri
culture resources such as corn, w heat straw, stover, com  fiber, and o ther agricultural 
by-products. T hese agricultural products have been recognized as the im portant feed
stock for production  o f fuels and chem icals. C orncobs are one o f  the potential 
T hailand ’s agricultural biom ass feedstocks for renew able energy. C orncobs are dense 
and relatively uniform s, and they have a high heat value 18.3 to 18.8 M J/kg (Kaliyan 
and M orey, 2010) w ith low N (0.01 %) and ร (0.21 %) contents, and consist o f  45 % 
cellulose, 35 % hem icellulose, and 15 % lignin (รนท and C heng, 2002).

The production o f  biobutanol from lignocellulosic biom ass has four m ajor 
steps: pretreatm ent, hydrolysis, ferm entation, and separation. Pretreatm ent step is 
required to rem ove lignin and hem icellulose, reduce cellulose crystallinity, and 
increase the porosity  o f  the material (รนท and Cheng, 2002). Follow ed by enzym atic 
hydrolysis step w hich carried out by cellulase enzym es, the products o f  the 
hydrolysis are usually  reducing sugars including glucose. A fter that, the hydrolysate 
from  pretreatm ent and hydrolysis step w ere ferm ented through acetone-butanol- 
ethanol (A BE) ferm entation using solventogenic clostridia. F inally, the solvent 
products will be separated.

D ilute acid pretreatm ent has been applied to a w ide range o f  feedstocks, 
including softw ood, hard w ood, etc (Zheng e t a l ,  2009). The action m ode o f  dilute 
acid is to solubilize hem icellulose, enhance enzym e accessib ility  in hydrolysis 
process, and low er degree o f  polym erization and crystallin ity  o f  the cellulose 
com ponent. In a num ber o f  studies, it has been suggested that dilute sulfuric acid and 
phosphoric acid are advantageous in the pretreatm ent o f  cellulosic biom ass as it 
hydrolyzate m uch o f  the hem icellulose (G ôm ez et a l., 2010). In addition, there are a
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num ber o f  approaches available to reduce inhibitory effects. O verlim ing step after 
pretreatm ent (hydrolysate) is a technique, w hich has been noted that yields and 
productivities in overlim ed biom ass are higher than or com parable to w ashing 
biom ass w ith  w ater (Q ureshi e t a l., 2010). S im ultaneous saccharification  and ferm en
tation (SSF) w as carried out for hydrolysis and ferm entation  step. The advantages o f  
perform ing the enzym atic hydrolysis together w ith the ferm entation, instead o f  in a 
separate step after the hydrolysis are the decrease o f  end-product inhibition in 
enzym atic hydrolysis, and the reduced investm ent costs. On the o ther hand, the 
favorable conditions such as tem perature, pH, and tim e for the enzym atic hydrolysis 
and the ferm entation w ere required to investigate.

The purpose o f  this work is to investigate the optim al condition o f  
sim ultaneous saccharification and ferm entation (SSF). In this w ork, the param eters 
are tim e, tem perature, and pH by using Response Surface M ethodology. In addition 
the effects o f  acid type and overlim ing step at the optim al conditions o f  pretreatm ent 
by dilute sulfuric acid and phosphoric acid from  the prev ious researchers 
(T angm anasakul, 2011 and Satim anont, 2012) on the reducing sugar yield w ere 
studied.
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