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1. Abstract:

This research aimed to enhance the production of fermentable sugar and bioethanol
from palm empty fruit bunch (EFB). To accomplish the objectives of this study three parts
were involved. The first part attempted to evaluate the effect of the type of solvent, pH,
substrate loading, and reaction time on the chemical components of EFB. Steam
pretreatment was set up at 121°C temperature and 1.18 bar pressure, using an autoclave
(LS-2D, REXALL) with substrate loading of 5, 10, 15 and 20% (w/v) at reaction times of 15
and 60 min. Distilled water, waste glycerol, alkaline glycerol and acidic glycerol were used
as solvents during steam pretreatment. The results showed that with distilled water, better
pretreatment was achieved at 5% and 10% loading for 60 min. During the pretreatment with
waste glycerol at 5% loading an increase on the reaction time from 15 to 60 min reaction
resulted in a remarkable increase in reducing sugar in the liquid phase. Overall, the best
condition of steam pretreatment was observed using alkaline glycerol at 5% w/v and 15 min
reaction time, resulting in a holocellulose (cellulose plus hemicellulose) increase to 87.98%
and a lignin decrease to 9.17%. The results suggest that waste glycerol during steam
pretreatment of EFB can be utilized effectively at short reaction times and at an increased
pH to achieve a high output of cellulose and hemicellulose for sugar conversion in the
bioethanol fermentation process.

The second part targeted to optimize fermentable sugar production from mixed
enzymes, Celluclast: Cellic CTec2: Celli HTec2 (1:1:1). Glucose and xylose were produced
from pretreated EFB, detected by HPLC (Alliance-e2695, U.S.A). The highest glucose

concentration was achieved at 96 hours of hydrolysis with 10% w/v of pretreated EFB with



distilled water for 60 minutes (146.69 g/L) while the highest of total sugar was obtained from
15-min steam pretreatment with alkaline glycerol (152.36 g/L).

In the fermentation experiment (third part), ethanol concentration was determined by
a GC-FID (Agilent-6890N, U.S.A) and carried out in a 150 rpm shaker at room temperature.
The highest concentration of 10.81 and 10.27 g/L were obtained from applying 5%
Saccharomyces cerevisiae at 6 hours hydrolysis time, using EFB pretreated either distilled
water for 60 minutes or alkaline glycerol for 15 minutes, respectively. It can be concluded

that alkaline glycerol helps reduce the time required for pretreatment.
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