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ETHANOL/EXTRACTIVE FERMENTATION/VACUUM FRACTIONATION

Fresh cassava roots were used as a raw material for ethanol fermentation. The
root was fermented into ethanol in a conventional process, simultaneous
saccharification and fermentation (SSF), simultaneous liquefaction saccharification
and fermentation (SLSF). This research focused on the extract of high purity ethanol
from fermentation broth using a vacuum fractionation technique. The effectiveness of
the system in terms of energy consumption was also analyzed. The ethanol vapor was
fractionated to approximately 91 wit% leaving the system with bacth extractive
fermentation in SLSF “mode. Vacuum fractionating technique was successfully
introduced to simultaneously remave  high “purity ethanol from fermentation broth
whilst its concentration in the bioreactor was kept constant at 2 wt% throughout the
48 h of operation. The product inhibition effect was also reduced as cell viability was
40% at the end of the process. For energy consumption, SSF required approximately
103.24 kWh, while SLSF of the same system required only about 78.9 kWh. Fresh
cassava mash was pretreated to improve ethanol concentration in the fermentation
process. Very High Gravity (VHG) processes had very high soluble solid contents
(>30%) in the cassava mash. Pre-mashing to reduce viscosity was required prior to

enter the liquefaction process. Scanning electron microscope was used to confirm the



importance of pre-treatment step. After treatment with cellulase enzymes, the
breakdown of lignocellulosic biomass was clearly observed. The optimum initial
reducing sugar concentration of approximately 250 g/L was chosen for repeated-batch
extractive fermentation experiment. Approximately 90 wt% produced ethanol was
continuously fractionated from the system. Enzymatic activities liberated reducing
sugar for 36 h of incubation time. The enzyme mixture of cellulase, alpha-amylase and
glucoamylase (ST+V+S+T) provided the highest reducing sugar concentration of
52.23 g/L. The results confirmed the efficiency of the mixture enzyme on maximized
ethanol production. Di-ammonium phosphate of 1.5 % was suitable as a nitrogen
source in the fermentation broth. In addition, sonicated mash of cassava gave higher

ethanol production than the non-sonicated mash.
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