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Abstract: Though pollutant of toxic materials is usually kept under the allowable contaminant levels in Japan,
the pollutant of organic materials such as starch, cellulose, and lignin does not satisfy. From the viewpoint of
energy conversion of biomass, starch is the most utilizable resource in plant biomass and can be hydrolyzed
enzymatically into fermentable sugar available to microorganisms. However, the practical application of energy
conversion of starch is not easy now because its efficiency is low i.e. 0.5-1.3. The purpose of this work is to
achieve high efficiency on the bioprocess producing ethanol from starch. The simultaneous saccharification and
fermentation of liquefied potatoes using mixed microorganisms, Aspergillus awamori and Saccharomyces
cerevisiae, was studied and it found that ethanol production rate increased but ethanol yield hardly increased.
For the increase of ethanol yield, recombinant yeast having saccharification and fermentation activities was
investigated. S. cerevisiae SR93 was bred by integrating a glicoamylase-producing gene (STA4/) into the
chromosome of S. cerevisiae SH1089. The ethanol yield using the recombinant yeast was higher than that using
mixed microorganisfns. S. cerevisiae SR96 was bred by inactivating the MAT locus repressed the repression of
the glucoamylase gene (SZAJ) of S. cerevisiae SR93, and the direct ethanol conversion gave the highest ethanol
production rate in the various incubation systems. A mathematical model for the direct ethanol conversion from
starch was proposed and analyzed using the recombinant yeast for more efficient conversion. This model
consisted of the reaction rate equations for glucoamylase synthesis in the recombinant yeast, starch degradation
" by a glucoamylase, cell growth, production of glucose, and production of ethanol. The calculated values were in
satisfactory agreement with the experimental data in a batch culture using 5. cerevisice SR93 and SR96. As an
analysis, the stabilities of steady states in continuous ethanol production from starch were investigated using this
model with S. cerevisiae SR93 and SR96. The continuous ethanol production using S. cereviside SR96 was
more stable than that using S. cerevisiae SR93. As an application of bioreactor, a mathematical model of direct
ethanol production from starch in immobilized recombinant yeast. culture was developed using . cerevisiae
SR96. By comparing the ethanol productivity and the dilution rate of washout in an immobilized cell with those
in a free cell culture, it was confirmed that the immobilized cell culture had a higher ethanol productivity than
the free cell culture and produced ethanol continuously with a dilution rate of 0.5 h’", i.e. about 10 times that of
washout in a free cell culture.
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