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Abstract

Study on thermotolerant properties of Saccharomyces cerevisiae M30 for ethanol
fermentation in 5-liter fermentor revealed that this strain could produce highest ethanol
concentration at 8.91 %v/v at 35 °C after 36 hours and still showed good sedimentation
efficiency at 0.33. Reduction of fermentation time to 24-36 hours could be obtained with
fed-batch fermentation (1 to 3 times feading) that yielded similar ethanol contents and SE
values.

In pilot scale ethanacl fermentation with 100-liter fermentor of both batch and fed-
batch techniques at 35 °C the ethanol yields were comparable to those achieved in
laboratory scale. Fed-batch fermentation reduced fermentation time from 42 hours to 32
hours with similar final ethanol content.

Repeated fed-batch fermentation in laboratory scale showed that the first batch was
relatively slow in ethanol formation whereby 36 hours was needed to yield only 6.49% viv.
However, from second batch (repeat batch 1) onwards the fermentation times were reduced
to 24 hours with final ethanol concentration from 9.36% v/v and gradually reduced to 7.13
%v/lv in the last batch. The main cause of rapid fermentation was attributed to high initial
cell content as can be seen from initial OD at 0.63 in the first batch and abruptly increased
to 8.06, 11.51, 6.81, 9.61 uaz 11.41 in the following batch. However, it should be noticed
that the final ethanol concentration was lower in the succeeding batch which might be due
to combine effect of high temperature and high ethanol content and accumulation of toxic
substances from molasses. Therefore, double stage repeated ted-batch fermentation was
intfroduced. In this system repeated batch was performed after 12 hours fermentation
(where ethanol concentration was still low) where agitation was stopped for 10 minutes to
allow sedimentation of yeast cells. The upper portion of fermentation broth (2,400 ml) was
drawn out by suction leaving 600 ml concentrated broth in the fermentor. Fresh steriled
molasses medium was added and the fermentation resumed. The previous fermented broth
was collected in a glass jar and allowed to continue fermentation on a magnetic stirrer for 36
hours. With the technigue, final ethanol yields in the repeated batch was considerably
constant at 8 %v/v after 24 hours fermentation, however at only 12 hours fermentation time

the ethanol concentration was nearly maximum and fermentation could be terminated.



In conclusion, Saccharomyces cerevisiae M30 is a potent strain for production of
fuel alcohol under repeated fed-batch condition where fermentation time could be attained
at 12 hours. Hence, the ethanol production efficiency could be achieved at 70.78 g/l/iweek
as compared to 7.9 g/l/week normally obtained at the Chittarada Palace Alcohol Plant.

For fodder yeast production with air-lift fermentor, model vessel was fabricated from
a cylindrical glass jar measured 33x15 ¢cm with 5 liters total capacity. Draught tube was
made from PVC pipe scale 9 cm in diameter by 12 cm long. The tube was position at 2.5
cm above the bottom of glass jar. Corner of the glass jar was filled with clay in the concave
manner to prevent cell accumulation. Aeration rate of the fermentor was optimal at 0.75
vvm for molasses medium containing 4% sugars, 0.1% urea and 0.05% KH,PO, with
adjusted initial pH of 4.5. After 36 hours of fermentation, 17.52 g/! of yeast dry weight was
obtained, however total protein was extremely low at 3.28 g/l which was equivalent t0 18.7%
protein content. Increasing of initial urea content in the medium higher than 0.1%seemed
inappropriate due to toxicity of ammmonium ion liberated from urea. Therefore, different urea
supplement feeding regimes was carried out after fermentation for 12, 24 and 36 hours at
the total urea addition of 0.3%. However, negative effects of urea remained where control
(without additional urea) gave h'ighest cell mass at 17.98 g/l and other treatments yielded
only 12,93, 11.80 and 13.39 g/I. Modified feeding strategy was then developed (including
ammonium sulfate as alternative nitrogen source). Results showed that addition of urea at
0.1% in 12 and 24 hours improved protein content of M30 t0 45%. To improve final biomass
initial sugar concentration was raised to 5.5%, but cell mass remained the same. in contrast
higher the initial sugar contents higher the ethanol formations and residual sugar
concentrations. Hence, addition of sugar was fed to the medium at 12 and 24 hours at the
rate of 4% each together with 0.1% urea which could boost the final cell dry weight to 25.86
g/l. However, the ethanaol concentration remained high at 20.6 g/l which clearly indicated
that feeding time was not related to growth. Finally 3 feeding strategies, namely linear
feeding, exponential feeding and sigmoidal feeding were developed where sugar was
added at 2 hours interval (after 12 hours of ferrmentation) at predetermined amounts.
Results showed that all feeding types gave similar biomass at 32.26, 32.66 and 33.91 g/,
respectively. In addition, total protein yields were also refatively high at 16.22, 16.05 and

16.98 g/l which were equivalent to 50.3, 49.1 and 50.1 %, respectively.



In pilot scale study of fodder yeast production by air-lift system, the fermentor was
made of 100 liter recycled blue plastic container and draught tube was made from fiber
glass. When fermentation conditions according to laboratory experiments were applied,
biomass and protein yields were similar to those obtained at laboratory scale, i.e, 30.58 g/}
and 15.29 @/l, respectively. Moreover, with repeated batch technique, the fermentation

time could be reduced to 12 hours with cell yield at 26.59 g/l and total protein obtained at

13.83 gil.



