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Abstract

Saccharomyces cerevisiae M30 was selected base on high efficiency of

ethanol fermentation from molasses at high temperature. In batch fermentation using

molasses mash contains 18% glucose equivalent sugar concentration at 35°C M30
could produce the same amounts of ethanol at the same fermentation rate as S.
cerevisiae 5¢90, a nan-flocculent industrial ethanol fermenting strain. In shaking flask
cultivation M30 produced 8.48 %v/v at 30 h of cultivation while Sc90 produced 8.42
%viv. M30 and Sc90 could ferment ethanol at higher temperature, 3?°C. however, the
amount of ethano! obtained was about a half of ethanol obtained at 36°C. Both strains
could not grow at 40°C. Ammonium sulfate and urea added as nitrdgen source did not
show any differences in ethanol fermentation by M30. Increasing of initiat sugar
concentration from 18 to 20% resulted in slightly increasing of ethanol concentration.
M30 fermented ethanol in molasses mash that initial pH was 5.0 siigﬁtly faster than at pH
4.5 while at pH 4.0 both M30 and Sc¢90 couid not grow at high température. Addition of
low concentration of potassium hydrogen phosphate did not enhance ethanol
fermentation of M30 but addition at high concentration resulted in inhibitory effect.
Flocculation of M30 during ethanol fermentation in 3 | of molasses mash in 3l
fermentor was analyzed as sedimentation sfficiency (S.E.}, height of cell sediment after
standing including number and size of floc cells. The result revealed that longer

fermentation time resulted in increasing of flocculation of cells, however at 42-48 h

flocculation decrease. At 48 h of ethanol fermentation at 30, 33, 35 and 37°C the
sedimentation efficiency (S.E.) of cells of M30 were 0.35, 0.38, 0.33 and 3.5,
respectively. Time-course of flocculation during ethanol fermentation at 35°Cin 31
fermentor indicated that the highest S.E. (0.59) was obtained at 30 h. During ethanol
fermentation at 35°C but in 100 | fermentor with 80! of molasses mash cells of M30
showed the highest flocculation (S.E. 0.72) at 42 h. The flocculation analyzed as height
of cell sediment was the highest at 30 h and did not change during 30-42 h but
decreased at 48 h. Floc size was also largest at 30 h while at 36 h the size was slightly

reduced and remained constant during 36-48 h. During 0-42 h of ethano! fermentation



of M30 in molasses mash in 5 | fermentor at 33 and 35°C as high as 92% was viabie
cell. 1n 100 | fermentor at 35°C only in the first 24 h of fermentation that 92% of the total
cell was the viable cell. At 30 h the viable cell was reduced to 86.9% and remained
constant until the end of fermentation at 48 h.

Cells at 30 h of fermentation showed better fermenting ability when used as
inoculum for the next batch of fermentation than cells at 24 and 36 h. Ethanol
fermentation by co-cultures of M30 and S¢90 did not showed any improvement of
ethanol production. In contrast, the co-cultures reduced flocculation. Observation of bud
scar by scanning electron microscope indicated that the number of bud scar increase
with increasing in age of cells. Addition of 5% by weight of ethanol reduced growth of
M30 to about half in ethanol fermenting condition and 8% by weight of ethanol inhibited
growth completely.

Selection of S. cerevisiae for fodder yeast production in molasses mash at high
femperature (37°C) obtained RL-6 (non flocculent strain), AM12 and M30 (flocculent
strains). Production of cell mass in molasses medium using high speed shaking flask
cultivation at high temperature of the 3 strains showed that urea was a better nitrogen
source than ammonium sulfate. At 0.1% urea all 3 strains revealed the best growth while
M30 and AM12 also gave high total protein. When glucose equivalent sugar concen-
tration in motasses mash was adjusted to 4%, ali 3 strains produced the highest cell
mass with high total protein and protein content. Optimal initial pH for cell mass and total
protein production of the molasses mash was 4.5, At pH 4.5 all 3 strains showed 1.5-2.6
times higher in cell mass production than at pH 4.0 and 5.23 {without pH controlt) and
1.9-3.5 times higher in total protein. Celi mass and total protein production by RL-6 was
the highest at 33°C. AM12 provided the high cell mass at 33 and 35°C with higher total
protein at 33 °C than at 35°C. The highest cell mass and total protein production of
M30 was obtained at 30-33°C. Initial celi concentration contributed to cell mass and
total protein production, initial cell concentration as 0Dy, at 1.5, 2 and 1.5-2 were the
optimal cell concentration for RL-6, AM12 and M30, respectively. The resulted of
optimization for ceil mass and total protein production indicated that though M30

provided the same amounts of cell mash as AM12 and slightly fower than RL-6 but its



total protein was the highest. Moreover, M30 showed stronger flocculation than AM12,
Therefore M30 was selected as the best strains for fodder yeast production.

Flocculation of M30 cultivated in molasses mash by air-lift fermentor without
temperature control was analyzed. The result showed that at the end of aerobic
fermentation (48 h} flocculation of M30 was high (S.E.= 0.74). But by measurement of the
height of cell sediment the flocculation at 36 was 2.5 time higher than at 48h. The
number and size of floc cells were increased at longer cultivation time and at 36 h the
highest number and biggest size were obtained. During 0-36 h of aerobic fermentation
of M30 almost all cells in the fermenting mash were viable celis and the number of cells
increased from 5.50 x 10°to 4.50 x 10° cells/ml after 48 h where 97.6% of cells were
viable.

Production of cell mass with high protein content in molasses mash using air-itt
fermentor by co-cultivation of M30 and C. utifis IFRPD6014 showed that the co-cultures
and axenic cuiture of M30 and C. uiflis produced almost the same amount of cell mass,
17.03, 18.10 and 16.73 g/, respectively. Besides, co-cultivation of M30 and C. utilis
caused non-flocculation of M30.

Cells of M30 showed very strong flocculation at the end of aerobic fermentation
in molasses mash using air-lift fermentor therefore addition of some inorganic
compounds {(aluminum sulfate, ferric chloride, ferrous sulfate WaT potassium sulfate) did
not enhance the flocculation.

For the production of fodder yeast from slop waste mash S. cerevisiae M30
was also selected based on good growth and high protein production, The result
revealed that yeast used only 0.7-0.8% of glucose equivalent sugar concentration which
was the same as the concentration in the slop waste. Therefore, no addition of sugar
was made in the other experiments. Optimization for cell mass and protein production of
M30 in slop waste mash by shaking flask cultivation at 37°C revealed that there was not
much different when ammonium suifate or urea was added as nitrogen source, the
optimal pH was 4 while optimal temperature was 37°C. Flocculation analysis of cells
during strong shaking flask cultivation at optimal conditions indicated the biggest floc
cell sized at 24 h. Co-cultivation of M30 and C. utilis IFRPD6014 in slop waste revealed

faster rate and higher cell mass production than using M30 alone.

10





