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Abstract — In order to induce the rapid alcohol fermentation through the increases of the cell
density in a continuous alcohol fermentation of naked barley, the single-cultivation with S. cerevisiae
IS-019(SCM, ordinary control), mixed-cultivation with Saccharomyces uvarum 1S-026 having a floccu-
lent ability and S. cerevisiae 1S-019(MCM), and mash recirculation by single-cultivation of S. cerevi-
siae IS-019(MRM) modes were investigated. The cell mass in the mixed-cultivation mode was
about 10% higher than that of ordinary control but the final alcohol yield was slightly decreased.
When recycled the mash with the flow rate of 7//h from Vi to Vs fermentors under the ordinary
control, the cell density was distributed at 140~ 170X 10° cells/m/ depending upon the fermentors-
orders, higher about 20% than that of the ordinary control. Under these conditions the alcohol
productivity of the maximum and the overall was 12.16 g/l-h with an alcohol of 7.6% at the V,
fermentor and 1.19 g/I-h with an alcohol of 8.94%, respectively. For higher cell mass it was more
effective to apply the mash recirculation mode with the single-cultivation of S cerevisige 1S-019

tn a pilot scale multi-stage CSTR,
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Table 1. Kinetic data obtained from SCM", MCM? and MRM?" for a continuous alcohol fermentation of naked

barley in a pilot scale multi-stage CSTR (Unit="%)
o SCM MCM MRM

Running time (@Y} 2rqi™ Alcohol  RTS® TS Aleohol  RTS TS  Alcohol  RTS
1 1902 902 182 1047 897 201 1721 892 212
2 1832 895 176 1787 896 197 1715 888 212
3 1808 896 172 1793 894 197 1722 889 214
4 1794 897 174 1792 893 197 1720 888 216
5 1783 897 174 1776 890 194 1708 889 212
6 1781 897 176 1767 889 197 1710 890 209
7 1780 897 181 1764 888 201 1710 890 208
8 1779 896 183 1764 887 206 1709 889 210
9 1776 894 185 1762 884 210 1713 887 21l
10 1760 894 188 1761 882 214 1716 88 210
11 1765 895 190 1757 880 217 1716 885 209
12 1765 896 193 1759 880 216 1718 884 209
13 1762 896 194 1760 880 217 1722 884 209
14 1761 89 195 1756 881 215 1729 883 210

*Above all mean figures were calculated based on the three times analytical values per day, regularly.
**The operation was carried out under the conditions of the air flow rate, 0.025 vvm and mash feed rate, 2//h

at Vs fermentor, respectively.

DSCM == Single cultivation mode by S. cerevisiae 15-019, “MCM =Mixed cultivation mode by S. cerevistae 15-019
and S. wvarum 18-026, *MRM =Mash recirculation mode by S. cerevisiae 15-019, *TS="Total sugar, "RTS—=Total

residual sugar
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Table 2. Comparison of kinetic data obtained from a
continuous fermentation using naked barley by SCM
and MCM

Fermentor SCM

no. EtOH PDY EtOH Yield® Cell mass
(g/l-h) (%) (%) (X10° Cells/mi)

Vs 10.46 6.54 72.75 141
Vs 5.05 7.08 84.32 135
V; 2.92 8.76 97.44 133
Vg 1.98 8.90 99.00 126
Vs 1.49 8.96 99.67 124
Vi 1.20 899 100 120
MCM
Vs 11.02 6.88 17.24 155
Vs 4.94 741 83.07 145
V- 2.91 8.74 97.98 136
Vy 1.96 8.82 98.83 130
Vo 1.48 8.90 99.78 128
Vig 1.19 892 100 125

UEthanol productivity, “Relative ethanol yield
*The operation was carried out as in Table 1.
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FE55% 6.88% 4] 11.02 g/l-hgl ot} Vol A dF%
% 892% 4 1.19g/l-hgdch o|w] AR TE+ WA
Zofl wie} whul ok E3tef okl A 2h7h 120~ 141
X 10° cells/mi % 125~ 155X 10° cells/mé7} -2 &
tHTable 2).

ulF iy]u]—zﬂ ] 1
a7} 321»&-13}7]] R]ﬁgﬂo—} Ag,&é
AaEleg HEafo] Frigich metd 2 AN
=5 725 ¢l8le gx¥-2]7|(yeast separator, no-
zzle type, Alfa-LavalSweden)7} w2 Y B-starch&
0]%_5{} ol 3 A A} ALA]o|| AbelF o F L8537 9] o,
A A d el HAde] Fvl cassavas thFgE 7R
urgel A5E ApEsks W AAd s kAl A
29 xe] FRE-2]7]2] nozzle LPHAeg o f
ojgich webd Wase tphi "oz 3 Ao
23 S wvarum 1S-0263F S cerevisiae 15-019%2}
Egtuflok s slo] ALHIRE AlvE Ay E 97}
%} 10% J= St #HE TETEE HolAls
AES Er’—"”ﬂdr o]7de. Ax T A3 Al 7
el 4 7el® Ao AR} 6% PaEs} 9
astobar HekEch

B2 Aol A ok AAAdE by

X 7.6%

83

Table 3. Comparison of Kinetic data obtained from a
continuous fermentation using naked barley by MRM

Fermentor MRM
no. EtOH PD EtOH Yield Cell mass
(g/l+h) (%) (%) (X 10° Cells/mD)
\A 12.16 7.60 85.01 170
Ve 5.15 7.72 86.35 165
V. 2.88 8.63 96.53 158
Vs 1.97 8.88 09.33 152
V. 1.49 .92 99,78 147
Vio 1.16 894 100 140

*The operation conditions are the same as in Table 2.
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