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This study was designed to find out the rapid fermentation of soy sauce from koji hydrolyzates using air bubble column
reactor packed with coimmobilized mixed culture system. Continuous ripid production was performed by coimmobilized Z.
rouxiii BH-80 and C. versitilis BH-91. Coimmobilized cells of Zygosaccharomyces rouxii BH-90 and Candida versatilis BH-91
mixture cells in the column reactor produced 2.8% ethyl alcohol and 18 mg/L 4-ethylguaiacol over 96 hours under the
optimal conditions. Coimmobilized cells produced 2.30~2.4% ethyl alcohol during 30 days, and decreased gradually from 40
days to 70 days. Also coimmobilized cells produced 4-ethylguaiacol at the constant rate of 16~18 mg/L and decreased
gradually after 40 days. Final product of soy sauce contained 2.4% ethyl alcohol and 18 mg/L 4-ethylguaiacol. However,
amino acid compositions of soy sauce were consisted of predominantly glutamic acid, leucin, arginine, aspartic acid, lysine
and valine, which were more than 50% of total amino acid.
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Figure 1. Schematic diagram of continuous production of soy sauce by
air bubble column reactor for factor. 1, reactor, 2, medium reservoir, 3,
product reservoir, 4, peristaltic pump, 5, water jacket, 6, stimer, 7, air
pump, 8, pH meter, 9, dissolved oxygen meter, 10, recorder, 11, air
filter, 12, air sparger
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Figure 2. Operation times of alcohol fermentation by coimmobilization of
Z. rouwxii BH-90 and C. versatilis BH-91 cells mixture in the column
reactor. Conditions were as follow: pH 5.0. temperature, 30°C, air flow
rate, air 0.06vvm, substrate flow rate 20mL/h., ethyl alcohol -@-, cell

number; -A-, in gel, -A-, in fermentation liquid.
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Figure 3. Operation Times of 4-cthylguaiacol(4-EG) production by
coimmobillization of Z. rouxii BH-90 and C. versatilis BH-91 cells
mixture in the air buble column reactor. Condition were as follow:pH 5.0
temperature, 30T, air flow rate, air 0.06 vvm, substreate flow rate
20ml/h.  4-ethylguaiacol -@-, cell number; -A-, in gel, -A-, in
fermentation liquid.
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Figure 4. Operation times of ethylalcohol production by coimmobilized
cells of Z. rouxii BH-90 and C. versatilis BH-91 cells mixture in air
bubble column reactor. Conditions were as follow; pH 5.0 temperature,
30°C, air flow rate. air. 0.06 vvm. substrate flow rate 20mL/h.
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Figure 5. Operation times of 4-ethylquaiacl (C4-EG) production by
coimmobilized cells of Z. rouxii BH-90 and C. versatilis BH-91 cells
mixture in air bubble column reactor. Conditions were as follow: pH 5.0,
temmperature, 30C, air flow rate. air. 0.06 vvm. substrate flow rate
20mL/h.
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Table 1. Amino acids composition of soy sause obtained by
coimmobilization of Z. rouxii BH-90 and C. versatilis BH-91 cells
mixture

Amino acids (mg %)
Fermented broth of

Z. rouxii BH-90
Lys 228 (7.21)
His 82 (2.59)
Arg 284 (8.98)
Asp 274 (8.67)
Thr . 196 (6.21)
Ser 210 (6.64)
Glu 412 (13.03)
Pro 116 (3.67)
Gly 110 (3.49)
Ala 176 (5.57)
Val 215 (6.81)
Met 62 (1.97)
Ile 190 (6.02)
Leu 326 (10.31)
Tyr 68 (2.15)
Phe 211 (6.68)
Total 3,160 (100)

Table 2. Color intensity and color hue of soy sauce produced by
coimmobilized Z. rouxii BH-90 and C. versatilis BH-91 cells mixture

color color hue (0.D)
intensity 460 570 610
Fermented broth of
coimmbilized beads 0.573 0356 0.146 0.071
Raw soy sauce 0.642 0.390 0.189 0.063
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Table 3. Sediment formed from soy sauce by heat treatment

Turbidity by ~ Sediment by heat

TCA treatment Sediment(mg/L)
Koji hydrolyzate 16.0 44+ 28
Fermented broth of
coimmbilized beads 136 AR 25
Raw soy-sauce 242 e 18
o o
B |
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