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Studies on Soy-sauce Production by Bioreactor

Part 1. A Study on Fermentation Condition
with a Soy-sauce Model System

Tetsuya Yamapa, Shigeki Kosexo*, Kazuo Tsusoucur®*
and Makoto HisaMATSU

Laboratory of Food Chemistry, Faculty of Bioresources, Mie University
*San-Jirushi Corporation, **Mie Prefectural Institute of Technology

Summary

Soy-sauce production by bioreactor was studied. Results are summarized as follows:

1. Selection of yeast fixation material; Among 8 species tested for ability to fixate yeast (Zygosac-
charomyces rouxii S} 002), a honeycomb type ceramic (Nippon-gaishi, cordierite) and a bead-type ceramic
(Nippon-sharyo, R-1) were selected. Their fixation ability was 4.83 mg/g (wet yeast/ceramic) and 1.71
mg/g (wet yeast/ceramic), respectively.

2. Condition of fermentation by bioreactor; Two different bioreactor types were selected for the
fermentation-one was string beads (Tokyo-rika MBR-033, total volume; 900 mi), the other type was
cylindrical (¢4 cm X 40 cm, total volume; 400 ml). The adopted medium for fermentation was a modified
soy sauce medium (composition; raw soy-sauce (kiage-shoyu) 10%, glucose 5%, NaCl (final) 10%).
Fermentation was carried out in both systems: string bead reactor type packed with the beads, and the
cylinder type packed with honeycombs. Proper aeration (0.1 vvm) allowed for fermentation over one
week at 30°C without decreasing the yeast population.

3. Fermentation results; With both reactors, alcohol formed was 2% and residual glucose concen-
tration became 0.56%. This indicates the alcohol conversion ratio to be 80%, and alcoho! productivity
was calculated to be 1.7 g/dih.

4, Practical trial of fermentation by bioreactor; Sardine hydrolyzate solution, which was prepared
with protease treatment, was adopted to check the bioreactor systems. The solution, to which 5%
glucose was added, was subjected to the string beads type bioreactor in which the yeast had been fixed.
Analysis of fermented solution rendered results regarding alcohol formation as well as taste evaluation of
the solution.

The above results suggest that our bioreactor system is favorable to soy souce production and new
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seasoning using similar production methods.
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Table 1. Analysis of raw sardine (Sardinops melanosticta).
Ise bay Ise bay Kumano coast
Heat treatment Non-treatment Non-treatment
Water (%) 64.80 67.20 77.80
Crude protein (%) 20.38 17.44 16.63
Crude fat (%) 12.95 13.71 3.26
Ash (%) 3.44 3.18 3.54
TMA® (mg/kg) 11.3 189.2 3.4
TMAOY (mg/kg) 40.9 0.0 66.6

# TMA; Trimethylamine.
® TMAO; Trimethylamine oxide.
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Fig. 1. Schematic diagram of the reactor.

1. ceramic honeycomb; 2. ceramic beads; 3. wa-
ter jacket; 4. peristaltic pump; 5. air filter; 6.
air compressor; 7. culture medium stock vessel;
8. harvest tank; 9. pump; 10. warm water pool.
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Table 2, Ability of yeast fixation,
. . Fixation ratio (%)™ wett cell/ceramic
Ceramic Specimen .
(after 3 hr) {mg/g)
SM~10 (60~ 80 mesh) 1.2 8.40
SM~10% (60~ 80 mesh) 1.7 4.41
Cordierite? 6.9 4.83
Mullite® 2.3 1.61
Bead type R~1P 2.3 1.71
R-2¥ 1.3 0.99
R-3%W 1.6 1.20
p-gb 1.1 1.31
® Fixation ratio was based on initial concentration of yeast after 3 hr treatment.
.ehdhe) Nippon gaishi company.
D& Nipnon sharyo company.
305 100 .30 100
3 = 108 B 108
g 145 o 2 e ,
3 E3 e Lo 8 8 e o
B20 = Pt z S0t 21802 =
= B3 2By
g 15 40f g %0t
giof b B 5107 1o
g £ £ 8 - R
Et o {088 408 = < ‘m o {065 1608| =
4 < 8 '3 3 8
L x 1 L 1 ' . i 1 F F
o 0 1B 20 30 40 0 10 15 2 30 40
Resicence Time (h) Residence  tima thi
00 75 80 25 00 75 50 25

Space Yelocity (X1073miin)
Fig.2-A. Effects of residence time on alcohol fermenta-
tion.
Reactor: cylinder type (¢40 mm X400 mm)
Packing: ceramic beads (80%)
Air flow rate: 25.5 ml/min
Medium: Soy-sauce modified medium.
(Glucose 5%, NaCl 10%, Soy-Sauce 10%.)
-~ alcohol concentration (g/dl)
—a~— alcohol conversion (%)
---(J---: alcoho!l productivity (g/dl h)
—@— cell number (cell/ml)
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Fig.2-B. Effects of residence time on alcohol fermenta-
tion.
Reactor: Cylinder type (#40 mm X400 mm)
Packing: Ceramic honeycomb
(#38 mm X127 mm)
Air flow rate: 24.0 ml/min
Medium: Soy-sauce modified medium.
(Glucose 5%, NaCl 10%, Soy-Sauce 10%.)
—— alcohol concentration (g/dl)
—a—: alcohol conversion (%)
---[T--: alcohol productivity {(g/dl h)
~—@-—: cell number (cell/ml)
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bioreactor. (Zygosaccharomyces rouxit)
Medium: Soy-sauce modified medium,
(Glucose 5%, NaCl 10%, Soy-Sauce 10%.)
Air flow rate: 50 ml/min
Residence time: about 20 hours
Reactor: String bead type
(ceramic beads (Nippon Sharyo Type RI))
— alcohol concentration (%)
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Table 3. Analysis of raw sardine hydrolyzate solution.

Solution 1%

Solution 2%

Solution 39 Solution 4%

T.N? 1.28 1.23 1.30 172
F.N? 0.37 0.35 0.40 0.91
R.S¥ 4,37 0.49 1.07 5.50
NaCl 9.35 9.41 9.81 16.90
F.N/T.N 28.52 28.54 31.00 52.91

¥ Sardine hydrolyzate solution.

» Sardine hydrolyzate solution after fermentation.

@ (Sardine + 10% rice koji) hydrolyzate solution after fermentation.

@ Raw soy souce.

) Total Nitrogen (g/dl).
" Formol Nitrogen (g/di).
® Reducing sugar (%).
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Table 4. Analysis of amino acid.

Solution 17 Solution 2%

Solution 39 Solution 4%

Name ol %) mg (%)  mmol (%) mg (%)  mmol (%) mg(%)  mmol (%) mg (%)
Asp 233 2.66 232 2.65 3.00 342 951  10.56
Thr 578 5.90 571 585 484 494 460 457
Ser 406 3.65 3.99 3.6 437 3.94 7.68 674
Glu 462 5.83 454 5.75 675 852 13.87  17.02
Pro 259  2.55 290  2.87 573 5.65 6.29  6.04
Gly 215 138 215 139 2.85 184 573 3.59
Ala 673 514 674 517 782 5.97 828  6.15
Cys 0.05 011 0.05  0.10 0.10 021 0.00  0.00
Val 6.8  6.86 681 686 651 653 6.37 622
Met 399 510 395 507 3.55  4.54 138 171
lle 580  6.52 580  6.55 516 580 552 645
Leu 13.38  15.04 1313 14.82 12.05  13.55 856  9.37
Try 0.00  0.00 0.00  0.00 0.00  0.00 0.70 105
Phe 497  7.03 495  7.04 4.04 572 374 515
NH, 14.24 2,07 14.57 213 1271 185 6.00  0.85
Lys 9.18 1149 9.22 1159 9.33 1170 511 6.23
His 7.25  9.64 715 9.55 552 7.35 2.66  3.44
Arg 6.05  9.03 601 9.0 5.66 845 362 526

® Sardine hydrolyzate solution,
Y Sardine hydrolyzate solution after fermentation,
9 (Sardine+10% rice koji) hydrolyzate solution after fermentation.
@ Raw soy souce.
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Day

Time course of alcohol fermentation in bioreac-
tor. (Zygosaccharomyces rouxii)
Air flow rate: 50 ml/min
Residence time: about 20 hours
Reactor: string bead type
(ceramic beads (Nippon Sharyo Type RI))
Medium: O: Sardine hydrolyzate solution
(Glucose 5%, NaCl 10%)
®: (Sardine + 10% rice koji) hydroly-
zate solution (Glucose 7%, NaCl

Fig. 4.
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