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Studies on Soy-sauce Production by Bioreactor
Part 2 Studies on Fermentation Condition with Koji hydrolyzate
Shigeki Koseko*, Makoto HisamaTsu and Tetsuya YamaDA

Laboratory of Food Chemistry, Faculty of Bioresources, Mie University, Tsu, 514,
Japan, *Sanjirushi Corporation

Summary

Soy sauce production from Koji-hydrolyzate by a bioreactor system was studied. The bioreactor
system was constructed from three glass columns (the volume of each column was 1L) with a water
jacket, and each column was equipped with a honeycomb ceramic on which Pediococcus hailophilus,

Zygosaccharomyces rouxii or Candida versatilis, respectively, was previously fixed.

As the results of operation of single-column bioreactors under the condition of holding reaction
time between 30 h and 100 h, 0.9% (w/v) of lactic acid was produced through the column of P. halophi-
lus, 1.9% ethanol and 20 ppm 2-phenylethanol through the column of Z. rouxii and 1.8% ethanol and
2.4 ppm 4-ethylguaiacol through the column of C. versafilis. The aeration rate was determined as
0.088 vvm to the column of Z. rouxif and 0.10 vvm to the column of C. versatilis, respectively, from

the result of alcohol fermentation.

During the operation period, the wash-out cell number from the bioreactor was stable (107 — 108

cel/ml),

Operation of the bioreactor system constructed from the three column was continually performed
over two months and gave good results in both the production of alcohol and the aroma, even though

the quality of the soy sauce was not excellent.

The above results show that this bioreactor system can shorten the period of the soy sauce fer-
mentation from 6 months to 2 weeks {one week for preparation of Koji-hydrolyzate, and one week for

fermentation).
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1) Gas Chromatograph: YANAKO G-180
Sample: 24 Column: stainless column ¢ 3 mm X3 m. Col-
umn packing: Thermon 3000 5%, Uniport HP. Inj temp:
300°C. Column Initial: 180°C. Carrier Gas (Nyp): 2.6
kg/em?  Fuel Gas (Hyp): 0.6kglem®  Air: 0.5 kg/em?,
Detecter: FID.

2)  Gas Chromatograph: YANAKO G-3800
Sample: 1z, Column; Quadrex “007” BONDED Fused Sili-
ca Capilary Column ¢ 0.25 mm X 25 m. Column packing:
PEG 20M. Inj temp: 200°C. Column Initial: 50°C. Column
Final: 200°C. Carrier Gas (He): 1. 2 kg/cm®. Fuel Gas (Hy):
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0.6 kg/ cm® Air: 0, 5 kg/em® Detecter: FID.
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Fig. 2 Residence time effect of Zygosaccharomyces rouxii
on alcohol production and aroma formation.
Reactor: cylinder type (¢ 40 mm X400 mm}
Air flow rate: 0.074~0. 086 vvm
Temp: 30°C
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Fig.3 Residence time effect of Candida versatilis on
alcohol production and aroma formation,

Reactor: cylinder type (¢ 40 mm X 400 mm)

Air flow rate: 0.098~0. 121 vvm

Temp: 28°C

: alcohol concn (w/v%). &: conversion (%).

: 4-ethylguaiacol concn (ppm).

: viable cell (cell/ml).

: productivity (X107 2 g/di-h™").
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Fig. 4 Gas chomatogram of aroma component.

A: standard. B: commercial soy sauce.
chromatographic conditions.

column: stainless column ¢ 3 mm X3 m.

column packing: Thermon 3000 5% Uniport HP.

inj temp: 300°C. oven temp: 180°C.

carrier gas (N,): 2.6 kg/em?, dectector: FID.
peak 1: 2-phenylethanol, peak 2: 4-ethylguai-

acol, peak 3: 4-ethylphenol, peak 4: ISTD (2. 3.

S-trimethylphenol).
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Fig. 5 Fractuation of organic acids during operation
proces.

(@) P. halophilus (b) Z. rouxii (c) C. versatilis.
@: citric acid. O lactic acid.

: acetic acid. &1 formic acid,

: succinic acid. B pyroglutamic acid.
: malic acid,
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Fig. 6 Effect of aeration on alcohol product by Z. rouxii.
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Residence time: 41.67 h
Temp: 30°C
O alcohol conen (w/iv%).
©: viable cell (cel/ml).
¢ productivity (X103 g/dl+h™Y).

& conversion (%).

%5
<
<L
it
A
3

=2

z ] o7~
_%2.0 ]05 : T_F
.5 M*BO :_@' .é
© I K4
= = %
I 150 35 53
§ 10 W\A 'vg» g
2 N
5 o Beg | © e
S B0 37

0 0.05 010 015 020

Air flow rate {vvm)
Fig.7 Effect of aeration on alcohol product by C.

versatilis,

Reactor: cylinder type (¢ 40 mm X400 mm)
Residence time: 43.03 h
Temp: 28°C

O alcohol concn (w/vd).

©: viable cell (cell/m}).
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Fig. 8 Schematic diagram of the reactor system.

1: ceramic honeycomb reactor with immobilized
P. halophilus. 2: ceramic honeycomb reactor with
immobilized Z. rouxif. 3 ceramic honeycomb
reactor with immobilized C, versatilis. 4: water
jacket. 5: peristaltic pump. G: air compressor. 7:
airfilter. 8 warm water pool. 9: pump. 10: Koji
hydrolyzate stock vessel, 11: harvest tank.
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Fig. 10 Effect of Koji hydrolyzate flow rate on alcohol
production by Z. rouxii.
Reactor: cylinder type (¢ 40 mm X 400 mm).
Temp: 30°C
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Table. 2 Analysis of Amimo Acid of the fermentation product.

- . VA C Control
Amino Acid | 0oml % | mgl00ml % | mglo0ml %
ASP 469.16  12.35 | 470.84  12.52 | 407.76  10.16
THR 180.95  4.74 | 180.64  4.80 | 182.53  4.55
SER 100.31  2.88 | 10820  2.88 | 24551  6.12
GLU 644.71  16.96 | 646.39  17.19 | 694.76  17.31
PRO 161.21  4.24 | 16518  4.39 | 242.25  6.03
GLY 116.02 3.05 | 136.68  3.63 | 131.40  3.27
ALA 21229 559 | 210.23  5.59 | 237.98  5.93
CYs 0.00  0.00 0.00  0.00 0.00  0.00
VAL 256.40  6.75 | 248.27  6.60 | 252.97  6.30
MET 113.46 2,99 | 87.67 233 | 11475  2.86
ILE 233.61  6.15 | 225.55  6.00 | 236.58 5.8
LEU 358,10  9.42 | 346.08  9.20 | 363.22 9.0
TYR .65 228 | 7038 187 | 7433 1.8
PHE 200.51 528 | 196.36  5.22 | 206.67  5.15
HIS 13574 3.57 | 137.66  3.65 | 14230  3.54
TRP 23.56  0.62 | 2491 066 | 17.61  0.44
LYS 165.25  4.35 | 166.65  4.43 | 250.06  6.23
NH, .28  0.85 | 23042  1.05 | 21.60  0.54
ARG 301,86 7.94 | 209.59  7.97 | 19215 479
Total 380037 100,00 | 3760.64  100.00 | 4014.43  100.00

Z: Z. rouxti

C: C. versatilis.
Control: Commercial soy sauce,
mg/100 ml: Values are arranged to the total nitrogen of final product being the same

level.

Table. 3 Analysis of organic acid in final products.

NAME YA C Control
Citric acid 5.55 5.41 8.87
Malic acid 1.61 1.55 1.39
Succinic acid 0.55 0.44 0.54
Lactic acid 6.60 6.87 7.46
Formic acid 0.01 0.01 0.23
Acetic acid 1.17 1.30 1.60
Pyroglutamic acid 1.35 1.24 6.38

Organic acids are reported as g/L.

Z: Z. rouxii.
C: C. versatilis.

Control; Commercial soy sauce.
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Fig. 12 Chromatogram of organic acids component. chromatographic conditions.
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(a) commercial soy sauce. (b) sample.
chromatographic conditions (post-column meth-
ods). column: shodex C810P + C811. eluent:
0.003M HC10,4. color reagent: 0.0002M BTB,
0. 015M NayHPO,, 0.002M NaOH. oven temp:
60°C. flow rate:1 ml/min. detector: UV445 nm.
peak 1: citric acid, peak 2: malic acid, peak 3:
succinic acid, peak 4: lactic acid, peak o
formic acid, peak OG: acetic acid, peak 7:
pyroglutamic acid,
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Fig. 13 Gas chromatogram of aroma component in com-

mercial soy sauce.
chromatographic conditions.
column: Quadrex “007” BONDED Fused Silica

Capillary Column ¢ 0.25mm X 25m.  column
packing: PEG 20M. inj temp: 200°C. column
initial: 50°C.  column final: 200°C. carrier gas

(Ny): 1. 2kg/em®,  detector: FID.
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column: Quadrex “007" BONDED Fused Silica

Capillary Column ¢ 0.25mm X 25m. column
packing: PEG 20M. inj temp: 200°C. column
initial: 50°C.  column final: 200°C. carrier gas

(Nox: 1.2kglem®  detector: FID.
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Gas chromatogram of aroma component in fer-

mentation soln (C).
chromatographic conditions.
column: Quadrax “007” BONDED Fused Silica

Capillary Column ¢ 0.25mm X 25m. column
packing: PEG 20M. inj temp: 200°C. column
initial: 50°C. column final: 200°C. carrier gas

(No): 1.2 kg/em®,  detector: FID.
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