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Abstract

Based on the previous studies, R. stolonifer was selected for the model system of Korean soy sauce
preparation process, using the fermented soybean. The system of meju fermentation was refined; the optimal
conditions of temperature and relative humidity were 25°C and 90%, respectively. The optimal temperature
for soy sauce fermentation was evaluated to the 25°C and, in the latter half of the fermentation, some aeration
was observed to positively affect the sensory evaluation of soy sauce. In the sensory evaluation, the soy sauce
fermented with B. subtilis and A. sojae was showed to be better than one fermented with R. stolonifer.
Conditions of the pasteurization and ultrafiltration process were also established for industrialization of the
soy sauce. Finally, the standard systems using the soybean fermented was, by the industrial scales, proposed

for Korean traditional soy sauces.
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5 ol A] £-2l]F Rhizopus% | &l A A+
Fo] RuEglon T, o] T HEdFE e
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& 5%} Bacillus% A& 043 YT Ax
of ok AFr} AFPse] ot AR ot
A FFE o] 437 Tt AR Az o
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259} 4571 ZHEE pilot AdulellA, R stolonifer
E AE% T 2R HA 5o} protease @A, o}
o] e A A (AN), pH| #W3g WaAZPEE 2AS
g cH(Table 1). R. stoloniferE 3 F3t vl5+2] protease
£ E 2047 e Bav) fFEE Y] AAbsle] 404
Ziel] Hdl2E Bod FHr} ExEI & 25°C A
F7bellA] 1.3 unit/lg A 59 7H ¥ protease¥A]
2 7123491 30°CAE 1.1 unit/g, 20°CoA = 0.8
unit/g?] M2 FAlE o] 25°Coll 48] protease A4
o] 71 FL AR HriE o 227 80%2]
F X270 protease A2 AAYEAYE & 5 U
o} ofulicel iy WAAMNA 254 7R F&53] AF
8l 454 7keoll A E Blow 2% 25°CHEE
224 370 mg%S 7123l 71et AP FelAe
< 300 mg%2] H¢E vehigdcl &3, pHe= 30, 25,
20°C8) 4o 2 Z}7h 8.3, 8.1, 7.99] F0]¢]c}.

R. stoloniferE %&3le] 2x9} S =& dejq wF
model systemol|A F ot FE A2 o|ZHE 7
AL ol 30°CollA 603t SAI’ o HEYIHE
Al A8t cH(Table 2-A). 53 HAHH2 2 AAF FF
A} A3} 25°C, 90% S E2ANA A28 o5 7}

o) 714 F& H7}E o} o] A& R stolonifers
AE FdF) wazAe g AAse . =3,
ditd o 2 AFAXE 93 FUWF2) Az AHE
3 3] B. subtilis$} A. sojaeE V| I77EL 2 &l
7} FFH FE 502, v 2-3) weE £
3t 7S ol W54 7HE A AIE c(Table 2-B).
2t g3 A7 A$ R swolonifers: 33t el A
1 F& HILE Uk A sojae A ¥ T 4] 4
7} golla] $=53 AFNE HoFg o} B, subtilisoll A
Ao s e M3 eE vEFgd. I g
33 A4S, A wFEge) 9’ 45EAE )
&}7) = oled 8 o B. subtilis, A. sojae, R. stolonifer
2 7] AEE vlFE 10128 E49 AT e
A g, sho] x3l9 P ApAIrt FAEH
wjeba] 71AdE 9 7FE2] model system’d A ol B.
subtilis, A. sojae, R. stolonifer2 7}7] A3 & 1:
1:22 E33 AP 78 APAFoZ AHE-kc)

2HE M =M

74el A 27g B} AAIE] AYslr] sty
2le] A¥Yllx AAeA=] B. subtilis, A. sojae, R. stolonifer
2 7} Az AR W 1:1:28 £t A
2)3hEA] 25, 30, 35°CAlA 2] SHEE A $4
249} pHE B] w5} ch(Table 3). 742 A& 25,

Table 1. Effects of temperature and relative humidity on changes of protease activity, AN (amino nitrogen) and pH

of the R. stolonifer inoculated grain type meju

tempecra/mre Fermentation time (hrs)
hu(:nic)lity 0 10 20 25 30 35 40 45
20/80 0.00 0.00 0.05 0.26 0.34 0.36 0.58 0.79
20/90 0.00 0.02 0.08 0.33 0.42 0.75 0.80 0.83
Protease 25/80 0.00 0.00 0.10 0.29 0.65 0.90 1.20 1.32
(unit/g) 25/90 0.00 0.10 0.12 0.16 0.50 0.74 1.08 1.19
30/80 0.00 0.00 0.10 0.38 0.69 0.81 0.97 1.11
30/90 0.00 0.08 0.13 0.40 0.58 0.79 1.13 1.16
20/80 49 48 50 78 165 203 297 301
20/90 50 52 55 82 142 215 301 296
AN 25/80 49 50 63 68 164 284 351 369
(mg%) 25/90 50 49 70 89 159 278 366 387
30/80 50 52 81 96 175 254 308 312
30/90 48 52 85 106 201 275 329 324
20/80 6.39 6.33 6.25 6.66 7.58 7.77 7.90 7.89
20/90 6.41 6.38 6.30 6.58 6.97 7.44 8.00 7.95
H 25/80 6.40 6.34 6.41 6.55 7.02 7.34 7.87 8.09
p 25/90 6.42 6.29 6.54 6.60 7.28 7.85 8.20 8.14
30/80 6.39 6.43 6.28 6.83 7.16 7.76 8.12 8.22
30/90 6.41 6.40 6.73 6.95 7.56 7.81 8.27 8.31
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Table 2. Sensory evaluations of the soy sauce made
from this study

Sensory evaluation

Treatment
Taste Flavor Color
20/80 328" 3.20 3.05
20/90 3.55 3.20 3.13
25/80 3.68° 3.40 3.10
A 25/90 3.80° 3.45° 3.20
30/80 3.10° 2.75 3.15
30/90 3.10° 255" 3.30
AS 3.30™ 3.83" 3.80°
BS 3.10° 2.90" 3.20°
B RS 3.40* 3.90° 3.10°
AS+RS (1:1) 3.63° 3.80° 3.75°
BS+RS (1:1) 3.53° 3.25% 3.65
AS+BS+RS (1:1:2) 4.00° 3,75 3.90°
20 343" 3.50 3.28"
C 25 395" 3.70 3.85°
30 3.78 3.45 3.90°
no aeration 3.68 3.60° 3.88
D  aeration at D+10 3.45 3.50" 3.73
aeration at D+40 4.15° 4.08° 3.80
E Before UF 3.85 3.65 3.65°
After UF 3.98 3.80 4.20°

Values in the same columns of each treatment with different
superscript letters are significantly different from others at p
<0.05 level.

A. Sensory evaluations of the soy sauce made from the R.
stolonifer inoculated grain type meju which fermented at
different temperature (°C) and relative humidity (%).

B. Sensory evaluations of the soy sauce made from single
or combination of the meju, fermented with A. sojae (AS), B.
subtilis (BS) and R. stolonifer (RS).

C. Sensory evaluations of the soy sauce fermented at different
temperature("C).

D. Sensory evaluations of the soy sauce fermented with
aeration at D+10 and D+40 days.

E. Sensory evaluations of the soy sauce before and after
ultrafiltration (UF) process.

Table 3. Effects of temperature on changes of TN
(total nitrogen) and pH during soy sauce fermented at
for 60 days

Temperature Fermentation time (Days)
(0 0 10 20 30 40 50 60
25 001 0.07 024 038 0.58 0.80 0.81
30 0.01 0.05 030 062 0.79 091 0.89
35 0.01 0.08 038 0.71 0.90 0.94 0.97
25 7.08 6.98 686 6.79 574 5.10 5.02
pH 30 7.10 6.95 6.78 6.57 555 5.03 4.94
35 7.09 6.85 6.66 627 542 4.95 4.84

(%)

30, 35°C A8 ol 4] 217} 0.8, 0.9, 1.0% H X2 5°Cv}
o} 0.1% Fx2] M2 B on pHE 25, 30, 35°C
oA 77t 5.1, 5.0, 4.99) SFo|sc}. Yk L2 o

A= FHLH & A Y HExs
T AeR delA glovt B A7 sAexE o
23 A= 258 Falswke] U7 e
25°CHA AYPT Al 71 & As=E »
o1 t}(Table 2-C). E]»EH-] B. subtlis, A. sojae, R.
stolonifer 2. 7}t7) A 23 A5 1:1:28 E3) o},
T A RS 11142 Sed RS Shol 25°ColA
6047t A3 A8 718 A o gl
7t HHE A e AR Aol 83
&g 3l ©]2]3F microflora®l W3lel] AFA7) T8
¢ d%-g o= B aje} aerationol] ]’ 7H4
o] A2 WIE AW R}l 60do wEs|S
71&o 8 3to] 73R 10d 2}l aeration-g- "é’*]i’-
7% 244+ 07028 goli . pHE S8YEH
2l s}e] WA A o] 4P| A dsl= AAE 5"—"4‘7‘91
Lvj(Table 4) FAeH7ldAE HAZEr} Yot}
(Table 2-D). ZkAbbE o] Frlal 400 xpo)] e upy
L2 aerationg AAZ HY oM ATt 1)
Sl EA A= 7F FolR| I pHE 02 AE Yold
©.o}(Table 4) 53l 1, E3] 3r|olx Abdat 7)
A &5} vhehgoH(Table 2-D). o1& Ah=, 7H5l 2]
aybel| whg A2} 70 aerationdl] &J3F 4kA4e] U A
A Fgo] AR HAFE $ASE & microfloracy]
FEks £ ujFel Zlog woxich AR wE 10
Z}of| aeration-g A A)3F A& Fol) A= aerationZ] 3 §7)
Aol BAg 2 Ralke] $4]o] dAslA] oAl=o]
WEFZ|AAE 385z Fajgon gwe AGx
o} 2 AT 110 5 1 F- 2 x4,
WEF71Q] 4093}l aerationd HAF AY Tl A=
aerationF Z AL ZFA4star AR QAL ok Fal
= A3E BoFch(Fig 1) oleid Adhs, 7H
2] HEA| WA 7] AR Age] f-xFe] pHo}
ol 3 o] 7oA A xe] Aol A== A

Table 4. Effects of aeration on changes of TN (total
nitrogen) and pH during soy sauce fermentation for 60
days

Fermentation time (Days)
16 20 30 40 50 60
no 0.01 0.07 0.24 038 058 0.80 0.81
D+10 0.01 0.06 0.30 0.45 0.52 0.64 0.70
D+40 0.01 0.07 0.25 0.40 0.56 0.84 0.90
no 7.08 698 6.86 6.79 574 5.10 502
pH D+10 7.06 695 690 6.87 636 6.08 5.87
D+40 7.09 6.89 6.80 6.74 5.79 4.87 4.78

YAbout 1 m*/min of air was injected into the bottom valve
of the fermenter (200 L) for 10 minutes by air compressor.

Treatment”

(%)
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Fig. 1. Effects of aeration on growth of yeast and lactic
acid bacteria during soy sauce fermentation for 60 days
at 25°C. @—@: yeast/no aeration, l—M: yeast/aeration at
D+10 day, &A—A: yeast/aeration at D+40 day, O—CO:
lactic acid bacteria/no aeration, [—{1: lactic acid bacteria/
aeration at D+10 day, A—A\: lactic acid bacteria/aeration at
D+40 day
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Ao Aojsly] 1% f52 HAo] oi¢ Fasict
A w3 Aol AAE AF dEo) A%
P EE AAR T HEAYS FHAIA gt & el
A e REAS gYldr] 3 1A AR e Al
Ao Az ZHE | m’?] steam jacket tankol] F
i3t 80°CollA] 100°CE 71 sta 7He] Bt 5 &
ArAER vehdes Awe] Apd 48 AR Al
4 A9 2bgel AUETE WS RRFE 0Cs
100°CoAl A 742} 60834 20%: 7t Al tii-3-2] Awrt
b s 2o veltchFig. 2). o] 60°CellA 108
7b Aefstl s o dlFEe ARta wot A {ichs &
E2 B R ohh B2 5 WSk

A, st F A EE SEE AE IAE,
a3 HelA A A B e e dEAl
long chain peptide® £-2 AAstw gtz gk AL
71 Agege] ZAAIERE $13te  ultrafilration
system& 7HAe] @A el Agated ®Sich cut-off
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0 10 2 30 45 80
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Fig. 2. Survivals of yeast of soy sauce under heating
conditions. A—~\: 80°C, (—{1: 90°C, (O—O: 100°C.

Table 5. The characteristics of the soy sauces, filtrated
with the ultrafiltration membrane modulea

Raw soy sauce Filtrates

TN 0.97 0.95
AN (mg%) 563 565
pH 5.04 5.06
Brix 31.8 31.6
*Specifications of ultrafiltration membrane module
Model Superane SKUC-312 (Sunkyoung, Korea)
M.W. cut-off 100,000 kDa
Membrane area 4.9 m*/module
Module size 89 mm (D)% 1,126 mm (L)
Material polysulfone membrane

C-PVC module casing
Pressure Max. 2.5 kg/em®
Flow rate 5~10 L/hr

size (molecular weight of proteins)ol] wle} F4 49} o}
v e A Al A ofrke] kAt sllont ko] oyt
A Boll Wslr} 419].0.5 (Table 5) 5371 A7 A
AR, 3, stllA 25 H5d] g ETIT olda
53] Ayl e S8 B F 14 o4k AsaIs)
v}ebdrh(Table 2-E).

Mo HEYN

ARFF} ultrafiltration system2 A3 7HAF-S A 3]
FaA A AU E Ao ol E A FLR XY
A4S 2ARAL7], olFulel T& B3 25 2go] £
Hel - 539-5 79 350 AT 7= A
4 FAE Arlsle 2E3Y AYEES Ak A
AbFEl 74 ol Saccharomyces rouxiiZ 1x10° cells/
mL7} =& HF3y FAE 0-25%2] & AHr}
sl ZF-8-7] ol ol 30°Cel| B@g A} 4§ 2.5
% A7 ATl AR A o] oAl = o (Fig.
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Fig. 3. Changes of yeast of soy sauce with mixed cultures
after the addition of ethanol during storage at 30°C.

L1 no treatment, A—A: 1.0% (final concentration)
ethanol, O—O: 2.0% ethanol, O—: 2.5% ethanol.

I whole soybean Iwalerl sleam ” salt } ethanol
-

washing/soaking 10 hrs at 20T

cooking(steaming)

meju fermentation

15 min, 1.2 kg/cm2 steam

45 hrs, 25T, 90% humidity

meju drying

soysauce mixing

15% water content

mejuisalt water=1:1'4

fermentation 60 days. 25T

. [meju residues

soysauce cooking 60 min. 100T

micro filiration ! cartridge filter

M.W. 100,000 kDa cut-off

uttrafiliration

packaging

2.5% (final conc.) ethanol

Fig. 4. Preparation procedures of Korean traditional
soy sauce made from R. stolonifer inoculated grain type
meju.

3) o) & zhAe) mEZXA 03 AAslr).

o 3 MY

olate] AMEE Fgsled FTuvF ¥ 1A A2
2] model systemS A3} o] & £A3}s) o0 A
AAe dubdal AP RFE kel Fale] A AL
Zreks| Aelsle] Birl(Fig. 4).

2 ¢

R. stolonifer& %]E£3s}e] ZUv|FE A28} 0] £

dellF2NE FA7bAS Aatele 2HE dAEY
k. FodulFe| A MazAe L9 AldEEs}
77k 25°C, 90%<] Z7 ol A 45"17\! WA 3= Aol
o e 87 $4LEE 250 YL en
A FRES] aerationo]] o)sle] Fpo] FAEAT R
stolonifer 2 A 23k FUvllFut 2188} X371 7F
AHrh= A sojaet} B. subtilis2 A 23 TI|FE
E33HS dol Bsol FAEG ) A AES)
3br] $%F FAo 2 AbF, ultrafiltrationel] £]38F of 31},
HEA] 55 AAEa o8 F3tsle) 328td T
HF 2 FHAIZEA) model system®] -2 o] 2 A A sl
oh & AT AAE TS Fojo] Adon
ol 0} A7V R 2851 0-12RYS) A7
37HY ol E G5 5 U A A Ee A, g,
58] I esiglon ved o 2%
37} 7hste] B A7) ARE 3A7kARe] Alels)
¥ model system 2.8 | A3} c}.
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