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Studies on Sediment of Shoyu (Soy Sauce)

(VI)  Sediment-Forming Activity in Fermented Raw Shoyx

Hikotaka Hashimoto and Tamotsu Yokotsuka

(Central Research Laboratories, Kikkoman Shoyu Co., Ltd., Noda, Chiba)

In the previous paper it was reported that the sediment formed in the course of heating
fermented raw shoyu was mainly composed of protein.

In this paper, the factors that accelerate this sediment formation in raw shoyu were
studied.

The sediment-forming activity disappeared after treatment of the sample below pH 3.0
or above pH 9.8. The activity was the most stable at pH values around 5.8, where about
55% of the original activity remained after incubation at 40°C for 20 hr.

Inactivation of the activity began with incubation at 45°C for 10 min; the activity was
completely lost after heating at 75°C for 10min. However, activity was again observed
after heating above 80°C for 10 min.

The sediment-forming factors in raw shoyw were attributed to three components separated
on a DEAE-cellulose column; these had proteolytic activities. A similar pattern on a DEAE-
cellulose column was observed with %oji extract for shoyu.

Addition of purified alkaline protease from Aspergillus sojae greatly reduced the time
of sediment formation.

These results strongly suggest that the sediment-forming activity in fermented raw
shoyu is caused by certain of proteases from Aspergillus sojae which still remain in the
mash at the final stage of fermentation.
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0.05M Na,HPO, 2&ts Iz H+¥4 Y (pH 7.0)
AEEICUTHE L fED S, 0.01M EDTA T30°C
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Fig. 1. Relationship between the concentration of
raw shoyu added to heated shoyu and the time
required for forming sediment at 40°C.

Raw shoyu was added to heated shoyu pre-
pared by heating at 85°C for 30 min in the pro-
portion of 0—100% (v/v). The blended shoyu
was incubated at 40°C, and the time required for
the formation of the sediment was measured.

— A — Dark colored shoyu made from defatted
soybeans

— @ — Dark colored shoyu made from whole
soybeans ‘

—O— Light colored shoyu made from de-
fatted soybeans
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Fig. 2. Relationship between the concentration of
raw shoyu added to heated shoyw and the time
required for forming sediment at 60°C.

Symbols and experimental conditions, except
for the incubation temperature. were identical to
those described in Fig. 1.
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Fig. 3. Relationship between the concentration of en-

zyme and the time required for forming sediment.

To 10ml of heated shoyu made from defatted

soybeans (TN 1.60, NaCl 17.5, pH 4.8), 1.0 ml

of appropriately diluted enzyme solution was

- added, and the mixture was incubated at 40°C.

The time required for the formation of the
sediment was measured.

—®— Crude enzyme prepared from raw shoyu

—O— Crude enzyme prepared from shoyu koji

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

Reduction of time for

260 BE BER-HBE R (BT 550%, 19724
20 BHETEIE DR SN 0°C105 0% S, 2 7 A%
3 40 BAEMT 3%, 64 A BRBERHTRIOEOE
= 60 HEDERAE L TUV e,
- § EREtosME  AEmhcEEs
g 80 BEEMEE IR, £0 pHdt, MueEhi s
g‘ ) FOH—RAEREZICVOT, B LT
8 Bk DR L oREER R T, SRS

0.05 01 0.2
Enzyme concentration (%)

Fig. 4. Relationship between the concentration of enzyme

and the reduction of the time required for forming
sediment.
Symbols and experimental conditions were identical
to those described in Fig. 3.
The reduction of the time (%) for forming sedi-
ment was calculated from the following equation.
To—T
— X100
Ts: the time required for forming sediment when
the reaction mixture contained 1.0 ml of buffer
and 10 ml of heated shoyu

DAEATTIL - 12, 0.05M NaCl #4¢p 0.005M
Tris-HCl &% (pPH 7.0) THE({L L DEAE
~—a—Z20HF L (2.0X42cm) ICHEERLO
g% 100 ml QR LBEER THEL-DDEHL,
RAUBEKLI OBAREI 0.4M NaCl 2415
0.005M Tris-HCl &% (pH 7.0) %341,
gradient elution 21775 -7z, EEHTOKEL
Fig. 7 iT, BihBOHBROMRE Fig. 8 iR
U7, Fig.7 &b, EEHMOBF  WEEFEE,
0.05M NaCl ZEETF TREE LISVES &, BE
LT,  0.1~0.15M NaCl TiEHT 3RO B L U

T : the time required for forming sediment when 0.2~0.25M NaCl T T 2HS0401L &b
the reaction mixture contained 1.0 ml of enzy- — A e . . = 5 s,
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Fig. 5. Effect of pH on the stability of sediment- Fig. 6. Effect of temperature on the stability of

forming activity.

pH values of raw shoyu were adjusted to
2.0—10.0 with appropriately diluted HCl and
NaOH, and the prepared shoyu incubated at
40°C for 20 hr. The residual activities were
measured by the same method as in Fig. 4.

—@®— Raw shoyu prepared from mash of a
2 months period of fermentation
Raw shoyu prepared from mash of a
6 months period of fermentation

.._O.__

sediment-forming activity.

Raw shoyu was incubated at various tempera-
tures for 10 min, and the residual activities were
measured by the same method as in Fig. 4.

—@®— Raw shoyu (pH 5.3) prepared from
mash of a 2 months period of fer-
mentation

—O— Raw shoyu (pH 4.9) prepared from.

mash of a 6 months period of fermen-
tation
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Fig. 7. Column chromatogram of crude enzyme from raw shoyu on DEAE-
cellulose.

One gram of crude enzyme prepared by alcohol precipitation of
dialyzed raw shoyu was applied on a DEAE-cellulose column (2.0%

42 cm) equilibrated with 5X103 M tris-HCl buffer (pH 7.0) contain-
ing 5x102M NaCl.

Elution was carried out with a gradient of NaCl ranging from
9X107M to 4x10* M buffered at pH 7.0 with 5x10-2 M tris-HCl
buffer. Flow rate, 30 ml/hr. Fraction size, 10 ml/tube.

OD at 280 mu

—O— Sediment forming activity (unit/ml)

—@®— Protease activity at pH 7.0

---- NaCl
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Fig. 8. Column chromatogram of crude enzyme from shoyu kofi extract on
DEAE-cellulose. ‘ '
Symbols and experimental conditions were identical to those described
in Fig. 7.
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pH 7.0 357 usr7—¥iEE D L=
HIEHEEN, LOrOEREEHOFET L7577 Y
av&E—FUK. %1, Fig.8 OBHEDO /s u= bt/
5 LBVTS, Fig.7 LREBKD/ 2 —VDFoNT.
kb, EBmhoEREERZ, BHRCEkT
BT EDHEERTEN . FORAEhBIUCEHMOR
SUEGEERRBE—RATRELT, ERA&DES
T & HHSMICIE»7. Fig. 7, Fig. 8 OB¥NCHL
T 3ERERSDO TS 0T T —HiERIS, potato inhibi-
tor TIRIAEXN7H, 0.01M EDTA TiIEEIRE
Bohlihrotz. TNOO/ERLS, TOFRERS
DT BT T —Hid, K5 ORED UKL CEES
B Asp. sojae DT VHY FOFT—¥THEEEL
oNtz. Tt Asp. sgjac ORERTNA) F0FT —
FRBOEGREFEEAR L. Fig 7, Fig. 8 ORE
RADZ207 a5 7~¥i3, Asp.sojae DT 1
FT—EL LHEEINS. PEX0EEHhOEE
Y, BHRBEOEE L uF T —~EHBORY
TERThBLEHLN 3.

5. BEROEREEHEOHER BEREoCc &
B3R HOEREEE B LU=BEO 077~
¥iEEE BIE L. Z0RE%Z Table 1 iT/RL T,

Table 1 k0¥ 2&, ZEERHEI 2y ARERH%
100% &9 5 & 4 o A 5340%, 6 # 7 1325. 79 & Bt
hic LEvwicEgd Lie. —F 7 e 57 —EEHER,

B SEL B2 I >N TRADT 30, B, i,

Tuh YV EORT T T —EHTRDBEAE»I0E
MBoTWi, TwvhVEET a5 7 —KREEOHRNE
TRELZ -1, BEPOXRE RIT LT,
ZEEOuFT iy T 5, EEEEE O K %E
Table 2 iCRU7:, BYE, T w77 —¥IIXT S
HWEERHETAEL LU, ToayETeF
T—HICHT B HiIT—EEER L. CORERD
5, 0°CTRIE L ERERMR, Trh YT oF
T —EE & OHESROEP o .

% %=

KANEET, TREAANEBREEL THIIVEH
iC, AEEEEEHMAERINUT, 0CIKEEAEEHKE
Ehdit, BEREELTVIZ2PHET, KANE
DOFRENZE U EEIN. TNRBE0CIKFE - EE
bR INI. COBRIVAEERIT, KANER
EHPBEOHICKANBEOBRELR L5 SR THEE
RSICEETACEMNHLMTLE-T. TOPER
pH ZEM, BEERRELOBERTHEEEZL LN
7o, COEBREEMNR, 70~75°CrIT—ERelk
ET3k&ppHoT, TRLEDERTEIESHLCE
D OND EVIHEEHLHRBR o0, H 1
Y IKBWNT, KANEIIE0°CHATRELDT L,
70°CTRREELIC L, TP ETRFALFELPT
{2Y, KANBERCEALZNC EERELOHE
HIZESHTRED 7. COBRRHLERD, 48

Table 1. Change in sediment-forming activity and proteolytic activity in shoyu fermentation.

Femenation | (b Y, | mguind | Relucg e | Selimen
pe‘?mon th) - - sediment forming activity
Acid Neutral Alkaline (min) sediment (%) (units)
2 71.9 173.6 1150. 8 307 ‘81.9 792.5
4 69. 5 143.9 466.3 510 70.0 317.0
6 54.6 91.8 292.7 630 62.9 203.8
1700(Blank)
Table 2. Ratio of sediment-forming activity to proteolytic activity in various aged shoyu mashes.
Fermentation SFA* SFA* SFA*
per(ll;ai nth) Aad R. V. *%* Neutzal R. V. **¥ Alkaline R.V **
protease protease protease
2 11.02 100 4.57 100 0.69 100
4 4,56 41. 4 2.20 48.3 0.68 98.7
6 3.73 33.9 2.22 48.6 0.70 101.0

* Sediment forming activity

*k Relative value
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HPBE AN E - CREENOmMEE2E %, T0~T5C
TREBREFESFRMTREELT 2 & 0 5 K #g
RIVITNETEBETEZ. DEAE-_w0—2D % 5
L7B2 T 74 ~ICkD, EERERKIIDE L
bUEDRIZZZBAMICHESH, TORBIDEE
BoPEBHMTREZCE (Tablel) &, 2
HMOKANE T ERERCHEELDIDICLTNEHD
LBRONS., AHOKERIY, ST OEEEER
i3, Asp. sojae DEHELIz 75T —BORTIE
HATHBZEHBALK., BHTH, B, 7o
TT—=HIC oW, TAHY S aFT—€LEDHEE
BERLBN Ebbhot. ChRASHDTORE
BRTVH VT 07T —EnROZVEHTES .
GREEEAERPICIE, S0CLLEOBRAETY
KELBY (FRRBEEAINZ) RODELELED
SNBEH, THRBEETLONIBHOAANDEEIC
b, CORGBETHVIEEST2CE%5 5303
bOTH5. RESY I3, HES uFT7—¥ (¥HY
TRAE—=EEREF VTR —+%) fics0°C 1 By
I T80%, 100°C 1 BERIT dHS0OB DEBIEAE R T
B 7 057 —+ (Opt. pH 5.5~6.0) DR
MELTOE, T2, WAL, Asp. sojae KS I,
REDEET 2 REMHEKDOT v H Y T a7 T — w5
EALT 3, Wl or7—+v (WS osr7—+
) OFELEHRLTVE. chbprE kb, &iE
R OB R EE, Mhic AT 2 a7
OFT—¥RBRELLbDOEEEINS. Bt
BRI & 0125 CEHERROWED, EEOAXANE
IBV~OEEEHAREICHNTIE, SS5KE%ROK
MNEXLELTS, ¥/, Fig 7, Fig. 8 ® DEAE-+
NVB—=RDHZ L7825 74—~Tik, BiES o
TT—RICRRT 5 EEREEWRIRBER T - 125
CHRER U ERERADICRYE S o5 7 — €03
o lcted BB LI, Lbl, o577 —+
EEER-> T, BEOC L3, BiEh, Hv,
NRIFIVT, BRELEOBRTLIRTEHOKA
NEGEERERTLEI hREMTHY, 4%
KR LT E20,

= #

1 AEEAEMWZ, FHAEOEELHKEEDD
BOIKED, BICRZERS B, WTFhbKANE
R AR - T,

2. ABEHPOKANTEEFEER, pH5~6.5 TH

BHZETHD, pH3.0 LIFE/i2 pHO.8 PLET
BALETH»1z. 5CHOEFEIMBC D, 75°C105
METREBLICKF LD, ChPlEORETIRERE
BRHONBZT LD, MEMOBRSIEET IO
EEZ bht.

3. ABihb XUEMMOKM KD O EEEEI,
DEAE-#NVu—R DA 56002 bs 57 4— Tk
D, MELDZRAPCHEI Nz, X O ICEEETEM
D% —ViF=ZrES, pH 7.0 TRIELE 7 05
T —HEiEED g — v E—F LT,

4 BEEMPOREGEREHOLRIAZEBEO v
T—EEEIRMUTHELEC S, TAp VS
nFT7 —EEEEOHEBROED - . TS
B Asp. sojae OREBT LAY FoFT—HidHOK
ANTEE T2 - T,

5. LEXVD, EEHPOKANTEEFERIT, £
WHICEFT 5, BHMEO S o077 —¥BORTE
RAThaEEL DN '

FRELKTT2ICH:0, BHE, BEEO-Z23L
7o, HEBRALRE, FESBEEE, 4ELRBKE Asp.
sojae D7 a5 T EMES L& 7z, MPIEHF,
MRS LS SCRERLTHIE L0l EE Ui, YK
Fr, EHLBK, HE2K, FRELNEHER, BRLE
BIUTO—WEREM SN, BIE DT, KBE0R
FEFTESNI, AEBBORMICER - LET.
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