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Mechanisms of Sediment Formation during

the Heating of Raw SZoyx (Soy Sauce)*

Hikotaka Hashimoto and Tamotsu Yokotsuka

Central Research Laboratories, Kikkoman Shoyu Co., Ltd., Noda-shi, Chiba

The filtrate of aged shoyu mash (raw skoyu) is heated in order to stop the greater
part of microbial and enzymatic reactions. After this treatment a sediment, mainly
composed of protein, is gradually formed.

The time required for forming the sediment was largely influenced by the temper-
ature of heating; heating at 70 to 75°C, but not below 60 or above 80°C, delayed sediment
formation. Protease which still remained in raw shoyu was very unstable at 70°C below
pH 4.8, and at 75°C above pH 4.8. However, by heating above 75°C a part of the
activity became stable again, showing that raw shoyu contained a thermostable protease.

The addition of three kinds of proteases (i.e., alkaline protease, neutral protease
I, and neutral protease II) purified from raw shoyu greatly reduced the time of sediment
formation. This sediment forming activity of alkaline and neutral proteases disappeared
on addition of potato inhibitor or EDTA.

When raw shoyu was rapidly heated to 85°C for 30 min after the addition of EDTA
at a final concentration of 3 x 10-3 M, then cooled to 60°C for 3 days, no sedimentation
occured. The experimental findings concerning the prevention of the sediment for-
mation could be reasonably explained by mechanisms in which chelator sensitive
proteases and other thermolabile proteases affecting the sediment formation in raw
shoyu were inactivated by the treatment with EDTA and the heating, respectively.

It is concluded that the proteases, especially a thermostable one, which originate
shoyu koji mold and still remain in raw shoyu, play an important role in the mechanisms
of sediment formation during the heating of fermented raw shoyu.
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A TN 1.60%, NaCl 17.50% (c s L
7o, REARHO pH IHAKTEH4.70, FIEKS
$&Hh4.80TH - 72.

TaF7—EEEORE  FKED OHFEHEOH
Y THER LU HRICXY, pH3.0, pH7.0 5XU
pHO.5 ki 2 EMARE L. b aR Uk
FHETTO7n 77 —EiElORIER, BEK 1ml
12 21% NaCl 47 0.6% I vy B4 @ 0.05M Nag
HPO; 1 (pPH 5.0) 5ml % jn%, 30°C TS U7
(BUS% T NaCl #E317.5% 1218 3). Z0%OE
VEIZRTERY WU, BROBHEAIZT, ARIGEH
T 1lmin | 1ug OF o v VHEXO 660 ntn O Y
BEEMITERE LBALE L.

ARETEOME AR LRAKKLT, BRK
DEh Iml (CPRRE KRG O AR A #m % 85°C 30
SRkANE, REUERE 10ml iz 40°C TRIS
Lic. RISHOBHICED 70y 7 BRETEETO
B () ZBRELRETH 3 KANBHOHLDOES
DED7 v v 7 FERKMICHT 2EHE (%) 2R
71z,

KANFER Bl iboBorED, §iERY I
BT fo. B8MO—% I =RV 72BN,
80°C DIEIR AT D 7o & IRV AATHE LI
g eEEghcRIAFRICL D EREINEL, 1K
% ICEhSAROBRE% 60°C L FHAANLTES &
Rt ¥, KANEREFEREONE, HE
W7o, FUAE U BiE A RBRE R,
EREOERECOTTAKANL, EDO 7oy s 3%
HUTL 22 TCORMERBTHRET 2 HHEick - 1.

E@APOAANEBERRONY  BRITKEH
AOABEEEH 1 % 1 REFKTERE, 712
vEFERICT, UM-10 02 v 7 5 Y%L, 100ml
ICBRE L7c. BRI, 3RO £/ — v (—20°C)
ZHBHL-oDML, 4~5°C TIHWMEL, £UH
B BEEETED, BELUOHBERLE L
T LRI L, HEEEEA 0.05M NaCl 24¢¢ 0.005
M Tris-HCl §£& % (pH 7.0) T2 {l L7z DEAE-%
ao—XxXHh 55 (2xX42cm) jcgt L, NaCl BE O
gradient elution %773 - f.;. 0.056 M NaCl T T
BERELLENTAYFaTFT—EL, BELT 0.1
~0.15M NaCl T2 o 77—+ 1, Bk
¥ 0.2~0.25 M NaCl T30 Yo F7—+ 1
DEZRSICHE L. ThoDE 77 7—+Fid, |
FHETHI <7574 0%, EURSPEZTIE
N7 iavEREicT UM-100x v7 5 vaEN

BfE L7, SmlPITFic Li-#iEksE, 2h<h 0.002
M CaCl; &% 0.05M EiEe 7 v == A BEK (pPH
6.0) TIERELLI T > F v 2 2G100DH 5 4 (2.6
X100 cm) [T TH VPR L, TLENDOERR Y EE
DHEMRR L, BREBEEERE L.
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Table 1 k03 5%&, AKGEMHEBRIEATERKT
i3, BE7uT 7 —EOMBKRMBELD, BIEIEBER
TOFuFT7—EEENEhot. Fi, Bk (pH
3.0) D7 v 77— ¥ DEKETAANERE L AT
Hote., —Hpk, T VBETOT T 7 —¥iER
FAKEER TR 70°C, BIEKEEBETI 75°C T
BEERY, ThP LT, LUAEMLE. kAR
YIEREETEMELL, B HEVSEM (PH, NaCl) cHlE L
feFu 77 —EEELHEEY SRR DT, 17.5%
NaCl ZHETFT T 06% Iy €4y (pHE.0) 23
HicLT, b n T 7 -2 08ELE S AAN
BE L OBREBRE L. (Fig. 1)
CDEMND, Tablel @ pH7.0,9.5 OEKLFE
B, BEERKANBEICHAR TS h- 7. 70°C

Table 1. Effect of heating temperature on the
inactivation of protease in raw shoyu.

Protease activity remaining in shoyu

Heating after the heat treatment (units/ml
temperature  of shoyu)

f°r(3g)’"‘“ pH 3.0 pH 7.0 pH 95

S* D*x Sk D¥* S* D*k

40 22.0 12.8 57.4 98.2 63.6 108.1

50 22.3 12.8 39.5 89.1 48.1 9%4.4

55 21.4 13.1 17.7 53.0 22,1 55.5

60 15.0 10.8 5.8 17.1 8.7 20.1

65 1.5 2.3 1.3 6.4 1.8 7.6

70 0.4 0.8 0.4 2.3 08 2.7

75 0.3 0.3 1.7 1.1 2.0 1.2

80 0 0 1.7 2.7 2.1 2.5

90 0 0 1.7 2.5 2.3 21

100 0 0 1.5 1.8 1.5 1.9

1ml of raw shoyu was heated for 10 min at different
temperatures, and the residual activities were
measured at 30°C according to the modified Anson
method.
*S ; Raw shoyu made from whole soybeans
**D; Raw shoyu made from defatted soybeans

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering,

Japan

330 mA ER-HE £

(BT 525, 197448

™~ w »
= = =
T T T

-
@
1

Remaining activity ( unit/ ml )

o }4; T 80 100
Temperature (°C )

Fig. 1. Effect of heating temperature on the stability
of protease in raw shoyu. .

Raw shoyu (1 ml) was incubated for 10 min at
different temperatures, and the residual activity
was measured at pH 5.0 by using milk casein (pH
5.0) containing 21%, NaCl as substrate.

—(O— Raw shoyu made from defatted soybeans
. (pH 4.8)
—@— Raw shoyu made from soybeans (pH 4.7)
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Fig. 2. Change in protease activity in raw shoyu
during the heating.

Two kinds of raw shoyu were each heated at the
indicated temperatures (-QO-, 60°C; -@-, 65°C;
-\, 70°C; -A-, 80°C; -[}-, 100°C) for 0.5 to
3 hr. The protease activity remaining after the
heating was measured by the same method as in
Fig. 1.

A; Raw shoyu made from soybeans
B; Raw shoyu made from defatted soybeans

(WRE#H), 75°C (RISATEN) TXREIEL
ThH Zh LORE T BEEM 128mL, 80°C
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TTEEHEEAE LT

KANFD 7 0 7 7 — € EROREIZ (L% Fig. 2
iR L.

Fig.2 XDBS 8 & 51z, 100°C 304Dk AT
70T T - CERREE L. Wigihs & 60°C k
ANTREROEFZRL, 3% ILATER
0.2 unit/ml, FEAEATEHIZ 0.6 unit/ml BELT.
Figure 1 10 d#BEINE X 51, 70°C kARLS
07T —EORENROB L - 1.

Fig. 1 X093 &, ARTEHEBIERTENTIE,
TRTT —EORESERE LB EENSRE > Tz
ZOHEBOFERNI, higHo pHE L chahid, B
—DOBRARBEEREER LI Licky, ERATD
BENCERNTZ20TREL, Mo pH O&Wbick
5 EBPLDICIS 7. Fig. 3 ici3, BISKSEH
DFuTT-EOBMIECE X2 pHOBEEERL
7.

Fig. 3 i3, pH 4.8 FTI34EHO pH OHTHh
BESKANFDF 0T 7 —CORERICK X TEE
R UKANEREELERT 22 L8R LTHS.
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Fig. 3. Effect of pH on the inactivation of protease
in raw shoyu at different heating temperatures.
PH values of raw shoyu were adjusted to 4.6
(-A-), 4.8 (-@-), and 5.0 (-O-) with appro-
priately diluted HCl and NaOH. These raw
shoyus were incubated at different temperatures
for 10min., and the residual activity was measured
by the same method as in Fig. 1.
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Fig. 4. Effect of heating temperature on the time
required for forming sediment.

10 ml of each sample of raw shoyu were pipetted
into duplicate 10 ml glass-stoppered test tubes,
and heated to various temperatures, at which
the times required for sediment formation were
measured.

—@— Raw shoyu made from soybeans
—(O~— Raw shoyu made from defatted soybeans
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Fig. 5. Relationship between protease activity re-

maining in shoyy and the time required for sedi-

ment formation at different heating temperatures.
Sediment forming activity which remained in

shoyu after the heat treatment was measured at

40°C according to the text, and expressed as the

reduction of time for sediment formation (9%,).

Other experimental conditions were identical to

those described in Fig. 1 and Fig. 4.

—(Q— Sediment forming activity

—@— Protease activity

—A— Timerequired for forming sediment(min.)

BB KANEREFERA Fig. 4 1R L.
Fig. 4 1092 &, AATEHOFLIRIEATE
SO BERESENr 7. Ll, 60°C kANDE
SERBENRL, 75°C THEMICREMSEN, X5
KERERTRHECRED, KANEREEESKANER
BICHB LSO RSN E b R—Ch - 7. Bl
REEHICONT, LREEHOHEEHE L, Fig. 1,
Fig. 4 OfBRO—E L & bz Fig. 5 icRj L1z
LEREERLD, KANERERESEW GLAE, B
JERE) hoAREYE EHE) MSBiIckANICX
DEEEET 5O TRIEL, FuFT7-¥hkANERE
ICBOTEREECIER T2 REES ¢ L% R
RN 85°C-304y, 60°C- 15, Ik PULEFERE
REFMCHAT 2HKANFES T 1RO 3 &4
THorUDME LI (38mEd, 7ERE
BEDONIE»-7) %, Fig. 4 LEKICLT, X5
CERETKANL, ERAFRERE RIS L 7
(Fig. 6)
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Fig. 6. Effect of protease actions in raw shoyu during
the heating on the reduction of time required for
forming sediment.
Raw shoyu and three kinds of pre-heated shoyu
were incubated at different temperatures, and the
time required for forming sediment was measured.
—QO— Raw shgyu made from defatted soybeans
—A— Pre-heated shoyu prepared by heating at
85°C for 30 min

~{]— Pre-heated shoyu prepared by heating at
60°C for 1 hr

—Jll— Pre-heated shoyu prepared by the heating
for 1 hr using proteases from raw shoyu
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Table 2. Effect of purified proteases from raw shoyu and the inhibitors on the time
required for forming sediment during the heating of shoyu.

Time required for forming sediment (min)

fg(étee;se Eﬁegsm Heated shoyu* Raw shoyu**
Incubated at 40°C Incubated at 60°C

None 1450 290
Potato inhibitor, 0.19, 1450 300

None
EDTA, 5x10-*M 1450 390
EDTA, 5x10-3M 6720 4400
None 360 230

Alkaline Potato inhibitor, 0.1%, 1450 300

protease

(500 ug) EDTA, 5x10-4M 360 280
EDTA, 5x10—3M 370 4100
None 420 250

Neutral Potato inhibitor, 0.1%, 420 250

protease 1

(500 ug) EDTA, 5x10-4M 1000 400
EDTA, 5x10-3M 5700 4400
None 650 270

Neutral Potato inhibitor, 0.1%, 650 270

protease 11

(500 ug) EDTA, 5x10—4M 900 330
EDTA, 5x10-3M 5000 4400

The mixture of 0.5ml of purified protease (0.1%) and 0.5 ml of reagent were
incubated for 20 min at 30°C. After this period, 9 ml of shoyu was added to the
mixture, and the time required for the formation of the sediment was measured.

* Heated shoyu was prepared by heating at 85°C for 30 min and cooling immediately.

The heated shoyu was added to the mixture of protease and reagent, and incubated

at 40°C.

** Raw shoyu was added to the mixture of protease and reagent, and incubated at

60°C.

EREZAANBECHALTRIE>%. —F, &
5L, 85°C, 304k An L7-#id, 7n vk
a7 T —YEOWBMMEDST UVEBRBLKEL TS
DT, 70°C PITOEETOEREIIBOEEIC
HNTER - .
£BaXOBULI 0 F7—-EHBLUZ, Z0%
ECRDAANECREMBORYE HEHIOER

LicTvh )y Far7—¥1, BIUOhHE 057 —
YL, ZNOOHEEFTHERTF b v R —%
& EDTA (Ethylene diamine tetraacetate) @k A
NERAICRITTEEL /. (Table 2)

Table 2 X, 85°C 3043k AN Li-#hod 40°C
BT ZEREICIR, F M ez —3E x5
ZW -t ls, EDTA 3 LUSHELL. —F, T
HAYFaFrT—¥, b7 a 57—+ 1 BLPhH7
v 77— NOFMI, WIS EREZEE L.
Fi, TANYFaFT—EOERERENEIIRT

P veEZ—-THAkLKD, EDTA TRAEHZE
R -7. fEFeF7—-¥1, dEro5F7—
€ I DRI EDTA CEL L, £F bV
e —TREN LEh -t —F, Eim% 60°C
—EI R TBARRE TN FuT T —+, s
T T - 10 ERERESRBTD Seds, W
sdicgb i o F 7T ¥ IO RESE, B LU
EDTA QAR5 IEShRMIERE TH - .

EDTA OKANERE CFITT B84 X 5 1CEM
IKKRET LT, Fig. 7 iR L. SEED EDTA 5%
1mliz, 19.5% NaCl 2% KIe A TE8H 9 ml 20z
(FISHRT 17.5% NaCl €7 3), 60°C TEREFR
ERRANE L. EDTA oA, (A); 4
HicEn L, 85°C-30 3k Atk 60°C K, (B); 4
BiuciiinL, BE#60°C KI5, (C); 85°C-30 43k
At L7c#giciimL, 60°C KI5, o=m@b & L.
Fig. 7 X0 BAS ik Sic, ¥ERAIT EDTA &5n
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Fig. 7. Effect of EDTA concentration on the pre-
vention of sediment formation during the heating
of shoyu.

To 9 ml of shoyu, 1.0 ml of EDTA solution was
added, and the mixture was incubated at 60°C.
The time required for the formation of the
sediment was measured.

A (-@-); Raw shoyu with added EDTA was
heated at 85°C for 30 min, and the
shoyu was incubated at 60°C.

B (-O-); Raw shoyu with added EDTA was
incubated at 60°C.

C (-A-); Raw shoyu was heated at 85°C for 30
min and immediately cooled, and then
EDTA was added to the shoyu. The
mixture was incubated at 60°C.

(EDTAD b 0 ICZEKEBID T3, (A); 4. 7THR,
(B); 4.0m5fd, (C); 3.3WRIAE L8, EDTA
HMBOWINCHONT, BERFELIc KD, ki
BEDS 10xX10-4M T3, (A); 47EsRE, (B); 43RERY,
(C); 13B59%AR LTz, 30x10-4 M HINDES, (A)
BIU (B) TR, HI3AHRDEIRERT, £ic (A)
BRSICERBISREAF-> TWizds, (C) Tid, 168
RITUREDTD 5h, (A), (B) icH~T EDTA ©
KANGEREFGIESRRZD I -7, 2hid, EDTA
SR INTIT78 - 72 85°C-30 fr D k Adhic, 9 Ticdk
BihoOmwat 7 o 57 7 — ¥ B ERHMEAME IC/ER L
TehEEZIONS.

INODORRID, KANEERBHES LTIR, Q)
60°C FTADEBJAANTIR, WiMicELHHS o
FT—¥IDHIESY, TAa)FaFT—+, hi
FurT-—¥1, B 0T 7T -LEOWBMICET L
WFR T T —EEHOAANERECEST 3 L,(2)
BHEO 80°C AADEHRAANTIE, WEHcZLL
7uirT-E0ESRDEL, FedlSeTrT—%
IOERICXD, AKANED 7 u v 7 BERRIGHFTHI

bUETONBF LN 5.
z -3

AEEERBHOKANERAR, BECHALTE
{1EBDTIIIEL, 60°C TR, 70~75°C TR
BB LV EEPZHFAR L (Fig. 4). C
OERAZHAONICT 27200, HEhhicBET I
BERDOS 1T 7 - ¥ LK ANEEEE®D KA
NHOBEE BRE U 58, KANERAEIENS
75°C AATT v 57— €iEY, TEREE]DEEDS
BLNC EBHSICI D (Fig. 5), kANERLER
HEBMOICEETE o r7-YickDBlERT I
5T &P R IN. KEEEHIZ, BHIERT
K, pHS.0 TRIELI: o577 —¥EHS
Dlaicbehb 59 (Fig. 1, Fig. 2), kK ANERAE
ICET ARRIIE D - 7 (Fig. 4). Z ofEROER
PHEHOEHE v 77— EHROB DI B, &
BVRMKEEMPICITAANE OB REE S (R
ZYMEDEET 1000, KBOERH»SIZES
TRV MR, WKGEHI D 98U ER,
RIBRKTE I D O'IcH~, KSABIEL, Hic
BRBICEDEHRE LTS, AEgmdicErsdT 2, &
HEIHE LY T VERERRLAYY, £BEIES
077 ¥ BKANEDBREICEEMCTER LT
WazEdEZIOND. 8°C 304k ANICLD T
HY T T -EEOMBMICET LVBREAERE
-8y, EDTA O@Fimickd, KANEDOZRAIL
FLUSHEZEINERMBEBRTREELFE-12. chid,
85°C, B0 KANTEFE Lok FuF 7 —
Y IR K BEERMD) EDTA THEIN B LEE
Zohs. EDTA Ok ANZRAERIFSHERIZ, A8
HRX VBRI T AR ) e F 72 EHINLE
AIRBH LN -T2, THODERID, kAN
ERAICE G 2P 7 0 7 7 - ¥ O EEM
Shitti -1z, B2 BT, EDTA, hydroxy
ethylethylene diamine triacetate, diethylene triamine
pentaacetate 73 KD & L — b FIIHSI 1L LIRS 1%
RER D EARE LD, CCTROREREICE
HHDOEBOBEEZRETEICE LT, HMIEEEH
HREATH - 7c. EDTADEERIS —EFIEER S,
85°C, B0 KANTEE LIV a7 7 — ¥ DLkE
TEHEE, EDTA SREHLTZE0SEABRIDT
NITEBETE 2. KANBERTRE U0 iEd 7
u77—+¥% EDTA it XD RIEXE, MEEoZ L
VBRSO T TR Th Y o F T —Fid g
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ZRBICB UBEE I FETAAN T, Kk
ANERZEE FRE LIS -7 (Fig. 7). ch oDk
RED, KEEEEHOKANERAL, Aihdic
BETA 07 7—FickD3ISBz a3 En5 T
EVEROMICIE o7, BB, Sekine® |3, $EihBERY
Aspergillus sgjae KS DRI X 1 Bl | 7- T Bt et 77
07 7-¥Iid, 75°C HATERMICAREL O
HOMLIck 2 E2BE L. EkLDEHOAA
i3, “—H, ZRA, =ZKkA” Lubh, EhRs
TEELSTRO—DIEIONTNS. KRk, &
DRER, BEICK->TEULRIBZENHALHIIC
185 72DT, EEBOKANZHDOHRER, BE, ELKO
BE, BROFEDOLITST, KANEOEEKES
GERLTITROINETHB. EEEOELAE
HPICERICHFET 2HBMOZ L FaF7—€%
bAANLOBREICE RT3 H kAN F S0
TR, KANLORE, WEIRREIDEEINS
OvEBH oI (Fig. 6). F/, AR, BHOK
B, BREQUHMENED, BKIETHSZKkAN,
FRILCOBODTRENEELRIITCLERLTE
D BEERZR .

K ¥

1. Aspergillus sojae KS D ABEELEHICABINS
TuFT-—E¥DOKANTOHEELZRE LI L T A,
PH 4.8 DI T Ti3d 70°C <, pH 4.8 Pl Ok
TRISCTEREVRERENRD, P EORE TR
ULAREEHRII ML

2. KANBE S AANERE EOBFRERS L 12
LA, B 70~75°C TREDTRELICL L,
60°C B X 80°C PIETRRBRELEL, kANLER
BRI AANBE A Ui h- 1.

3. Bt uF T —¥h, HETIERKY
H (BEHE X EATEIIEE&H4T, FRLE
BiE, 2. AR LTI SIRBETAKAN U
B, ABHETEEAANLELBSIKRE O 75°C 5
ATOREREDHERIENIIMN AL, ERAFER

IR KANBRBECHA U TEL - 7.

4. HEMI OB U KANEEEEL Y BT 2
WREEHROT LAY FuF7—+%, 57—+
I, 70 77— € I ORT BREDKANERA(R
HEHRIEZ, TAAYV e T T REEF L v EER
-k, fE7eF7—-€id EDTA gk shz
nHE L.

5. HA$8iic 3x10-3M o EDTA %5 L7248,
BHIC 85°C & L30ARIKAN L7 #ihe, BbED
FHELUS 60°C €3 BRERE LT HEOREIRZAL
E22-oXE% (ARG INSR AR

6. IEXVD, BEESEHMOAANEI, FIHEEH
HDF v T 7 —EHSKANENE U E RSB IR
LT 7my 2 BEL, ROTHREBICED bR
EINZEOIBBICIORETZCEXBHI. &
7z, 80°C HEADHBNEE COEREICIT, W
a7 T —E¥BRENERTECE PO S .

AMEERTTBICHLD, RRRBBIVLEEELE, &F

TRE, BIESTFR 50 CIABEORREFTINSL, Kit

BREBOZMIES N LET,
AROBEIMEFATEE4 A3 B, BABELELEAETREL:.,

X ik
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