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A Study of Soybean Milk Curds Formed from Soy-Milk Treated with a Coagulation
Enzyme from Bacillus licheniformis

Yukihiro OKUMURA, Makoto KAwWAKAMI, Toyoko UNO, Tazusa YAMAKI and Masaaki HONDO

An experiment measuring the coagulation of soybean milk was carried out using protease from
Bacillus licheniformis B-6-4]J. To coagulate soybean milk (109 total solids), it was found that an
addition of more than 1%(w/v) of dry enzyme was needed. Excess additions of enzyme did not yield
any significant changes in gel strength. Where high amounts of Glucono-d-lactone (GDL) were present,
In samples with GDL
Ice cream produced from

progressively larger enzyme quantities resulted in progressively softer gels.
concentrations of 0.195 or less, the enzyme addition resulted in a hard gel.
soybean milk and soy-milk curds was also evaluated. Compared to non-treated soy milk, an ice mix
containing soy-milk curds showed high viscosity and was found to be suited to ice cream production.
By examining the effects of milk homogenization and the addition of fat to soy-milk curds, it was

possible to produce soy-milk ice cream with a slight soybean flavor and good texture.
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BB A FE W Bacillus licheniformis B-6-4 J Bk D%
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0.5%, VrB_/kFF MYV A0.5%, KEE{EF Y
L0 1% EFOREEMEZER L, HEEISLAIE
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72, LR LRIBRODFRMCRIZE L BRI E, Bl
H(0.22 ym) TRERICEZLZRE LD D%, JtEEH
BEWREL DML Tulni, ZOERYIL, BEGE
KL TARIEEZHRML Tw3, 20k, BERIGIE
Lo T, 10% (w/v) KGR % HB LU BRENIC L 208
MFERIT -7, BXENEERE X Micro Acilyzer G3 (JB
1BER), BWRAA— MY v i3 AC220-400 2R L, #
99% & THAEMIB L 72 b D REBICH L 72 (BEEDB).
3. FoF7—EEkDEE

HHE & U T Azocasein (Sigma, T AC) &, N-
Glutamic acid 1-p-nitroanilide (Merck, EL'F Glu-NA)
EEHAL, ACIK1/30 M V > EEEEW (pH 6.1) oA
R, 0.1%BHWE Le, COEBEBRK0.5ml iz, B
#0.1ml 2iNZ,60°CT 10 FERIGS €. 5% ) 7
v oA % 0.1 ml Nz, 9000 rpm T 5 55E 05
L, FE%0.5ml &0 1 NABEEF Y 74%0.1ml
Az TR (440 nm) 2 HE L7z, Glu-NA i 0.03 M
b ZIERIEER (pH6.0) KB Y, 1mM &KL
U7z, ZOREEEH 1 ml KBRES 25~200 Ll 0L,
60°CT 30~180 IR & ¥, &R L 72p-Nitroaniline
DY (410 nm) #HIE L7,
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7.5% (w/v) @O SPIKBEWEHBEL, Zhix20mlE
DRV E—H—iZ 10ml Ah, &E, pH, BERFNE%
SR IRGEE ., Y VEREOREICIX LY 4 A —
Z— (CR-200D, ¥Rl 2FEH L, BAEEIZ 60
mm/min, BEMIZEZ 20mm OO EFEHL, HAR
DFTEZEE L 7z, BIBRIEBICAN £ £ CHERCHE
L7z,

[R5 10% 3B L 72 E L % 50 ml F3E 081 40 ml
At, BEFRDHLZWVIIIva/-6-527 b (BUFGDL)
EPETEDEEHRML 60°CT 1 FFREIKG 2 ¥7:. GDL Ik
10%AERE L, FHTSEMCARL . BEKIGE
RTEEE C 30 S EI L, MEEIE It L e, ElE
LR FROEETITY, 20 mm OBEFHEI%E 15 mm D
HIEFTEASI OB ERHIEL /2,
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BEf24r 10% AR L - T, BEBE21% (1.7%
10° ACunit) B8N L, 37°CT 4 REIRIG 3 ¥z, £ ) —
LiFEINI v —F— (29SER], ZFITH) 2HWT
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WKEoTiTo/z, BAB LI UZOBERIGYIC, B X
U2V —AERFIEDSEREIML, 60°CTHEL 422558
¥, 7TARAI v 7 RE Lk, 208, INVIKREY
+ 4 #— (15 MR &, APV) THHEL, 80°C15 53D
BB T/, OB CIRBEIL, 74 A7) —v—
(G-50 %), FMD)C7V—Y > ULTHEHATA R LTz,
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Ebh»roTnwsd, 22T, HEELUTAC2FEHL:
a7 T —EEEOHE RITo . £ OBR, KIGHK 0.5
mlizxt U T, BERADORMED 0.05~0.5 4l (0.01~
0.1%v/v) O THAIBMRS R > h, BHED 0.5 XU
FTBRHEO FRFETE Lo (K1),

DEWE, ANLEETH S Glu-NA 2EHL - EREE
DOW|E %A ATz, 1mM OREBEH L ml e LT, Kt
KEf % 180 4> & L7ciE, BERA OTWINEDS 25~200 4l
(2.5~20%v/v) Q&P TLLHIFRES LS (K2).
F 72, SGERD 90 4 OBz i BERTRATE £ 100 4
UEeT 2080350, 30 7 CIRERBMNESEML T
LPEEIZIFEA YR Lo Tz,

ACB I UG NAREBE L LI-EEREO K IGSE
EERlLICE o, MBEE LT, TAHLFRERER)
DEFHHEL LI, ZORR, ACEEE L LTHAL
LBeid, THBERIGE D b huwEERE (1/100~1/
10), B X EW KGR (1/3) TIEMEEESTTEETH -
2. TS L, Glu NAREEE LBECREEE
T2.5~20f%, KIGKEIT3 ~6EHNUNETH-T, &
DI EiL, BELE Glu NA OEIELIERE ACDZEh
EDBEOILERBLTEY, UEOBR»S, BEE
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2 Glu-NA #XHB ¥ L 7-BEREEER
RIGEEE» S 04 (@), 304 (W), 905 (A), 180
4y (D) FREEOPSLE Z8E L7,

®1 BEBRREHEHBRORICKAE DR

WHHEERE LT, ACREE L LI AEBEY T
Hoiz,

SAEFERROBER M RET 520, RN T
vy (77 B, 15,600 BAEE unit/mg, fYGHEE) %
HHL, AC2HHE L LIEEARETo 72, ZOKBE,
kU 73> 1 BAEE unit T 0.0136 DBEERE(LH RS
iz, TnERREEIMOREAE L L, A 440 nm % 0.0136 2
ka5 &8% 1 AC unit EEE LTz, ZOFBE, BRA
DO¥EMEE 7,200 AC unit/ml, % - SHBEFERIGIZET 5
BEEIX, A 1ml L 72 AC unit &7z, AR
WIHEHE RO OBZEHROFEL ZHE L2 & 25,
1.72%10° AC unit/g TH-olz, ZOBEEHELYD 10%
TR % R U TR 21TV, Z O T OBERTE
WOZEET AT H, BRI & 2EEOETIZRD
SN oilz,

2. BERSIZL 3 FILEEMOME

7.5% (w/v) SPI ¥ 10 ml X § 2 BERORME &
BEYOYEEFR2 IR U BREARERH L2,
SPI D&EFEICIF 1 % (72 AC unit/ml) M- OBEREHRH
BBETHY, BREMELZECL TOYEAOREILIZ
LAERED oMo,

SPI#E®H® pH L EE O OBEFEFR 3 CRL
7o, ABEROEHEpH 13 6.1~6.5 TH 5D, Zhi DK
WpH K F 5 2L T VBEOEW T VBBKE Lk,

AEEFR L GDL L OBFRHZIR DWW THRET L7 (M
3). EALRERS % 10%CFHR L TERL 2. BREM
E%0~1% (0~1.8%10° AC unit/ml), GDL ¥in&
12 0~0.3% & Lz, ZnZh M THNE L 72854, GDL
BRIIE 0. 1%L T, BERIEARINR 0.1% (1.8X102 AC
wnit/m AT T, SAREFES LI LB TE R
7z. L» L, GDL LR E2Z N2 0.1%F DR
ML 7B E I T OBREBRE s h, B£0.2~0.6%
VI AEYS 258 D5 VHEER L7z, GDL B8R4 T

xR BRINECEILEEHOHH

EBRAmE (%) 0.5 1.0 1.5 2.0
A — (AC unit/ml) 36 72 108 144
e RICKE RIGKHE BESREINE EEO “
(mh) () () 7 IVEREE (@ — 14 15 15
0%E8 0.5 30 5rx H— R ¥ L TNERRL DT
AC 0.5 10 0.05~0.5 Asuonm
Glu-NA 1 180 25~250 Aqronm £33 BERTHODpH L ELSEHOHHE
* CEERA R, i B pH 5.5 6.0 6.5 7.0
* ok D GFEEEICET I RINGNEERT. 7 (g) 49 28 23 _x

* %k 1 RIS % 9,000 rpm T 10 430 L, B8R LE

BEONILDEEEDD L35,

* IONEBR LMo T,
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BEHR NN (%)
X3 GDL tEZROH#HBICL 3 ZEHOME

TN VBREAHET LI LI VBRI pH BT X
¥, SASBEEE S ¥ 2FANH 5, ZOKEIL, GDL
W& % pH OIET L BERIKGO PR ER L 72
WRTHBZEEZOND, Zhizxt L, GDLENNE%
0.2% LA LI L7356, BBRRIIE 2 NS5 2 g &k
DYNVEBERET U, Zhid, BERISICE 2 AEE
BE O b3, GDL O1F 2 5857 7 VRS TE R 2 A%
LickiReFEZON D, %72, GDLIFMED 0.1% D%
B, BRBIMCE D S VEELHRLIZERL, 0.2%
N (3.6x102 AC unit/ml) #82 L T 7 IV R R~L
WIET L7z, ZORRE» S, Bk & GDL Of#tA i3, GDL
D7 VIEELBE DTS C I AR @ %, GDL o~ v
ERED B OCEE TR L H 5 C E 8BS » ko
7z.
3. BEEMERNBLA7ZA RO —LORE
FIBHI3 10%, B3 0% L7 A A3 v 7 2 %
HWT, S EUHAREMOLE 2T/, 74 A3y
7 ADKEEIET A A7) = ADHBRA —/N—F ik
ELSHETLERDOD EOT, BH 100~500 mPass O
HESERIN TV, BHATRET AR Iy 7 ADHE
2 27mPass E{E <, A= =T VBRI hn sk
o feDiIxt L, SHEEY T 240 mPass &Rk
EPBoh, F—N"—F bR ERBIFTH-T: (FE

x4 EH, HELLRBIZILIZFZAIRX2Y) —LYHOE

1t
B BELE bilice T —N—F
- (kg/cm?) (mPa-*s) (%)
g # — 27 2
THEEY - 240 29
1 50 290 28
! 100 270 27
) 150 310 30
i 200 260 22

BES> 10%, 27V —A 10% i FHELL 72

4). F7, ZHVHEBOZ o D2EBho/ b DD, KE7
VNN RO BRI LB THoT, TARD
U — A QOBETREECHERA L E2RMTs 2T
TARIy 7 AO2REES EENE Y, BELKEC L
AEXELHENESNLL, ZOBE, RAROFERE
L 22N Hb, 20K, TAREYZFIRALSE
B, RO 2 HERAE TR BESE oo,
THAOREEE» LI BEED AT EF 2 o lz,
SABEMERACTHES LT AR 2y 7 23kt
Fl, E6DERHHY, HEUEERIERTH- 2.
IDHEBPWREBET LD, INIREFFAF—ICLS
BB EE L, TARI VI AR IV RES
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H4 HEERIBICEZT7SIXI v ADHMRK

F 4 F—TEEE (100kg/cm?) $5I Lk b, ¥
N7 BRREMERORF MMM L, 2o pratiRicd
e TE(X4). HEOES % 50~200 kg/cm?
TELZETLTARI v 7 ROWE, A ——F
BAERERZEDONZPoT: (F4), 2D Ehs,
GHBEEACLE T AR 7 ) —AMED IR YETR
BT, BEEDESIZ 50~200 kg/cm? DIEET &
weEz ohiz,

IS 7 A A7) — AO/E, BRIZED LS
HET L RAT 572002, BB 10%ICHEL, Ahg
[y B FACE BT T A X7 V) — L DBMERIT> 12, HAE
PR REMEE 528374 A7 Y —AOEERS 21
M3, PTARZ) —2DA—N—5%
BWINS ¥ 25088 H o7 (F5)., AEHS 0%, 5%T

R IEHIFINMCLDZI7A R0 —LOHREL

FLIERGS (%) 2/ (%)  A—r—7r (%)

0 21.6 12
5 25.9 13
10 30.4 29

BA —/N—=F b FR+2T, KiEsEELER LT icy 5#
BWchy, REEb#ro72(F6), Zhicxl, B
5r10%TRA—/N—T b 29% & 20, B — Tk
DOoPRBMELY,AKRSSEEV S RETH -2 (E
5, 6).

® 8|

5 10% DFELC U T Bacillus licheniformis B-
6-4 JROAET 2 T ERBELIFHZ B, Bon g
EC D0 TREN RITV, BUTORREE 7.

THBE R O HIE R 1 Azocasein % FH &
L7 TEESESTH Y, BRIMBMO M) 7y v 25
LU THREEEERT 5 2 L8 TE .,

BAOEERIG I 72 AC unit/ml A EDOBERHRM
BLET, BREEF N TKICEETh, EEYO
YEREDb s ot i, BEOEHEPpH X H pH
ZELTBE, IDEEORWIABE SN,

BREORL 27 VLRITHLZ I Vva /-T2 F v
(GDL) L Dt 1T/ 2%, GDLHMED%
W CIIBERRIMC L D P VEBEOETHE & e
73, GDL mIME DA Wi CREBREINC L > T5 v
CEYicd E =N YA

SABREMEFERE LTEAT A ADEERITo 72 &
25, HAZEBE LIGGELERT, T4RX3v 7R
OREE L, A==y RIFTH -7, BWEIN
H, ABEHORMELHRN T2 LD, BHECKE
DOREEEERLIEAT A ADELESTRETH - /2.
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