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Effects of Extrusion Heating on Pysicochemical Property and
Enzymatic Digestibility of Soybean Protein Isolate

Megumu Mori1, Mituo Jisaka, Kazushige YokoTA, Koichi TAKINAMI,
Mituo NaGal and Humiaki Tsupa

Abstract Extrusion heating was applied to SPI in order to investigate
the interrelationship between the physicochemical properties and the enzymatic
digestibility of SPI containing 70% water. Extrudates were prepared at the
dough temperature of 60, 89, 126, 139, 154°C corresponding to the die tem-
perature of 80, 100, 125, 148, and 160°C respectively. Conventionally heated
samples were prepared by heating at 100°C for 2hr. Melting point of SPI was
measured by using a laboratory-scale twin-screw extruder (Laboruder TEX-L
Japan Steel Works, Ltd.). The measured melting point was about 135°C,
Properties of extrudates were investigated by protein determination, SDS-
PAGE, amino acid analysis and enzymatic hydrolysis. Over melting point, the
solubility of extrudates increased and the digestibility was extremely enhanced.
From the result of SDS-PAGE of water soluble fraction, major bands of all
water soluble fraction were acid subunit of glynicin and Gly m Bd 34 K. In
amino acid analysis, the amount of hydrophiric amino acids gradually in-

creased, with rising die temperature.

Key words: Soy-protein; extrusiom-heating; trypsin-digestion.

& E

GEET AR VIR, A XY 7GR0
80% % L TEIFE S VN2 ETHY, 12OV T2
Y MO ENL VY=V RUSERTHSA
SAVTY YU hbEBRANT WS, ZOMIZAVERS
ELTHEEESERETAVRFY T F—¥, g-735—
¥, PIVFY A e ES—RENEGENTHS, FE
By X B, BRREEE BT 2 u ) v THD,
Btk (pHA.5) TUBT 2 HERET 25, B
Wy o828 (APP) L bEEN3, 20X 3 RMEE
ERAL, VY=V RUB-av ) v v BEET B
S, Thanhet al, Y& VIRES NI, £, 54

KFHS - BHEET © BARGHERT

99

RENIBIE, XFX=VERINET I VBICES
BREM L L COFAMENE VD, Hrorg:
LT, ¥7MIAEROER: LTHEESLALSNTE
TWw3,
BREMELTOIA RS 7 BOBFIA2ED
2B, BEEHEPRUTVEON, T7AMV—Ya
VINBTH 5, BUIEMY v BoMBicERS
TWwbx7 A MV—=5, Mg, HE, B, Hfizy
DEBOERAEFAKRCHEAELETTI 2L icBh, K
BEIMER T, 200°0C2 82 2 MBS Z b AJREL T 5, 54
XY NRIBHRLIAMN— a VIIEL, PE(LER
R U TOREESGT, KORFGE, BHREER SR
ROIIRENBEHIR S N OB FFB D72 DERE
WL LT, & v 87 BOMMEER O E 2T
DWVTOWRIZINLSDFETH 3,



100 BIRAEEFIHERSE 5 28 5

T4 Ry NI BIR, BDy Ny BEICHEKL T,
native’REETIE, ¥ /87 BOSFHEBI LD a2 %
7 VD BENLEREEEEL TV, k16T
b TELEBEBOMETE, BUKERTOBAES (B
£) 24U, WRCEEY 37T 7 —YIEREAIE,
FUNRIBEDOREEICLD, BEREAERZTIC WS
BoTWwaEELGNS, 0L RHELEET2HE
T2, TZAM—YarilBuck v ¥R Bs
FRERSE, FlhoTRERAIEL CEBRERLS
DB EMBHRFEND,

EPFETIE, =27 A MVv—F R, KIEMN0%T
5 4 BESI~160°COMEVET VY > TN 2 FRELL 7o,
ZOV Y INIZDONWT, KB R OSDSTEFME % H S
NRBEZLIZEY, EEEREOREELHEHAL, £,
A L L 72 5B L T, SDS-PAGE%#1TV, 5 FE&D
BALREIE LTz, 272, in vitro COBABERERIC X
I DVLTIE, Y VYRV NY PV RIERE
¥, BELLS 7 BOWELEELEE L THEMREY
L7,

Protein+Water

\ Y/

Dough thermometer Die thermometer
Dough thermometer Lie thermometer

EERMERURERYE

1. RERMH

JERFEER SIS S 1 X5 87 8 (SPD) 2w
To. WES A X5 o8 7 B (SPI) OFRBEFHEERICTT.
54 X B L, n-hexane THillg#k, Al 21To .
Z DK, 30ppmDOEREEF vV T ARRIML 2, BRER
F, R TpHA.5ICFRER, BRIEIER Y > X7 B2 E
XU, K@ b v ATHE, A7VAFIALH
®L7z,

2, REREBRUY Y TNERR

LA 27 bV—F1%, BRSSO LaboluderTEX-L%
FRLE. 27 A M —Y a VEEERIRT A2V 2
H4%, 30mm; 227 Y 2E &, 300mm; R 7 V) = [EEE,
100rpm; feedrate, 350g/hr; water rate, 815g/hr; water
addition, 70% T{T o7z, =7 R bV —F DfEE DM %
Fig. 1. Io® L, &z, ¥ IVRSEBESECDWTIE,
F£1EZRT.

R

Water bath

Oil bath 1

/Oi] bath 2

Cylinder 1 thermometer

Cylinder 2 thermometer /

M1 =27XbMVv—FOHIEK

*£1 T AWM=V aryrViEEOBRESNE

" E (O
Oil bath 1 QOil bath 2 Cylinder 1 Cylinder 2 Dough Die
79 31 62 68 69 80
120 85 85 87 89 100
131 175 102 133 126 125
169 210 108 154 139 148
190 232 119 165 154 160




FRIFD [ SEET A X5 7 BOYME L IHEEBERERCRIET 7 X bV —3 3 VIIADZHR 101

IZAMN—F1SPI%27 4 —F L, &< LH105
MIEE 25T, MEWHBZEL Thrs, ¥V vE
R UTz, FEIU T2 > AL, BSEEE, Bl —
30CTRIELTz, %72, TIZAM—Y a VBT
W E DO Tz O BHMEY > TV B RD & 5 S
U7z, 5 g®SPLIc11.6mlDZEFAKEEML, 2hr, 100°C
I THiE,, WRE LBRBEERE R TV —30°CTREL -,

3. BRADHEE

W1 RO 213, #1H60°CRUTICCIZEREL, Pkl
L H100RIE, BEDDICEDOEZETER L., XE
BOLIZAM—FDY Y5 1RV 2I1E54CRUGIC
BRLUI, W2 2EREFEATI XY, YV
2 DIBEZ163CE TH 3°C/minTERE¥, ZOBD
FBERV V7 EREIE L.

4. KBBHEORKRET

F VR BEY Y N3mgicl0mlDEE K EEHRML,
37°Clhr4 ¥ ¥ axX— 1M, 12,000rpm, 20°CT20min
Eil, EEREINL, EEZLowryEEoIiIc L ¥ v
NRIBEERIToTz. &2, 4 ¥ Fax— ik IZpH
ZHE LT,

5. JEEREEKBHOBE

¥ 7N 5mgll 1 mlOEEKEZEML, 37°C, 1hr
A v Fa— Mg, 12, 000rpm, 20°CT20miniE.(»{%,
FEREINLY Vo8 BERERTo /. B, B
B, 1mlOREKERML, LREEKOEHET
4 vFaxr—), Bk U NVEEEER{ToM . &
SR SRR R 1T, 1mlOREAEZHEML,
FROEBETA VFax—1t, BLE, FVNVEERE
2{To7z.

ZDEIWUTKTEMESY 7 BES ZBRELE
BEREEGERL, §ohEBYIZ 1 mlD10%SDS %
WL, 37°C, 1hrA ~ Fa~x—b %, 12,000rpm,
20°CC20miniE.0»%, 0.8mlD EEREINL ¥ > 328
ERETo/z. WY EHRERZEL, B5hiitERyC
0.2mlDZEEE A K U0.8mlD10%SDS 2 Fintg, EELO
ZHETA v Fa—t, BLLY VS VEEER2T-
Jo. ZOBEBEE S 2EITYL, ¥ YNNI BOREERE
HOEIGRBRE LD ¥, ZhoDKAEERES R
O'SDSTHEME 4> 13 Laemmli ef al®iC Xk 2 FiEICHE
v, SDS-PAGE%1T\», HFEHEAEZTo 7.

6. KABKEINDT I /EBERDPIF
PICO-TAGY —2 AF—vav 2w, 278
10ugtHY 2 BRY ATFET CRAEBRIMASEL /2.
WEEES, HRLESE (EtOH/H,0/ Y ZF V7 3
v, 2:2:1, v/v) 2EmML, EUREEZEL:. &
B (EtOH/H,O / NV ZFNVT IV /T 224 Y
FAYTA—1b, 7:1:1:1) 2&%OL, £RLE7 =
=NVFFHNWVNEALNT I /B (PITC-amino acid: ¥
VN7 BR0.5ugfY) MY I LAHPLCTHHT L
7z,

1. BRRIE

B > 7 100mg 1210ml D0.05% trypsin solution in
0.05 M phosphate buffer (pH8.0), &L <X 0.05M
phosphate buffer (pHS8.0) #%sM (meal/enzyme, 20 :
1) L, 37°ClhrA4 v F aX— Mg, BE I 5 minf{iE
F, RIGEEL7z, 12,000rpm, 20°CT 20min Tl
L, EEDy v 7BEREEL. £, BLE, B
EE2ImMIOEEKTHEEL LB SEEL, Ho65»U YD
HE &L BB L, 3hr, 105°CTRER, 1
hr7 v 77— - THRE L ZRERER 2 /E L7z,
Ry & BEEO LR IE, Bv 2 EER Y
HCI-KCl, pH2.0ix L, EEEBRLEE®200:1 & L
7z.

HEEOEHIE, TOXRTITo 7.

LR (%) =BTty v 7 B8 /BRERINE

ERTOTENSY >~ 87 BE X100

ERRUEBE

| T AMN=Y a VIO F YV IREOZEEER 2 1<
RLTe, YUV 2 DRE®R69°Ch 651548 CAELRENIC
BEFREISSIIZA M —YarviNgx2iTolz 2 3,
135°CTCREAKIENELTVWE I LR RWIE L, 20
L &SPLIX, FEHOBRRETH S Z LHAHY Y
FrvBEISN:, ¥, TOBDE—F—ZhrbE
fERT MV OERRMEEZTL, FEECHREMELS
WZEeZRL TV,

Rz, Bohizz 7 A MV—Y g vy~ 7 (R
7 IRE: 69~154°C) DKAEHEEFNEREZH 3 R
Uiz, 7 A MV—Y a VIIRBRED LRSS T, %
EEIET T 2 ER 2R, REEE (135°C) LT
&, RHcERER ER T A EMICEL L. AKAERE
E45 % SDS-PAGETHH L7 fER 2R 4 RS, 20



102 BRREEREF
e
~150 oy
2 o* ~ .'. 41502
i r e ¥ .0. NS
L 4 L4 @ ~
ng o o®
' s ft\°' " &
) - \ o
G’iﬂ e ", £
100 } L *e® @
, .. *
’ L 4
'S i 1 1 ] 1m
0 5 15 20 25
&":@ﬁ!’sﬁ (min)
M2 T7RMNV—Ya UIIBOREHER
—O—:cylinder 2, —@® —:dough,
— [l —:torque
&—8 B B --@ - e 15
100\— c&
®20 | \\ )
s \ T
= Ay
by / Q
= o
¥ N 425
P
1 1 L 1 i i 1 0

SPI Con 80 100 125 148 160
I A MIV— a IIBEE (¥4 0)

K3 T27AMV—YarinEi ks KEEHE

DZEA{L
(O) %, FRUFEOSPIDEEHEE %100% &

L7: & EDOAELERERL, (@)1, 1 >
Far—varBOpHERT,

HtseikE 8 28 &

BRTE, FELANV PRIV y=v OBty 72y
MEU'Gly m Bd 34 KThotz, %7z, ¥4 iBESICOH
FrINVBELTE, BEEY T2y P ED SR,
5 A BES~125°CD Y ¥ v R O EHINEY ~ i
BL T, EBES VNI ERDUND S 37 BESTH
mWHohiz, 301, FEWEZI L LT, BRalE
DY A BELOCCOY > I VIcBEEL Tk, 7a—FixN
YERERL, FURNITBEDESTFIAELRD 5z,

5, B-avZVyv=rDa, ¢ RUB-VT2=9v D

Y FiX, E&AESDS-PAGEZ v EWCRBD 6 iz
Molz, TOFEREM»S, pg-av 7V vy=vig, FEER
BESSENZ EMBHEAL T, Zhix, Frederick A.
et alPOFERE—FHL T3,

BT, Gly m Bd 34 Kix, $H, HSEE %> T
WARFETVNT I UNIBETHB LD, T.
Ogawa et al i X DEREE NIz, 171 EoT, O
RiE, FLOT VT MERFGEDOFREEEZRE T 2 b
DTH5,

& 52, KABFHESDT7 2/ BONMOBREE 2 1R
T, TI7AM—Ya rB@BREOEED EFICHK-ST, BK
W7 2 VBOSEENET TIEb 50, EINOERZRL
7z.

DEW, FELEERKREREEANEREEN S TR,
5 X DEIRL X 55 1 BELSCRUL4ECOY > 7
VT, 4EIHDOSDSIC X 2HH TR 2 15%BED Y ~
NIBEBIHHENTWS, 202 s, FEICHEE
EEREEOBVWERETH L Z LB iz, —F,
RIS ED Y 1 REL0CTIX, EEED2D20% v
N EDFERBREEEREEMETL TS, ZOBRLY
BRLEU EDBETIX, 5237 BOREELS RN

[ Q- subunit

B - conglycinin ——— @ - subunit

Glycinin l:Acidic subunit .

Basic subunit T @B

B 4

—— B - subunit

AREEEES DSDS-PAGE

,—:—-’_fﬁ
5 et @*—GlydemK
o— % Eo
L

M

T7UNVT LRI, 12.5%BETTo7.

Midstandard marker (¥ > /327 E& 5ug/lane)
2R, E5»597.4, 68.0, 45.0, 29.0 kDaTH %, 72, Lane 1~7i%, DB 4 X & >3
28 (25 ug/lane), BMEY > 7N, T A MNV—Y a VY TVT A RE 80, 100, 125,
148, 160°C (15ug/lane) TH %, Lane 8%, oil body protein (20ug/lane) TH 5.

2 3 4 567 8



n281201.pdf

HED | SEET A X5 v BOWKEA L MEBRERICRIZT 7 A Mv—3 2 Y IIFADZR 103

£2 FUNRIBOKITEEESOT I BRER

Amino acid SPI Con 80°C 100°C 125°C 148°C 160°C
Asx 11.5 12.7 11.3 14.6 12.5 14.1 11.3
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Val 4.8 3.7 3.6 3.6 3.4 3.6 3.7
Met 0.9 1.1 1.6 2.6 1.2 1.3 0.9
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