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Abstract

Dysphagia patients and the elderly who decline in food intake owing to aging tend to be in the risk of aspiration or
malnutritional condition, so that the high protein diet suitable for each individual is in need. Soybean is a source of good quality
vegetable protein supply and Chinese medicine states five grain, rice, barley, millet, corn and beans are essential to maintain our
lives. Soybean is one of those and we also have taken soybeans since old times in Japan. Soybean protein isolate is the one
defatted from soybean and the purity of protein is over 85%. The main components of the soybean protein are glycinin and
conglycinin. Under high pressure the covalent bond of protein in gel formation is hardly cut off. The physical property of
pressure-induced protein gel is smoother and softer compared to the one induced by heating.

In this study we prepared gels induced by heating or high pressure treatments with soybean protein isolate and measured
physical properties, analyzed protein components, evaluated sensory tests and investigated the availability of soybean protein
isolate gels for a dysphagia diet using as one of the food materials of Chinese medicated diets.

From the results of the textural properties the hardness of pressure-induced gels was the half value of the heat-induced
gels. 13 to17% pressure-induced gels were conformed to the diet criteria II of food for special dietary uses for dysphagia patients.
In the SDS-PAGE patterns the subunit dissociation of 7S and 11S was detected in pressure-induced gels. The pressure-induced
gels in each concentration were softer, more solid, easier to mash with the tongue than the heat-induced gels in the sensory
evaluation. Besides the pressure-induced gels were easy to form a bolus and easy to swallow. Therefore it is suggested pressure-
induced gels might be utilized for a dysphagia diet and enhance the availability of a food material of Chinese medicated diets.
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Fig. 1. Preparation of heat and pressure-induced soybean

protein isolate gels

2) DBREZ > NRIET VOYIERIE

13%. 15%. 16%. 17%BERE X v 87 B 7 v i ik
BeE L, BiRE20£2°CT, 7V =7 A—4— (LEH,;
RE2-33005S) % L CRWIRE S BR, 7 V — 73l
L7 7 2F v —HBREAT o Too WWTREESBR O JE S
iz =K, 20N; 77 vV —, VFEH ; JWEE
K, 80% & LTz, B 135 S 13mm, 40mm ¢ D v —
VICFREE L, WS . TR I X O = A v % —
fEZEH LTz, 72 ) =TIz owTiX, o— K,
20N ; 77 v ¥ % —, 40mm ¢ FIK 5 JEEERH, 1208
E LTz BURLA 1320 X 20 X 10mm 12 EETE L. BIER E 1L
TE BT I AT R BBR & AT\ SRR HEPR 0 EE10% 12
BUF2RETEM L, Mk ER s & O 58 % @i
LTe 77 A2AF % —il{BRlZu—Fxr, 20N; 777~
Y ¥ —, 20mm ¢ FBR ; PIEEE, 70% & Uiz, &
B & CINEKE & v 87 B 7 viZitkt i % 1 S 13mm
EL, 40mm d DY v — VI, »izs, EMS
X OHEHEME R A LT,

3)7S. NS0 7 VT NVELUPBERTY v /N0E
FIWORYFZ 7YV ESVERXE (SDS-PAGE)
RV 7279V v7 3 R VEZKE) (SDS-PAGE) 1T &
52 N7 HMBROMTIZ, REX DI L7:7S . 11S
CRZBME) B UDBERE X X7 B Rkt L Uiz,
7S O—MANTEILIKST.3%, Fx 82 E (REHE)

86.3%. K% (WZMpHuE) 5.2% THolze 11S O—f&5>
WA I KADT.0%, A v 78 (WS 93.7%. Ik
2y (WEMHED) 2.1% TH o Tz RUHE, INBVLIE X X OF
DEEE %47 5 727S, 11S Z7'a 7)) v B & U4 HERE &
YRZE 7 VE10mg 3 OFME L. 20mg/ml @ Pro-Prep
Buffer TYA# &%, & (Handy Sonic model UR-20P)
WPRT%. #0508 (eppendor F Centrifuge; 13000rpm. 5
min, 4°C) L. 15507 ¥IE BCATEIZ X D & v 8
BIREZIE L7, &iehz, A& o Sample Buffer (0.5
M Tris-HCIL, 2% SDS. 5% 2-ME. 40% Glycerol. 0.02%
BPB. 25% MilliQ) % /fnxz. WK+ 3 oMzl .
HEWRE LTz, BB D X v 87 EEM155ug 2% 3
X 9 I1ZSDS-PAGEIZffi L7ze KD 727V NT I R NVERE
10 ~20% D 7R (e+ 7Yz V7T mm) & FHu. Nk
L7 2 TEA Ly Laemmli 321206, B AIKE)EE
& (ATTO % ; AE-8750% Power Station 1000XP) T SDS-
PAGE #1T o 7z, 7 V1. HEHi40mA. EHE200V D
SR C 1 RERI300 9K ED U 72, ¥kEDT%. CBB (Coomassie
Brilliant Blue R-250) He(aifg 2040 Mgt L, 2 BBt
L7z,

4) BEARS SV NRIBFNVORYF I YNVT I RT WL

BEXXE) (SDS-PAGE)

SDEERE X > X7 B 5 VD SDS-PAGE (Z AL fn#k
LB 35 X OHNELEE % 4T o 7o R E & > X7 B 7 v
B E LTz, &ERH32.0g $ToFHE L, BE O
(BECKMAN L-70 Ultracentrifuge) (36000rpm. 1h, 20°C)
L. L33 & OVEBAEB Iz BE L 72 TRBREBIZ, 500 11
@ SDS Buffer (0.125M Tris-HCl. 6.25mM EDTA. 12.5%
SDS. pH8.0) TIfi# s ¥, &P (Handy Sonic model
UR-20P) MU L 7z, #%tRHE A& D Sample Buffer (0.5
M Tris-HCI, 2% SDS. 5% 2-ME. 40% Glycerol, 0.02%
BPB. 25% MilliQ) % i1z, Wik <3 oMzl .
HABW D & vy 7 BRM0ugul iz 3 X1
SDS-PAGE 12§l U720 RV 727 ) VT VIEEEL0 ~20% D
Friv, Zat (e« Y =% v 1mm) IZIEL
7eBH 2 A Uy Laemmli 31296, 8K TKE) 25 &
(AE-8750% Power Station 1000XP, ATTO %) T SDS-
PAGE %17 o 7z, 1BHi7 Vi, FEHi40mA, EHE200V D
ST 1 WiEIB0 9K E) L 72, ¥KEIT%.CBB (Coomassie
Brilliant Blue R-250) ¥¢€aiig C2040 fHgeta L, 2 BEfpLE
L7z,

5) HEERT S Vv RIBH VO BRI

InEds & IR BERE & v R 7 B 7 VD BEREY
flitzcowT, MEFHENL, 13%., 15%N#E X FinES
BERE X YR E T VD 450k L LTz, =R22°C, W



ER AR ERC S B4

60%. fi20+2°COGMTIT o 72, MAERIZ, B TH
ERTF (PREREIRAERBRERAE) 124 T 5 BT
MREETHO, AL, MEEE X, JwE (-2
FEFITE N+ 2 D IEFITR W) b s (=2 1 I
W=+ 2 D JERICERS 2o wv), D (— 2 1 JERNIT
HABLW—+ 2 D EEITHMD D L), BOHLHS (—
2 L EBITEL 0>+ 2 L EHIZLOLLTH D).
HECTOMLELESS (-2 (IEBITEHETIHLELIZ W
=+ 2 DIEFITEHETHLE LS W), fAALSS (—
2 DIEHITIRAIAARIZ W+ 2 L IERITRAIAS S
W), BRI (- 2 ERICERELD 2>+ 2 1 IEFEIC
BRIEN V) B X CHRATHE (-2 @ IFEIcE -+
2 TIEEICRY) O8IHA L LT, MADOEE DS IX,
B WETREEFEZ NG EST 22 EEFE L, ik
DML LR ER L CHRIGFHF T E P MER &
L. FEER TR 2L E LT,

S 51T, IEQMESEEKRE X V2 B N O EERE
TR D, 15%. 16%. 1T%HES v D 3 Gk % #
TR E LT, InEs & BRI BER S & v %o B
7 v OB BERHT & [FAR D S TR BRI 21T - 72,

WERE 2 BIX, ANV UYXEFIHESWTAS v T 4 —
LAR-avey BB L, BMELZT) 2 LIAELHE
720 ARBFLEDFERIT Y T2 o TEL PR 2ZEEIR A M A E
IES L ARHEERSORR LS,

6) frEtunE

NEERE & v S 7 B 7 VOWIEE B & OB BEIHI O
FREETLER 12 W C I, Statistical Package for Social Science
(SPSS) (16.0], SPSS Inc., Chicago, USA) Z{#if L. 2 i
BHH OB EZEMIEIZIE student’s t-test Z v, 3 HURILL
L OME I I —TCRLE A BT, Tukey 12 & 5% EL
BafTolee Tz, MENHESBRE X v X7 EF VD
EREET Iz oW T, AR, BIZE T 2HE ORAEE

PN = v )

li~DOFEEL LT, AT v 7V A X7EIT L 2HEREFDY
W %47 o 2o MEFEWEEKEIZ W D p<0.01,
p<0.05& L7z,

ES RS

1) DEERT S Y RIBF VOIS HE

DEERT R > 77 v OTRIIREE R Iz o wT, 5
Wiz & 2 BTG %, InEZ v TlE13 % 7 10.84 x 10°*
[N/m*] ~ 17 % #° 110.13 X 10*[N/m®]. flJE & v Tl
13% % 10.91 X 10*[N/m*] ~ 17% % 19.69 X 10*[N/m*] @
HWPHCTH o 720 W CIRE QBT )V & IIE S VEIZER
REEFBOLNL o1z, T, DEERE A VNI EY
NOREWIE S E. FVIBEIETICoNTEL T, K
WIERIZBWT b [AEOEA AL N, —H. IES
NV DREWITERITHI24 ~ 48% M )V & D DERIZE
(p<0.01). 15% 7 )V TlL, BEZ VHINEST VD 155D
iR LTz,

DEERG R VX7 B NVD 7 ) — TEERIZ 31T 2 Rh5
MEEF % Tablel. IZ/R U Tzo MRS v, BT V27 v
BEE R B 2IToN T, WHIEEIRS & EIEZTES
IIBIT MR LRI EMEEZ R LT, FT. 2
V—7avFIA4 T VRAI—T o, BEGHIZ—ED
IEHEMZ 2 &L BV VXD S HIES VO T 23RRZE
JEER, BIEAETEERILIZ 0 F AR E . BREFKRDEE I
WIhORB b7 )V —Tav 7547 v R LD
X —vDEB TR LT, BEEEIE 7 v 7 ke, &
WA T 7 4 — 27 AR, SR EZ =2 — b
VMR OBEN IS ST AER, 6 EE T +—27 MK
REHPERRY & AR S Tz,

BOERG R VY RIBT VDT 7 X F v —RBRD K5 R
% Fig.2. 1Tk L Tzo MBS Vv TIE, 13% & 10.59 x 10*
[N/m*]~ 17% % v3.40 X 10°[N/m*] TH D, WEZF VT

Table 1. The viscoelastic parameters of heat and pressure-induced soybean protein isolate gels

Ex10° E,x10* E,x10* T T nx10° npx10* Mux10°

(Pa) (Pa) (Pa) (sec) (sec) (Pa-s) (Pa-s) (Pa-s)

17% 18.503 4.243 5.396 10.625 1.469 4.508 7.926 3.195

H 16% 10.905 1.540 3.862 9.874 1.842 1.521 7.113 1.312
15% 7.746 1.335 1.872 10.385 1.642 1.386 3.074 1.230

17% 6.200 1.913 4.668 10.496 1.732 2.008 8.086 1.288

P 16% 4.638 1.062 2.174 9.986 1.758 1.060 3.821 0.665
15% 4.445 0.692 1.678 10.233 2.055 0.709 3.449 0.531

H : heat-induced gel, P : pressure-induced gel.

Measuring conditions : sample height, 10mm ; plunger, 40mm ¢ ; within the linear range of 10% ; E,,

elastic modulus of Hookean body ; E,, E,, elastic modulus of Voigt body ; T,
n,, viscosity of Voigt body ; n,, viscosity of Newtonian body.

relaxation time ; 0,

Ty
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Fig. 2. Textural properties of heat and pressure-induced
soybean protein isolate gels

H: heat-induced gel; P: pressure-induced gel; Measuring
condition: plunger, 20mm ¢ ; deformation rate, 70%; test
speed, 1.0mm/sec. Mean £ SD; n=6; *: significant difference at
p<0.05, **: significant difference at p<0.01.
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Fig. 3-1.  SDS-PAGE patterns of heat and pressure — induced
7S, 118 globulin and soybean protein isolate gels

Abbreviations are as follows: a, un-treated soybean protein
isolate; b, heat-induced soybean protein isolate gel; ¢, pressure-
induced soybean protein isolate gel; d, un-treated 7S globulin; e,
heat-induced 7S globulin gel; f, pressure-induced 7S globulin
gel; g, un-treated 11S globulin; h, heat-induced 118 globulin gel;
1, pressure-induced 11S globulin gel; M, molecular weight
maker.
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Fig. 3-2. SDS-PAGE patterns of heat and pressure —
induced soybean protein isolate gels

Abbreviations are as follows: a, supernatant of un-treated
soybean protein isolate; b, supernatant of the heat-induced
soybean protein isolate; ¢, supernatant of the pressure -induced
soybean protein isolate; d, sediment of un-treated soybean
protein isolate; e, sediment of the heat-induced soybean protein
isolate gel; f, sediment of the soybean pressure-induced protein
isolate gel; M, molecular weight maker.
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Fig. 4. Sensory evaluation test of heat and pressure-induced soybean protein isolate gels

H: Heat-induced gel; P: Pressure-induced gel.

Sensory evaluation tests were examined with a five- grade scale in regard to 13% and 15%
Soybean protein isolate gels. Different letters (a,b,c,d) within the same column show
significant difference p<0.05 at determined by Tukey’s method.

%| Easiness to swallow |

B =0.630 **
r =0.376

r=—0.089 %| Overall acceptace
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Flavor |4’
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? | Easiness to mash by the tongue |

Fig. 6. Sensory evaluation test of pressure-induced soybean protein isolate gels

Abbreviations are as follows: R?, contribution ratio ; B, standard partial regression
coefficient; r, correlation coefficient; **, significant difference at p<0.01.
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