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Physicochemical and Rheological Evaluation of Rice-Whole Soybean
Curds Prepared by Microbial Transglutaminase
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Dept. of Food Science and Technology and The Center for Traditional Microorganism Resources (TMR),
Keimyung University, Daegu 704-701, Korea

Abstract

We manufactured rice-whole soybean curd by a microbial transglutaminase (MTGase) with a mixture of hy—
drolyzed rice and micronized whole soybean powder (MWSP) and analyzed its rheological properties, including
texture, viscoelasticity, protein cross-linking, and surface structure. A 40% rice suspension digested with a
Termamyl enzyme at 85°C for 20 min showed a 9.0% reducing sugar and a consistency of 1.27 Pa-s", resulting
in a great reduction in consistency. A MWSP suspension with 22% solid content was transformed into a typical
tofu texture. MWSP curd fortified with 7.5% rice showed enhanced texture properties, with a hardness of 639.6
dyne/cm2, and a springiness of 0.96. In a MWSP suspension (18~22% w/v) treated with 5% MTGase, viscoelas—-
ticity increased dependently with MWSP concentration, and a 22% MWSP indicated a G’ value of 5.1 Pa and
a G'' value of 9.0 Pa. Furthermore, soybean proteins present in the 22% MWSP curd largely disappeared or
formed polymers with a high molecular weight by MTGase reaction within 30 min. MWSP (22%) fortified with
7.5% rice showed similar polymerization patterns on SDS-PAGE. The surface structure of the rice—-MWSP curds
was more dense and homogeneous network due to the addition of hydrolyzed rice. However, the surface structure
of all rice-MWSP curds became rough and showed a non-homogeneous network after cold storage.

Key words: rice-whole soybean curd, microbial transglutaminase, termamyl, texture, dynamic viscoelasticity
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" E TransglutaminaseE ©|&3te] A ZzH & &3 AFH olgez & EA Hrt 739

ARGl gom, thdet B darst Arre ATR Az}
7}e3heR(11,12).

FEAx A MY Fa SIAE B TF o
TAHo|th A= YukH o 2 chlo-
ride-type(MgCl,, CaCly), sulfate-type(MgSQ,, CaSOQ.),
glucono-6-lactone(GDL) % 2FAd-8-314) (acetic acid, lactic
acid) 5°] ‘2“‘1 Zzre] FuAe @eid A P HZ %

FHo Az & JFS Fr(1314). AFAHA 39
AHE-E] 3L ME TIAEL 47 & 5L 7HAH, theFst
Al 019“5401512‘% H 8ty gaAd gg AHAES

A FIAE o] &3 FH AxrF L

oY
rlo

& SaNE &L

ki3 %‘750113},

m A&l A f-2 ¥ microbial transglutaminase(MTGase)
= @A 9] glutamine} lysine 7] Alo] & Agx oz
glol= A3s FA4A7= 7t 9% alolt @A
7hal A} 7S 7HAE B2 MTGases 98 &oF
o] Ae] gste SRl wol AFHRer, T8, A%
olele &= mAYE ofa] YitE = MTGaseol #3F A7}
BaE3 Joh15). vAE e MTGases ZE HI Y&
dolm wkgsh= pH WH7F W SAE 7FA L 9101(16)

o d At e B4xde] ArEA de o] &H1
Ak HT g EXH2ZRE dojA= MTGase Sl
g AF B onpo] oke] b A &80l ek Bavt 3Isl
om(17), 53 F @AS o|&F FF ¥ FA
MTGaseol| 2§t Gl @5 A77F Zarg u} 9%‘3}(18)
A7 A

A8 wud 2 9 A
A olg8 oz AYsn

e ol Bta) JUke AW Bl F4
A9 ATE D S AEFES NE T 25 9l 4
soll Wel 4 Ao vl gasa glth1g). 2 Qs
EXEY £HE Fola & 2WE F74A17]7] S8 AR
o foo g TR AF el £7H L Ak 2l
Sol Ao 7)5H $540) B A7} o] o] FojA 1
S0} Ahe] Wtz )5 (20), B ol 2l), o ol &3}
(22), B0 A EH23), &) Aol F Fao] A4 W

Foll v GF24) Tl WAL Uk & dPolM =
2 2HE ST A AS oA AT ey et
of AFH AxE HHspetlon, 2o HrtgFe Hdists)

7 98N 2 BEe olsazol o R A7 %
3 Az A7kste] %ot 2Hgo] $5F Fol Hta
AFRE AzaaA 590
AR FA DAL A48 H Ao
A wAE A 53 A 3%
Ao AN 9N AL A8 FE Fold
9l AoE HuE u o2, B AFAE A

AHEFS A
a2k skl
J,]. \:]—HH;G Z@.

g3 & 7ha

Az 0}9";2‘31,

= k=
AT Az
il N

2 QLH

TR
A29 MTGaseE 31A 2 AFE-3to] A
& M7t mE o] HItE HAFR
ole] gt EAHS HrlstAT

mlm _V,‘i

.0

Az W

=2

459 ZuA AT EZ(micronized whole soybean
powder, MWSP)2 &< 3lo] 8l (Daegu, Korea) Al Z 58 A
Fol 21831 H 3, AFHE AZE 93 microbial trans-
glutaminase(MTGase)= AjinomotoAH Tokyo, Japan)Z 5
B FY3te Mgt AT AStE S AFHMEEA EATF
130 kDa2l A|#<& Sami Co.(Ansan, Korea)oll Al -3}
ARSI T 22 AAIFF(AE )M TFY3st Cen-
trifugal Force Mill(KCFM-48, Korea MEDI Co., Seoul,
Korea)Z #4f5te] AH&3tA T A8t H 4 Termamyl 1201
(Type L)€ Novozymes Korea(Seoul, Korea)A}Z %€
Aot AEstH o™, gel E4 A%<l Instant blue &Y
(Coomassie dye, Expedeon, Cambridge, UK) 1 £] 2] A]eF
52 SigmarHSt. Louis, MO, USA)9] A|&ES TY3}F AL
g3tk

MWSP & o] @Ixt=7| A

MWSPe} & B2 9z 2718 E43817] 93l Laser
diffraction particle size analyzer(LSI3320, Beckman Coul-
ter, Fullerton, CA, USA)E ©]-€3}4 0.1~1,000 ym<] <
QFoll A &g skt

& ISl 3 o] MUIE MFRe| M=y

& B2 —E/ﬂ-*’lio FEE 40%(w/v)E AZ3FA Ter-
mamyl 120L &2:(120 KNU)E 2 13§ 7]F 015%5 3
7} 85°Coll A 2083 A st & T ES AxstA
o MWSPE4(30%, w/v)ol AZPES 05% H7Hek &
homogenizer(TH220, Omni International, Waterbury, CT,
USA)E ©]83}4] 10,000 rpmol A 183+ #2313 & 95°C
ol A 1027t @4t AFFE AxstAthFig. 1). &
7t RE 3 A5+ mixer(Dongyoung Hitech, Daegu,
Korea)E ©]83lo] ¢4 vl &2 33 & MWSP 18 &
1% 5% MTGaseS H713tal A& AM-E71(87x8.7x3.7
cm)ol] Fol §7] A8 7](0O-sung, Yangju, Korea) 2 Y23k
F 50°CelA] 1A &4 whgAIZ F WastAh A 54
©.2 95°Coll A 107t €A 8 st or F2d A 1A2 %
A sted HIFEA o] Hrtd HAFHE AxsHA

MWSPe| s=0f M2 MFF M=

MWSPE z}7} 18%, 20%, 22%(w/v)e] =22 A %3
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[ Rice powder

Added water ]

Homogenization
(10,000 rpm, 1 min)

Added enzyme T ]
(Termamyl Heating
(85°C, 20 min)

MWSP powder
T Added water
100°C

( J
[ Homogenization ]
(10,000rpm, 1 min)
( J

)

Heating
(95°C, 10 min)
!
Cooling

1
[ Cooling

Mix

Added enzyme
(TGase)

Homogenization
(10,000 rpm, 1 min)

Incubation
(50°C, 1 hr,

Heating
(95°C, 10 min)

Fig. 1. Flow chart for manufacturing rice-whole soybean
curd.

H 723} 5t MTGaseS F vAlET] 1 E 7]
5%(w/w)E H7Fe 5 50°Coll A 1417 §FS-3} o]
A &4t}
Aol SO ME Ko| MIIE MF
MWSPe] sxo wet & H7MHS 7247 25, 5.0, 7.5,
10%(w/v)Z 3t MTGaseS F mjA|&E 2o
5%(w/w) 718k 5 50°Coll A 1A17F Wh-g-3le] &o] A7}

AFFE AxsAh

I
é
kA

=z 5%

2AgE & 7R E(40%) 13 mLe il 953
A =A(HAAKE RheoStress 1, Karlsruhe, Germany)ell
spindle(Rotor DG43 DIN53544 Titan)S 23l meas-
uring cup DG43& Al8-3le] S43A0T SHEE 2
ol AEEE()E 1~100 s '] Bl e &
A FEEAS GotR U, HEAF f+ %

power law model(t=ar’) 2 Z7 3} tH26).

1 tof o2

of
N,
N

power law model: 0=K - 1"
o= A& (shear stress, Pa), K& ¥Z% A<(con-
-

. . , -1
sistency index, Pa - s"), r© A @& E(shear rate, s ), ne

54 A (flow behavior index)o]t}.

= =y

< &S DNS(dinitrosalicylic acid)® ol ¢l&) =3
SHATH2Y). B4 M E & VR ES g4 AR 1 mL
o] DNS Al 3 mLE 7}8Fal 100°Col| 4] 587+ 221 A] 7]
+, A9 FAdA 307 W £ 550 nmell A Y] FF
£ SA3AY 899 FHL glucoseE BT ERE 31
=

F4e AAstel Fahan.

= —| =
HFFol =2z &8
=]

Zol H7HE HAFH AN SAHL AFH Ax F 2A3
T dATAT2x2x2 cm)E A3 Texture analyser
(TA-XTplus, Micro Stable System, Godalming, UK)Z 9]
83l TPA(texture profile analysis) test® Al &R Th.
Texture analyzer?] Z7-& test speed(3 mm/sec), strain
(40%), time(3 sec), trigger force(4 g)oll A plunger(d 35
mm)E |83t A8 T 107) sampled WHE =43
g 2rHasHA &4 B F 2H o] e A strain
3% FELZ HFo] ZAH5IATh o] Hlel & TPA test
2 4E F JE #o g A9 AX(hardness), B (spring—
iness), % ¥4 (chewiness), 323 (gumminess), 533 (co-

hesiveness)S 37} AT

SDS-PAGE 244

5 gde) FARS 118, 7S glycinin #8 JdS
Lolr 7] 938l 10% sodium dodecyl sulfate polyacylamide
gel electrophoresis(SDS-PAGE) A719 %S 35134t
TANZE 3o BLEe AFHE e Zo] Hrtd AT
Al8 40 mgS SDS-sample buffer(0.15 M Tris-HCl, pH
6.8, 4% SDS, 5% B-mercaptoethanol)ol]l &3 A|71 & A7)
9% (Mini-Protean Tetra system, BIO RAD, Hercules,
CA, USA)E AA3AT. Gel 92& Instant blue &Y
(Coomassie dye, ethanol, phosphoric acid, solubilizing
agent)S AFE3IF o ®FE G AL Protein Multicolor
Marker2 myosin, B-galactosidase, phosphorylase-b, BSA,
ovalbumin, carbonic anhydrase, soybean trypsin inhibitor
2 2359 AE markerE AME3FATH

MWSP22t o] MTGases H7Fe & 2Ag; vh-& A Lo
Ue 583848 54 5482 Rheometer system(HAAKE
RheoStress 1)9l cone plate device(Platte PP35 Ti, 35 mm
diameter, 1.0 mm gap)& 335t S435tA 0 AlE 1.0 mL
£ #3to platedl &8 S8tk HEHH AIE Aol
AFBAZ depd= 7208 AA3H7] 9180 frequency sweep
2R 23" 155 (frequency, o) 6.2832 rad/sol A Tk
HA 93 %21 50°CY AJFtel & g & (elastic mod-

ulus, G A A E(viscous modulus, G'')S A st4th

Scanning electron microscopy(SEM) £44

Az AFFE Ee o] H7hd AFFE 10x10x10
mm Z7|2 A T 52 AX7)(Isin, Busan, Korea)E ©]
gole] TAUZE & 7 AFHY] #E XWE 502 54
A AEALS z2H 34 scanning electron microscopy(SEM,
S-4300, Hitachi, Tokyo, Japan)& ©]&3}] 7}t 15 kV
2 o] 85% &<t 50Mi el A 2008 = sfe] HE-S AT



" A& Transglutaminase® ©|&3to] AzH & 3 AFH o]3sz ¢ EA Hr} 741

SHXzZ|

Ad A= PASW Statistics 18(version 18.0, SPSS
Inc., Chicago, IL, USA)< ©]&3}o] Ho 3 EF 22 mean
+SD)E TEGen, 7 A 1 WA Aol2 Az
23te] one way-ANOVA 2 Tukey testE H-&3tdch 2
Fo 3 AELS p<0.05 FEAAA HAEsHI

MWSP 2 2 22 el 24

MWSPS} 4= B471E o] &3t 2] &gk & &2
o Y= A2 Hit 25, 20 pme o= JEge ™ g
A" o] AFsle = ®WSEo ostH =57 ¢F 600
mesh AT 2 YEPSTH Lee(28)0l] 2l3ld o] Ea= A4
52 A Ho R AzxEed, F47 A4 ZFdA 10~
30 um, 50~ 180 pm 5 714 2719] AR} ZAe A48

A Al B & gAY By Be FES AA gy Bas)
o} Park 5(29)9] 70l A= roller mill¥} micro millS
W8t A7LE A2 Al 2009 230 mesholl A 9] BEZT}
747} 40.7%, 17.0%% =4 Yestial Baskh

Termamylo] Az|of w2 & JieRdiEe] Xz A
sleict sHat Hi5}

40%(w/v) & 22 detlo] A3lE 4 TermamylS 37}
ste] 7t E o) Aol e &Vl REl e Az Ak
Ter"mamyl— A7bebA o A9 & Ed gL 1083

GAg 39S W FslEEA AXYH AR = dido] vE
Wk (Fig. 2). ¥bHO] Termamyls & 1dE 7]|Fo0=2

0.15%(w/w) H718te] 75, 85, 95°C Z+zte] Lol 4 dx1g
stls Wl 85°CellA] 2083 EAe & 2109 HEE7F 127
Pa - s"0. 2 F73] At on, 7kl Algto] F7hH
WA Hzxert adte 43S BAoFg. 3). 95°C 10831
I e e HEE7}t 054 Pa- "2 o ZAdHL
U 7bRREEe] g7t AL gojy] FEE e a4

Fig. 2. Effect of Termamyl enzyme treatment on the hydrol-
ysis of rice suspension. The hydrolysis was performed by heat—
ing at 95°C for 10 min with or without Termamyl enzyme. A:
Termamyl non-added, B: Termamyl added.

Ol

—A—75°C —#-85°C -@-95°C

Fluid consistency (P, - S")

0 10 20 30 40 50 60 70 80 90

Heating time (min)

Fig. 3. Changes in fluid consistency of 40% rice suspension
according to the different heating time. Rice suspension (40%,
w/w) was treated with Termamyl enzyme (0.15%, rice solid ba-
sis). Mean+SD (n=3); Compared to control as determined by
Tukey's studentized range (HSD) test ('p<0.05, “p<0.01, “"p<
0.001).

S BAY =3 JheEs) ARte] SUbEWEAM HEE R
HgkE A9 e AR vttt whid] 75°CelA 4]
b Aol 27] 208 A s HE= o] F7tE
om, olF 60 A HAL W 2= 2 FH5H
s o] 85°C, 95°Coll A THERa] AFet A Axe

Fe etk 27)e A2 3o 7 & HdE9 &
she} Eaol 93t R 7E FAlG FRbEE A 7p RS
7} AA=AA 53kE FAR 91?‘# HAzE Aso g AlRH
o et & R AxEE afAoE HAAA HT
EHE AFY HAEE A4 FSA7A FowA B g5
IES A3 TE THLE 85°C o] 2% oA 208 A
T MRS FsE Aol HEd Aoz Al HTh

7+E Al zbol w}% Skl W3k Fig. 49} o] Yelsith
75, 85, 95°C &= ol Al Alztel] wE 3 75°CE] 10, 20,
30, 60, 90 A 212} 35%, 7.6%, 10.2%, 155%, 16.6%2.2
AlZro] F7hel whEt S ﬂ F= 71T 85°C &
212 9] 10, 20, 30, 60, 90F-o A o] SHAF ghape 7z} 43%
9.0%, 12.6%, 165%, 27.3%% A|7to] Z7}etl wet 9

ol
==

35
s | O75C m@8sc mE95C

25

20

0 10 20 30 60 90
Time (min)
Fig. 4. Reducing sugar content of 40% rice suspension treat—
ed at different heating time and temperature. Mean+SD
(n=3); Compared to control as determined by Tukey’s studentized
range (HSD) test ("p<0.05, “p<0.01).



742 AFE .

9] geFo] =71t on 608
Shih$} Daigle(30)e] oJsH & Ed=zHE dul s
HHo g Beslr] YA Termamyl 120LS &8+ A},
B2 9 Aj7to] FU1E4E g g DE(dextrose
equivalent)3t 2 &3} dAslgo] foFoz Frtsi
I Bastgon, £3] 90°CllA 458 A stls o Tl
ko] 65% o] ] H i, DEZLS 235, ©53E H5s

2 717%2 7V A JGEbd Tl B sk

E ddAes €48 95°CY 10, 20, 30, 60, 60+ =
Z+7} 6.3%, 9.2%, 10.9%, 8.6%, 7.1%2] AT sFS B
om 30E o|Fdde gRtstAl Haste AFES JER AT
o]= Termamyl H3}& 4 2] oA o] 85°CollA = 12413
o]} FAHAR 95°CAl M= 307 | FFEH aadHol &
AFE AL ¢ 5 JAT b 8°CollA 208 A3t
= 2 7tES 218 2 AR 8519 T dsta
A0 &4 HuslE a4 & 7R 7} o] FARH v
< Az #YS YAE ZHA HEZ 71 vl A g A3
2702 A=

1% 743 Frhskeleh

MASP sZ0f| M2 SHEEY EY

#4933k (dynamic viscoelasticity)-& A & ekA]
E(G)T £ASAHEG)Y] HelE YehllE ZolH, A3t
7F dojye B Aebd o] wigte & grt A9 fle
A8 Aebd "ol A A& (oscillation)ol] &3l =74 = ).

MWSP 18%, 20%, 22% & %olA] MTGaseS L& & 7]
TO R 5% HIete] of 61 T4 Sk A7to] wE
Ao Wals =439 duladF oA MWSP 12% ©]
3} FrelM Y G’ G'E Akl E1Ee wet &4 F3)
= WMol Yol A Wiyl glgoem MWSP 14% o] Aol
A Fzhel e el wgrh BEE AT 53 MWSP 18%
olde FrolXE v& JEHOFE Heky ghol FEHI
Z7tete AEgS BRYon, 27 HeHd e SEEE
et 71&717F MWSP s& oEHoz F7tsisltt
(Fig. 5A).

MWSP 557} 18, 20, 22% 2 F7FE 42 wh-8-A| 7kl u}
2 G/ 3ol F838HA S7iste s Bom, vk
Azt WE 7Hg =S Gk 27 2.2, 35, 5.1 Pa #2
1Yok =3 AA 3 JedE G MWSP 55 =7}
of Wl FHA SUisle AFS HAon, 53] 22%
MWSPY] 7$-oll+= G"%°] 9.0 Paztx F71E 1) o]+
MWSPe] H7tgko] Z7}3hol| wet TGases} 8H2-ale ol
Aol =7t F/1eHA aFF o R T ATk Aol
AEHA A Ao FHE o] ¥ &g ghol MWSP &
T JEFHoE FUlete ACE AEHET. MWSP Fxo
2 MTGase 849 o3 23} Zujuk-g-2 62 o[l
FoXAA FAH AL HhgA 7 o] FULEHA FHo] W
AW HeA gro] 7HAstE Ao w A"

T3 MWSP 18, 20, 22% X0l A & /1R ES 42

A)10
—0—G' 18% —— G'20%
g | ——G'22% ——G"18%
—&— G" 20% ——G"22%
6 }
4}
2+
0 am=ES
0 100 200 300 40C
MTGase reaction time (sec)
B) 30

——G'20%
——G"18%
—a—G"22%

0 160 320 480 64(

. . MTGase reaction time (sec)_
Fig. 5. Changes in viscoelastic properties during MWSP ge-

lation with 5% MTGase enzyme. A: MWSP only, B: MWSP
with 7.5% rice.

A7bated(dry base 7.5%) A3 W3S =48 At Fig.
5B). & 7}E-sl o] /e MWSP= & 7heislEo] X
7HEA] g5 ASEY U 2 G 2 VFE YEd e,
H]—QA] 7}0]] EL]—E 7}11— =2 G %}}_04 717L 47,73, 154 Pa
A Bk 53] MWSP 22%9] & 7123l & A7 4%
G'gke] 164 PaZkA] 713t & 7l &S Hr7letA &
< 79 51 Parkt} 28] o) Frksten, A3 s e
e G 3k =3 543 S8k 22% MWSPe] %% 250
PaZtA] Z7hE Ak ek MWSP 559 & 7h28l &
A7 A4 B B8-S A STHIAFH MWSP 22% &
TolA Hold Ao g Atz HTh

ol MWSP 22% &X& TGase &0l 23 A Ao
Fste] Aol =2 AFNF AxTt 7hesti e, 473
Fol & 7irEelE H7F Al g S STk mE TGase
a4e] A FAo] FXH o FA43 @Ao] 7 E=A vEhdt
£ Aeg Alg ¥k

Marco®} Rosell(31)ef] o]&}H & W= #| 2 A] soybean,
pea, egg-albumin 2 whey protein® Z HE 4 FHz| il
< 27} AH7bske] MTGasest RESAIZ S W 53], 3
g F soybean FE| T Ao A9 7PF 3o wst
7F 3A JebgeH, 2T (MTGase ¥ A Al &)d] H] 3]
G'3 G''gkol oF 158 o] S7hetAaL, frejotrleit g
o] 7h& ol A Ao w Bt uehx A3 £



v A& TransglutaminaseZ ©]

i

F @ EE MTGaseol| 23 ¢ S
A 9] lysine?} glutamine Z+7]¢] fﬁ% FEA BA1I
N H7re] AFFo 7 Hekygo] Zrsle Ao E Alg ")

19

9| SDS-PAGE 244
MTGase &4 QA7 @& MW,
gels}y) HEH MTGase 5% 7} & 5% 71202 Hkg-A|

= 0}0:] 1037} FTH 71E3le 284

< 10% OILHOH EH D* M2l 7S, 11S fraction©]
AR A A TER}Q] %@-14]7]- A5 o] 12% polyacrylamide
gel& E331A) Eole Ao 2 UElytt) o] MTGaseS A
& A A2 Mert FA4dte] A F3A 7 3
238 =o] stacking gelS WA U7FA] F3ohal B31(32)
H Zyel xS & F A0 Joo(25)= MWSP 15%09
MTGaseE 117 RESS A9 A7 w27t S71ees 3
W Q) 11S glycineo] ZHAasteE AES Ve o] MTGase
ZA3to] folstA iy By 28y 2296 MWSPe] &
2 5% MTGase H7} Al &4 HE&A]ZFo] 303 o]d] <
o] T Tl FHEo] AHEHUA EHFOZ T
A& F9E = AU (Fig. 6A).
Aol H7FE AFER A B(MWSP 22%, rice 7.5%)1 4 %
MTGasedl 9|8 &34 FwkeS #Fd & %om,
HHE- 202 ©]%F 40 kDa @A o] AR5 A Q3ties UlF&
o] el o] FFE R skth(Fig. 6B). Wk MWSPe}
AE Tt B4H Fste 3ol MWSPRF A8k
ARG o ZygFo|lom, MWSP gl gy & 5350

MTGase £45 Ao an axHo g a3t 2 3

it

&z 2 &
(D A
Me o

tlo o.m

goto] Alx® B E£F AFRY olsey 2 24 B} 73

Time (min)

Fig. 6. SDS-PAGE patterns of MTGase-treated MWSP ac-
cording to the reaction times. A: MWSP 22%, B: MWSP 22%
with rice 7.5%.

e TAA TR 2ALS 2te Bo] IVHE AR Ax
7} 7Vsdtta AlgEd

Ao| ML=l MEFEO| texture EAES]

Zo] A7tE AFHE Ax Al & Hrhgd e 240
=743 A= Table 13 ﬂu} MWSP 5 %2 18%, 20%,
20%2 AFEsle] AlZE AR gz AxE 22 3025
dyne/em’, 444.1 dyne/em’, 444.8 dyne/cm’ °] Ao
18%, 20%0ll &5 717t 10% H7bgk M55 A=+ 3236

Table 1. Rheological properties of rice-whole soybean curds (RWSC) according to the rice content

Hardness

Cohesiveness Gumminess

. oD Springiness . 2)
MWSP/Rice (%) (dyne/cmd) (@) ©6) ©6) Chewiness
0 302.5+44.3 0.90+0.02 0.72+0.03 215.6+22.6 194.4+23.1
2.5 372.8+29.0 0.92+0.01 0.76+0.04 282.3+24.0 261.0+23.2
MWSP 18 57 2887+11.1 0.91+0.02 0.80+0.01 229.7+9.8 209.9+12.4
759 330.7+17.8 0.94+0.01 0.82+0.01 272.2+15.3 256.2+15.4
10¥ 323.6+24.9 0.94+0.01 0.82+0.01 264.9+21.9 2479+21.9
0 4441+78 0.92+0.01 0.78+0.00 346.5+4.7 319.6+2.0
2.5 439.3+26.3 0.93£0.00 0.80%0.02 350.2+16.1 327.4+14.8
MWSP 20 5 428.0+25.9 0.9240.02 0.76+0.03 326.9+31.5 266.91+34.7
75 421.1+83 0.93+0.01 0.80+0.00 337.7+6.9 312.7£4.2
10 445.2+10.1 0.92+0.01 0.76+0.02 336.3+£16.3 310.2+£12.0
0 444.8+12.3 0.95+0.00 0.83£0.00 369.0+10.1 348.7+11.0
2.5 445.6+16.6 0.95+0.02 0.85+0.00" 378.7+14.5 357.8+9.7
MWSP 22 5 564.9+275 0.96+0.00 0.84+0.00 4747+225 455.1+20.3"
75 639.6+57.6" 0.96+0.01 0.84+0.00 535.7+48.4™ 511.9+47.1"
10 690.7+6.9" 0.95+0.01 0.84+0.00 580.54+9.1" 553.3+1.0"
YRWSC was prepared with 5% MTGase and 0.5% gelatin at 50°C for 1 hr.
:Z)Chewiness = springiness X gumminess.
3)Compression was performed at 35% strain.
Mean=SD (n=3); Compared to control as determined by Tukey's studentized range (HSD) test ("p<0.05, “p<0.01).
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dyne/cm’, 445.2 dyne/em’® F7}ete AFE RAAT, & sle] & 7}ERSES 75% F7FE Fo] AFE B o
o]F o] zol= Yok MWSP 22%0l 2 10%S 3 71eke < 7HAE ol HtE AFH A=z 7H AEs Ado=
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ol ZA FFE wA A &gkt A MWSP 18%2] 25 AFHE 297 YAAZS & AFEe] BEAS 54 2
5% o]4re] & H7} ZHNAE 40% strain(HE) o7 B4 = Table 29} 2oh & 27} 527 SA8F=2 Y4 &
=74 BA T o] HArtE AFR 2F o] gHH= dAo] BE FollA T& gEHOE Fr o] Flsle Zo=
Yeht} straing 35% FF0 2 748t =248t MWSP yepon, g3 2 S el wge A fle A=

18% o)3e] FE A AZE ATHE B4 %09 014e  Uehgrh B A Re RS FEE 448 dyne/
= 0% @50 i 2 e Ao 2 & e e Wbt ™, A4 297 A= gk 5855 dyn/em’E A

BAEel D 52 SN A ARl Wl @el SARA BIAL el 240] DU & 5 93
© A WL Gk, S MWSP 16 SRl BAR O, ol A AZ A B & SEAEel s
AERE $24 ol Ao W) wol Wek Bk A% ATV WAAR F waue @Yoz Annn, WA
2 ngov our & FES] MWSPIAE & A5Rsl 4 Fol Wo] W/He AFRY A= F7he Anue Fie
2 Alol We gl Wbl Ae) ehiA itk MWSP 27§43 24 2E Ao guEt, A9Es
206014 A G YA ghol A AREAR W BE FRe] FRol wheh 2479 Aolv} AAW, ABEFA 5F
737 AR APl Sk Aom BuEt. o WA RAE TR A9 4YPH 2L 2How 243
& 10% "7t Aol Hrte AFER S =489S o g A% 430~630 dyne/cm”, B4 0.92

it r{r

on] ggto] ZATh ol & JIFEANES AR R ~095 g, A 0.73~0.78%, HEAA 170~480%, Q¥4
AZ FATe] YoM Bo] HrhE AFR @ute]  160~440°02 FHHAT
Folse Ao g AR, d7H 02 MWSP 22%5 AH-

Table 2. Rheological properties of rice-whole soybean curds during the cold storage period

Storage Concentration of rice (%)”
period 0 25 5 75 10
Hardness (dyne/em?) 0 day 4448+12.3 4456+ 16.6 564.9+27.5 639.6+576™  690.7+6.9"
v 2 days 585.5+34.0 579.3+13.8 589.7+12.9 620.3+19.3 637.0+23.8"
Soringiness (a) 0 day 0.95-+0.00 0.95+0.02 0.96+0.00 0.96+0.01 0.95+0.01
pring £ 2 days 0.94+0.01 0.95+0.01 0.95+0.00 0.94+0.00 0.94+0.00
Cohesiveness (%) 0 day 0.83+0.00 0.85-+0.00" 0.84+0.00 0.84+0.00 0.84+0.00
° 2 days 0.83+0.00 0.84+0.01 0.84+0.01 0.83+0.00 0.82+0.01
o % 0 day 369.0+10.1 378.7+145 474774225 535.7+484"  5805+9.1"
UMMINEss 176 2 days 484.3+265 4865+7.8 4982+12.8 514.8+18.7 563.1+24.9
Chewiness? 0 day 3487+11.0 357.8+9.7 455.1+20.3" 511944717  553.3+1.0"
2 days 456.1+29.4 460.0+3.1 4716+11.3 484.3+18.1 531.1+23.3°

PRWSC was prepared with 229% MWSP, 5% MTGase and 0.5% gelatin at 50°C for 1 hr.
Chewiness = springiness X gumminess.
Mean+SD (n=3); Compared to control as determined by Tukey's studentized range (HSD) test ("'p<0.05, “p<0.01).

MFS 22% MFS 22%+ Rice 2.5% MFS 22%+* Rice 5% MFS 22%+ Rice 75%  MFS 22%+ Rice 10% Fig. 7. SEM images (X50) of
rice-whole soybean curds forti—
fied with various concentrations
of rice. A: before cold storage, B:
after cold storage at 4°C for 2 days.
RWSC was prepared with MWSP
22% and MTGase 5% at 50°C for
1 hr.
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