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Characteristics of Soft Soybean Curds prepared with
the Ultra Fine Whole Soybean Flour and Proteinases

Hee-Soon Jang, Sang-Duck Yi, Ki-Teak Lee and Man-Jin Oh
Department of Food Science and Technology, Chungnam National University, Daejeon 305-764, Korea

Abstract

To prepare soybean curd utilizing effectively bioactive component of soybean, ultra fine whole soybean flour(UFWSF) was
used as a soybean curd material for preparation of uncompressed whole soybean flour curd[UWSFC) in this study. The
UWSFC was made with treatment by proteinase and coagulant, and proximate composition, color, textural properties and
sensory evaluation of that were analyzed. Protease produced from Aspergillus sojae, bromelain and papain showed soybean
curd coagulation ability and the protease produced from Aspergillus sojae showed the highest soybean curd coagulation ability.
When, after first heating and homogenizing, the proteinase was added to soybean milk, textural properties of UWSFC were
the best. Hunter’s L and b values and textural properties (hardness, fracturability springiness, gumminess and chewiness) of
UWSFC using proteinase and coagulant were higher than commercial soft soybean curd and adhesiveness and cohesiveness

showed contrary tendency.
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AR FEHwhole soybean flour, WSF)2 protein dispersibility
index 75 QAS 1000 meshz= EH3F A B (FSP Silver, soy
protein technologies, U.S.A), tiF= EFo] We]24 20013
FH AYTAAM 8" AL ARESHEeH, a2
bromelain, papain, trypsin, microbial protease(Aspergillus sojae,
Aspergillus saitoi, Aspergillus oryzae, Rhizopus sp.)<- sigma
chemical Co. A &S AMS-3I%TH

HMXOIF22 A 24
Laser micron sizer(LMS-30)0.2 AAUWTEY Q% A&
0.1~1000ime] ¥4 ¢tell N Z33Ach

H|QFE MFH| M=

HoHE AER] Aze AAWFEY 30gd AAYFE
o 5ulY] SR4E Hretn &S F 100TolA 1087k 1
2 719s9e. 1z 719% 3 FA7)(AM-17, Nihonseiki
kaisha LTD., Japan)Z 5000 rpmol|A] 1027+ 7@3} A)7)a,
ZA3E AAYFEAL 40C2 YZANAL ez &
TAE HFsla 80ToA 2083k 7HEAIFI T AL A 14]
g WSt} vIgkE AFRE Az

Whole soybean flour 30g
| «<Water 150m{
Mixing and homogenization

Heating(100C, 10 min)
Coolinfl;(40°C)
Additional of coagulant%with constant agitation)
Heating(SO”lC, 20 min)
Whole soybein flour curd

Scheme 1. Schematic diagram of preparation of whole
soybean flour curd.
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& AOACH o Zdlo] 48 105C AHAZ
\_‘E‘l.‘ A2 Semimicro-Kjeldahl®¥], Z2%-& hexaneg ©]

k|
&3 Soxhlet F+2H, T AP LR 3G

Ag= MA(CR-300, Minolta Co., Japam)® &35,
f\ligl B, lightness), ZM%(a, redness), FA%E(D, yellowness)

£ 33 viE ZA3o YHgez Yehfdoh o] o A&
% FZumol L, a, b 3he 2zt 99.23, -0.39, +0.370| Atk

$3o) ZARHL THAZ F oA F THE 933
22X2X2emE  HHS}]  texture analyser(TA-XT2i, stable
micro system, England)S o]&3le] TPA testE 3J}HTH
Table 19] ZASZ Pluger(ep Smm)E ©] 83t A|EY 33
W 243k

Table 1. Operating conditions of texture analyzer for texture
profile analysis of whole soybean flour curd

Items Condition
Weight of load cell 5 kg
Test speed 3.0 mny/s
Strain 80.0 %
Force threshold 50 g
Distance threshold 0.5 mn
Sample area 4 crf

Contect force 50 g
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A%, 247 54, B5Yt Fnel FANE sas
(statistical analysis system) program(Version 8.1, SAS Institute
Inc, USAMo) 93 BEAEN(Anova)o.2 343, 94

714 Duncan’s multiple range test® A A) 3453},
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Table 2. Particle size of whole soybean flour

Size(jm) Cum(%) Frac(%) | Size(um) Cum(%) Frac(%) ’ Size(m)  Cum(%) Frac(%)
092 000 000 | 597 169 288 | 8% SLH 5P
19 00 026 | 707 1963 267 | 4608 5778 68
129 02 062 | 839 2230 270 | MK 6461 740
153 08 100 | 995 2500 275 ! 4™ 201 74
181 L8 L% W’ 7B 27 e AT 6R
215 35 18 | 3% 052 280 | 919 86 5T
255 487 190 | 1658 33 287 10801 906 419
67 2B | 1966 3619 306 \ 12807 9625 247

35 900 253 | 331 N0 345 | 1518 BVR 102
424 1153 270 | 2764 4270 410 | 18007 %974 026
S M3 2T | B 4680 499 | 21351 10000 000

Cum : cumulative mean diameter

AT
Aol ST AAUWTED JYEEA ks Table 2

1L1~180.1me] YAZ7)E 7HA3 9o
9 10%% 3.84um, 50%= 36.69um, 90%=
o 30~110 mo] Y7} HER Y

05%, 0.1%2] SRS ELAE Hrleld ST E9
%o]% %@ $ A} Figl?2, table 13} 294t} Bromelain}
Aspergillus sojae protease £ 7779 005%% 0.1% F7Fet<
W) & LB molrt Azt 33t 3P UHE FAE
R} B3, papaine 32cm®t 30mE UA Bt

Aspergillus oryzae protease= 0.05% H71E w -$1E2] o)
e SarE A ekt

= 23cm ©)Q3 01%Y

Figure 1. Ceagulation of soybean milk at 0.05% proteinase
concentration.

A: Bromelain B: Papain
D: Protease(Aspergillus sojae)
E: Protease(Aspergillus saitoi)F:Protease(Aspergillus orvzae)
G: Protease(Rhizopus species)

C: Trypsin

Figure 2. Coagulation of soybean milk at 0.1% proteinase
concentration.

A: Bromelain B: Papain
D: Protease(Aspergillus sojae)
E: Protease(Aspergillus saitoi)F:Protease(Aspergillus orvzae)
G: Protease(Rhizopus species)

C: Trypsin
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Table 3. The height of soybean milk coagulation treated
with various proteinases (unit :cm)

Proteinase concentration

Proteinase 0.05% 0.1%
Bromelain 33 31
Papain 32 30
Trypsin NG" NG
Protease(Aspergillus sojae) 33 31
Protease(Aspergillus saitoi) NG NG
Protease(Aspergillus oryzae) 23 NG
Protease(Rhizopus species) NG NG

"NG; Non-gelation

Table 304} Hnlel o] ghldel Fid tet g1
o] T Aoz Yehdul ol EA9 FFo| bt 7ld &
o]4do] g2t MAE peptided] EAFH Ca¥ AFol gt
dojrke dgelet & F IRt

Murata & FRol 2% vl EeEsE AEAR
S ) bromelain, Bacillus thermoproteolyticus, Aspergillus sojae
59 protease= -§il o] 7319 21}, papain, trypsin, Mucor
michei 52 protease= A2 $1EA Fsich

2 439 27 muata T ZAe} Hlmele] HY
bromelaine- 3-112o] thato] 78t4] oy papaincl A= /dolgt
A%E Jehch ol 2e Fad dlvsix 549 ¥
sourced] @} 71d Fol4go] 2t doju= Aolg stk
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T &4 ArtEe] BE4 5 pH A8t Zo] it
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ok Rolet ses® B APIME wud $nIo)
B2 AY,E pH A3t Fx 3o

Table 4. The pH values of soybean milk coagulation treated
with various proteinases

Proteinase concentration

Proteinase 0.05% 0.1%
Bromelain 6.16 6.14
Papain 6.20 6.11
Trypsin 6.34 6.33
Protease(Aspergillus sojae) 624 6.23
Protease(Aspergillus saitoi) 6.38 6.36
Protease(Aspergillus oryzae) 6.24 6.21
Protease(Rhizopus species) 6.36 6.36

ool o3t Fro X S4
A

Tl @ EHELE UMt AEAZHE W S

=

7} & Aol Aspergillus sgjae protease, bromelain, papain-S-
582 Wl AFRE AZY F 4R ZYTHL
£33 ZAul= Table 5, Table 67 Zgtch

Aspergillus sojae protease2 X 2)g T30 Litd agtd &
zo) $Eb ®E4S AT bRE SN
bromelain H7}FAME Bre FE7F €55 F¥Y Lik
2 bykol AL agte F7HAT papainr} T A E
Eao) ¥E7} $E4E L) batol S71ART agke 2
&3

Aspergillus sojae protease® A3+ TR 3 EAL &
A9 FE7l 84S hardness, fracturability, springiness,
gumminess, chewiness & 7+43}9]1, adhesiveness 3 Z7}
39o™ bromelain H7}FAME RE HATEA Ao
FAHA Fekon papaind A= 003% F7HrolA g Ao)
FAH[NT T vA £ EaAE AHAE o
S0 AolE YEPAEY ol F&d £ AT EF
Ao Edo] g FEFS nAE Aoz A7H
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Table 5. Effects of various proteinase concentration on the
color of whole soybean flour curd

Hunter’s value

Proteinase  Conc.(%)

L a b

0.03 89.907 0.66" 20.66°

Protease 0.05 89.70° -1.9%° 22.12°

(Asp. sojae) 0.1 87.71° 2.06° 25.06°
02 86.19° 2.15° 2741°

0.03 85.25 332° 22.36°

Bromelain 0.05 85.36: -3.63: 22.96:
0.1 86.12 428 2352

02 86.56" -4.83° 23.75"

0.03 87.53° 2.94° 21.99°

Papain 0.05 88.19° 3.10° 22.32°

0.1 88.36 3.21° 22.94°

02 88.41° 3.32° 23.13"

UThese value mean the average values of 3 replications.
®Means with the same letter are not significantly different. at
the 5% level using Duncan’s multiple range test.



196 FFAFAZRZENI A A10R AH23 (2003)

Table 6. Effects of various proteinase concentration on the
textural properties of whole soybean flour curd

Table 8. Effects of added proteinase method on the textural
properties of whole soybean flour curd

Proein  Conc. Textural propertics”

ae (%) Hd Fac. Ade  Spi Coke Gum  Chew.
03 B 73 B2 09F 048 125 10
Poease 005 2180 1988 401 0910 047 989 8%

(Asp. sojag) 01 1176 136 -97° 0N 05¢ 5% 46%
02 888 1 S545 055 09 1% 1
0B N N6 N6 N6 N N6 NG

Boele 005 N6 NG N6 NG NG NG NG

i 0l N6 N N6 N N N N
02 N N N N N N NG

003 1065 891 -l6l4 08 0% 543 43

. 005 NG N6 N6 N6 N6 N6 NG

PR 00 N N N6 N N6 NG NG
02 N N6 N N N N N

D Hard; Hardness, Frac; Fracturability, Adhe.; Adhesiveness, Spri.;
Springiness, Cohe.; Cohesiveness, Gumm,; Gumminess, Chew.; Chewiness

D These value mean the average values of 3 replications.

 Means with the same letter are not significantly different. at the 5%
level using Duncan’s multiple range test.

YNG; Non-gelation

k=Rl )

Aspergillus sojae protease®rg H7}g FHE FuHo] oFs}
7] W&o STAZA glucono- § -lactone(GDL) S 8319 &
AR o]4T w) &4 FHb W) wE TR 23 E43
Ars =43 A= Table 7, Table 83} Ik FA9)
GDLE &3] AME3 7, 48 X3 FGDLE 7Kg
7, GDLZ A7h8la 848 A2lg 7o JoA Aze A=
T & Aols YA gstoy 2AEZLS A% AolE
Yehigith 548 9317l & GDLE #7F77)F BAld &
ale] A7}ol] Bl5te] hardness, fracturability, adhesivenessE
ZAEA] o SuA HhE siAHTE ZE 23
B4 5 glo] we w2 g vehlitkole SaAd
osle] AAE FH SUEL f44 st d7 E3EHW
o] WEse] oA $xdkA] Y Ao AAHIe=
2 S3A AL TR 24 9F%E A vXER &
A A3 F FTAE Hrlske Zol Aol

Table 7. Effects of added proteinase method on the color of
whole soybean flour curd

Hunter’s value

Condition L " b

Mixture 88.077 331° 19.46°
Proteinase — Coagulant 86.62° -2.97° 2091°
Coagulant — Proteinase  88.54" -4.38° 21.96

" These value mean the average values of 3 replications.
? Means with the same letter are not significantly different. at the 5%
level using Duncan’s multiple range test.

Textural properties”
Had  Frac. Adhe. Spi  Cohe. Gumm  Chew.
Mixtwre 1226 1414 -369° 08 054 659 56°
P-C W57 1776 -840 09° o057 119 es
C-P 200 668 -13I' 05° 025 645 404

"Hard.; Hardness, Frac; Fracturability, Adhe.; Adhesiveness, Spri;
Springiness, Cohe.; Cohesiveness, Gumm.; Gumminess, Chew,;
Chewiness

? These value mean the average values of 3 replications.

¥ Means with the same letter are not significantly different. at the 5%
level using Duncan’s multiple range test.

Condition

dFFet AAAE TR FAAFE B
gt AR g RrE FFY FAEALE AESI] Hsto ~
AZE JSRE GZFZ GDL 12%, CaCl, 0.8%, Aspergillus
sojae protease 0.03%E A7Fet A3 FHo IWMAHES
2% AFHe Table 99} 24T

FEFFS NAF GFH7F ZE g AFE Hod ¥
gtom, BigtE HNFBZX Aspergillus sojae protease Z
Aele 7} 4 sk

ZoAe b|ghEt AFR B AAMEF AFE Bt
Bk ZAE & AAE AT Ho N AT 2T
AM A uston, 3 TE v AFRI ANAF
AFH Kot Tl o) EdTh

A2 g 75 AF Axde Table 107} 23t
42) 58 F89 L g 7Ry g7t %o} a 3k
) FFH T} Aspergillus sojae protease® A 2]§ FH7} =
sten yrojx) vlhE AFEE Btk b 3 BEE Y
AFR7} AAF AFF B 340t

A2 598 CaCl, MgChZ AZXF FRe| L e 85,
a S -1, b ¢ Moty musigen nxg e
GDLE} CaSO.2 T8t $1 A7) TR L e 86, a
&e 25 b g2 1BAZEA £ A Fde " A
°]7} AU

Trol ZZAEAL Table 113 2tk GDL, CaCl,
Aspergillus sojae protease2 A2} 8le] Qo] FX-9] hardness,
fracturability, springiness, gumminess, chewiness¥ T Kt}
=& AAE Jeh)$la1, adhesiveness, cohesivenesst= HThH

259§ 1A TR F=o wet AAUTFE
TRl xx BAL W gt SuAY &7 #EFE
Z7bste Adolon B A3 Adele A Aolg o
BT ol A=} we} hardness7t 2EbA7] WE
oz AzZtdd.

232 o px
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Table 9. Proximate chemical compositions of whole soybean
flour curds prepared with various coagulants

(unit : %)
Soybean curd Moisture  Protein Fat Ash
Control 87.74 4.09 338 051
GDL 7173 596 504 1.12
CaCl; - 2H,O 78.80 578 4.85 1.39
Protease 79.10 5.66 4.12 1.08

Table 10. The color value of whole soft soybean flour curds
prepared with various coagulants

Hunter’s value

Soybean curd

L a b
Control 89.14Y% 263 1533°
GDL 90.65" 2.88° 19.56"
CaCl2 - 2H,0 89.95° 371° 20.57°
Protease 89.90° -0.66 20.66°

" These value mean the average values of 3 replications.
? Means with the same letter are not significantly different. at the 5%
level using Duncan’s multiple range test.

Table 11. The textural properties of whole soft soybean
flour curds prepared with various coagulants

Soybean Textural properties”

curd Hard  Fac. Adhe. Spi.  Cohe. Gumm  Chew.
Confrol 1081%Y 1038" -1367 08¢ 050° 597 47
GDL 4316 518 2708 092 04° 1537 1404
Gk 7% 1748 278" 074" 03 1L1F 82T
Proease 33.52° 27320 3522° 092 048 1225 1063

VHard; Hardness, Frac; Fracturability, Adhe.; Adhesiveness, Spri.;
Springiness, Cohe.; Cohesiveness, Gumm.; Gumminess, Chew.;
Chewiness

9 These value mean the average values of 3 replications.

¥ Means with the same letter are not significantly different. at the 5%
level using Duncan’s multiple range test.

HEe s dAat

TR 9F A4S F5EAR Ao Table 129} 2tk

e e BE vgE AFRI) Ee s vg
Wy d9H== WZTHY GDL, Aspergillus  sojae
protease 2 A EF FEIF R & YR, CaChLE A
Z£% FHe w2 @& Ushidd =#¥YxE DL,
Aspergillus sojae protease® A Z3 TR xpNNE &
AR CaCl H7F FRE= =3t @ P& GDL,
Aspergillus sojae protease 2] FHE Uz Hoh & g}
S JEMIA, CaCl F71FodE Be k2 Jehigich

59 ¥ 5498& PR A= Table 133 2gtok

EE HIgE AFFY &L F dA, B2 E 94,
He =7, Agt, &9 g2 R e ke Jehgd
I, F Ul dAe e ¥ e Jehioh

FHo 2AE4S ¥4 Ao Table 149F 23tor
&3 AT gEAde 27 RY ¥ g vehlglz A
AT 4ol de A=vw EF & & gt 3
=% GDL Aspergillus sojae protease2 A 723 FH7 Uz
TEG ¥ g Yehifle, CaCl b e ghe v
EIRIT, WY 2233 E2AAYL Gl AT} 2T
Bt} & & JeRIY, GDLH Aspergillus sojae protease
A7 % &g e

Table 12. Sensory evaluation of appearances of whole soft
soybean flour curds prepared with various coagulants

Soybean curd Smoothness Cracks Yellowness Grayness

Control 3.00Y 3.00° 3.00" 3.00°
GDL 2.00° 2.94° 3.06° 3.06°
CaCl, - 2H,0 1.11° 3.89° 4.28 1.67°
Protease 228 267 3.06° 3.11°

" These number mean the average values of 20 panelists.
? Means with the same letter are not significantly different. at the 5%
level using Duncan’s multiple range test.

Table 13. Sensory evaluation of flavors of whole soft
soybean flour curds prepared with various coagulants

S‘ﬁg““ Cg‘:‘n"d Beany Rﬁ“‘ Astingent  Sow  Bier
Conrol 300" 3000 3000 300" 3000 300°
GDL 394 256 339° 383 411 3.56
CaCl, 38" 267 367 406 333" 400
Poteasse 378 257 378 367 378 356
" These number mean the average values of 20 panelists.

? Means with the same letter are not significantly different. at the 5%
level using Duncan’s multiple range test.

Table 14. Sensory evaluation of textures of whole soft
soybean flour curds prepared with various coagulants

ourd Elasticity Hardness - Coarseress Adhesiveness Residuals

Control  300™ 300 300 300° 3.00° 100°
6o 278 339 27 328 283 317
G, 128 15 322 344 356" 428
Protesse 272 306 278 319 2.8%° 3.08°

" These number mean the average values of 20 panelists.
? Means with the same letter are not significantly different. at the 5%
level using Duncan’s multiple range test.

9% 39 4P QRS BEHoR olfshe Tye
AZE) Yot} ZolA AAUYTFRL] GURALLE 2
Ao Mg AERE Az T AR, A5, 247
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3, HEHAE AN ted 2o £R/9 S ¥4
o] e MBI AL ZA= Aspergillus sojae protease,
bromelain, papaino]¥li, ©] AAE o83l FHE AHZF
23} Aspergillus sojae protease’} 7F4 FESith Thali HE._/I:
A7t A7e 1R HEE F7E dAE A 5LaE
&l AL A7 SAE HUIEA 23 7tE S 3}%1
u 23] 71 ot ‘*"—‘i—v—ﬁﬂﬁ*g} -o—JJﬂE °o]&
HIgHE TR YUIPRLS AAF AFR(ERT) B
Nt AN
Eoith BEHELY STAE o] &3 v AFRE
gx=Fel HlE Lgkd b E3kn, Z29]  hardness,
fracturability, springness, gumminess, chewiness’7} =3O
adhesiveness, cohesivenessv= Rttt Gl R EA 9 374
£ o] &3 HIYE TR 9@ #FHI AAs 2T
vg] B9 vz, 78 A:, d Az W =T
245—“— Egtom 1 Zo|A Aspergillus sojae protease>] 2} &h
FE7} dZ2T ¢ H&IHth TR ELGZIAE o
88 MI9T SS9 54 BSA) A% dET
Hl3) 4 F ““"H, BE IR A, B =4, A, &
e E=kw F vl WAle wisioh
AE o] &3 vgF HAFF
Z79 vl =, W
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