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Abstract

The changes in the rheological properties of soybean curd upon the processing conditions were
measured by the failure test, and analyzed by the stress-relaxation data. Soybean curd coagulated
with CaCl, showed a higher failure stress value than other coagulants such as MgCl, CaSO, and
Glucono-8-lactone (GDL), whereas addition of 0.3% CaCl, produced higher failure stress value than
other concentrations (0.2~0.6%). Also, maximum failure stress of soybean curd was shown at the
higher heating temperatures(95C) and greater molding pressures, respectively. Initial and equilibrium
stress at the stress relaxation curves showed the same tendency as those of failure test, and magnitude

of elastic elements(Eq,
model analysis.

E.) and viscous element(n) were numerically expressed through simple Maxwell
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Fig. 1. Schematic diagram of simple Maxwell model
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Table 1. Effects of various coagulant concentrations
upon the failure stress of Tofu made at the 95°C hea-
ting temperature and 15 kgf molding pressure

Coagulant Coagulants
concentration (%) CaCl, MgCl, CaSO, GDL
0.2 16.07Y =3 - -
(1.04)?
0.3 33.01 18.88 9.18 6.00
(187 (1200 (1.28)  (0.40)
04 23.08 18.87 8.96 7.56
(332) (060) (053 (1.22)
0.5 12.50 16.70 1595 847
2000 (098 (129 (093
0.6 — - 6.33 6.77
(1.00) (1.44)

UThe value is the mean value of 5 times measurements.
Unit of a: kPa.

The value in parenthesis is the standard deviation.
ICoagulation is occured but molding is impossible.
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Table 2. Effect of heating temperatures upon the failure
stress of Tofu made at the 0.3% coagulant concentra-
tion and 15 kgf molding pressure

Table 3. Effect of molding pressure upon the failure
stress of Tofu made at the 0.3% coagulant concentra-
tion and 95°C heating temperature

Heating Coagulants Molding Coagulants
temperature(C) CaCl, MgCl,  CaSO, GDL pressure (kg) CaCl, MgCl,  CaSO, GDL

80 11110 4.26 - — 3 19.11Y 8.32 - -
0.87)2  (0.36) (099  (0.55)

90 24.21 11.70 -3 - 9 26.46 12.29 - -
(1.32) (0.86) (3.30) (0.68)

95 33.01 18.88 9.18 6.00 15 33.01 18.88 9.18 6.00
1.87) (1.20) (1.28) (0.40) (1.87) (1.20) (1.28) (0.40)

100 30.45 18.17 2.89 — 21 36.26 24.08 - -

(159)  (1.39)  (0.38)

(1.02)  (1.63)

UThe value is the mean value of 5 times measurements.
(Unit: kPa).

IThe value in parenthesis is the standard deviation.
9Coagulation is occured but molding is impossible.

gobe gol okel ti27] o #lo] SaAE A
B3t Aol AR o olele] v P Al
2hgale] chil Aol ofol 2o odvle] HalE Lol
AR E doA Zelo) vl ofof Ag-e Hbalsl7]
el FH-EAY] B g A @ ghom o 3S
U AE Aoz B 03% SHAE Hrbsted wbE
FHE Fer s wws sy CaCl, MgClh, CaSO,,
GDLgez 7mrt Zashs #A3g wosd ol
GDL, CaSO,, CaClso.2 7%7} 7H4ghctwg Lu?h
59 wae} CaSO, GDL, MgCl,, CaCl,, acetic acid
T2 Arvl FaFva Bag 7 5o poarehe
#}o]Z Ho]i} CaCl, MgCl, CaSO,, GDL#=2 2 7}w 7}
aghe}sn Bagk 9y 7Wahs o #Ehs AEE o}
ehfigdom o]ejqt shrtw o] o]z 7h7h HviEh §-
J_Zﬂ-’] Fxel wa} ZA dES W g o ok

IAE *P&??P"# FHol 7hd 2580~ 100C)el u}
2} ﬂ]iﬂ 10) 9}7}E & =7ah 2 Table 2]
veb e CaC I, MgCl, S 2 A7 8o XY
80Tl A 95C7H%] 7ld-exrb F7kA) szl otbekal
°U4 95T A A& Rt CaSO, 4o 7%

= 80Te} 90C 7lg A= L3 =Hglo}t A3e] H
Xl‘”o} o] EBrhgslelon 95Co A H GRS vof
glfiglch GDLE AF4-3he] mbE F44= 95Co M9 7}

At dgEiglont 2oghe o Sl wiE b
S ghe melFelch SH Age) wsht e x4
Yol TR ALE s SHIIS G0 et
F7h5E Frhht dgen ol elde Fadnn
38k Saio®e} o] B of-Pol A= oWl $-uAllE A}
S 950 shd el At A e
Q—ig—],oir/} gk CaCl, ——_TV_Z{]% A}._Q_l\] oJulx o g
v e sd g by F e shedus ehy st
Lee 5-& chwigo] it Wl 32k 2o

o)

2 frop o

i

2ol I3}t cross-linking wh-olzbar dholon o Fgb

UThe value is the mean value of 5 times measurements.
(Unit: kPa).

2The value in parenthesis is the standard deviation.
#Coagulation is occured but molding is impossible.
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Fig. 2. Stress relaxation curves of Tofu made at the
optimum processing conditions.
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Table 4. Comparison of 3-element model constants de-
rived from stress-relaxation data of Tofu made by opti-
mum processing conditions

Constants
Coagula-
nts 001 } 032) B nA) .55) S f6)
CaCl, 10155 1960 50.78 88856 170 3301
MgCl, 4349 1237 2174 36964 170 1888
CaSO, 1715 380 858 17150 20.0 9.18
GDL 1654 178 1164 7854 95 6.00

Unit of a: kPa, b: kPa, c: kPa, d: kPa sec, e: sec, f: kPa,
UInitial stress, 2?Equilibrium stress, *Modulus of elasticity,
“Viscous component, "Relaxation time, ®Failure stress

Table 5. Comparison of 2-element model constants de-
rived from stress-relaxation data of CaCl, Tofu made
by various processing conditions

Processing Constants
conditions O, Ge E n T of
Coagulant 02 3063 864 1531 160.78 10.5 16.07

concentrations 0.3 101.55 19.60 50.78 888.56 17.5 33.01
(%) 04 9126 21.80 4563 661.65 14.5 23.08
05 3461 6.40 17.30 25090 14.5 12,50

Heating 80 3559 10.11 17.79 204.62 115 11.11
tempetatures 90 46.55 12.25 23.28 314.21 135 24.21
() 95 101.55 19.60 50.78 888.56 175 33.01

100 62.72 1593 31.36 533.12 17 3045

Molding 3 4526 13.05 22.63 29421 13 19.11
pressures 9 5758 1593 28.79 403.02 14 2646
(Kg) 15 101.55 19.60 50.78 888.56 17.5 33.01

21 82.08 22.30 41.04 595.04 145 36.26

Unit of a: kPa, b: kPa, ¢: kPa, d: kPa sec, e: sec, {: kPa,

kPaol| 4] 13.05kPaZ 9Kg 7% 57.58 kPacll4] 15.93
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