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Adsorption Characteristics of Soybean Curd Powder Prepared
with Various Drying Methods during Storage
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Abstract

Physical properties of soybean curd powder prepared with hot air, vacuum and freeze drying methods were investigated.
Adsorption characteristics were studied under various water activities (such as 0.11, 0.33, 0.44, 0.55, 0.66, 0.75, 0.85, and 0.93)
at 5T, and prediction models were developed. Equilibrium moisture and monolayer moisture contents were the highest when
freeze dried. due to the porous structure. In this result, Oswin model was the best fit for the isotherm of soybean curd.
Sorption enthalpy indicated that high moisture content of powder showed lower sorption than that of low moisture content.

Key words : Soybean curd powder, adsorption, prediction model, isotherm.
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A,  Water activity

X, : Equilibrium moisture content (% dry solids)

X © Monolayer moisture content (% dry solids)

C, k : Experimental constants

5 S&dEn|, Xrollx], dEZT HH
HyrRggel TUsked 2w A, Afolux)

JE&ZY+ Clsusius-Clapeyron(Shin et al 2003)3} Gibbs-
Helmholtz2](Apostolopouls & Gilbert 1990)-& A}8-3l L}e}
WA

np = =8 3
Enthalpy = “RT 3)
Free enenrgy ~AG, = RTImP = RTha, €]
Entropy AS, = AH%AGS (5)

A H,: Absorption enthalphy (kcal/mol)
A G, Free energy (kcal/mol)
A S, Absorption entropy (cal/mol)

P: Vapor press at temperature T
R: Gas constants (1.987 cal/mol.K)
T: Absolute temperature (K)
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A, . Water activity

M : Moisture content (% dry solids)

a, b, n, k: Coefficients
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Fig. 1. Relative humidity of the saturated salt solution at
5T.
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Fig. 2. The isotherm curves of soybean curd powder
during storage at 5T.
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Fig. 3. The regression coefficient determined by BET and GAB equation of soybean curd powder prepared with different

drying method during storage at ST.

The b0 and bl represent the intercept and slope of BET equation.
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Fig. 4. The monolayer moisture content of soybean curd
powder prepared with different drying method during
storage at 5TC.
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Table 1. Thermodynamic parameters for water sorption of soybean curd powder prepared with different drying method

during storage at 5T

Water content Enthalpy of sorption (kcal/mol)

Free energy of sorption (kcal/mol)

Entropy of sorption (cal/mol.K)

(g water/g solid)  Hot-air Vacuum  Freeze Hot-air Vacuum Freeze  Hot-air Vacuum Freeze
0.11 1.1738 1.1092 1.0780 1.1691 1.1583 1.1048 0.2481 -0.1765 -0.3274
0.33 0.9189 0.8482 0.7564 1.6614 1.5342 1.4459 -1.8948 -2.4665 -3.2535
0.44 0.8621 0.8197 0.7041 1.7207 1.5621 1.4491 -2.2900 -2.6691 -3.6549
0.55 0.7822 0.7814 0.6416 1.8110 1.6393 1.5952 -2.9227 -3.0843 -4.2042
0.66 0.7047 0.6812 0.5439 1.9144 1.7478 1.7170 -3.6395 -3.8347 -4.9273
0.75 0.5992 0.5582 0.4575 2.0125 1.8888 1.8485 -4.4915 -4.7836 -5.5906
0.85 0.4843 0.4348 0.3915 2.0949 2.0506 2.0253 -5.5401 -5.8091 -6.1241
0.93 0.3738 0.3355 0.3314 2.1432 2.1271 2.1136 -6.2549 -6.4410 -6.5138
Table 2. The regression coefficient and significance 2
values for the absorption model of soybean curd powder
prepared with different drying method during storage at 5C 20 t
DHot-sirdrying  @Vecuum crying  MFreeze dhying 4
Regression Significance Drying Method o 2
coefficient ~ value Hot-air  Vacuum Freeze g :
10 2
InK; -0.1836 -0.1389 -0.1418 g ¢
Bradley  InK; 15782 2.0604 23147 . 3
R’ 09578  0.9533 0.9634 “ $
h)
ln a 2.1663 2.2208 2.5046 Bradey Caurie Halsey Henderson Qswin Kuhn
Caurie r -1.6397 —-1.5497 -1.6009 Adsorption models
R? 0.9781 0.9698 0.9892 Fig. 5. The mean relative percent deviation for the various
Ina 5.9126 6.3175 69112 adsorption models of soybean curd powder with different
Halsey  n 22142 22753 22058 drying method at ST
R’ 09439 09413 0.9117
100
InK -74841 -85602 -114140 ol & Hal-ai chying
Henderson n 2.4453 2.7090 3.3373 @Vacium drying
mFreeze drying
R 09626  0.9509 0.9655
a 14.9774 17.4409 26.5678
Oswin n 0.2910 0.3015 0.3325
R’ 0.9598 0.9549 0.9447
a -4.5184 -4.1489 ~5.6914
Kuhn b 15.7767 229133 21.7617
R’ 0.8016 0.7905 0.6805
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Regression coeficiert

Fig. 6. Regression coefficients for the prediction of
equilibrium moisture content with water activity.

a, b, ¢ and d constants for the equation Fax3+bx2+cx+d

where x=water activity, y=equilibrium moisture content.
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