KOREAN J. FOOD SCI. TECHNOL.
Vol. 28, No. 6, pp. 1146~1150(1996)

DY AE 290| 55 54
e - AR - DA A

FATYAEAG AFTYt, ST AET
oobER sk A EgoFetat

Moisture Sorption Characteristics of Model Food Powders

Dong Woo Kim, Kyu Seob Chang*, Un Hyun Lee* and Suk Shin Kim**

Department of Food Technology, Joong-kyoung Technical Junior College
*Department of Food Science and Technology, Chungnam National University

**Department of Food Science and Nutrition, The Catholic University of Korea

Abstract

The purpose of this research was to provide fundamental data required for the process design of conveying,
storage and processing of food powders. Potato starch, corn starch, wheat protein, soybean protein, and model
food powders prepared by mixing potato starch and wheat protein were selected and their sorption charac-
teristics such as equilibrium moisture content, monolayer moisture content, and sorption enthalpy were det-
ermined. Equilibrium moisture content and monolayer moisture content of high starch powders were higher
than those of high protein powders, and the equilibrium moisture content decreased with temperature. The de-
termination coefficients of the regression equations to predict the equilibrium moisture content of food powd-
ers were from 0.997 to 0.999. Sorption enthalpy experiments indicated that powder of high moisture content
showed lower sorption than that of low moisture content, and the high protein powder showed lower sorption

than high starch powder.
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Table 1. Formulae of model food powders

Mix ratio (w/w%)

Formulae
Wheat protein Potato starch
S;P, 30 70
S<Ps 50 50
S;P; 70 30
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Table 2. Equilibriun moisture contents of food powd-
ers at 10°C

Saturated Equilibrium moisture content (%, DB)
salt Aw

solution PS CS WP SP S:P, SPs SiP,

LiCl 0105 65 63 41 58 57 52 47
K.CHO, 0219 77 74 50 69 68 61 56
MgCl- 0314 90 87 62 81 80 73 68
K.CO, 0425 107 104 74 97 98 89 85
Mg(NO;). 0516 128 125 93 116 119 108 10.1
NaNQ, 0.637 153 149 11.7 140 143 13.1 127
NaCl 0.746 182 178 142 169 17.1 16.0 155
KCl 0.839 21.8 214 179 20.6 208 195 19.1

Table 3. Equilibriun moisture contents of food powd-
ers at 20°C

Saturated Equilibrium moisture content (%, DB)
salt Aw

solution PS CS WP SP S.P. SP; S,P,

LiCl 0127 62 60 38 55 54 48 44

K:C:H;0, 0234 71 69 46 63 63 57 52
MgCl 0328 83 80 56 75 74 68 63
K.CO;s 0441 98 86 70 91 90 83 77
Mg(NOs): 0532 115 112 84 107 106 98 9.2
NaNO; 0.653 14.0 13.6 10.7 13.1 13.1 121 116
NaCl 0762 17.1 165 13.6 16.0 162 152 146
KCl 0845 212 205 174 197 20.1 19.1 184

Table 4. Equilibriun moisture contents of food powd-
ers at 30°C

Saturated Equilibrium moisture content (%, DB)
salt Aw

solution PS CS WP SP S;P, S:Ps SJP7

LiCl 0145 6.0 58 36 52 52 46 42
K:C:H:0, 0251 67 65 42 6.0 58 53 48
MgCl: 0343 76 74 51 70 67 64 57
K:CO; 0456 87 85 61 81 78 75 68
Mg(NQOs), 0.547 103 100 74 9.6 92 87 82
NaNO, 0.668 129 125 97 121 116 11.2 105
NaCl 0.779 161 156 128 15.2 147 142 13.6
KCl 0.860 205 199 167 19.3 19.0 183 17.6
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Fig. 2. Determination of enthalpy of sorption of potato

starch with different moisture contents

Water Activity

Fig. 1. BET plot for determination of the monolayer

value of wheat protein at 20°C

Table 6. Enthalpy of sorption of food powders as a

function of moisture content

Table 5. Monolayer moisture contents of food powd-

ers at different temperatures

Enthalpy of sorption (kcal/mol)

Moisture

content

S;P;
-4.41
-2.58
-1.73
-1.12

S<Ps

S:P,
-5.17
-2.98
-1.97
-1.27

SP
-5.07
-2.90
-1.92
-1.26

WP

-4.04
-2.42
-1.57
-1.02

PS CS

(%, DB)

Moisture content (%, DB)

Temperature

-4.75
=275
-1.82
-1.19

-5.73 -5.36

6
10
14
18

cS WP SP S,P; SsPs SiPr
757 735 443 695 724 652 576

PS

0

-3.53 -3.16

10
20

30

-2.06
-1.31

-2.29
-1.38

691 387 652 683 585 507
6.74 3.59 6.28 631

7.16
6.93

5.27 4.35
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Table 7. Regression coefficients for the prediction of
equilibrium moisture content with water activity at 10°C

Food Regression coefficients"”
powders a b c d R’

PS -0.9086 13.3128 10.9082 5.2942  0.999
cs -0.1398 12.8454 10.2899 5.1334  0.998
WP -6.2103 179831 10.0843 3.0273  0.999
SP -7.2986 18.6705 11.9664 4.5363  0.998
S,Py -10.9863 21.0807 13.9818 4.0469  0.997
S:P;  -12.0873 223860 129415 3.6793  0.998
S:P;  -14.3130 242836 13.6587 3.1204  (.998

Ya, b, ¢ and d constants for the equationy y=ax’+bx2+cx+d
where, x=water activity, y=equilibrium moisture content

Table 8. Regression coefficients for the prediction of
equilibrium moisture content with water activity at

Food Regression coefficients"”
powder S a b c d R’

PS -27.2173 35.0984 17.8174 4.1853  0.998
CS  -25.8367 33.1593 17.3765 4.0192 0997
WP -28.0740 349577 16.8414 19342  0.998
SP -17.8613 26.8739 14.5252 37629  (.998
S;P;  -24.6718 33.5207 164436 3.6141  0.998
SPs -32.3433 38.6235 19.0827 2.7844  (0.998
S;P,  -26.6667 37.7838 163700 2.6477  0.998

"Refer to the notes of Table 8

Table 9. Regression coefficients for the prediction of
equilibrium moisture content with water activity at

Food Regression coefficients"
powders a b ¢ d R

PS  -35.6986 43.0047 17.8937 3.9354 0.998
CS  -37.5546 434817 18.7869 3.6359  0.998
WP -369517 42.1577 18.0443 1.5337  0.998
SP -37.2927 422414 19.6623 29172  0.998
S:f;  -37.0433 453637 17.3248 34576  0.998
S -40.5416 462645 19.8614 2.5981  0.998
S -32.7932 414282 159614 25779  0.998

"Refer to the notes of Table 8
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Fig. 3. Comparison of observed and calculated sorp-
tion isotherms of potato starch at 20°C
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