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Effects of Soaking Conditions on the Manufacture of
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In order to investigate the transfer rate of calcium into rice and the effect of soaking conditions-temperature (20,
30, 40, 50 and 60°C, X)), calcium concentration of soaking solution (0, 250, 500, 750 and 1000 mg/L, X,) and
soaking time (5, 10, 15, 20 and 25 min, X,), moisture absorption rate, hardness and calcium content of rice after
soaking were analyzed. When the soaking temperature and time were increased the moisture absorption rate also
increased (p<0.01). Quadratic and interaction effects on the moisture absorption rate among variables were
highly significant, within 5%. The predictive model for moisture absorption rate (Y,) was as follows: Y =16.14
+0.78X, + 1.24X,- 0.23X >+ 0.14X,*— 0.42X X, - 0.38X,? (R?=0.9123). Hardness was decreased as soaking time
and temperature increased. Calcium contents of soaked rice increased as temperature, the calcium concentration
of soaking solution and soaking time were increased (p<0.01), Also the interactive effect between soaking time
and calcium concentration of soaking solution was high. The predictive model for calcium content (Y,) was as
follows: Y,=470.80 + 110.87X, + 123.47X, + 52.29X,~ 7.42X > - 14.87X >~ 9.49X X, — 20.57X;> (R*=0.9840). From
the results in this study, if adults and children take 400 g of calcium enriched rice with 600 mg/kg and
700~900 mg/kg, respectively, they can expect to take more calcium than the recommended intake without other
calcium reinforcing agents.
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Table 1. Levels of independent variables for experimental design
Levels
Symbols Independent variables
2 -1 0 1 2
X, Temperature of soaking solution (°C) 20 30 40 50 60
X, Calcjum concentration of soaking solution (mg/L) 0 250 500 750 1000
X Soaking time (min) 5 10 15 20 25
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Table 2. Experimental data of moisture absorption
soaking conditions”

D73 S e ¢t AR = 20~60°C, IAZ
F8 ML Calcium Lactate(GR-5F3HE Z=Fo 5o
0~1000 mg/L8] T2 At ARSIl FAAZR 0~30
min HYolA AAsFom, Table 134 2ol 4 AF
N0 whe} A=A BE AL 33 ukEsle] A3

St

=1 1=5]

AL

M

=1 od

Aol AW E-E A FFMel et SA oA, 714
e Azl weh 3] A1Z] o Inductively Coupled

rate, hardness and calcium concentration of soaked rice under the various

X, X, X, MAR HD cc
+1 -1 -1 16.22 3458 391.55
+1 -1 +1 16.90 2363 483.29
+1 +1 -1 15.73 2412 642.87
+1 +1 +1 17.39 1996 738.14
-1 -1 -1 13.43 4573 126.41
-1 -1 +1 16.39 2827 272.33
-1 +1 -1 13.89 4821 406.21
-1 +1 +1 16.62 1943 480.68
2 0 0 13.82 6228 229.66
+2 0 0 1693 4110 637.87
0 +2 0 16.64 4686 643.39
0 2 0 1621 3305 143.23
0 0 +2 17.38 1755 487.38
0 0 -2 11.51 4967 261.50
0 0 0 16.08 1765 472.18
0 0 0 15.94 1854 44527
0 0 0 15.29 2013 454.35

”Xlz Temperature of soaking solution (°C), X,: Calcium concentration of soaking solution (mg/L) X,: Soaking time (min), MAR: Moisture
absorption rate (%), HD: Hardness (g/cm?), CC: Calcium concentration (mg/kg).
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Table 3. Regression coefficients of the second order
polynomials for moisture absorption rate of soaked rice with
soaking conditions”

Parameter

Parameter df estimate T-value
Intercept 1 16.1472 93.99%*#*
X, 1 0.7808 10.03%**
X, 1 0.0208 0.27
X, 1 1.2400 15.93%:%*
XXX, 1 -0.2299 -3.25%*
XXX, 1 -0.0733 -0.67
XXX, 1 0.1392 1.97*
XXX, 1 -0.4233 -3.84%**
XXX, 1 0.1383 1.26
XXX, 1 -0.3790 -5.36%**

YRefer to Table 1, *P<0.05, **P<0.01, ***P<0.001.
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Fig. 1. Relationship among temperature, time and calcium concentration of soaking solution on the moisture absorption rate of

soaked rice.
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Table 4. Regression coefficients of the second order
polynomials for hardness of soaked rice with soaking
conditions”

Parameter df Para}meter T-value
estimate

Intercept 1 1617.94 9.57%*%*

X, 1 -548.48 -7.16%**
X, 1 3394 0.44

X, 1 -780.65 -10,19%**

XXX, 1 865.53 12.43%%*
XXX, 1 -106.95 -0.99

XXX, 1 521.28 7.48%**

XXX, 1 377.54 3.48#**
X XX, 1 -52.29 -0.48

XXX, 1 363.53 5.22%#%

DRefer to Table 1, *P<0.05, **P<0.01, **¥P<0.001.
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Fig. 2. Relationship among temperature, time and calcium concentration of soaking solution on the hardness of soaked rice.



608 A ZA8SA] A 35 A A 4 Z (2003)

Table 5. Analysis of variance for response surface analysis for
calcium concentration of soaked rice with soaking conditions

Regression df ssclllgrgi R-square F-ratio
Linear 3 1463819 0.9637 825.65%#*

Quadratic 3 28226 0.0186 15.927%%*
Crossproduct 3 2645 0.0017 1.49
Total regress 9 1494690 0.9840 281.02%#*
*P<0.05, **P<0.01, ***P<0.001.
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Table 6. Regression coefficients of the second order
polynomials for calcium concentration of soaked rice with
soaking conditions”

Parameter
Parameter df estimate T-value
Intercept 1 470.7988 60.80%**
X, 1 110.8747 31.60%+*
X, 1 124.3714 35.45%**
X, 1 52.2947 14.90%#*
XXX, 1 -7.4201 -2.33%
XXX, 1 2.0787 042
XXX, 1 148684 466
XXX, 1 39754 -0.80
XXX, 1 -9.4920 -1.91%*
XXX, 1 -20.5680 -6.45%k%

DRefer to Table 1, *P<0.05, **P<0.01, ***P<0.001.
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Fig. 3. Relationship among temperature, time and calcium concentration of soaking solution on the calcium concentration of soaked

rice.
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Table 7. Optimum soaking conditions for soaked rice of calcium concentration 400~900 mg/kg"

X, X, X, cc X, X, X, cC X, X, X, cc
33 406 14 400 60 469 6 600 58 875 15 800
20 938 23 400 35 969 23 600 59 813 21 800
25 688 23 400 56 406 18 600 55 1000 24 800
51 250 12 400 36 938 24 600 56 938 14 800
43 250 9 400 53 563 13 600 59 844 15 800
55 250 18 500 48 813 20 700 59 1000 18 900
45 406 18 500 43 1000 19 700 58 1000 18 900
54 469 9 500 54 688 16 700 59 969 16 900
40 563 15 500 49 813 16 700 60 969 23 900
51 281 21 500 48 813 19 700 58 1000 19 900

UX,: Temperature of soaking solution (°C), X,: Calcium concentration of soaking solution (mg/L), X,: Soaking time (min), CC: Calcium

concentration (mg/kg).
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