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Equilibrium moisture content (EMC), equilibrium volume (EV) and time to reach EMC and EV for

4°C 20°C 25°C 30°C
Storage time
(month) EMC EV EMC EV EMC EM EMC EV
(%) (%) (%) (%) (%) (%) (%) (%)
0 27(35) 33(35)

27(35) 33(35) 27(35) 33(40) 27(35) 33(40) 27(40) 33(45)
15 27(35) 33(40) 27(40) 33(45) 27(40) 33(45) 27(45) 33(50)
2 27(40) 33(40) 27(45) 33(50) 27(45) 33(50) 27(50) 33(55)
25 27(40) 33(45) 27(45) 33(50) 27(50) 33(50) 27(55) 33(60)
3 27(45) 33(50) 27(50) 33(55) 27(50) 33(55) 27(55) 33(60)

“The numbers in parenthesis are the times (min) to reach EMC or EV.
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Fig. 1. Relationship between the storage time and
water uptake (k) and volume (k) increase rate cons-
tants for milled rice after storage for 3 months. 1,
4°C; 2, 20°C; 3, 25°C; 4, 30°C

Table 2. Slope calculated from Fig. 1

Storage

2 2

temperature(°C) kx10 k10
4 —0.236 —-0.313
20 -0.317 —0438
25 —0.363 -0.523
—0.664

30 - ~0.466
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Fig. 2. Relationship between water uptake rate (k)
and volume change rate (k,) constants of milled rice
after storage at 4°C (@), 20°C (©), 25°C (@} and
30C (@).

Table 3. Activation energy for water uptake rate
constant of milled rice during| storage

Storage time E,| (cal/mole)

(month) 4°C~25°C 25°C~30°C
1 184 264
15 268 422
2 360 840
25 464 1087

3 608 1269
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Table 4. Changes in initial hardness of milled rice
during storage at 4°, 20°, 25° and 30°C
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Fig. 3. Relationship between the reciprocal hardness
and cooking time of cooked milled rice grains after
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Table 5. Changes in terminal point of cooking for
milled rice during storage at 4°, 20°, 25° and 30°C

Storage time Hardness (kg)

Storage time Terminal point of cooking (min)

(month) 4°C 20°C 25°C  30°C (month) 4°C 20°C  25°C  30°C
0 628 0 24
1 6.30 631 6.31 6.34 1 24 25 % %
15 6.33 6.35 6.36 6.45 15 25 26 2% 27
2 6.37 6.40 6.44 6.59 2 26 27 27 28
25 6.41 6.47 651 6.70 25 27 28 28 30
3 6.46 6.54 6.61 6.80 3 27 29 30 32
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Table 6. Activation energy for cooking rate constant
of milled rice during storage

0 1 2 3 Storage time Ea
Storage time (month) (month) (cal/mole)
Fig. 4. Relationship between the storage time and 1 . 235
cooking rate constant for milled rice after storage 15 396
for 3 months. Y=—-0.229X+8.840 at 4°C(0—0), 2' 502
Y=—-0.420X+8.840 at 20°C{(©—0), Y=—0.472X 25 636
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Table 7. Color change of milled rice grain during storage at 4°, 20°, 25° and 30°C
Storage time 4°C 20°C 25°C 30°C
(month) L a b L a b L a b L a b
0 643 08 114 '
1 64.2 0.8 114 643 0.7 11.2 643 08 115 644 08 115
15 64.1 0.8 114 = 644 0.6 115 644 0.8 115 644 0.8 115
2 64.1 0.7 11.3 645 0.6 115 645 0.7 115 645 0.8 12.2
2.5 64.2 0.6 114 645 0.5 116 646 0.7 118 646 0.8 12.6
3 64.3 0.6 115 646 0.5 11.8 646 0.7 120 647 0.8 12.9
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Table 8. Changes in amylograph peak viscosity of
milled rice flour (10% d.b.} during storage at 4°,
20°, 25° and 30°C

Storage time Storage temperature

(month) 4°C 20°C 25°C  30°C
0 770
1 770 800 820 880
15 780 840 880 960
2 800 870 940 1030
25 810 910 990 1100
3 830 950 1040 1170

Table 9. Changes in gelatinization temperature of
milled rice flour during storage of rice at 4°, 20°,
25° and 30°C

Storage Storage  Temperature (°C)

tempetime tim¢ ————— AH
C (month) T, T, T. (cal/g)

0 612 672 731 2.16

4 1.5 612 674 731 2.10

3 612 674 736 1.90

20 15 616 672 731 211

3 61.7 678 736 1.86

25 15 616 674 731 203

3 61.8 680 739 1.81

30 1.5 617 674 736 1.94

3 61.7 682 732 1.75

To: onset temperature

T,: peak temperature

Te: conclusion temperature
AH: enthalpy of gelatinization
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Table 10. Equivalent storage time at various tempe-
ratures to give parameter at 4°C for 3 months

Time (month)

Parameter

4°C  20°C 25°C 30°C
EMC or EV 3.0 2.0 2.0 15
Water uptake rate 30 22 19 15
constant at 30°C ’
Volume increase rate 3.0 20 17 1.3

constant at 30°C
Hardness of rice grain 30 25 20 15

Terminal point of 30 20 20 15
cooking at 100°C

Cooking rate constant 30 16 14 13
at 100°C

Peak viscosity 30 15 10 10
Color (b value) 30 20 20 15
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Effects of storage temperatures on the physicochemical properties of milled
rice '

Sung-Kon Kim and Eun-Ja Cho* (Department of Food Science and Nutrition, Dankook
University, Seoul 140-714, Korea, *Department of Foods and Nutrition, Sungshin Womens
University, Seoul 136-742, Korea)

Abstract : The changes in water uptake rate, cooking property, color of rice grain, gelatini-
zation property of milled rice during storage were studied. The water uptake rate constant
of milled rice during storage at 4~30°C for 3 months decreased, which was more pronoun-
ced at elevated storage temperatures. The activation energy of water uptake was different
below and above 25°C of storage temperature. The activation energy after storage for 3
months below and above 25°C was 608 and 1269 cal/mole, respectively. The rice grain
became harder and the cooking time was prolonged by 3~8 minutes upon storage. The
cooking rate constant was linearly decreased as a function of storage time. The activation
energy of cooking after 1 month of storage was 235 cal/mole, which was increased by
1.7 times after storage of 1.5 months and thereafter by 1.2 times with the increase of
0.5 month. There were no significant changes in color of milled rice grains during storage
at 4°C, but the increase of b value was observed at higher temperatures. The initial pasting
temperature - of rice flour remained essentially unchanged during7 storage, but the peak
viscosity consistently increased with the increase of storage time and temperature. The
gelatinization temperature of rice flour by differential scanning calorimetry was not changed
but enthalpy of gelatinization was decreased during storage.



