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Table 1. Equilibrium moisture content(EMC) and
time to reach the EMC for brown and milled rices
stored at 4 and 25°C

Storage 4°C 25°C
time EMC Time EMC Time
(month) (%) (min) (%) (min)
Brown 0 28 210
rice 1 28 210 28 210
2 28 210 28 215
3 28 215 28 215
4 28 215 28 220
5 28 215 28 220
Milled 0 27 35
rice 1 27 35 27 35
1.5 27 35 27 40
2 27 40 27 40
2.5 27 40 27 45
3 27 45 27 50
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Fig. 1. Relationship between the storage time and water uptake rate constant for brown(left) and milled

(right) rices during storage at 4°(®) and 25°C(0)
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Fig. 2 Relationship between the storage time and volume increase rate constant for brown(left) and milled(right) rices

during storage at 4(®) and %°C(0)
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Table 2. Equilibrium volume(EV) and time to reach

the EV for brown and milled rices stored at 4°
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Table 3. Changes in initial hardness of brown and
milled rices during storage at 4° and 25°C

Storage 4°C 25°C
time EMC Time EMC Time Storage time Hardness(kg)
(month) (%) (min) (%) (min) (month) AT %50
Brown 0 25 150 Brown 0 6.63
rice 1 25 150 25 155 rice 1 6.64 6.66
2 25 155 25 155 2 6.66 6.70
3 25 155 25 160 3 6.69 6.75
4 25 160 25 160 4 6.72 6.79
5 25 160 25 165 5 6.74 6.85
Milled 0 33 35 ‘ Milled 0 6.13
rice 1 33 35 33 40 rice 1 6.14 6.17
1.5 33 40 33 45 1.5 6.16 6.21
2 33 40 33 50 2 6.18 6.26
2.5 33 45 33 55 2.5 6.21 6.32
3 33 50 33 55 3 6.24 6.40
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2 Table 4. Changes in terminal points of cooking for
brown and milled rices during storage at 4" and
25°C

1k Storage time Terminal point of cooking(min)

(month) 4°C 25°C

Brown 0 45
P O.SL rice 1 45 46
2 2 46 47
g 3 47 49
: 0.3 1. 1 1 1 I} 1 1 L1 4 48 51
g 2r 5 49 53

g Milled 0 23
&2 rice 1 24 25
1+ 1.5 24 26
2 24 27
2.5 25 29
osh 3 26 30

0.3 . A PR AR oz 7tadtgickFig. 5). 4l £+ 49
10 20 30 40 50 60

COOKING TIME (MIN)
Fig. 4. Relationship between the reciprocal hard-
ness of cooked brown(top) and milled(bottom) rice
grains stored for 5 and 3 months, respectively.
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Fig. 5. Relationship between the storage time and cooking rate constant for brown(left) and milled(right)

rices storage at 4°(@®) and 25°C(0)
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Table 5. Color changes of brown and milled rice
grains during storage at 4" and 25°C

Table 6. Changes in amylograph peak viscosity of
brown and milled rice flours(10 %, d.b.) during
storage at 4" and 25°C

Storage time Brown rice  Storage time Milled rice

(month) 4°C  25°C  (month) 4°C 25°C
0 490 0 710
1 490 490 1 710 740
2 490 520 1.5 720 750
3 490 540 2 730 780
4 500 560 2.5 740 820
5 500 580 3 760 840
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Table 7. Changes in gelatinization temperatures
of brown and milled rice flours during storage at

4° and 25°C

Storage time 4°C 25°C Storage Storage time  Temperature(’C) M
(month) L a b L a b temperature (month) T, T, T. (cal/g)

Brown 0 514 58 15.8 Brown 4°C 0 61.2 673 732 1.60
rice 1 51.4 5.7 158 527 5.7 16.0 rice 1 61.4 678 736 1.58
2 51.5 5.6 15.9 533 5.6 16.3 3 61.5 676 735 1.55

3 51.6 55 16.0 540 56 16.4 5 61.9 678 736 1.43

4 520 54 16.1 544 55 16.6 25°C 1 62.0 673 73.8 1.49

5 52.5 54 16.3 550 55 16.7 3 62.1 680 744 1.38

Milled 0 63.4 0.9 11.3 5 62.2 68.0 742 1.38
rice 1 634 0.9 114 635 09 114 Milled 4°C 0 60.0 658 728 2.05
1.5 63.5 0.8 114 636 0.8 115 rice 1.5 60.1 65.7 728 1.83

2 63.6 0.7 11.5 637 0.7 11.6 3 60.1 663 728 1.87

2.5 63.6 09 11.5 638 0.9 11.6 25°C 1.5 59.9 66.1 722 1.62
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Changes in Physicochemical Properties of Brown and Milled Rices during Storage
Eun-Ja Cho and Sung-Kon Kim*(Department of Foods and Nutrition, Sungshin Womens
University, Secul, *Department of Food Science and Nutrition, Dankook University, Seoul)

Abstract | The changes in water uptake rate, cooking properties, color of rice grains
and gelatinization properties of brown and milled rices during storage were studied. The
brown and milled rices were stored at 4’ and 25°C for 5 and 3 months, respectively. The
water uptake rate constants of rices during hydration at 30°C were linearly decreased
during storage. The volume increase rate also showed similar trend to the water uptake
rate. The terminal point of cooking of milled rice at 100°C in a sealed brass vessel was
about a half of that of brown rice. The cooking rate of milled rice was 1.8 times faster
than that of brown rice. The cooking rate constant of both brown and milled rices lin-
early decreased with the increase of storage time. The L(lightness) value increased for
brown rice grain and remained unchanged for milled rice grain during storage. The peak
viscosity of rice flours by amylograph increased during storage, but enthalpy for gelati-
nization decreased, as measured by differential scanning calorimetry.



