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Abstract

Cooking rate calculated from hardness change, and gelatinization aspects observed by X-ray diffraction
and scanning electron microscope of brown rice were investigated. Optimum ratio of water to rice of Akibare
and Milyang 23 was 1.65 and 1.73, respectively. Milyang 23 was cooked at a faster rate than Akibare.
Cooking rate of brown rice was about an half of white rice. The temperature dependence of cooking rate of
brown rice was found to be relatively low. The activation energy for cooking were in the range of 15,000 to
16,400 cal/mol at 80 to 100°C and 8,200 to 8,600 cal/mol at 100 to 130°C. The gelatinization degree
determined from X-ray diffractometry was approximately consistent with the cooking degree expressed by

reciprocal hardness.
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Fig. 1. Relation between the reciprocal hardress
of brown rice and the ratio of water to

rice
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Fig. 2. Relation between the reciprocal hardness
of cooked brown rice grains and cooking
time at various cooking temperatures(no
soaking)
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Fig. 3. Relation between the reciprocal hardness

of cooked brown rice grains and cooking
time at various cooking temperatures ( 20hr
soaking)
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Fig. 4. The rates of uncooked portions of brown
rice grains at each cooking temperature(no
soaking)
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Fig. 5. The rates of uncooked portions of brown
rice grains at each cooking temperature
(20hr soaking)
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Table 1. Average values of reaction rate constant Table 2. Activation energy of cooking brown rice
Reaction rate constant (cm/min), Variety Cooking _Soaking Activation
Cooking Ko X 10 temp. (C) time (hr) |energy (cal/mol)
temp. AKIBARE MILYANG23 80 - 100 0 16, 000
) no 20hr- no 20hr ) 20 16, 400
. . . . Akibare
soaking  soaking soaking soaking 0 8, 500
80 .00 104 116  1.20 100~ 130 20 8. 200
90 2.08 2.22 2.32 2.50 0 15. 000
80 - 100 ’
100 3.41  3.66  3.68  3.92 20 15. 400
110 455  4.76 500  5.26 Milyang 23 0 8. 600
120 6. 06 6.45 6.67  7.14 100130 20 8, 300
130 8.00 8.33 8.70 9.01
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Fig. 6. Arrehnius plots of the cooking rate constant
of brown rice
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Table 3. Temperature dependence of the terminal
point of cooking of brown rice

Variet Cooking Soaking Z(C) Quw Ef(cal/
ariety  emp. time mol)
() (hr)
0 3 1.71 13,700
80-100 i _— 720
Akibare . ‘;09 g 14,
30
100 - 130 ! 8. 000
L 20 90 1.29 7,900
0 B 171 13
80-100 40 1 78 14, 77(())(())
Milyang 23 0 8 131 5.4
100 - 130 . 400
20 91 1.29 7,800
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Fig. 8. Changes of the X.ray diffractogram during
cooking of brown rice
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Fig. 9. Degree of gelatinization of brown rice as

a function of cooking time
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Fig. 10.Scanning eleetron micrographs of brown rice
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