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Freezing Temperature and Freezing Injury of Rough Rice Grains with

Various Levels of Moisture Content

Shuso KAWAMURA, Takenobu OGAWA, Seizo FUIIKAWA,
Kazuhiro TAKEKURA and Kazuhiko ITOH

Graduate School of Agricultural Science, Hokkaido University,

Kita 9 Nishi 9, Kita-ku, Sapporo 060-8589, Japan

Freezing temperature and incidence of freezing injury of rough rice grains with 11 moisture content levels in

the range of 15.1% to 26.5% were determined in this study. Differential scanning calorimetry (DSC) was used to

measure the freezing temperature of rice. Rice grains with a moisture content of less than 20.8% on average did

not freeze even at a temperature of —55°C. Rice grains with a moisture content of 22.1% on average froze at

about —35%C. Incidence of freezing injury of rice grains was determined by the germination rate because grains

that suffered freezing injury did not germinate. Rice grains with a moisture content of less than 17.8% on average

germinated after being stored at —80°C for 11 days. Thus, no grain with a moisture content of less than 17.8%

froze even at a temperature of —80°C. Rice for long-term storage is always dried until the moisture content

becomes around 16%. Thus, there is no need for concern about freezing and freezing injury of rice stored in farm
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silos under natural conditions in winter in Hokkaido.
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Fig. 1. A DSC cooling thermogram of rough rice with a

moisture content of 26.5%.
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Fig. 2. Freezing temperatures of rough rice grains at various

cooling rates measured by DSC (moisture content:

26.5%).
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Fig. 3. Freezing temperatures of rough rice grains with

various levels of moisture content.
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Fig. 4. Moisture distribution of single rough rice kernels

(mean moisture content: 22.1%).
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Fig. 5. Germination rates (incidence of freezing injury) of
rice grains with various levels of moisture content

after cooling treatments.
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Fig. 6. Cross section of a rice kernel cooled at —40°C

observed under a SEM (moisture content: 24.2%).
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Fig. 7. Freezing trace of embryo of the rice kernel cooled at

—40%C (moisture content: 24.2%).
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