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Physical Properties and Fine Structure of Grains
of High-Pressure-Treated Rice after Cooking
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The rice grains ( Oryza sativa L. Japonica, cultivar Koshihikari) harvested in Niigata prefecture in 1994
was soaked in water, and subjected to high pressure treatment at 400 MPa for 10 min. The rice thus
high-pressure-treated was then boiled for cooking. The physical properties of the cooked rice were
compared with those of a control rice with respect to the hardness, stickiness and conductivity
immediately after cooking, and also with respect to those with time during the storage. The high-
pressure-treated rice exhibited higher stickiness than the control rice immediately after cooking, but it
became harder than the control rice the next day. Furthermore, the high-pressure-treated rice exhibited
higher conductivity immediately after cooking than the control rice, and the conductivity increased with
time during the storage. Scanning electron micrographs (SEM) indicated that the grains of the high-
pressure-treated rice were swollen by the high pressure treatment, with water effectively penetrating into
the peripheral portion of each starch granule, and when such rice was cooked, deep vacant holes and
thick walls of starch gel were formed in each grain. It has been confirmed that the rice subjected to such

high pressure treatment, when cooked, is tasty even after becoming hard with time during storage.

Lhigh pressure treatment, cooked rice, tensipresser, conductivity, SEM]
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Table 1. Water contents of the cooked rice and the swollen rice.

Process Swollen rice Cooked rice
Pressure Koshihikari ® | Koganemochi ° Koshihikari * | Koganemochi °

Control 3130 % 3526 % 63.47 % 59.11 %
200MPa 3131 % 3578 % 63.10 % 58.84 %
400MPa 3193 % 36.03 % 6321 % 5885 %
600MPa 36.10 % 3973 % 64.64 % 58.05 %

® “Koshihikari” , Oryza sativa L. Japonica, cv. Koshihikari, harvested in Niigata
prefecture in 1994,

® “Koganemochi” , Oryza sativa L. var. glutinosa Matsum. cv. Koganemochi, harvested in
Niigata prefecture in 1994,
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Table 2. Balance ratio of the cooked rice " Koshihikari " by Tensipresser (TTP-50BX).

Physical 1 h after cooking 24 h after cooking
properties | Hardness, H, | Stickiness, H, | Balance ratio Hardness, H, | Stickiness, H, Balance ratio
sample [ X10°dyn/em® ] |[ X 10° dyn/em? ] HoHy [-] | X10° dynfom® ] |[ X 10° dyw/om? | HyH, [+
Control 5.95 0.40 0.07 * 3.86 0.27 0.07
200MPa 5.12 0.55 0.11 ® 4.97 0.33 0.07
400MPa 6.15 0.60 0.10 * 4,81 0.28 0.06
600MPa 5.56 0.80 0.14 ° 3.46 0.46 0.13

The average of five measurements is shown in the table.
=% The same letters are not significantly different at P=0.05 as determined by Duncan's multiple range test (n=>5).
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Fig.3. Appearance of the cooked rice “Kosihikari" .

A, Cooked control rice: The grains of the cooked control
rice have some cracks.

B, Cooked high-pressure-treated rice: A grain of cooked
high-pressure-treated rice is similar in figure to a raw
rice grain.
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Fig.4. Scanning electron micrographs showing inner structure of the cooked rice “Koshihikari”

1, whole, bar length,600 pm; 2, center, bar length,60 pm; 3, outer, bar length,60 wm.

400 MPa-1: The endosperm cells are more deformed than the control sample.

Control-2,3: Since the starch granules are not yet gelatinized enough, thin gelatinous membrane networks are observed.
400 MPa-2,3: Since the starch granules are gelatinized well, thick gelatinous membrane networks are observed.
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Fig.5. Scanning electron micrographs showing the inner structure of the cooked rice “Koganemochi”

1, whole, bar length,600 um; 2, center, bar length,60 um; 3, outer, bar length,60 um.

400 MPa-1: The starch granules are more gelatinized than the control sample.

400 MPa-2,3: The gelatinous membrane networks are observed more thickly than the respective control samples.
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Fig.6. Scanning electron micrographs showing the inner structure of the swollen rice “Koshihikari”

1, whole, bar length,600 um; 2, center, bar length,60 um; 3,starch granules, bar length,10 pm.

400MPa-1: The endosperm cells are more deformed than the control sample.

400MPa-2: The water penetration into the peripheral portion of each starch granule is observed more clearly than the
control sample.

600MPa-3; Compared with the control sample, some parts of starch granules are denatured to gelatinized starch.
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Fig.7. Changes conductivity of the cooked rice
“Koshihikari” with time during the storage.

Rice treated at 400 MPa exhibited higher conductivity

imediately after kooking than the control rice, and the

conductivity increased with time during storage.
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