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(Research on processing and physicochemical properties of Low amylose
content rice with controlled protein content)
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[Summary]

The demand for cooked rice for rice balls, boxed meals, and frozen rice has been increasing
along with the strong demand for ready-made meals. Recently, low amylose content rice has been
considered to keep its high tenacity and to have resistance to avoid being hard after cooking and
even subjected to cooling condition. However, low amylose content rice has had some problems
such as low yield during cultivation and low efficiency such as stickiness during processing and
manufacturing. In this study, we investigated the effects of different nitrogen fertilization
conditions on yield and eating quality including rice properties, using the low amylose content rice
variety "Kiraho" bred in Iwate Prefecture. In addition, the suitability of the rice for commercial
use, such as the incidence of water-soaked lacerated grains and water absorption characteristics
were clarified by using the high-protein-content low amylose content rice variety "Kiraho".

First, low amylose content rice had strong stickiness and was still soft even if it cools. But low
yield and lower forming efficiency by "stickiness" of cooked rice in processing were considered as
problems. In Chapter 2, we examined the effect of nitrogen application on yield and eating quality




of low amylose rice “Kiraho”, which had been developed in Iwate prefecture. The number of husk
and the high yielding by the amount of nitrogen for topdressing increased. As for the
physicochemical properties of cooked rice related to "stickiness" during forming, there was a
positive correlation between the protein content and the hardness of the surface of cooked rice, and
a negative correlation between the protein content and the adherence of the surface, suggesting a
reduction in "stickiness" during forming, while there was no significant difference between the
hardness of high compression rice. On the other hand, there was no significant difference between
the hardness of the cooked rice and that of the high compression rice, and the decrease in the
overall evaluation in the sensory evaluation of eating quality was small. These results suggested
that nitrogen fertilization of low amylose content rice "Kiraho" improved the yield and modified
the physicochemical properties of the surface layer of cooked rice by increasing the protein
content, and reduced the stickiness of rice in processing, while the effect on the eating quality was
small.

Therefore, it can be inferred that an increase in the amount of nitrogen in the fertilizer may
reduce the stickiness of the rice when it is formed, but the decrease in the overall evaluation in the
sensory evaluation of eating quality was small. Therefore, increasing the amount of nitrogen
fertilizer applied to low amylose rice "Kiraho" will increase its yield and reduce the work
efficiency due to the "stickiness" of rice during processing and manufacturing without decreasing
its eating quality.

Next, it is said that recently low amylose content has been preferred for industrial use, because it
retains its sticky and soft characteristics even after cooking and refrigeration. In Chapter 3, we
investigated the low amylose content rice cultivar, “Kiraho”, with either a standard protein content
(no fertilizer at the ear stage) or a high protein content (fertilized with nitrogen at the ear stage),
and measured the characteristics of the cracked grains after soaking and the water absorbed during
soaking. The results showed that the proportion of cracked grains after soaking was lower in high
protein than in standard protein low amylose content rice under various conditions of moisture
content and water soaking temperature. There was no difference between the low amylose content
rice with a high or standard protein content in changes in moisture content during absorption.
There was also no difference in the water uptake ratio during the cooking quality test between the
high protein and standard protein low amylose content rice. These results indicated that the high
protein low amylose content rice is more likely to be suitable for industrial use because of its lower
proportion of cracked grains after soaking, and its water absorption and heat absorption rate.

In Chapter 4, we studied the affects of low storage temperature and duration on the
physicochemical properties of rice, using two test plots of standard protein rice and high protein
rice from the low amylose rice variety "Kiraho" using nitrogen fertilization technology, and rice
variety "Hitomebore" for comparison. Results showed that the standard and high-protein groups of
"Kiraho" tended to be less adhesive and less sticky than those of "Hitomebore" at all storage
temperatures and times. In particular, when the grains were stored at 5°C, the stickiness of
"Hitomebore" decreased to 26.3 J/m (59% of that at the start of treatment) after 24 hours, while it
decreased to 31.3 J/m(59% of decrease) and 27.9 J/m (58% of decrease) after 48 hours in the
standard protein zone of "Kiraho". Furthermore, the high-protein zone of "Kiraho" was 23.5 J/m
(48%) after 72 hours, suggesting that the stickiness of the "Hitomebore" and "Kiraho" standard
protein zones was less likely to decrease. Therefore, the stickiness of the group grains after 24
hours in the "Hitomebore" and after 48 hours in the "Kiraho" standard protein and high-protein
groups was the same, and the high-protein "Kiraho" was longer than "Hitomebore" by 48 hours,




and longer than the "Kiraho" standard protein group by 24 hours. It was suggested that "Kiraho"
with high protein could suppress rice aging 48 hours longer than "Hitomebore" and 24 hours longer
than "Kiraho" with standard protein.

High yield and high protein by increasing the amount of nitrogen fertilizer can reduce the cost of
raw rice and decrease the work efficiency due to "stickiness" of rice during rice cooking and
forming process manufacturing. In addition, even with high protein, the taste of the rice is less
likely to deteriorate and the aging of the rice properties becomes slower, making it effective for
improving and enhancing refrigerated foods such as take-out lunch boxes and rice balls.

This dissertation shows had high-protein, low-amylose rice will have a strong feasibility to adapt
consumers' and producers' expectations for rice quality after refrigerated and/or frozen treatments
as commercial use.
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