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Abstract

Received:

Diabetes and dementia are life-style related diseases, and patients have been increased
all over the world. We tried to prevent diabetes using the high-amylose rice cultivars. It was
shown that the postprandial BGL of high-amylose rice was lower than that of low-amylose
rice. “Super hard rice”, of which starch contains long-chain amylopectin, was developed in
Kyushu University, Japan, and we clarified its characteristics by the cooperative research.
It was very hard after cooking, and rich in resistant starch. “Super hard rice” lowered
postprandial BGL not only as cooked rice grains but also as rice noodle and rice bread.
We prepared super-hard rice bread blended with 5% of black rice bran (SRBBB), which
contained much amylose and showed inhibitory activity against β-secretase after heating.
Aged mice, which were fed SRBBB diet for 4 weeks, showed lower amyloid β40 in the
blood than the control. We investigated the effects of the blend of ordinary brown rice and
black rice cooked after a high-pressure treatment (HPTKO). A randomized, single-blind,
crossover-designed study was conducted using 15 subjects, and BGLs at 90 and 120 min
after ingesting the cooked HPTKO were significantly lower than that for cooked ordinary
polished rice. Furthermore, postprandial blood amyloid β40 did not increased markedly
compared with the control.
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Introduction

According to WHO report, globally, an estimated 422 million
adults were living with diabetes in 2014, and diabetes of all types
can lead to complications in many parts of the body and increase
the overall risk of dying prematurely [1]. Therefore, there is an
urgent need to implement population-based interventions that
prevent diabetes, enhance its early detection, and use lifestyle and
pharmacological interventions to prevent or delay its progression
to complications [2]. The WHO and Food and Agriculture Organization of the United Nations recommend foods with low glycemic
index (GI) to prevent diabetes [3]. The concept of GI was introduced
by Jenkins et al. [4]. as a ranking system for carbohydrates based
on their immediate impact on blood glucose levels, and low GI and
glycemic load diets have more recently been widely recommended
for the prevention of chronic diseases including diabetes, obesity,
cancer and heart disease, [5] because the resulting glycemic index
classification of foods provided a numeric physiologic classification
of relevant carbohydrate foods in the prevention and treatment of
diseases such as diabetes [6].

Alzheimer’s disease affects more than 25 million people
worldwide and is the most common form of dementia [7].
β-amyloid precursor protein (APP) is processed to generate
β-amyloid (Aβ) by β- and γ-secretase, in a highly regulated process.
Many drugs have been approved for the treatment of Alzheimer’s
disease, at different stages of the disease, although they all have
limited efficacy. Recent epidemiological studies have suggested
a link between Alzheimer’s disease and type 2 diabetes mellitus
associated with insulin resistance [8-10]. Diabetes is a lifestyle
disease, and its prevention and treatment are extremely important.
Low glycemic index (GI) foods inhibit rapid increases in blood
glucose and insulin secretion after meals. The β-amyloid precursor
protein (APP) generates the amyloid β peptide (Aβ) via β- and γsecretase in a highly regulated process. Because working memory
is impaired by AD, the disease has spawned dynamic research
investigating the influence of gamma-aminobutyric acid (GABA) on
working memory performance in AD sufferers [11].
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It is well-recognized that the prevalence of dementia is higher
in diabetic patients than in non-diabetic subjects [12], and Tokutake
et al. [13]. Showed that there is a molecular link between AD and
insulin signaling. Cereal grains are indispensable for the people
all over the world. Intake of calories, 1st functions, satisfaction
of sensory preference, 2nd functions, and the maintenance and
promotion of health, 3rd functions, could be possible by the intake
of various grains. For example, brown rice contains vitamin Bs,
vitamin E, dietary fibers, gamma-oryzanol, ferulic acid, phytic acid,
and gamma-Aminobutyric acid (GABA), various minerals, and
polyphenols. Colored grains, such as red rice, purple wheat, purple
barley, and purple corn, contain much amount of antioxidative
polyphenolic substances. Several studies have reported the
development of highly resistant starch rice [14,15] as well as highamylose and high-dietary fiber rice [16] via physical or chemical
mutation. The hydrolysis of starch is a key factor in controlling the
GI of foods. Functional foods that have α-glucosidase inhibitory
activities have proven effective in controlling blood sugar levels in
people at risk of developing diabetes [17].
Furthermore, epidemiological studies suggest that the low
incidences of certain chronic diseases in rice-consuming regions of
the world may be attributable to the antioxidant compounds found
in rice. The molecules with antioxidant activity contained in rice
include phenolic acids, flavonoids, anthocyanins, proanthocyanidins,
tocopherols, tocotrienols, γ-oryzanol, and phytic acid. Rice bran also
contains various functional substances, such as γ-oryzanol, ferulic
acid, sterol, wax, ceramide, phytin, inositol, and protein [18]. Rice
bran oil, the only domestic edible vegetable oil made from the rice
bran produced in Japan, is known to have high oxidative stability
and serum cholesterol-lowering activity [19,20]. You et al. showed
that in mice fed a ferulic acid-enriched diet, exercise endurance
capacity was enhanced, and fatigue was reduced by elevating
antioxidative potentials [21]. Matsuzaki et al. showed that bran
rice and γ-oryzanol reduced hypothalamic endoplasmic reticulum
stress and attenuated the preference for dietary fat in mice [22].
Matsuoka et al. showed that plant sterols/stanols decreased blood
cholesterol levels through the inhibition of cholesterol absorption
in the intestines [23].
Intake of fermented brown rice could minimize insulin
secretion, thus attenuating any subsequent rise in the levels of
blood sugar [24]. Abe et al. showed that rice components including
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inositol hexaphosphate significantly inhibited Aβ production
in neuroblastoma cells without causing cytotoxicity, suggesting
such foods may prevent Alzheimer’s disease [25]. Pigmented rice
contains naturally occurring colored substances that belong to the
flavonoid group called anthocyanins. Positive health effects of these
pigments present in the bran layer of rice have been reported [26]
Ling et al. showed that red and black rice decreases atherosclerotic
plaque formation and increase antioxidant status in rabbits
due to their enhanced serum high-density lipoprotein (HDL)
cholesterol and apolipoprotein A1 concentrations [27]. Recently,
food technology to prevent the decrease of those bio-functional
components during the cooking and increase their functions by the
germination, high-pressure treatment, or the co-extrusion cooking
have been reported.
High-pressure treatment (HPT), a technological process
that limits the negative effects of food preparation on hydrosoluble vitamins, is recognized as being very useful in preserving
nutritional quality in foods [28,29] Yamakura et al. [30] showed that
subjecting rice to HPT before cooking results in more free amino
acids and stickier cooked rice. The consumption of a western diet,
which is characterized by a high intake of red meats and high-fat
dairy products, may contribute to obesity and metabolic syndrome,
as well as increase the risk of developing type 2 diabetes and
cardiovascular disease. In contrast, the traditional Asian diet, which
is rich in soy and fish but low in animal protein and fat, may help
reduce the frequency of severe chronic diseases [31]. There is also
a significant association between a Mediterranean diet and reduced
risk of major chronic degenerative diseases, including Alzheimer’s
disease. The optimal diet for the prevention of cardiovascular and
other major chronic diseases has rapidly evolved [32].

Development of Specialty Rice Cultivars (High-Amylose
Rice, Black Rice)

Super rice research project of Japan started in 1989. It was
supported by Ministry of Agriculture, Forestry and Fisheries, Japan,
to enhance rice consumption. Low-amylose, high-amylose, giant
embryo, aromatic, pigmented and high-prolamin rice cultivars
were bred and utilized (Figure 1). We prepared wheat/rice bread
blending three kinds of specialty rice, high-amylose, sugary, and
purple rice cultivars. The bread showed good taste and maintained
softness even after 4 days [33].

Note: A: Hard Rice, B: Soft Rice, C: Very Soft Rice, D: Aromatic Waxy Rice, E: Aromatic Rice, F: Aromatic Rice, G: Red Rice, H:
Red Waxy Rice, I: Purple Waxy Rice, J: Giant Embryo Rice.
Figure 1: Specialty rice cultivars developed in Niigata Prefectural Agricultural Research Institute.
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Utilization of High-Amylose Rice (Prevention of Diabetes)
Diabetes patients are more than 8.2 million and 18.7 million
including those to be diabetes in near future in Japan. It is
indispensable to prevent diabetes for the reduction of the increase
of the medical costs. It has been reported by the large-scale medical
tests that the inhibition of drastic increase of the blood glucose
after meals reduced the rate of diabetes initiation [3-6,15]. We
aimed to evaluate the palatability of the high-amylose rice of which
eating qualities are inferior to ordinary Japonica rice. Another
objective of this research was to clarify the mechanism to prevent
diabetes initiation by the high-amylose rice by the feeding test of
rats and diet test by the human beings. Proximate components and
gelatinization properties of the high-amylose rice were clarified and
texture and eating qualities of the cooked rice from high-amylose
rice were reported [34]. In the case of high-amylose rice, drastic
increase of blood glucose and insulin after meals were inhibited

Super-Hard Rice, Amylopectin
(Prevention of Diabetes)

Long

Chain

Rice

Super-hard rice (ae mutant rice) was developed through
chemical mutation method (MNU method) by H. Sato et al. of
Kyushu University Japan (Figure 3) [35] Its starch is characteristic
because its apparent amylose content is markedly high because its
amylopectin has much amount of middle and long glucan chains

[34]. By serving the retrograded rice samples (2hrs after cooking),
increase of blood insulin was more inhibited for high-amylose rice
than for low-amylose one in animal feeding test (Figure 2) [34].

Figure 2: Change in blood insulin after meal.
[35]. Although its cooked rice is unpalatable due to hard texture, it
contains high amount of resistant starch [36,37]. Therefore, super-

hard rice is promising as a material to prevent obesity and diabetes.
We tried to improve the texture of cooked rice from super-hard rice
(CRSH), high-pressure treatment [38,39] was proved to improve
the texture of CRSH and maintained the effect to inhibit abrupt
increase of postprandial blood glucose level.

Figure 3: Super-hard rice and its molecular structure of starch amylopectin.
Various mutant riceMolecular structure of starch
(Less short chains in amylopectin)
(Hikaru Satoh)

Diabetes/Dementia Multi-Prevention Rice Product by
The Combination of Specialty Rice and High-Pressure
Treatment
Bio-Chemical Test for Prevention of Life-Style Diseases:
Type-2 diabetes and Alzheimer’s disease are very serious diseases
and the former has been suggested to be one of the causes of the
latter [8-10]. Low glycemic index foods inhibit rapid increases
in blood glucose and insulin secretion after meals [15,16]. Anti-

oxidative capacity of brown rice and rice oil may be useful for the
prevention of dementia [18,20,25]. In this study, we investigated
the palatability of boiled rice and inhibition of an abrupt increase in
blood glucose level (BGL) and amyloid β peptide production after
eating blend of ordinary brown rice, “Koshihikari” and anthocyaninrich black-rice, “Okunomurasaki” unpolished rice cooked after a
high-pressure treatment (HPT KO). “Okunomurasaki” showed a
high antioxidant capacity (Figure 4) and high inhibitory activity
against β-secretase even after HPT and cooking [40].
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Figure 4: Effects of high pressure on ORAC of various brown rice samples.
Note: Same letter means not significantly different (p<0.5)
A: Koshihikari Brown Rice, B: Koshihikari Brown Rice (200mpa Hpt), C: Koshihikari Brown Rice (400mpa Hpt), D: Black
Brown Rice, E: Black Brown Rice (200mpa Hpt), F: Black Brown Rice (400mpa Hpt).
were significantly lower than those in the control group. Taken
together, our results indicate that SRBBB seems to be promising for
inhibiting not only amyloid β production but also abrupt increases
in post prandial BGL.

Figure 5: Change in blood amyloid β40 in mice.
A: Super-hard rice, B: SRBBB,
C: Control, D: Control + Ferulic acid
Animal Feeding Test: Multiple prevention of type-2 diabetes
and Alzheimer’s disease by the rice products would be very
important objective for us [8,10,15,16]. Therefore, we prepared
super-hard rice bread blended with black rice bran (SRBBB),
which showed strong inhibitory activities against β-secretase
and acetylcholinesterase and contained high amount of resistant
starch even after heating [41]. Black rice bran showed greater
β-secretase inhibitory activity (3.6-fold) than Koshihikari rice [41].
The bran contained more oleic acid and anthocyanin, meaning
that it is potentially a bio-functional food with a high antioxidant
capacity. Furthermore, aged mice, which were fed a SRBBB diet
for 4 weeks, showed lower amyloid β 40 peptide in the blood than
mice fed a commercial diet (p < 0.01) [41] (Figure 5). Additionally,
their initial blood glucose levels after 12 weeks of being fed SRBBB

Human Intervention Test (Single-Dose Test): It seemed to be
necessary to conduct a human intervention test of the promising
rice product in terms of inhibitory activity against the increase of
BGL and amyloid β peptide production[42] to prove the probability
to prevent type-2 diabetes and Alzheimer’s disease. Therefore,
we prepared heat moisture treatment cooked brown rice (HMT),
and high-pressure treatment cooked brown rice (HPT), which
contained higher amounts of resistant starch, antioxidant capacity,
and β-secretase inhibitory activity than cooked ordinary white
rice (Table 1). A randomized, single-blind, crossover-designed
study was conducted using 15 subjects with a normal BGL. It was
reported that GI varies depending on the subjects (e.g., young men
and women [43]), so we divided the 15 subjects into two groups; a
high BGL subclass (seven subjects) and a low BGL subclass (eight
subjects). BGL at 90, and 120 min after eating cooked HPT KO
unpolished rice for 15 subjects showed a significantly lower BGL
compared with that after eating cooked Koshihikari polished rice
(p < 0.05). As shown in Figure 6(A), BGL at 90 min and 120 min
after eating cooked HPT KO unpolished rice for high BGL subjects
(n=7) showed a significantly lower BGL compared with that after
eating cooked Koshihikari polished rice (p < 0.05) [44]. Figure
6(B) also shows that AUC was significantly lower compared with
cooked Koshihikari white rice 120 min after eating (p < 0.05) [40]
(Figure 6). Furthermore, the increase in the amyloid β40 peptide
in the blood 120 min after eating HPT KO (unpolished rice, blend
of Koshihikari, ordinary rice, and Okunomurasaki, black rice (ratio
was 6:4)) tended to be lower than that of cooked Koshihikari
polished rice [40].
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Figure 6: Change in BGL and IAUC120 in subjects with a high initial BGL after eating cooked unpolished rice HPT KO.
Note: (A) BGL at 30,60,90 and 120 min.(high-BGL subjects). (B) AUC at 120 min.
Note: An asterisk denotes a significant difference (p< 0.05)
Table 1: Bio-functional properties of raw rice and cooked samples.
Glucose
content
(g/100g)
KO Steilked Cooked polished rice

0.004

Koshilicari polished rice

0.184

HPT KO cooked unpolished
rice
Koshnkan unpolished rice
Okunomurasaki unpolished rice

0.001

0.67

a

0.01

0.52

0.160

b

0.160

L- ORAC μmol
TE/100gFW

Koshilikan polished nee

2.90

Okunorrorasab unpolished
rice

a

b

0.37

Koshtiran unpolished rice

Resistant starch
(%)

0.080

Kos/tinker’ cooked polished rice

HPT KO cooked unpolished
rice

SD

b

0.01

0.010

0.89

6.30

a

0.1

c

4.83

a

0.01

b

0.00

b

0.05

0.65

a

4.40

a

b

H-ORAC
μmol TE/100gFW

b

Polyphenol content
(GAEmg/100gFW)

1.19

SD

4.60

5.30

0

SD

a

0.1

b

0.01

10.61

b

SD

β- Secretase
inhibition rate
(0.27 μg-eq/μL)

a

0.85

-

a

1.20

c

b

0.2

41.60

b

285. 80

0.00

11.58

75.50

0.1

a

0.06

0.01

31.50

SD

c

0.01

8.04

17.12

c

0.00

a

0.0

b

3.10

14.0

b

29.0

0.47

a

12.0

7.80

0.21

SD

1.16

-

0.03

c

3.4
0.0
0.0

Note: HPT, high-pressure treatment; KO unpolished rice, blend Koshihikari and Okunomurasaki (6:4) unpolished rice. Significant
difference (p<0.05) among the two cooked rice and the three raw rice is shown by a, b, and c.

Summary
Diabetes and dementia are life-style related diseases, and
patients have been increased all over the world. Rice is a staple
food for Japanese and they eat rice at least once or twice every

day. Rice does not only supply calories and give tasty dishes but
also maintains healthy life for consumers and prevents some
diseases. Since 1989, specialty rice cultivars, such as hard rice, soft
rice, colored rice, aromatic rice, giant-embryo rice, etc. have been
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developed in Japan. We tried to prevent diabetes using the highamylose rice cultivars. It was shown that the postprandial BGL of
high-amylose rice was lower than that of ordinary rice. It was shown
that not only high-amylose rice but also pre-germinated giantembryo rice have the effects to lower the postprandial BGL and to
lower the blood pressure compared with the ordinary rice “Super
hard rice”, of which starch contains long-chain amylopectin, was
developed in Kyushu University and we showed its characteristics
by the cooperative research. It was very hard after cooking, and rich
in resistant starch. “Super hard rice” lowered postprandial BGL not
only as cooked rice grains but also as rice noodle and rice bread.
High pressure treatment was introduced to food processing by
Hayashi in 1980’s. We showed that the super rice becomes softer
and sticker by the high-pressure treatment preserving high amount
of resistant starch. We prepared super-hard rice bread blended
with 5% of black rice bran (SRBBB), which contained a high
amount of resistant starch that showed strong inhibitory activities
against β-secretase after heating. Aged mice, which were fed SRBBB
diet for 4 weeks, showed lower amyloid β 40 in the blood than the

control. We investigated the effects of the blend of ordinary brown
rice, super-hard rice, and black rice (2:4:4, w/w) cooked after a
high-pressure treatment (HPT KO). A randomized, single-blind,
crossover-designed study was conducted using 15 subjects with a
normal BGL, and BGLs at 90 and 120 min after ingesting the cooked
HPT KO were significantly lower than that for cooked ordinary
polished rice (p < 0.05). Furthermore, postprandial blood amyloid
β40 did not increased markedly compared with the control.
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