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Nutraceutical Properties and Health Benefits of Rice
NobuyaShirai

National Institute of Vegetable and Tea Science (National Agriculture and Food Research
Organization: NARO), Shimada, Japan (nshinya@affrc.go.jp)

INTRODUCTION

Rice is the most popular staple food among Asian populations and is a component of a
variety of cuisines. Generally, Rice is polished before consumption to improve its
taste.However, unpolished brown rice (BR) and rice bran, a by-product of the rice-milling
process, contain large amounts of essential dietary components including, vitamins, oryzanol
(@ mixture of components including sterols and ferulic acid), fiber, mineras, and
gamma-aminobutyric acid (GABA) [1-4]. Therefore, BR consumption is believed to be more
beneficial for human health than polished rice (PR) consumption. In particular, there are some
reports that GABA has been shown to help prevent hypertension and improve emotional
stability and learning ability [5-7]. Suzuki et al. have reported that BR soaked in water to
induce slight germination is richer in GABA content than non-germinated brown rice [4].
Despite germinated brown rice (GBR) have these apparent advantages over PR, BR,GBR are
not widely used as food stuff, partly due to their less inviting appearance and a perceived
poorer taste.

The purpose of this study was to investigate the effect of GR and GBR consumptions on
ICR mouse behavior in an open-field test with repeated exposure. The relationship between
behaviora changes (adaptation) and the GABA concentration in the rice was aso
investigated.

MAIN CONTENT

Animal experiment

Extruded polished rice (PR), brown rice (BR), and germinated brown rice (GBR) were
prepared as described in Suzuki’s study [4]. The compostions of the experimental diets are
shown in Table 1. Mae mice of Crj:CD-1(ICR) strain (four weeks old) were obtained from
Charles River Jagpan Inc. (Atsugi, Kanagawa, Japan). All animals were switched from a
laboratory chow, MF (Oriental Yeast Co., Ltd., Tokyo, Japan) to experimental diets at three
months of age. Thirty mice were randomly divided into three groups of ten animals each and
fed on each experimentd diet (containing PR, BR, or GBR) for three months. These animals
were housed in suspended stainless-steel cages with wire mesh bottoms. The animal room
was kept at 24+0.5°C at a relative humidity of 65+5%. Room lighting consisted of 12-hour
periods of light and dark. The diets and water were given ad libitum. All mice were
maintained according to the guidelines for experimental animals of the Nationa Food
Research Institute, Japan.

Open field test

The open field test apparatus was constructed of black painted wood and consisted of a
simple square arena 50 cm X 50 cm with 40 cm high side walls. The arenawas lit up by two
fluorescent lights without any shadow. A video-tracking and motion-analysis system (Library
Co., Ltd., Tokyo, Japan) was used to assess open field behavior of mice. The analytical
system analyzed pictures acquired in real time and the directly recorded X-Y co-ordinates for
each mouse movement were stored on the computer (Figure 1). The room temperature was
kept at 22~25C°, but humidity was uncontrolled. The experiment was undertaken between
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9:00 and 12:00. The distances traveled in the open field were measured for 3 minutes at 0, 2, 4,
7, and 12 weeks.

Table 1 Components of the diets (g/kQg)

Polished rice Brown rice Germinated brown rice

Corn starch 303.8 310.2 3122
Sucrose 150.0 150.0 150.0
Casein 186.8 1584.4 183.6
Cellulose powder 50.0 50.0 50.0
Palm oil 47.4 43.4 42.2
Salt mixture 40.0 40.0 40.0
Vitamin mixture 20.0 20.0 20.0
L-methionine 2.0 2.0 2.0

Sample rice 200.0 200.0 200.0

GABA(mg/kg diet)
5.2 22.4 169.3

Scary!!
I f‘eel anxiety s ;

Control Germinated seed

Figure 1 Open field system

The locomotion distances achieved in the open field test by mice at the 1 or 3 minutes
during the intake of the three experimental rice diets is depicted in figure2. These distances
decreased over the 12 week period for mice in all three groups. The locomotion distance was
significantly lower in the BR diet group than in the PR diet group following 1 minute in the
open field after 4 weeks. In the GBR diet group significant reductions in locomotion distance
compared with the PR group were observed following 1 minute in the field after only 2 weeks.
This difference following one minute in the field was maintained at 4 weeks and 7 weeks.
Additionally, a 4 weeks there was a statistically significant reduction in the GBR group
compared with the PR group after the 3 minutes in the field.
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Table 1 Components of the diets (g/kg)

Polished rice Brown rice Germinated brown rice
Cornstarch 303.8 310.2 312.2
Sucrose 130.0 150.0 130.0
Casein 186.8 154.4 183.6
Cellulose powder 50.0 50.0 50.0
Palm oil 47.4 43.4 42.2
Salt mixture 40.0 40.0 40.0
Vitamin mixfure 20.0 20.0 20.0
L-methionine 2.0 2.0 2.0
Sample rice 200.0 200.0 200.0

GABA(mg/kg diet)
8.2 224 169.3

Scary!!
I feel anxiety

Control Germinated seed

Figurel Open field system
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Figure2 Thelocomotion distance of mice fed polished rice (PR), brown rice (BR), and
germinated brown rice (GBR) dietsin 1 or 3minat 0, 2, 4, 7, and 12 weeks.

CONCLUSION

The significant reduction in locomotion distance exhibited by mice in the GBR diet
group compared with PR diet group after 4 weeks suggests that an intake of GBR may
enhance this adaptation to the initially novel environment of the open field test with repeated
exposure. GBR diet has a positive effect on locomotion distance on an open field test.
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Production guantity Ranking
Rice: 5 Rank

Mational Food Research Institute was established as the Rice Utilization Laboratory in 1934,
It is part of the Mational Agriculture and Food Research Organization (MARQ) through its
merger with the National Institute for Rural Engineering on April 1, 2006. NFRIis
implementing wide-ranging research on food science and technology based on the mid-
term plan for NARO for FY2006 to 2010. NFR| is executing mission-oriented research
programs that contribute to a healthier and enriched life, a secure supply of safe food, and
technical inmovation in agriculture and food industries. The research programs include
clarification and utilization of functicnal properties of foods, development of innovative
technologies for food distribution and processing, development of technigues to ensure
food safety, and development of technologies for biomass conversion.
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Mational Institute of Vegetable and Tea Science, [MIVTS)
Shimada, Shizuoka, Japan

Production guantity Ranking
Rice: 30 Rank
Tea leaf: 1 Rank

National Institute of Vegetable and Tea
Science, (NIVTS) Kanaya branch station

Kanaya branch station (Mational Institute of Vegetable and Tea Science)
was established in 1919. Kanaya branch station is implementing research
to produce good guality tea, to achieve high yield and decrease the cost.
Additionally, we try to promaote the rationalization of tea cultivation and

manufacture.
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Tahlk Pooxinmie composition of tiee, wheat, and comn (%)
Moisiwre Pmiein Lipids Caholpdmie  Ash

Rar

Brown rre 158.5 o8 P T3.8 1.2

Polished rice 155 | 0.2 T7.1 0.4

YWhead 1.5 106 3.1 T2.2 L

Corn 14.5 b &0 T0.6 L3

Cooked

Brown e a0.0 18 1.0 350 0.6

Polished rice 60.0 P 0.3 371 0.1

M §

Estimate essential amount for adult man: 50z day
[Dietary reference intake for lapanese, 2005)

Cooked brown rice (About 17B6g)

T

Rice bow! [about 12 bowls)
SOOOOS
M) i
4 8.
sla'sls'e’s

Tahle Amine aid « onposiion ofdce andflour (21002 edible portion)

Tle Leu Lws et Lws Fhe Tvr Thx Trp Tl

PoRshedrce 200 570 50 170 160 370 T80 40 an 430
Redrice 100 L] %0 10 1&0 FE0 T 7o 100 460
Tiealk fowr ER L 1L 1 140 T 410 140 rH LE 350
Sirong fhour 450 LE0 | 210 310 640 330 350 130 510

Amine  Amine
add  add
§ [ 0Ie SC0TE
(19731 (19%5)

His Arg Ala Asp Gu € Pro Sex

Polishedrice 180 550 300 650 1300 3O Il 340 L] il
Redrxice 1 610 430 T 400 36D 340 E111] G 6d
Teak fowr o 310 50 a0 E00 310 1100 420 44 41
Sirong fooaw 10 430 350 400 4500 430 1000 600 3& F11

Standard tahles of £ood oo s N in Japan (Sthorevys e d and enla ged edibion)
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Figure Survival curves for mice fed on diets containing corm or rice starch with
different amount of soybean oil. (BBE 2005 69:13-8)
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Figure Mean survival time for mice fed on diets containing corn or rice starch
with different amount of soybean oil. (EBB 2005 69:13-8)
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Rice bran oil Table Fahly acid composition of odl (%}
Eiebranoil Soyheanoil EKape zseed oil
1o d 1la.9 10.8 4.3
1840 1.2 4.3 .0
1%:1 42 .6 3.5 627
182 350 £3.5 19.9
183 1.3 b b 0.8
Standard tables of food composition in Japan
\ 5" revised and enlarged edition v
Effect

Lowering plasma cholesterol concentration
Characteristic

* Tough for oxidation
* Good taste

* v-oryzanol
* Healthy 5l

* Tocotrienols
* Plant sterol

Plant sterol (Phytosterol)

Plant sterol content of each oil (mg/100g)
Rice hran oil L |

Sesame oil g0n
Rape seed oil Tal
Corn oil 660
Soyhean oil 303
Safflower oil 283

B-sitosteral
8
Jfl!'-ﬂ'h
Inhibition of ke
cholesterol

absorption
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*  Antiallergy action

* Skin care BRI
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Meropansal disorder 510 10-38days  Mewpansal mdex 50%%dovm 1
L1 1ddays CEreucher srapboon 76 6% inprove 2
15-30 T-14das  Aombonuanic dysborda symapbonT0-20% 0 aingprove ¥
200 d-fuweeks  Subjective smaploms =50% Improve 4
Aorkaeani dy sorda 135 Fdavs T4 svailabhle 5
1) Sardurmbae mssad 1%63, 11:147-2
1) Sardurmbkane sead 1965 17179-23.
F) Saxdea bo Yoarindea 1970, 37 1488-94.
4) Kihom § anka Fujnd:a Gakdoad Tasshi 1982 34 24351,
5) Binsho to Ferndayu 1964, 41:347-51.
pa— Cholesteral  =0wek — Triglveeride =% wek
A% = . w6 weeks S w1 & werks
LT
350 o
LU
150 o
i1 o
&0 o
o o
=260 M- 260 2= = M) LiHE-150 150
n=7-21 n=4-20
Figure Effect of oryzamol administration on plasma cholestercl and triglyceride
concentrations of human. (Fragrance Jlournal 1982 53:125-6)
Tocotrienols
* Anfioxidative action
*Tocopherol
P * Improvement of
- immunity
HO o S o o * Reducing risk of
R2 CH: prostate cancer Y,
R3
*Tocotrienal J
R y * Antioxidative action
e o ok o~ ¢ Improvement of

cH: hvpercholesterolemic
* Reducing cancer risk
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Vitamins

Tahle Vitamins ¢ onceniration of ic e, wheat, and com
YVitamin B 1 Vitamin B2 Miacin Vitamin Ba
mg m mg mg
B mwn rice .41 0.04 0.3 0.43
Polis hed rice 0.08 0.02 1.2 0.12
Wheat 041 0.0? 0.3 0.33
Com 0.03 0.10 2.0 0.3
De fic ienwy herdheri dermatitis dermatitis dermaiitis
Folate Pandothenic acid  o-Tocophe ml
| LLL 4 mz
Bmounrice 27 L.36 1.2
Polis hed rice 12 066 0.1
Wheat 38 103 1.2
Com 28 057 1.0
umd exac i e
De fic lenwy anemia dermatiiis newrolgical
fune Hon
"\_ Standard tables of food composition in lapan 5 revised and enlarged edition
( Tabhlke Mirerals concentrations of rice, wheat, and com
Brovnrice Polished rice Wheat Com
Cakihmn ng o 5 26 5
Ion ng 21 0.3 32 19
Magnesium mg 110 23 S0 75
Phosplons  mg 200 o4 350 270
Potassiom ng 230 33 470 290
e ng 13 1.4 20 1.7
Standard tables of food compaosition in Japan5* revised and enlargad adition
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Phytic acid

Colon
Breast

Lung
Skin

* Reducing of cancer risk

* Anioxidative action
* Prevention of urinary tract stone and kidneyv stone

* Prevention of Dental plague

0
H N \/\)\DH
A

* Lowering effect of blood
pressure
* Relaxation

/ CD.E
Glutamate decarboxylase

o 0

[
oH /\/\/‘\DH Glutamic acid

H:MN
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Scary!!
I feel anxiety

Control

Germinated seed

Figure Operztion of open field test.
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open field for 3 min at 10 wesks.
Wippon shokuhin kegalm kaishi 2008; 35, 566
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Figure The locomotion distance ofmice (ICE male age:3 month) fad 20%
polished rice (PR}, brown rice (BE), and germinated brown rice (GEER) diets
mlor3nmunat0, 2, 4,7, and 12 weeks.

(FSTR 2010;16,621-6)
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Figure The locomotion distance ofmice (ICE. male age:3 months) fed control,
GABA (0.02%) and MF diets in | or 3 min at0, 2, 4, &, and 12 weeks.
(FSTR. 2010;16,621-6)
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Figure Plazmalipids and glucose concentrations of mice fad 20%polished
nce, brown nce, and gerunated brownnce diet

(FSTR. 2010; 16,621-6)

Takle The plastra Ca, g Fe, and Zn concentrations i niice fed
the 20%polished fce, brown rice, and setmtated brovn rice diet

CGrerrrinated
Polished nce B rowm tfice hrowm nce
Ca (rogfdly 6.5 04 Tox04 * 6.8 £0.1
Mg (gl 1.4 £0.1 1.4 0.1 1.4 0.1
Fe (e gl 118 £0 112 £0 124 £7
pirsl { i gidl 130 £13 127 £23 130 £11

*p<0.05
(FSTR 2010; 16, 621-6)
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Figure Time course of systolic bleed pressure on SHE fed the 23%polished rice, brown rice, and
geminzted brown rice dist with 0.23% NaCl durmg the feeding period.

*: compared with the value for the mitial pelished rice (p<0.03)

#: compared with the value for the mitial brown nice (p0.03)

+: compared with the value for the mitial germmated brown rice (p=0.03)

Walues for ezch distzry group with small different letters zre significantly different st p=0.03 by
Bonferroni test.

Wippon shokuhin kogaku kaishi 2011; 58, 324-9
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Figure Plasmaglucoss, inmlin C-peptida. leptin adiponectin, and resistin concantrations of SHE
fad the 2 3%wpolishedrice, brownrics, and saminatad browm rics dist

Wippon shokuhin kogaku kaishi 2011; 58, 324-9
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Figure Hepatic glucose-6-phosphate dehydrogenase activity of
SHR. fed the expermmental diets.

Wippon shokuhin kogaku kaishi 2011; 58, 324-9
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Figure Dose-responserelation between white rice intake and risk of

tvpe 2 diabetes..

BMJ. 2012 Mar 15;344:e1454. doi: 10.1136/bmj.e1454
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Time (b}

Figure Plzsmaz catechins concentration zfter admmistermg the green tea extract.
(BEB 2011 75:152-4)
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BTG

Lyl

Figure Plzsmez catechms concentration sfter sdmmistermg the green tez extract
(BEE 2011 75:152-4)

CONCLUSION

* Eice has valuable nutritional components.
Y-orvZanol
Phytic acid
Tocotrienol

* Germinated brown rice has positive effect on some human

health.

Reducing anxiety
Lowering effect of blood pressure

* These findings suggest that rice mav be one of valuable staple
food for human. However, rice is not perfect source of nutrient.
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Hiramitsu Suzuki, Kagawa Nutrition University
Ken’Ichi Ohtsubo, Niigata University
Keitaro Suzuki, National Institute of Crop

Thank you for your attention !!
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F18 2.03+0.02b 1.53+0.224 -
F21 2.10+0.082 1.57+0.24 2 1.80+0.09
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1. Intaking 18mg daily could reduce the blood

pressure.
2. Intaking 26.4mg daily could improve the
sleeplessness, somnipathy and depression.
(*‘\%L—_FIJ%T 11987; Tadashi et al.,2000)
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Exploring the nutritional value of rice

Melissa Fitzgerald

AFGC Chair in Food Science and Technol ogy,
School of Agriculture and Food Sciences,
University of Queensland, Brisbane St Lucia, QLD 4072
Audtralia

The world is undergoing an unprecedented increase in diseases such as diabetes,
cardiovascular disease and some cancers. This is occurring in most countries of the world.
These are going to have an enormous impact in each country, particularly on the economy.
The cost of managing, treating and caring for the sufferers of these two diseases is having a
large impact on many economies, and will severely affect the progress made by countries in
economic transition. Rice feeds a huge proportion of the global population, especially those in
developing countries. This has led researchers to take steps towards understanding the nutritional
potential of rice, and its ability to mitigate some of these diseases. For example, rice varieties differ in
glycaemic index, which offers consumers the ability to choose a particular variety based on nutrition.
Rice also contains a weelth of compounds in the grain that are involved in human physiology. This
review will focus on the research around the world that explores the nutritional potential of rice, and

then suggest ways that rice can be used as a vehicle to deliver greater nutrition.
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Quality assay and utilization of rice in Japan
Ken’ichi Ohtsubo and Sumiko Nakamura

Graduate School of Science and Technology, Niigata University
8050 Ikarashi 2-no-cho, Nishi-ku, Niigata, 950-2181 Japan

INTRODUCTION

As the bread is very important food all over the world, wheat/rice blended bread is a
promising food. For the people living in the tropical or the semi-tropical regions,

high-yielding and low-cost rice is promising crop to prepare their bread.

Rice bread has been investigated since 5 decades ago. Since then, rice bread was
investigated by many researchers. As the protein composition and its properties of rice are
different from wheat, gluten is not formed during the dough preparation. Therefore, it was
reported that the qualities of the bread made from 20% rice and 80% wheat flours are
acceptable, but those of the bread from 30% rice and 70% wheat are not acceptable. In
north-eastern Asia, steamed bread is popular in the place of leavened hearth bread in USA and
Europe. Rice-pulse combination or the extrusion process was used to compensate the lack of
gluten in case of rice bread. Various gums, surfactant, or the hydro-philic polymers has been
reported to be effective to improve the dough property of the flours less or without the wheat

gluten.

The novel sophisticated methods for the preparation of fine granule rice powders were
developed in Niigata Prefectural Food Research Institute of Japan, which markedly
contributed to the rice bread industry. But, they need enzyme treatment or the double
pulverizing process to prepare the fine flours from rice. Other researchers developed the
alternative method by the kneading in the hot water for dough preparation, addition of very
hard-gluten wheat flour, application of foam-molding method in processing of plastic

chemical industry to compensate the lack of gluten.

In the present paper, we searched for new-characteristic rice cultivars suitable for
making it possible to prepare the rice/wheat blended bread without the use of
above-mentioned sophisticated or the high-cost technology. In the decade, Japanese rice

breeders have developed various new rice cultivars of different starch properties, such as
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purple waxy rice, high-amylose rice or the sugary rice. Therefore, in bread making, it
seemed to be possible to compensate the problem of rice by the combination of several rice
cultivars of different starch properties without the sophisticated process if the price of the new

rice flours will become lower.

For the evaluation of final qualities of the bread products, sensory test and physical
measurements have been reported. It has been reported that the physical properties of the
dough is very important to prepare the high-quality bread. For the rice/wheat blended dough,

novel method to evaluate its physical properties was searched for.

Not only the properties just after the bread preparation, but also the resistance against the
firming or the hardening of the bread after making, is very important, too. Compared with
ordinary wheat bread, wheat-rice blended bread or rice bread was reported to be inferior to in
terms of staling. Therefore, it was necessary to investigate about the staling quality for our

bread prepared from wheat-flours blended with the various kinds of new-characteristic rices.

The present authors have reported about the sensory test and physical measurements
for rice qualities. We tried to introduce the continuous progressive compression test (CPC test)
to the evaluation of the physical properties of the dough and crumb. The aim of the present
study is to improve the qualities of the bread made from rice and wheat flours by selecting the
suitable characteristic rice cultivars of the different starch properties. And another objective is
to propose the novel quality assay method for the evaluation of the physical properties of the
dough and bread products by the introduction of CPC test.

Pre-germinated brown rice (PGR) is prepared by soaking the brown rice in the water,
which activates the glutamate decarboxylase, and gamma amino butyric acid (GABA) content
in pre-germinated brown rice increases to twice that of ordinary brown rice and ten times that
of white rice. In the case of PGR, palatability is improved compared with ordinary brown rice
due to the activated enzymes, which cause partial decomposition of starch. Decomposition of
starch leads not only to generation of much amount of glucose and other oligosaccharides but
also to softening of the texture of the cooked rice. As Gl of PGR is about 60% of the ordinary
white rice, it is expected to retard the increase of blood sugar after meal. The development of
low GI wheat/rice bread by the use of super hard rice is promising to prevent people from
diabetes. As the palatability and bio-functionality is improved by the germination of brown
rice, super hard rice, EM10, was added to the wheat flours as PGR.

83



ERET AR LR T STl R RFAMA T BT e
e M E G B ST A B TRIIE P o FI o RN R & St iR
I A Py g gho
AR e T8 hd@ER s 3 R A S BRI f de e A 18 2 e
Bt PG g2 anTihs AV ER o | FAEBLREWSfge 8B e oD
PR RE A A ) e S A e Bl AR EE AR G L AR
kfpE S e cne R G LR -
2T e BRSO OR F e R R F AR 0 AP REE
Fowrie R sk (CPC test) 4 A 47 S4Bl s cnde IR 7 o = SER L § 7 bk
bRt ke R AT L B e e o) Sl b g e et
AR TS YA ES) & CPCtest » 3% ) — fE4 Bl rde ¢ A & odT b kiRl 2

eI

g TRk (PGR) AMed e k? @l > HY gl pERMAFEN > & F
v-% A7 B (GABA) 7 845 kA chd B fod Kt B o pPFd WEEZ B
H v EREAZ A Ao L T C ek AR WAL RS FERE T B
» i R ACE B Rk o TR FaEK e Gl B 5 Fid v K609 > 7 L FATS o fE
A F s SRR AR RS BRSO IR OB A 8 o Y A
ook EMI10 eipaf TRk i be 2] S B0 > AR G e il v A A ek o

WEPFR AR K? BT AP AER A G ERFL D g O 0 K
PRZREIE TRL FREIAREERIIF - AT  RBFEFHIT 2HUE N
BITREN  MELERERE > 2P EREERET SRR ot I RER AR
BFE DB, B wPFEFEeaOE T 3 o

Boave 55 3F ) R sl s 5 (PCR) #9477 » fed st A g a1k
Sl FetR A 2P ABAA B R g o b P RS A T2 R
& M enR & prsasy F 515 (PCR primers) Aok f&enDNA & % & d -k g fdie gt b o
ApT R P HRE R PCR F BEVEF o 3 AHRMEHROR S F R
Sl E B f- fA51F R0 R e ZAEE fopE® 0 DNA 4cRE 0 ¥ -

#5103 P E 4K DNA Y @ 3 ¢ 50 § fopg® 5 DNA 4 P -
84



During germination in the warm water for long time, microorganisms increase rapidly,
which causes, sometimes, the problems in terms of hygiene. Moreover, flavor of the cooked
PGR is deteriorated after soaking for long time. In the present paper, we searched for the
novel method to prepare PGR without soaking for long time. In order to prevent the problems
of off-flavor and microorganism infestation during the germination for long time in the warm
water, novel germination method to soak SHR for short time followed by gradual heating was
investigated.

There are already many meaningful reports on PCR analyses of wheat. As our
wheat/rice blended bread consists of two or more different grain flours, wheat and rice, and
yeast, it is necessary to develop the suitable PCR primers which specifically amplifies only
the DNAs from rice and are also able to differentiate the rice cultivars. Furthermore, we need
positive controls that confirm that the PCR reaction has proceeded properly. Two kinds of
PCR primers for positive control are needed. The first primer is one that amplifies all the
wheat cultivars without proliferation of DNAs from rice and yeast (positive control for wheat).
The other primer is one that amplifies all the rice DNAs without proliferation of the DNAs

from wheat and yeast (positive control for rice).

We had previously reported on the PCR method to detect waxy corn blended with waxy
rice products, and we used similar methods to search for suitable primers that amplify the
specific DNAs that exist universally in the target plant species. As consumer interest increases
in the specific premium rice cultivars or other cereal grains that they prefer in their foodstuffs,
the development of technology to identify the rice cultivars in yeast leavened wheat/rice
blended bread is a demonstration that the technology exists and can be meaningfully applied
to a product subjected to a process that complicates cereal ingredient identification.

MAIN CONTENT

1. Characteristics of bread prepared from wheat flours blended with various kinds of newly
developed rice flours

Characteristics of the bread prepared from wheat flour blended with the flour of various

kinds of newly developed rice cultivars were investigated.

Qualities of the bread made from wheat flour blended with rice flour have been reported
to be inferior to those from 100% wheat flour bread. To improve its qualities, we searched for

the new-characteristic rice flours among the various kinds of newly-developed rice cultivars
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to blend with the wheat flour for the bread preparation. The most suitable new
characteristic rices are combination of purple waxy rice, high-amylose rice and sugary rice.
Specific volume of the bread from the combination of wheat and these three kinds of rice
flours showed higher specific volume (3.93) compared with the traditional wheat/rice bread
(3.58).

We adopted the novel method, continuous progressive compression test, to measure the
physical properties of the dough and the bread in addition to the sensory evaluation. As a
result of the selection of the most suitable rice cultivars and blending ratio with the wheat
flour, we could develop the novel wheat/rice bread, of which loaf volume, physical properties

and tastes are acceptable and resistant to firming on even 4 days after the bread preparation.

To increase the ratio of rice to wheat, we tried to add a part of rice as cooked rice grains.
The specific volume and qualities of the bread were maintained well although the rice content

of total flour increased from 30% to 40%.

2. Development of palatable and bio-functional wheat/rice products from pre-germinated
brown rice of super hard cultivar, EM10

It became possible to produce high-quality and bio-functional wheat/rice bread and
wheat/rice noodle by blending, with wheat flour, pre-germinated brown rice of super hard

cultivar as the cooked rice.

Super hard rice (SHR) is not suitable for table rice because of its low palatability.
Nevertheless, it was found to be suitable as a blending material for bread-making or

noodle-making due to its hard texture and high resistant starch content.

We developed a novel rapid germination method to improve the quality and to
save time for germination. By blending the pre-germinated SHR (30% w/w dry base) as
cooked rice gel with wheat flour (70% wi/w dry base), the bread became very soft and
hardening after bread-making was retarded markedly. Similarly, blending pre-germinated
SHR as cooked rice gel with wheat flour gave the high-quality noodle of similar texture with
durum semolina noodle. Furthermore, resistant starch of the SHR blended bread and noodle

increased markedly.

When white waxy rice (9%) was soaked and cooked with the pre-germinated brown rice

of SHR (21%), the rice gel is very useful as a material for bread-making and noodle-making
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by blending with wheat flour (70%) to prepare the soft, tasty and bio-functional wheat/rice
bread and wheat/rice noodle.

3. Acceleration of germination of super-hard rice cultivar EM10 by soaking with
red onion

Red onion accelerated the germination of rice seeds and inhibited microbial infestation
during germination. After germination with red onion for 16 h at 35°C,  super-hard rice
EM10 showed a higher germination ratio (2.3 times), and it contained more GABA (2.3
times) and glucose (2.9 times) than that soaked without onion. Due to soaking with red onion,
germinated EM10 was fortified with quercetin (18 mg/100 g).

4. Influence of physicochemical properties of rice flour on oil uptake of tempura
frying batter

Physicochemical properties of rice flour and wheat flour influenced oil uptake properties
of tempura fried batter. Rice flours gave a better quality than wheat flours in overall qualities
and crispness of tempura fried batter. Rice flour resisted oil absorption more than wheat flour.
Increase of starch apparent amylose and increase of consistency/ breakdown ratio of pasting
properties led to the decrease of oil uptake of the batter. Particularly, super hard rice, EM10,
showed higher apparent amylose content and higher consistency/ breakdown ratio than the
others and batter from EM10 revealed lowest oil content after frying among all the batters

examined.

Among the physicochemical properties which influence the oil content of fried batter,
apparent amylose content, consistency/ breakdown ratio and oil absorption index were

proposed as useful indexes for oil absorption on frying.

Our method of “oil absorption index” could be a simple method to estimate the oil
content of batter flours although it is not perfect.

5. PCR method for the detection and identification of cultivars of rice flours used
in yeast leavened breads containing both wheat and rice flours

The identification of cereal grain sources in yeast leavened breads is challenging because
of the mixtures of DNA from yeast and mixtures of related grains. DNA is decomposed
during the fermentation and bread consists of not only rice but also wheat, yeast, sugar, butter,

shortening etc.

Wheat-specific and rice-specific PCR primers were developed to amplify the wheat

DNA or rice DNA to detect the contamination of rice in wheat bread and to detect wheat
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contamination in rice bread. These primers are useful for PCR to prevent allergic patients

from eating, unconsciously, bread contaminated with allergen cereals.

A novel method was developed to identify or differentiate the cultivar of rice using a
wheat/rice blended bread as a sample. The template DNA for PCR was prepared by the
CTAB method followed by the extraction of DNA with 70% ethyl alcohol.

Four kinds of suitable PCR primers were developed or selected to amplify only the
DNAs of material rice without the proliferation of DNAs derived of wheat or yeast. It became
possible to identify or differentiate these 4 kinds of characteristic rice cultivars from each

other by PCR using the wheat/rice blended bread as a sample.

REFERENCES

[1] Atwell, W.A. 2001. Products from Hard wheat flour. In: Atwell WA, (Ed.), Wheat flour
products. The American Association of Cereal Chemists Inc., St Paul, USA, pp. 79-95.

[2] Egawa, K., 1993. Preparation of rice flour for bread and method for bread bakery.
Hokurikunogyo no shingizyutsu 5, 95-101 (In Japanese).

[3] Huang, S., Preston, K. R., Breads of the Pacific region. In: Blakeney AB, O’Brien L, editors.
Pacific people and their food. St Paul, Minn.: The American Assn of Cereal Chemists Inc.
p 143-70 (1998).

[4] Kang, H. J., Hwang, I. K., Kim K. S., Choi, H. C., 2003 Comparative structure and
physicochemical properties of Ilpumbyeo, a high-quality japonica rice, and its mutant,
Suweon 464, J. Agric. Food Chem., 51, 6598-6603.

[5] Nakamura, S., Suzuki, K., Haraguchi, K., Yoza, K., Okunishi, T., Matsui, T., Ishizaki, K.,
Yoshii, Y., Ohtsubo, K., 2004a. Cultivar identification of waxy rice and detection method
to detect the foreign cereals in the processed rice products. Nippon Nogei Kagaku Kaishi
78, 984-993 (in Japanese).

[6] Nakamura, S., Okadome, H., Yoza, K., Haraguchi, K., Okunishi, T., Suzuki, K., Satoh, H.,
Ohtsubo, K., 2004b. Cultivar identification of wide range rice in the world by PCR and its
application to palatability estimation. Nippon Nogei Kagaku Kaishi 78, 764-779. (in
Japanese).

[7] Nakamura, S., Suzuki, K., Ohtsubo, K., 2009 Characteristics of bread prepared from
wheat flours blended with various kinds of newly developed rice flours. Journal of Food
Science 73, E121-130.

[8] Nakamura, S. and Ohtsubo, K. 2010 PCR method for the detection and identification of
cultivars of rice flours used in yeast leavened breads containing both wheat and rice flours.
Journal of Cereal Science, 52, 16-21.

[9] Nakamura, S., Satoh, H., Ohtsubo, K., 2010 Palatable and Bio-Functional Wheat/Rice
Products Developed from Pre-Germinated Brown Rice of Super-Hard Cultivar EM10.
Biosci.Biotechnol. Biochem. 74, 1164-1172.

[10] Nakamura, S. and Ohtsubo, K. Influence of physicochemical properties of rice flour on oil
uptake of tempura frying batter. Biosci. Biotechnol. Biochem. 74, 2484-2489.

[11] Nakamura, S. and Ohtsubo, K. 2011 Acceleration of germination of super-hard rice
cultivar EM10 by soaking with red onion. Biosci. Biotechnol. Biochem. 75, 572-574.

91



[12] Nishi, A., Nakamura, Y., Tanaka, N., Satoh H., 2001 Biochemical and genetic analysis of
the effects of amylose-extender mutation in rice endosperm. Plant Physiol. 127, 459-472.

[13] Ohtsubo, K., Suzuki, K., Yasui, Y., Kasumi, T., 2005 Bio-functional components in the
processed pre-germinated brown rice by a twin-screw extruder. J. Food Composition
Analysis 18, 303-316.

[14] Ohtsubo, K., Nakamura, S., 2007. Cultivar Identification of Rice (Oryza sativa L.) by
Polymerase Chain Reaction Method and Its Application to Processed Rice Products.
Journal of Agricultural and Food Chemistry 55, 1501-1509.

[15] Ohtsubo, K., Nakamura, S., Tsuji K., Utsunomiya, K., Masuda, Y., Hasegawa, M., 2012
Possibility of diabetes preservation by high-amylose rice. In: Ogawa S, editor. Rice
studies, present and future. Wakayama: Sankyo Publishing, Co. Ltd. Tokyo,
pp.109-115.

[16] Okadome, H., Toyoshima, H., Ohtsubo, K., 1999 Multiple measurements of physical
properties of individual cooked rice grains with a single apparatus. Cereal Chem. 76,
855-860 .

[17] Pasqualone, A., Montemurro, C., Grinn-Gfron, A., Sonnante, G., Blanco, A., 2007.
Detection of soft wheat in semolina and durum wheat bread by analysis of DNA
microsatellite. Journal of Agricultural and Food Chemistry 55, 3312-3318.

[18] Shewry, P.R., 2009. Wheat. Journal of Experimental Botany 60, 1537-1553.

[19] Yeh, A-1., Preparation and applications of rice flour. In: Champagne ET, editor. Rice, 3rd
ed. St Paul, Minn.: The American Association of Cereal Chemists Inc. p 495-539 (2004).

[20] Zhao, H., Wang, R., Guo, A., Hu, S., Sun, G., 2004. Development of primers specific for
LMW-GS genes located on chromosome 1D and molecular characterization of a gene
from Glu-D3 complex locus in bread wheat. Hereditas 141, 193-198.

92



Figure 1. Novel rice bread by purple rice

Niigata University and Bon-Ohhashi Inc. developed novel rice bread using pre-germinated
purple rice. This purple rice cultivar was developed by Niigata Prefectural Research Institute.
This bread is made by the use of patented method of Niigata University. This bread is tasty
and its crumb is very soft, and it contains much GABA. Purple rice is promising to have the
Bio-functionality to remove the active oxygen.

Figure 2. Wheat/rice Bread and Wheat/rice Noodle from EM10
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Figure 3. Resistant starch of the various rice

a: wheat, b: EM10, c: high-amylose rice, d: low-amylose rice

Resistant starch (%)

Figure 4. Development of “Tomato Bread”

1. Super-hard rice --- Resistant starch
2. Pre-germinated brown rice --- GABA
3. Tomato --- Lycopene

4. Bread making method --- Durable palatability
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Rice milling system (Satake Inc.,Japan)

De-stoner Milling machine Color sorter Prewashed rice  Weighing
machine packer

Rice inspection system (Satake Inc.)

Grain tester NIR system Taste analyser Taste analyser Aging tester
for cooked rice



Japanese processed rice products

Frozen
cooked rice

Dried
cooked rice

Pregerminated
Brown rice

Retort pouched
rice gruel

Cooked
rice ball

Aseptic
cooked rice



Possibility of Diabetes Prevention
by High-amylose rice
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Background

Diabetes patients are more than 8.2 million and 18.7 million including those to be diabetes in
the 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.

Objective

We aim to evaluate the palatability of the high-amylose rice of which eating qualities are
inferior to ordinary Japonica rice. The another objective of this research is 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.



Texture and palatability of cooked rice grains
Texture of cooked rice by Tensipresser

Parameters/rice samples Koshihikari  Yumetoiro Hoshiyutaka Chugoku 134
(AC=17.8%) (AC=31.2%) (AC=29.7%) (AC=28.7%)

Surface hardness 81.5 93.4 93.4 85.0
stickiness 19.6 2.69 2.50 3.46
adhesion 1.24 0.27 0.17 0.25

Overall hardness 2140 3120 2760 2750
stickiness 500 180 240 250
adhesion 1.90 1.03 0.43 0.42

Palatability of rice samples

Parameters/rice samples Koshihikari  Yumetoiro Hoshiyutaka Chugoku 134
(Low-amylose) (High-amylose) (High-amylose) (High-amylose)

Palatability 82.0 30.0 32.0 33.7
Whiteness 42.0 40.6 35.7 32.0
Appearance 8.5 0.2 0.8 1.2

Cooked rice from high-amylose rice is hard and non-sticky.
Palatability of cooked rice from high-amylose rice is inferior to that from low-amylose one



Change in blood insulin after meal
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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.



Conclusions for
“Diabetes-prevention rice”

Proximate components and gelatinization
properties of the high-amylose rice were
clarified

Texture and eating qualities of the cooked
rice from high-amylose rice were reported

In the case of high-amylose rice, drastic
iIncrease of blood glucose and insulin after
meals were inhibited.

The inhibition was accelerated by the
retrogradation of the gelatinized starch



Significance of rice flour utilization

1. promotion of rice consumption by the use of rice flours
Novel market: Big market of bread, noodle and cake
(more than 6 million dollars)

2. Enhancement of bio-functionality
Blending with other functional foods

3. Maintenance of paddy field & Improvement of food supply
Utilization of efficient production of rice in Japan

v

Rice is not suitable for bread, noodle and cake because it is harder than wheat and does

not generate gluten.

It is necessary to utilize the newly-developed characteristic rice cultivars with rice flouring
technology and development of novel market for rice flours..

Replacement of imported wheat (5000000t) with domestic rice flour ! (R10 Project in Niigata)



Various types of rice milling machine

Milling machines for home use

Hammer mill (Satake)

Roller mill (Satake) Jet mill (Nishimura Inc.)
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Various rice products in Asia




Various processed rice products in Japan

\ N\ \

Fortified Rice Rice cake Miso Rice flours

[\ T

Rice noodles Rice cracker Rice wine & vinegar



Development of New Characteristic
Rice Varieties

1.Research Project started in 1989

2.Supported by Ministry of Agriculture, Forestry
and Fisheries to enhance rice consumption

3.Low-amylose, high-amylose, giant embryo,
aromatic, pigmented and high-prolamin rices
were bred and utilized

4.Support by each prefecture and food industry
are necessary to increase their production



Niigata Prefectural Agricultural
Research Institute
Crop Research center
Nagaoka City, Niigata, Japan

A B C D E F G H I J

A:hard rice, B:soft rice, C:very soft rice,
D:aromatic waxy rice, E:aromatic rice, F: aromatic
hard rice, G:red rice, H:red waxy rice, l:purple
waxy rice, J:giant embryo rice



Novel rice bread by purple rice

Niigata University and Bon-Ohhashi Inc. developed novel rice bread using pre-germinated
purple rice. This purple rice cultivar was developed by Niigata Prefectural Research Institute.
This bread is made by the use of patented method of Niigata University. This bread is tasty
and its crumb is very soft, and it contains much GABA. Purple rice is promising to have the
Bio-functionality to remove the active oxygen.



Development of new rice noodle
(Niigata Pref. Res. Ins. Agric. and Matsuya Inc.)

Development of high amylose rice
cultivar, “Koshinomenziman”

Preparation of rice flour

Noodle making method(extrusion)

Addition of pigmented rice

Rice noodle (left: Koshihikari, right : high amylose rice)
Koshinomenziman showed suitability for noodle
making

P

Noodle making by extrusion method Pigmented rice (color & functionality)
Pre-germinated brown rice (taste & functionality)

(K.Nakamura et al: Appl for Japan patent 2007-152578, Rice noodle& preparation method)



Main Chemical Components

Moisture Amylose Moisture Starch 0il
content SD content SD absorption SD damage SD absorption SD
(%) (%) index (%) index (%)

Koshinomenjiman-a 128 0.0 26.3 0.5 2.05 0.1 13.88 04 36.7 02
Hoshiyutaka 112 0.1 26.3 0.5 195 0.1 12.90 0.1 36.7 03
Koshihikari-a 125 2 13.7 0.0 208 03 11.29 2 45.3 0.1
EM10 123 0.1 36.4 0.5 201 0.1 1229 02 294 0.4
Koganemochi 135 0.3 0.0 0.1 1.83 0.1 11.04 0.3 66.2 04
Koshihikari-b 10.1 0.1 13.7 0.0 2.02 0.0 1432 2 33.5 0.3
Koshinomenjiman-b 115 03 26.3 0.5 1.59 0.1 7.99 0.1 351 0.1
Commercial Rice Flour-a 12.3 0.1 228 0.3 1.09 0.0 2.56 0.1 54.9 04
Wheat Flour 136 2 30.1 0.5 0.81 0.0 414 0.0 61.1 0.8
Commercial Rice Flour-b 121 2 229 0.3 1.10 0.0 2.12 0.1 36.3 04
Commercial Rice Flour-c 11.0 2 14.9 0.1 2.01 0.0 10.78 0.1 39.9 2

SD; Standard deviation of estimated value

Kochinomenjiman-a and Koshihikari-a were milled by a cyclone sample mill (UDY Corporation, Fort Collins, USA)
Koshinomenjiman-b and Koshihikari-b were milled by a cyclone sample mill (Shizuoka Seiki Co.)



Fried asparagus using wheat or rice batter

A: wheat, B: high-amylose rice, C: soft rice
(Sensory score: B>C>A)
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Amount of oil absorbed by the batter measured by extracting

with ether in a Soxlhet extractor
A, Koshinomenjiman-a; B, Hoshiyutaka; C, Koshihikari-a; D, EM10; E, Koganemochi ;
F, Koshihikari-b; G, Koshinomenjiman-b; H, commercial rice flour-a; I, wheat flour;
J, commercial rice flour-b; K, commercial rice flour-c



Pre-germinated brown rice

1. Pre-germinated brown rice was developed in ancient
era in Japan, Korea and China

2. Easy to cook by blending with white rice grains
3. Rich In dietary fiber, GABA and phytic acid

4. Shelf-life is about half a year without refrigeration
and price Is very high

5. Becoming popular year by year because consumers
demand bio-functional foods even for rice












Characteristics of Bread Prepared from
Wheat Flours Blended with Various Kinds
of Newly Developed Rice Flours

S.Nakamura, K. Suzuki and K. Ohtsubo

J. Food Sci., 74(3), E121-130, 2009



Wheat/rice blended bread prepared
from newly bred rice cultivars

Blend of 3 new rice Mochiminori Milkyqueen Yumetorio

Shun-yo Hoshinishiki Koshihikari Wheat 100%

Specific volume

042 047 052
Tenderness (X Mdyne/cm )

1:Mochiminori, 2 : Milkyqueen, 3 : Asamurasaki, 4 : Ayunohikari
:Yumetoiro, Asamurasaki, Ayunohikari (12%, 12%, 6%mix)
6:Syun-yo, 7 : Yumetoiro

(1)High quality wheat/rice bread, with high-expansion and low-retrogradation, was prepared
by the use of high-amylose, purple-waxy an sugary-mutant rice
(2) CPC-test by a Tensipresser was shown to be useful to evaluate the dough quality
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Blending of the rice cultivars

a: Yumetoiro 15%, Ayunohikari 15%

b: Yumetoiro 30%

c: Yumetoiro 12%, Mochiminori 12%,
Ayunohikari 6%

d: Ayunohikari 30%

e: Yumetoiro 15%, Asamurasaki 15%

f: Asamurasaki 15%, Ayunohikari 15%

g: Asamurasaki 30%

h: Yumetoiro 12%, Asamurasaki 12%,
Ayunohikari 6%

Toughness of the various kinds of wheat/rice breads

a-f: different letter means different significantly (5%)



Best bread

1

(A) (B) (C)
Cross section of the wheat/rice breads

(A)Control (wheat 100%)
(B) Asamurasaki 12%, Yumetoiro 12%, Ayunohikari 6%, wheat 70%
(C) Asamurasaki 16%, Yumetoiro 16%, Ayunohikari 8%, wheat 61%
Ratio of cooked rice is 15.8%. Rice was cooked in the 10% yoghurt solution
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Sensory qualities of wheat/rice bread

Control: 100% wheat bread (scored as 0)
Texture, Taste and Overall evaluation were significant at the level of 1% (**)
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Firming degree
|

[] Tenderness [] Toughness

Firming degree of various kinds of
wheat/rice blended bread

a:Wheat 100% b:Yumetoiro 30% c:Shun-yo 30% d:Mochiminori 30%
E : Milkyqueen 30% f:Koshihikari 30% g:Asamurasaki 30% h:Ayunohikari 30%
I: Asamurasaki 12% + Ayunohikari 6% + Yumetoiro 12%

Firming degree: ratio of bread texture after 4 days to that of just after preparation
Firming degree of bread (i) was shown to be lower than that of (a)



Palatable and Bio-functional Wheat/Rice
Products Developed from Pre-Germinated
Brown Rice of Super-Hard Rice, EM10

S.Nakamura, H. Satoh and K. Ohtsubo

Biosci. Biotechnol. Biochem., 74(6), 1164-1172, 2010



Molecular structure of starch

various mutant rice (Less short chains in amylopectine)
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Resistant starch of the various rice

a: wheat, b: EM10, c: high-amylose rice, d:low-amylose rice
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Koshihikari

EMS
EM10

EM16
EM72
EM129

EM189
Kinmaze

Hardness Stickiness S/H

Physical properties of cooked whole grains

Cooked rice grains of SHR are not accepted as table rice
because It is too hard and non-sticky




Rapid Visco Analyser
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Fig. 1. Pasting Properties of the Various Types of Rice Flour



a b C d e

a: wheat, b: pre-germinated brown rice, c: brown rice,
d: white rice, e: cooked pre-germinated brown rice

Wheat/rice Bread and Wheat/rice Noodle from
Super-hard Rice, EM10
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wheat 100%
30% EM10

: 30% Koshihikari
: EM10/Milkyqueen

EM10/Waxy rice
EM10/Koshihikari

: EM10/Hoshiyutaka

: wheat 100%

: 30% EM10

: 30% Koshihikari

: EM10/Milkyqueen

EM10/Waxy rice
EM10/Hoshiyutaka

Toughness [kgw-cmlem™Z)

Toughness [gw-cm/cm”2]

A~G:1 day
H~N:4 days
after bread-making

> =2 @
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E and L are soft and
low-retrograde bread
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Samples

d |

b Noodle D and E are

similar with noodle A

B

C D E F
Samples

Physical Properties of Wheat/rice Bread and Noodles
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Resistant Starch in Various Noodles from Wheat, Gelatinized
Pre-germinated Brown Rice and Gelatinized White Rice

a: wheat noodle ( Camellia 100%)

b: 70% of wheat and 30% of EM10 gelatinized pre-germinated brown rice

c: 70% of wheat and 30% of Koshihikari gelatinized pre-germinated brown rice

d: 70% of wheat and 21% of EM10 gelatinized pre-germinated brown rice and 9% of Milky-queen gelatinized white rice
e: 70% of wheat and 21% of EM10 gelatinized pre-germinated brown rice and 9% of Koganemochi gelatinized white rice
f: 70% of wheat and 21% of EM10 gelatinized pre-germinated brown rice and 9% of Hoshiyutaka gelatinized white rice



250

{Lj\\%\
150
—O0— A
—|1— B

100 3% ¢ C

Glucose in Blood (mg/dL)

50

0
0 30 60 90 120

Time (min)

A: wheat flour B: Koshihikari flour C: super-hard rice flour

Inhibition of increase of post-prandial glucose
by super hard rice
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: Camellia 100% (hard wheat flour)
: EM10 (super—hard rice 30%)

: EM10 (pre—germinated brown rice 30%)
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: EM10 (cooked pre—germinated super—hard rice 30%)

Physical properties of various bread



Post prandial blood glucose and insulin

iInsulin
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Bread blended with 40% of super-hardD

showed significant inhibitory effect




H 1 [gw/cmA2] MAX [gw/cmA2]

3500.0
500.0
4425
3000.0 450.0
400.0
2500.0
350.0
2000.0 300.0
250.0
1500.0 -
200.0
1000.0 - 150.0
100.0
500.0
50.0 34.1
o 0o LI

Soft rice Super-hard rice Softrice  Super-hard rice

Soft rice 50% Super-hard rice 50%

Physical properties of rice noodle



Human test of rice noodles
(Niigata university & Ibaraki Christianity University)

j control = Soft rice 'Super-hard rice
160 180
140 Q 160 _
120 1 C LT JR O SR 133 4 -
100 / N 6
C N 120 1 ios T . ﬁ
%0 100 TR e B O e e
® T TSuper-hardrice " BN & (B = B
40
60 EE | R | e G0 FeEeeeee 0 | B0 | e
20
40 EE | R | e G0 FeEeeeee 0 | B0 | e
0
01530 60 90 120 20 o - e e
. . 0 - T
Time after meal (min) 0% 154 304 604  90% 1204
Time after meal (min)

(Post prandial increase of blood glucose)

Blending of 50% super-hard rice caused inhibition
of post prandial increase of blood pressure




Development of “Tomato Bread”

T s

1.Super-hard rice --- Resistant starch
2.pre-germinated brown rice --- GABA

3.Tomato --- Lycopene
4.Bread making method --- Durable palatability



Procedure of cultivar identification of rice

WETEIES Extraction Proliferation Comparison
of DNA of DNA by Electro
-phoresis

|
|
31 §]1/3 R

Rice cake



"Koshihikari” Identification Kit

M 11 12 13 14 15 16 17 18 19 20 M

M 21 22 23 24 25 26 27 28 29 30 M

M 31 32 33 M

“Koshihikari” can be differentiated by PCR
from other 49 cultivars (A), and (B) shows

that same patterns for all Koshihikaris from
33 different prefectures appear after PCR.




Commercialized primer set for “Koshihikari”

Contents

1. DNA Polymerase
. 10 X PCR Buffer
. 25mM MgCl »

. 2.5mM dNTPs

. Primer Mixture

. Control template
. Loading Buffer

. DNA Marker

OO OTP,PWOWN

National Food Agency, J. Grain Inspection Association and other institutes
are using this primer set for cultivar identification of rice




PCR method for the detection and
|dentification of cultivars of rice flours used
INn yeast leavened breads containing both
wheat and rice flours

S.Nakamura and K. Ohtsubo

J. Cereal Sci., 52, 16-21, 2010



(A)

(B)

Results of PCR using a wheat-specific primerand a rice-specific primer
(A) wheat-specific primer (B) rice-specific primer

M: DNA molecular weight marker

1: Yeast (Saccharomyce cerevisiae)

: Wheat flour (Camellia)

: Rice grain (Koshihikari)

: Wheat/rice bread (30% Koshihikari)
: Wheat/rice bread (30% Kirara397)

: Wheat/rice bread (30% Shun-yo)

: Wheat/rice bread (30% Yumetoiro)

: Wheat/rice bread (30% Ayunohikari)
: Wheat/rice bread (30% Milkyqueen)

O©OoO~NO UL, WN



M1 2 34 M1 2 34 M12 34 M12 34

(A)

M123 45 67 M12 3 4567 M12 3456 7 M12345 67

(B) h -

(1) (2) (3) (4)

(A) Results of PCR using template DNAs from rice grain

M: DNA molecularweightmarker. 1:Rice ( Koshihikari) 2: Rice ( Kirara 397) 3: Rice (Shun-yo) 4: Rice (Yumetoiro)

(B)Results of PCRusing template DNAs from rice grain, wheat flour and wheat/rice bread

M: DNA molecular weigh marker

1:Yeast ( Saccharomyces cerevisiae)

2:Wheat flour(Camellia)

3:Rice grain (Shun-yo)

4:Wheat/rice bread (70% wheat flours and 30% Koshihikari)
5:Wheat/rice bread (70% wheat flours and 30% Kirara 397)
6: Wheat/rice bread (70% wheat flours and 30% Shun-yo)
7:Wheat/rice bread (70% wheat flours and 30% Yumetoiro)



Significance of

rice production & utilization

Rice Is a
treasure of —
Japan

Food Climate condition, soil and water !
production | | Land preservation, roles of lowland field

Eating | | Harmonize well with various dishes

guality Plain but tasty, eatable every day

Health [ Diabetes prevention (low Gl)
support Reduction of obesity (low fat foods)
Cooking & “Slow food” by an earthen pot

processing || “Fast food” as aseptic rice, rice bread



Beautiful scenery of paddy fields in Japan




o B

Conclusions

. Rice Is very important crop as a staple food in

Japan and all over the world

. Rice consumption has been decreased and food

self-sufficiency rate of Japan is as low as only 40%
Cultivars of material rice can be identified by the
PCR method based on DNA polymorphism
Bio-functionality of rice is investigated eagerly

. Various kinds of processed rice products have been

developed in Japan and other countries
Exchange of information and cooperative research
on rice are very important
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