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Abstract Functional rice has functions of adjusting human physiological functions of and preventing diseases. At present, there are researches

both at home and abroad about the relationship between nutritional quality and physiological active substances of rice and human physiological

activities. Through conventional breeding, gene mutation technology, and molecular-assisted selection (MAS) technology, it is feasible to se-

lect and breed new rice varieties and plants with certain health care functions.
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1 Introduction
Functional rice contains certain physiological active substances

M Tis appear-

which can adjust human physiological functions
ance, taste, and nutritional components are similar to ordinary
rice varieties. The differences lie in that functional rice contains
certain physiological active substances, so it can adjust human
physiological functions, strengthen physiological prevention mech-
anism, raise physical strength and vigor, and prevent special dis-
eases and delay senility””’. Development of functional rice benefits
from functional foods. Studies of functional foods started from the
1970s in Japan, European and American countries. With social
and economic development, material supply becomes abundant,
people’s living conditions get improved, then people’s diet struc-
ture and habit change accordingly. At the same time, series of
sub-health problems occur due to imbalance in intake of nutrients,
and related research institutions and scholars begin to pay attention
to the relationship between diseases and nutrients of staple
foods"’’. Researches indicate that patients with kidney disease and
diabetes may be poisoned if eating rice containing glutelin higher
than 4% ¥ ; patients with hypoferric anemia can effectively allevi-
ate the symptom through eating rice with high content of organic

). patients with high blood pressure can reduce blood pres-

iron
sure through eating rice with high content of GABA ( Gamma-Ami-
nobutyric Acid) ' ; children lacking Zn may have anorexia, slow
growth and development, and mental retardation'”’. On this ba-
sis, related research institutions have developed and produced
functional foods with clear functions oriented towards certain peo-
ple, such as foods for strengthening physical conditions ( impro-
ving immunity and activating lymphatic system) , foods for preven-
ting diseases (such as high blood pressure, diabetes, coronary
heart disease, constipation, and tumor, etc), foods for physical

recovery ( controlling cholesterol, preventing blood platelet agglu-
ry ( lling chol I, p ing blood platelet aggl

Received : July 14, 2016 Accepted : September 22, 2016

Supported by Key Scientific and Technological Planning Project of Anhui Prov-
ince (201503zc03029) ; Bozhou University-Enterprise Cooperation Technologi-
cal Innovation Platform Project (2016xqzx05).

# Corresponding author. E-mail; xiangminsr@ aliyun. com

tination, and adjusting hemopoietic function) , and foods for ad-
justing biological rhythms (nerve center, peripheral nerve, intake
and absorption functions) , and foods for delaying senility’’. In
recent years, many varieties of functional rice have been devel-
oped at home and abroad.

According to physiological functions, functional rice can be
divided into rice for strengthening physical conditions (such as
high protein rice and functional peptide rice) , disease-preventing
rice (such as Se-enriched rice, Zn-enriched rice, and high Vita-
min A rice) , rice for health recovery (such as low-sugar function-
al rice and kidney tonifying rice ), rice for adjusting biological
rhythms (such as low glutelin rice and low allergenic rice) , and

rice for delaying senility (such as black rice and red rice).

2 Overview of foreign researches about functional
rice

Japan, European and American developed countries attach great
importance to researches about essential nutrients and physiologi-
cal active components of rice. In 1994, scholars of International
Rice Research Institute (IRRI) studied genetic breeding of Fe-en-
riched and Zn-enriched rice in view of nutritional deficiency of
Southeast Asian people®’. Since the 1980s, Japan has started
studies on functional rice; from the 1990s, Japan developed a se-

(07 " Nutritional researches

ries of new varieties of functional rice
show that rice protein consists of albumin, globulin, alcohol solu-
ble protein, and glutelin, and glutelin (accounting for about 70%
of total protein) is main component of protein that can be absorbed
by people. However, patients with kidney disease and diabetes
will aggravate the symptom if eating foods containing too high pro-
tein. Therefore, low glutelin rice is suitable for patients with kid-
ney disease and diabetes. National Institute of Agrobiological Sci-
ences (NIAS), the largest agricultural fundamental scientific re-
search institution in Japan, developed rice variety NM67 with low
soluble protein and stable properties through taking high quality
rice Nihomasari as material, treatment with chemical mutagen eth-
ylene imine, with the aid of molecular-assisted selection technolo-
gy, Genetic analysis indicates that low glutelin properties of

NM67 are controlled by individual dominant gene. Taking NM67
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mutant as parent rice, NIAS developed LGC-1 (low glutelin con-
tent-1) with glutelin content lower than 4% . Clinical application
indicates that rice with low water soluble protein is effective assis-
ted food for patients with kidney disease and diabetes.

With cooperation of NIAS, using chemical mutation method,
the School of Agriculture of Kyushu University developed giant
embryo new rice variety Haminuori ( with aminobutyric acid con-
tent 4 times higher than ordinary rice varieties) and low allergenic

12 After cooking, GABA content of giant embryo rice

rice variety
will significantly increase. GABA has functions of soothing the
nerve and reducing blood pressure and blood ammonia. Patients
with high blood pressure can reduce blood pressure, improve lipid
metabolism, and prevent arteriosclerosis through eating rice with
high content of GABA. Low allergenic rice can be specially taken
by people allergenic to rice because low allergenic rice contains
higher allergenic protein (16KD allergenic protein) than ordinary
rice varieties. Through agrobacterium mediation, the School of
Agriculture of Kyushu University imported iron gene of soybean to
Koshihikari rice, and developed new Fe-enriched rice variety, the
Fe content of rice is up to 40 —45 mg in one kilogram rice, 2
times higher than ordinary rice varieties, thus it is suitable for pa-
tients with hypoferric anemia. In 2000, Fe-enriched rice variety
IR164 was approved by agricultural resources and assets review
meeting organized by Ministry of Agriculture, Forestry and Fisher-
ies of Japan'"’. Using transgene technology, Hokko Chemical In-
dustry, Co. , Ltd developed new rice variety with content of tryp-
tophan and lysine 90 times and 10 times higher than ordinary rice

") Tryptophan and lysine can not be synthesized within

varieties
human body and must be absorbed from food.

In the 1990s, trans-national agricultural biological companies
Monsanto and Syngenta started to care about functional rice, and
used their abundant financial support to carry out researches of
functional rice breeding. With the aid of agrobacterium mediation,
Swiss Federal Institute of Technology in Zurich introduced two
types of plant genes (nicotine amine synthetase and ferrate protein
synthetase ) into rice seeds, developed super Fe-enriched GM rice
with Fe content about 6 times higher than ordinary rice varie-
ties'™ . Syngeta imported gene of [-caritinoid (forebody of Vita-
min A) into rice genes and developed new GM rice with Vitamin

A content about 20 times higher than ordinary rice varieties"® .

3 Overview of domestic researches about functional
rice

For a long time, there is the theory of " medicine and food being
the same origin and having the same use". In Compendium of Ma-
teria Medica written by Li Shizhen, there are following records:
black rice cures acute throat impediment, adjusts medial Qi,
cures rheumatic arthritis, paralysis, and born white hair; rice-
grain sprout can treat anorexia and disordered digestion; in Dietet-
ic Materia Medica written by famous Chinese Materia Medica ex-
pert in Tang Dynasty, Meng Shen, there are following records:

brown rice has functions of arresting diarrhea and treating dysen-

tery, reinforcing middle-warmer and replenishing Qi, strengthe-
ning sinews and bones, and warming veins; red rice is sweet in
taste, warm in nature, and rich in iron, has functions of replenis-
hing blood, preventing anemia, clearing free radicals, improving

anti-oxidant ability, and delaying the aging process'"”’

. At pres-
ent, some domestic research institutions studied nutrition quality
and physiological active substances of rice and developed various
functional rice varieties. The Development Center of Plant Germ-
plasm Resources of Shanghai Normal University hybridized Japa-
nese rice variety Chunyang and Shanghai rice variety Xiushui 128,
and successfully bred high quality kidney-tonifying rice No. 1
which can assist in curing kidney disease!™ . According to analy-
sis of Quality Supervision and Testing Center of the Ministry of Ag-
riculture, the total glutelin content of this new rice variety is 61%
lower than Shanghai ordinary rice varieties, so it can be used for
assisting in curing kidney disease. The Functional Rice Research
Center of China National Rice Research Institute CAAS introduced
from Japan special rice varieties and breeding materials special for
patients with renal dysfunction or high blood pressure. By means
of making assisted selection of backecross populations using SSR
marker closely linked with low glutelin traits, and ethyl methane
sulfonate (EMS) treatment, it modified main rice varieties of Chi-
na, and cultivated new rice variety W3660 ( Kangdun No. 1, the

CNA20020113. 1) suitable for patients with
[19]

variety right No. :
kidney dysfunction and diabetes . The glutelin and phosphorus
content of this rice variety are only 60% and 50% of that of ordi-
nary rice varieties. When the heat supply is guaranteed, it can ef-
fectively reduce absorption of protein and phosphorus. Patients
with kidney disease and diabetes can reduce their kidney burden.
Thus, it is very suitable for people with special requirements for
protein intake, such as patients with kidney disease and diabetes.
In cooperation with Guangzhou Medical University, using space
mutation technology, the Rice Research Institute of Guangdong
Academy of Agricultural Sciences cultivated aerospace Se-enriched
rice having function of curing recurrent oral ulcer (ROU) ™.
Besides, domestic research institutes also carried out selec-
tion and breeding studies on rice varieties containing high GABA |
Fe, Zn, and special starch. Tropical Crops Genetic Resources In-
stitute (TCGRI) of Chinese Academy of Tropical Agricultural Sci-
ences (CATAS) selected 3 rice varieties suitable for planting in
Hainan Se-enriched soil from 1000 rice varieties, the organic Se
content of brown rice is up to 300 mg/kg™’. The Crop Genetic
Breeding Research Laboratory in College of Agriculture of Hunan
Agricultural University developed late-season indica rice 3029 with
Fe content as high as 47. 6 mg/kg'™'. The Biological Research
Institute of Guangdong Academy of Agricultural Sciences, using
isolated hybrid of rice head, parthenogenesis induction and ovary
culture methods, cultivated rice variety Heiyounian No. 3 with Fe

content up to 52.20 mg/kg'>
cation, the School of Agriculture and Biology of Shanghai Jiaotong

. Through introduction and domesti-

University successfully cultivated new black rice variety Wugong
No. 1, the Fe content of this brown rice is up to 62.77 mg/kg"".
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Zhejiang University and Yunnan Academy of Agricultural Sciences
jointly cultivated Functional Rice No. 1, No.2, No.3 and Yunzi-
jing No. 82. Functional Rice No. 3 contains high resistant starch,
so it is hungry resistant, and it also can delay release and absorp-
tion of glucose, has functions of controlling blood sugar, preven-
ting diabetes, keeping fit, preventing and curing constipation and
intestine diseases, it is expected to be widely extended in Ailao
Mountain area of Yunnan'>'. In cooperation with Ningbo Hemudu
Rice Crop Biological Technology Co. , Lid, the Institute of Nucle-
ar-Agricultural Science of Zhejiang University took temperature
sensitive high quality early-mature japonica rice as material,
adopted aerospace mutation and Co60 gamma radiation to select
small grain mutant, and cultivated mini Zn-enriched rice - Lili-
zi, with Zn content up to 34. 1 mg/kg, 3 times more than local or-
dinary rice varieties™ .

On the whole, domestic researches about functional rice fo-
cus on analysis of nutrition quality of rice, but few researches tou-
ch upon physiological active substances with health care functions,
especially few about clinical functions of physiological active sub-

7] Therefore, it is recommended to make overall plan-

stances
ning, combine researches about health care functions of functional
rice varieties and modern nutritional medicine, and screen out dif-
ferent functional rice varieties using rich rice resources. At the
same time of breeding varieties (strains) and increasing economic
value of rice, it can satisfy health care demands of different peo-
ple. Through food therapy and food replenishment, it is feasible to
strengthen physiological prevention mechanism, raise physical
power and effort, prevent special diseases, and improve health
conditions, so as to promote common development of functional

rice researches and modern nutritional medicine.

4 Development direction of researches of functional
rice

Rice is the staple grain crop of the world and about 1/3 of the
world population takes rice as staple food. China is the source area
of rice. The planting area of rice is wide, and about 50% of Chi-
nese population takes rice as staple food. In staple grain for
strengthening physical condition, regulating physiological func-
tions, and preventing diseases, biological fortification measure
through rice and rice products is one of the most important approa-
ches'™. Nutrition and agricultural breeding scholars hold that an
effective approach for increasing content of physiological active
substances is to explore germplasm containing certain physiological
active substances, and increase content of physiological active
substances using breeding method'™’. At present, both foreign
and domestic researches about new functional rice varieties
(strains) remain starting stage, so there are still many problems
and difficulties in developing functional rice varieties containing
certain physiological active substances. To increase physiological
active substances of rice, the major method is introduction of exot-
ic genes to rice seeds. The biological security generated from Ge-
netically Modified Organism (GMO) technology is to be further

studied, consumers still doubt about GM rice and GM rice prod-

uCtSDO] .

It is recommended to cultivate high quality, high yield and
multi-resistant health-care functional rice varieties (strains) suit-
able for planting in China through taking full advantage of certain
physiological active substances, trace elements and excellent
genes, traditional breeding method, combined with modern gene
mutation technology and molecular biological technologies ( such
as molecular assisted selection technology) , electrophoretic analy-
sis, amino acid analysis, and atomic absorption analysis™"’. This
is a high efficient, safe and popular approach for obtaining func-
tional health-care rice. In addition, with development and con-
stant exploration of biological technologies, the processing technol-
ogy of physiological active substances of rice is constantly im-
proved. It is recommended to make further clinical researches
about physiological functions of certain physiological active sub-
stances. Functional rice and its products will be widely developed

and applied.
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