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Abstract China is a big country in the production and consumption of rice in the world. However, for a long time,
China's rice processing is only in the primary processing state that meets people's demand for rations, and the level
of comprehensive utilization of deep processing and its by-products is low. This paper reviews the main raw and by-
products of rice, such as rice protein, rice starch and by-products of rice processing (including broken rice, rice bran
and rice husk), aiming to further improve the comprehensive utilization of rice resources and increase the added
value of rice and its by-products to create more economic and social benefits. The vigorously developing and
promoting the deep processing technology of rice and its by-products will extend the rice industry chain and greatly
increasing the added value of rice, make full use of resources to supplement the shortage of high-quality edible oil,

protein, starch and other products.
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1. Introduction

China is a big agricultural country. Rice is the largest
grain crop with the largest total output in China. It has
always dominated grain production and consumption [1].
However, China's rice processing is currently only in a
state of initial processing that meets the demand for ration
rice. The effective utilization rate is only 60-65%, deep
processing only accounts for 20%, and the comprehensive
utilization level of by-products is low, which far behind
developed countries [2]. Efficient value-added deep
processing of japonica rice and by-products with poor
quality of food, and ultimately industrialization, is an
effective measure to transform from a large rice producing
country to a rice producing power [3].

Rice deep processing is based on rice, brown rice, rice
germ, etc., and is processed into various products by
physical, chemical, biochemical and other technologies
[4]. In recent years, with the application of biotechnology
(including enzyme technology, fermentation technology,
etc.), membrane separation technology, supercritical
extraction technology, ultrafine pulverization technology
and microcapsule technology in the development of grain,
oil and food, it provides for deep processing of rice with
modern means of production [5].

These high-tech not only ensure the nutrition, safety,
hygiene and flavor of rice deep-processing products, but
also make comprehensive utilization of rice resources, so
as to obtain good social and economic benefits [6].

2. Rice Modified Starch

Starch is the main component of rice, rice starch
granules are very small (between 3-8 pm) and the particle
size is uniform. Rice starch is high-purity rice starch
(lower protein content) on the international market due to
its unique properties [7]. The demand is large, so it has
great market prospects. At present, Europe and the United
States have set off a wave of research and development of
rice starch. Using modern biotechnology, rice starch can
be modified into more distinctive and new-purpose
products such as resistant starch, porous starch, slowly
digested starch, and new fat substitute.

2.1. Slowly Digesting Starch

Slowly digesting starch is a starch that can be slowly
and completely degraded by enzymes. Its slow digestion
in the human small intestine is very beneficial to human
health. It can not only improve sugar load as a new food
for diabetic patients, but also exercise for athletes. The
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process towel provides a stable and long-lasting energy
release beam to maintain endurance and is therefore
receiving more and more attention. At present, the
preparation of rice slowly digested starch mainly includes
enzymatic and physical methods.

Chen Lei et al. [8] used the pullulanase debranching
treatment and heat treatment to prepare rice slowly
digested starch. The results showed that under the optimal
conditions, the slow-digested starch content obtained by
the pullulan debranching treatment was 50.1%, which was
significantly higher than that of the slow-digested rice
starch prepared by heat treatment (content 7.9%).

Zhang et al. [9] bathed the waxy rice starch for 30
minutes, and then cooled to 25 degrees, sealed for 4 hours
at 4 degrees, and then stored at 25 degrees for 24 hours.
After 7 days of storage in this way, the slowly digested
starch content in the waxy rice starch can reach 51.62%.

The United States has developed a new rice starch
product, Ricemic, which uses rice flour as a raw material
to separate proteins, which are then processed into 100%
delayed digestion, 50% accelerated digestion and 50%
delayed digestion by heat and enzyme treatment. Such
modified rice starch has been clinically proven to improve
sugar load, which will become a new food for diabetic
patients [10]. Because this slowly digested starch allows
athletes to have a consistent and long-lasting energy
release during exercise to maintain endurance, the product
can also be used as a carbohydrate supplement for athletes,
especially marathon runners.

2.2. Resistant Starch

Resistant starch refers to a general term for starch and
its degradation products that are not absorbed by
the small intestine of healthy humans. Resistant starch has
a similar effect as dietary fiber, has no energy, and has
physiological functions such as preventing diabetes,
protecting the intestine, improving blood lipids, and
controlling body weight [11]. Resistant starch is mainly
used in medium and low moisture foods.

Granule resistant starch provides better appearance,
texture and mouth feel than traditional fibers, improving
the swelling and brittleness of food. Resistant starch is
mainly formed by aging of amylose, so that the structure
of the starch granules can be destroyed under high
temperature and hot and humid conditions, the starch is
fully gelatinized, and then the resistant starch can be prepared
by taking measures to maximize the aging of the starch.

At present, methods for preparing rice-resistant starch
mainly include an acid-denatured boiling water bath
method and a pressure heat treatment method [12].
Resistant starch is not easily digested (even if it does not
extend the digestion time) and is suitable for obese and
diabetic patients. Unlike ordinary fiber components, it
absorbs a lot of water. When added to low-moisture
products, it does not affect its taste and does not change
the flavor of food. It can be used as a low-calorie food
additive.

2.3. Porous Starch

Porous starch refers to a honeycomb porous starch
carrier formed by enzymatically treating native starch.

Porous starch has many pores extending to the center of
the starch granules on its surface, and the center of the
starch granules is hollow, so it has good adsorption
properties and can be used as an adsorption carrier for
functional substances (such as pharmaceuticals, perfumes,
pigments, health care substances).

Porous starch is widely used in the pharmaceutical,
chemical and food industries [13]. The rice starch has
small particle size and large specific surface area, so the
prepared porous starch has stronger adsorption capacity
than other kinds of starch. At present, the preparation
method of rice porous starch has a single enzymatic
hydrolysis or enzymatic hydrolysis and cross-linking,
esterification and the like [14]. Crosslinking can increase
the mechanical strength and swell resistance of porous
starch, and esterification can increase the hydrophobicity
of porous starch, thereby increasing its ability to adsorb
non-polar and weakly polar substances. Sheng et al. used
alpha-amylase to prepare glutinous rice porous starch,
which improved the ability of glutinous rice starch to
absorb liquid [15]. Tao et al. prepared rice porous starch
with alpha-amylase and glucoamylase with a ratio of 1:12.
The water absorption and oil absorption rates were
125.8% and 163.2%, respectively [16]. Srikaeo et al. [17]
prepared cross-linked esterified porous rice starch by
cross-linking phosphorus oxychloride, complex enzyme
hydrolysis and octenyl succinate, and its adsorption
capacity for methylene blue and cross-linked porous rice
starch and porous rice starch. Their results showed that the
cross-linked esterified porous rice starch had the strongest
adsorption capacity, the cross-linked porous rice starch
was the second, and the porous rice starch was the
weakest.

2.4. Starch-based Fat Substitute

Rice starch to make fat substitute technology is a high-
tech application of biotechnology to convert rice starch
into oil-free fat. The rice starch fat substitute mainly
includes modified or modified rice starch, ultrafine
powder, and low devalue value maltodextrin [18]. Starch
fat substitutes mimic the texture and mouthfeel of fat. The
mechanism is that internal amylose and amylopectin work
together to form a gel. The three-dimensional network
structure of the gel can retain a part of water, and the
trapped water has a certain fluidity, and can produce a
cream-like effect under the action of the oral cavity.
The fat substitute based on rice starch has different
properties from other starch raw materials because
the rice flour particles are small and close to the size of
the homogenized fat globules, which is suitable for use
as a fat substitute, and the rice starch hydrates to form
[19].

The system is softer and more delicate, and it can
simulate the taste of fat. The new fat substitute has a
creamy appearance and a mouth feel. It is very suitable for
processing yoghurt and some dairy products that replace
cream. It can be processed into a hydrogenated fat for
margarine production. A&B Ingredient, the world's largest
rice starch producer, has used modified rice starch for the
production of cream-free cheese, low-fat ice cream,
fat-free margarine, sauce and salad dressing, with
considerable economic benefits [20].
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3. Rice Protein and Its Modification
Technology

The protein content in rice is about 8%, and the protein
content of rice slag, which is a by-product of the production
of starch sugar by using early indica rice or broken rice as
raw material, is up to 50%, which is a high-quality raw
material for extracting rice protein [21]. Rice protein has
received wide attention from the world because of its high
bioavailability and low allergic properties. Rice protein is
a high-quality protein, which is manifested in the
following three aspects: 1) the amino acid composition of
rice protein is reasonable, which is very close to the ideal
model recommended by World Health Organization (WHO)
the Food and Agriculture Organization of the United
Nations (FAO) [22]. Its bio-price is 77, which higher than
other food crops; 2) rice protein is a hypoallergenic protein
that is safer and more reliable than other food crops. It can
be used as a base for the development of infant foods;
3) rice protein isolates regulate blood pressure, lower
cholesterol, and reduce atherosclerosis [23].

However, since gluten, which accounts for about 80%
of rice protein, has high hydrophobicity, the solubility of
rice protein is poor, and the functional properties such as
emulsifying property, gelation property, and foaming
property are unsatisfactory, which limits its applications in
the food field [24]. Therefore, rice protein modification has
become a hot topic in current research, and the modification
can improve the functional properties of rice protein,
thereby expanding its application in food and other fields.

Rice protein can be classified into four categories
according to Osborne's solubility-based classification:
albumin, globulin, prolamin and gluten [25]. Using
hypoallergenic and highly nutritious rice protein, it can
develop high-protein hypoallergenic infant formula for
infant-sensitive  diarrhea; use edible rice protein
concentrate and pullulan to make edible film. The
concentrate of rice gluten can be used for aquatic feed.
The insolubility of gluten keeps the water quality clear,
and good digestion can reduce the defecation of aquatic
animals and reduce water pollution. Enzymatic hydrolysis
of rice protein can produce high-protein nutritious rice
flour with protein content of more than 80%, used in baby
food, baked goods, breakfast food, snack food, etc [26]. In
addition, rice protein is used as a resistance protein, and as
a carrier of some drugs, it will play its unique role in
medical and veterinary medicine [27].

4. Broken Rice

Based on the existing rice milling technology, 10-15%
of broken rice will inevitably be produced during the
processing of rice. The nutrients of broken rice are similar
to rice, but the price is only 1/3 to 1/2 of rice [28].
According to rough estimates, the amount of broken rice
produced each year is nearly 100 million tons, which
causes great waste of rice resources and seriously affects
the economic benefits of polished rice processing [29].
Therefore, research and development of broken rice
products is becoming more and more urgent.

The comprehensive utilization of broken rice is mainly
in the following two aspects: First, the development and

utilization of higher content of starch in broken rice. At
present, the new products produced by broken rice starch
in China mainly include fructose syrup, maltitol and
maltodextrin powder, sorbitol, liquid wine, beverages, etc.
[30]; the second is to use the protein in the broken rice, the
high protein rice powder obtained by increasing the
protein content in the broken rice, can be used as a high
protein food for infants, the elderly and patients [31]. The
rice residue after the use of broken rice starch contains
more protein and can be used as a product for producing
soy sauce, foaming powder, protein feed, peptone and
yeast medium [32].

5. Comprehensive Utilization of Rice
Bran

Rice bran is a surface layer attached to brown rice after
shelling, consisting of peel, seed coat, exoemulsion and
aleurone layer. Although rice bran only accounts for 6% to
8% of rice quality, it contains 60% to 70% of
physiologically active ingredients in rice, and more than
90% of essential elements [33]. Its chemical composition
is sugar and fat (14-24%). ) and protein (12-16%), and
also contains more vitamins, phytate and mineral nutrients,
and contains nearly 100 kinds of tocopherol, tocotrienol,
oryzanol, octadecyl alcohol A biologically active substance
with various functions, which has various functions such
as preventing cardiovascular diseases, regulating blood
sugar, losing weight, preventing tumors, anti-fatigue and
beauty [34,35,36,37]. As the most important by-product of
rice processing, rice bran has long been used mainly as
animal feed, and it has not been fully utilized, resulting in
serious waste of resources. The comprehensive utilization
of rice bran resources is an effective means to increase the
economic benefits of rice processing enterprises, and has
become a research hotspot in recent years.

5.1. Rice Bran Oil

Rice bran oil is a nutrient-rich vegetable oil, in which
saturated fatty acids account for 15% to 20%, unsaturated
fatty acid content is over 80%, linoleic acid content is
about 38%, and oleic acid content is about 42%, which is
in line with the recommendations of the International
Health Organization [38]. Rice bran oil has the scent of
aroma, high temperature frying, long-term storage and almost
no harmful substances, which is unmatched by any kind of
vegetable oil. Because of the superior performance of rice
bran oil, it has become another new health food oil after
sunflower oil and corn germ oil. Rice bran oil not only has
a complete and reasonable fatty acid composition, but also
contains a variety of physiologically active ingredients
such as Vitamin E, oryzanol, phytosterols, and squalene
[39]. These substances can effectively lower the concentration
of low-density cholesterol in the blood, increase the
concentration of high-density cholesterol, and prevent
cardiovascular diseases, regulate blood sugar, and improve
atherosclerosis [40]. At present, the extraction of rice bran
oil mainly includes pressing method, microwave assisting
method, and leaching method [41]. Among them, the pressing
method is most commonly used, but the obtained rice bran
oil contains more impurities and still needs further refining.
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5.2. Oryzanol

Oryzanol inhibits the absorption and synthesis of cholesterol,
promotes the metabolism and excretion of cholesterol, and
has the effects of lowering blood fat and preventing
cardiovascular diseases such as atherosclerosis [42]. In
China, oryzanol has been used as a medicine, and Japan
has applied oryzanol to food for more than 20 years. As a
by-product of the production of rice bran oil, the extraction of
oryzanol is generally combined with the refining of butter
oil. In recent years, oryzanol's production methods have
been continuously improved in terms of simplifying
processes, increasing yield, and reducing costs. According
to reports, under optimal conditions, the yield of oryzanol
can be doubled compared to the traditional weak acid
substitution method.

5.3. Rice Bran Wax

Rice bran wax is mainly composed of higher fatty alcohol
esters. The esters can be decomposed and converted to obtain
biologically active functional substances, 28 alkanols and
30 alkanols, which are U. S. Food and Drug Administration
(FDA)-approved functional additives, which can improve
mobile endurance and regulate fat metabolism [43]. And
lowering cholesterol, it can be widely used in functional
foods, various nutritional supplements, medicines, cosmetics
and high-grade feeds, and its market share is also
expanding [44]. Functional foods with 28 alkanols as the
main ingredients are popular in the United States, Japan
and other countries. The market prospects are very broad
and the economic benefits are also very significant.

5.4. Rice Bran Nutrients and Nutrient Fiber

Rice bran nutrients and nutrient fiber are nutrients that
the body needs very much but are difficult to ingest in
daily diet. Rice bran nutrients and nutrient fiber not only
contain high-quality protein and unsaturated fatty acids,
but also contain vitamins and minerals and various
physiologically active ingredients required by the human
body every day [45]. Using the rich and comprehensive
nutrients and dietary fiber of rice bran to develop
nutritious and healthy foods, it is the earliest and most rice
bran food. At the same time, rice bran is also rich
in protein, vitamins and dietary fiber to produce

high-nutrition foods and health products, such as rice bran
bread, rice bran biscuits, rice bran noodles and other foods.
In addition, the solid beverage produced from rice bran
nutrients and rice bran nutrition fiber has a rich cocoa
flavor and a favorite rich moisturizing taste. The eater
supplements the daily protein, unsaturated fatty acids,
vitamins, minerals, etc., and can also supplement the
dietary fiber to obtain a smooth and laxative health care
function [46]. The rice bran nutrient solid beverage and
the rice bran nutrient fiber solid beverage have pure
natural and low price. Such advantages, and therefore
have a strong competitive advantage and market potential.

4.5. Rice Bran Polysaccharide

Rice bran polysaccharide is mainly found in the rice
peony skin layer, and is complex with cellulose,
hemicellulose and other components. It is a complex
heteropolysaccharide. Unlike starch polysaccharides, rice
bran polysaccharides are mainly composed of xylose,
mannose, rhamnose, galactose, arabinose and glucose. The
content of impurities in the crude rice bran polysaccharide
is high. To obtain the uniform polysaccharide, further
separation and purification are needed by means of
fractional precipitation, dialysis, ultrafiltration, electrophoresis
and chromatography [47]. After years of research, the
physiological and functional properties of rice bran
polysaccharide have been gradually recognized, it has the
functions of enhancing immune activity, anti-tumor,
lowering blood sugar, lowering blood fat, anti-radiation,
anti-oxidation and scavenging free radicals, so it is used as
a functional food ingredient [48]. It is widely used in food,
medicine and other industries with nutritional supplements.
Japan is the most authoritative in the research of rice bran
polysaccharides, and uses a variety of extraction processes
to obtain a variety of rice bran polysaccharides.
There are now rice bran polysaccharide products MGN-3
and NK 1000, etc. The former is an enzyme-modified
rice bran polysaccharide, which the main component is
arabian wood. The polysaccharide, which is a mixture
of rice bran polysaccharide and fungal polysaccharide,
can be used as a health food for enhancing immunity
[49]. In addition, rice bran polysaccharide modification
is also a new idea in recent years, because modification
can produce new or improve the original physiological
activity.

Table 1. Comprehensive utilization of rice and its by-products

By-products of rice Main application References
Rice modified starch
Slowly digesting starch New food for diabetic patients [8,9,10]
Resistant starch Medium and low moisture foods [11,12]
Porous starch Adsorption carrier for functional substances [13,14,16]
Starch-based fat substitute To mimic the texture and mouthfeel of fat [18,19]
Rice protein High-quality protein [21,23,24,27]
Broken rice Starch and high protein rice powder [29,30,31]
Rice bran
Rice bran oil New health food oil [38,39,40]
Oryzanol To lower blood fat and prevent cardiovascular diseases [42]
Rice bran wax Biologically active functional substances [43,44]
Rice bran nutrients To develop nutritious and healthy foods [45,46]
Rice nutrient fiber Nutrient fiber solid beverage [47.,48]
Rice bran polysaccharide Functional food ingredient [49]
Germinated brown rice Functional food [50,51]
Rice husk Convenient and cheap energy source [52]
Raw material for carriers or composite materials [53]
Raw material for manufacturing solar cells [54]




374 Journal of Food and Nutrition Research

6. Germinated Brown Rice

About 60% to 70% of the physiologically active
ingredients in rice are concentrated in rice bran, but since
people usually consume white rice, most of the
physiologically active ingredients in rice cannot enter the
diet. Brown rice retains the rice bran rich in
physiologically active ingredients, so its nutritional value
is much higher than that of polished rice. However, brown
rice has not been a staple food for human beings, and its
nutrients have not been fully exploited. This is mainly
because brown rice contains high crude fiber, enamel and
waxy layers, which are blocked during cooking. Moisture
enters the starch granules, and the swelling and water
absorption are poor, resulting in higher gelatinization
temperature of the starch, longer cooking time and
difficulty in chewing [50]. At the same time, the brown
rice contains astringency during the cooking process, and
has a "slag feel" when consumed, and the digestion and
absorption are also poor after ingestion.

The phytic acid contained in brown rice is anti-
nutritional and easily combined with minerals such as
calcium, iron and magnesium, thereby greatly reducing
the bioavailability of minerals. After the brown rice is
germinated, the starch is degraded into sugar, thus
increasing the sweetness and flavor, solving the problem
of unpleasantness of brown rice, and the physiological
active ingredients in brown rice, such as dietary fiber, total
phenolic acid, vitamins, reducing sugar, amino acids, trace
amounts. Both elements and neurotransmitters are significantly
increased before germination, especially neurotransmitters
have blood pressure lowering, improved brain function,
mental stability, promotion of long-term memory, promotion
of growth hormone secretion, activation of renal function,
activation of liver function, beauty, sobering, etc [51].
Therefore, improving the utilization value of brown rice
through the germination process can not only improve the
utilization efficiency of rice resources, but also improve
the nutritional and dietary levels of people.

7. Comprehensive Utilization of Rice
Husk

Rice husk is the largest by-product produced during the
processing of rice, and its weight accounts for more than
20% of the total mass of rice. At present, a considerable
part of China's rice husks have not been fully utilized,
which not only pollutes the environment but also is an
extreme waste of resources. In fact, rice husk is a resource
with development potential. Its combustibles are more
than 70%, and its calorific value is 50% of standard coal.
It is a convenient and cheap energy source. The carbonized
rice husk is the production of water glass. The silicon in
the rice hull is calcined under certain conditions to form
porous amorphous silica particles, which has a large
absorption surface activity and can be used as a raw
material for various carriers or advanced composite
materials [52].

In addition, since rice husk does not contain elements
that poison single crystal silicon such as arsenic, fluorine,
etc., it may be the best raw material for manufacturing

solar cells. The rice husk can be made into a disposable,
environmentally-friendly snack box that is safe, non-toxic,
degradable, low in cost, and smooth in appearance, after
being crushed, mixed, produced, formed, solidified, and
surface-sprayed. This product has a large demand, low
cost and broad market prospects. The rice husk can
produce feed single-cell protein by secondary acid
hydrolysis, and its by-product silica is an important
industrial raw material [53]. The rice husk is made of
synthetic resin as an adhesive. It can be made into package,
furniture and other products by mixing and hot pressing to
form rice husk. Rice husks can also be used as insulation
agents for steel making, fiberboard, fillers for cultivating
mushrooms, and the like. In addition, rice husks contain a
variety of vitamins, enzymes and dietary fiber, which play
an important role in promoting skin metabolism [54].
There are many unknown ingredients in rice husk, which
have great development potential and broad application
prospects.

8. Outlook

The research and development of intensive processing
of rice is lagging behind, and the processing capacity is
not strong. The vigorously developing and promoting the
deep processing technology of rice and its by-products
will extend the rice industry chain and greatly increasing
the added value of rice, make full use of resources to
supplement the shortage of high-quality edible oil, protein,
starch and other products and make energy conservation
and emission reduction, resource regeneration, turning
waste into treasure. To revitalize the traditional rice
processing industry, we must rely on colleges and
universities with food science disciplines to vigorously
cultivate new types of professionals, and give full play to
the disciplinary advantages of scientific research institutes
and strengthen the research on the application basis of rice
food specialty. It is necessary for integration universities
and research centers with enterprises, the establishment of
rice food research and development center, and the
formation of scientific and technological innovation and
transformation of the results of the base. Moreover, we
need to improve the technology center of large-scale rice
circulation or processing enterprises to enhance the ability
of enterprise innovation and professional institutions to
promote new technologies, and actively promote the latest
transformation of scientific research results. The full
utilization of each rice by high-tech means to maximize
the utilization value of rice resources can not only reduce
environmental pollution, but also bring huge economic
benefits.
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