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This review of literature provides an overview on the composition data of rice (Oryza sativa L.),
rice bran (RB) and its application in food products. Rice is a major source of nourishment for
consumption, especially in Asia. Rice plants produce rice brans and hulls that have been reported
to health promoting effects in animals and human. RB is an underutilized milling by-product
of rough rice and has high nutritional value. Bran composts importance nutrients including:
soluble and non-soluble fibers, vitamins, minerals, lipids and proteins. Various studies have
been reported that RB is a good source of bioactive compounds such as γ-oryzanol, tocopherols,
and tocotrienols which provide health beneficial and antioxidant activity. Furthermore, the RB
could act as antibiotic activity and anti-cholesterol as well. Nowadays, the beverages made
from cereal are very popular and their trend continued increasing. Some materials such as rice
and RB can be used to produce healthy drink that could be as an alternative aspect. Therefore,
the interesting in nutritionals value has a potential for healthy beverage production like a
functional drink.
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Introduction
Rice (Oriza sativa L.) is a major cereal crop
in the developing world in terms of total world
production (672×106 tonnes) equivalent to that of
wheat (FAO/UN, 2012). In Asia and the Pacific
(seventeen countries), North and South America
(nine countries), and eight countries in Africa, rice
is an annual plant which can be grown under board
ranged of topographical conditions. It will provide
a great yield under environmental abundance,
especially river basin area due to rice is considered
semi-aquatic grass plant (Yoshida, 1981). The major
rice production from statistical data was found in
Asia (Major producers: China, India, Indonesia,
Bangladesh, Vietnam and Myanmar) which
producing alone more than 75 percent (506×106
tonnes) of rice world production (FAO/UN, 2012).
Besides that, the regular rice consumptions can be
processed into various products as well, for example:
rice flour, rice noodle, used as ingredient in baked
products and producing the alternative healthy
beverage etc. During the milling process, rough
rice is milled to produce polished edible grain and
removal of brownish layer. This process generates
agricultural waste as a by-product (rice bran and rice
hull) (Friedman, 2013).
Rice bran (RB) is identified as a by-product
*Corresponding author.
Email: saroat@mfu.ac.th

from agricultural waste. Nowadays, it has been
widely studied and applied in food industry due to
high nutritional promoting (especially, protein, lipid,
vitamins and minerals) and rich of major source in
phytochemical compounds. The interesting of rice
bran nutritional qualities has attracted it as a valuable
food material. Furthermore, RB presents some good
properties for human health such as antioxidant,
antibiotic as well as anti-cholesterol. Currently, RB
has been used for animal feed, rice bran oil extraction,
wax production, and used as a food ingredients
(Watchararuji et al., 2008). These products are
resulted from stabilized rice bran extraction which
is utilizable for human food; currently, it is certainly
used for baked products, energy bars, and protein
fortification of powdered drink formulations
(Mitchell, 2009). There are several countries that
are more consider to increasing the value of RB by
developing the whole RB for many food products.
One product is made from whole RB to be healthy
beverage which interesting thing because it can be
alternative of beverage market for health concern
consumers. Today, the demanding of functional food
products are influenced by healthy drink market
which is growing rapidly. As a result, the functional
beverage seems to be a part of world population.
Healthy beverage or functional drink is very
popular for consumption. Moreover, trends of people
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for consuming these products are increasing. Some
people are willing to spend more money to buy this
product due to they are believe that this product can
prevent risk diseased and provides a good health.
Healthy drinks made from that have been launched
into the market nowadays. Nevertheless, the health
product obtained from whole RB have no reported
and launched into the market. The main point of this
review article is to consolidate and integrate on the
composition data of rice (rice processing, rice and
its related products), rice bran and applications of
rice bran for a potential source of main ingredient in
healthy beverage.

more than once per year. Similarly to other plants that
associated with Oryzeae species. Rice plant can be
grown not only in the deep water areas (up to 5 meter)
but also on dry land, which can call as semi-aquatic
annual grass plants. Nemoto et al. (1995) noted
that rice can be cultivated in temperate and tropical
areas as well as in cool and warm regions. Different
environmental is considered as important factors to
develop rice plant, such as day length, temperature,
humidity, planting density and nutrition (Wayne and
James, 1994). Nevertheless, a partially of the rice
plant adaptability can explains its importance to food
cereals crop production (Kent and Evers, 1994).

Rice production
Rice (Oryza sativa L.) is a major of dietary foods
(about 60% of world’s population) and identified
as important group of cereal crops in the world,
especially for people in Asia as well as outside Asia.
However, around ninety percent of rice production is
obtained and consumed in Asia (Wayne and James,
1994). Rice is rich genetic diversity, with thousands
of varieties grown throughout the world. Almost the
cultivated rice belongs to the species Oryza sativa
and Oryza Glaberrima., while Oryza Sativa., is
the distinguished species, and another one species
is cultivated only in Africa (Rohman et al., 2014).
Rice is a predominant staple food due to it provides
the high nutritionals and promoting the daily energy
(calories) for many companion animals and humans,
especially in part of carbohydrate (4 Kcal) (Ryan,
2011; Rohman et al., 2014). Moreover, it was reported
that rice provides dietary energy around 20 percent of
the world, while wheat and maize promotes 19 and
5 percent, respectively. Naturally, non-milled state
rice has different colors, including brown, red, purple
and even black. The variety of rice colors is valuable
for health properties. Moreover, the unmilled rice
has a higher nutrient content than milled or polished
white rice. Currently being compiled statistics of rice
production and cereal grains production in the world
widely. Even though the yield of rice production
presented the high amount value, but domestic
manufacturers produced the highest agricultural
cereal crops in the world which was achieved by 7
countries of East and South Asia including; China,
India, Indonesia, Bangladesh, Vietnam, Thailand,
and Philippines, respectively. Moreover, they
provided for rate of rice prices in producer countries
from 2006–2010 as well as the world rice production,
consumption, and stocks ranged from 2010-2014
(FAO/UN, 2012).
Although the rice plant can grow under good
environmental conditions, rather O. sativa may grow

Rice milling process
Milling processes is one of the method with the
objective is to remove the bran, hull, and germ with
minimum endosperm breakage (Owens, 2001) from
rice seed which untill get the milled rice (polished
white rice). Generally, the rice grain consists of an
outer protective covering as hull (husk), and kernel
(brown, cargo, dehulled or dehusked rice). It has been
identified one rice seed has approximately/around
20% pericarp, 2%, tegmen (seed coat), aleurone layer
(5%), endosperm (89–94%) and embryo (2–3%)
(Delcour and Hoseney, 2010). According to Elke
and Emanuele, (2013) noted that the milling step
composes pre-cleaning/destoning, husking, paddy
separation, whitening (bran removal), polishing,
grading, and milling. Each milling step has different
function. However, all of steps influent to milled
rice quality (Elke and Emanuele, 2013). During
the process, milling may also eliminates various
vital vitamins and minerals. According to rice
milling processes, RB is an underutilized milling
“by-product” of rough rice and has high nutritional
value. Generally, RB was extracted to rice bran oil
for cooking because of its chemical components
promoting in good human healthy and also produce
animal feeding (Friedman, 2013). However, using the
whole RB (without isolating into a single component)
has not been reported. Herein, using the whole RB
for fully utilization is very interesting, especially in
terms of beverage production, cosmetic manufacture
and pharmaceutical. Furthermore, the milling also
generates several types of rice. The best rice possess
broken kernels as less than 3/4 of the lengthy of
whole kernels generally. Normally, natural unmilled
state rice found in many different colors (brown,
red, purple and black). Each color provides different
nutritional values. Moreover, they also promoting in
health benefit. Some studies supported that different
type rice consumption represents various cultures,
rice forms as an integral part of culinary tradition.
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Different cultures have differed inclination regarding
the color, taste, texture, and stickiness of the rice
varieties that they consume. For instance, South
Asia and the Middle East are mostly consuming dry
flaky rice; Japan, Taiwan, Korea, and northern China
(moist sticky rice); and red rice in parts of southern
India.
Rice consumption
There are three categories of rice consumption
in the world: direct food use, processed foods use
and brewer’s use. After hulling, the brown rice can
be continued to other processes. It can be further
in polishing rice to obtain white polished rice, and
parboiled. Although, there are many studies about
nutritive comparisons between polished and brown
rice, and it was found high nutrition’s value in brown
more than polished rice (Roy et al., 2008). On the other
hand, some rices are unpopular consumption because
of their color (generate to darker color) (Kiple and
Ornelas, 2000). However, people not only consume
plain rice, but also rice is applied for food products
and beverages by using several technologies such as
produce rice flour (Chiang and Yeh, 2002), bakery
products (Matz, 1996; Sivaramakrishnan et al.,
2004; Renzetti and Arendt, 2009; Veluppillai et al.,
2010), cakes (Ji et al., 2007), rice breakfast cereals
(Yeh, 2004), rice crackers (Lu, 2004), noodles (Yeh,
2004), germinated brown rice (Chung et al., 2012),
infant foods (Mennella et al., 2006; Meharg et al.,
2008; Ljung et al., 2011; Wang et al., 2012), canned
and frozen rice (Azanza, 2003), rice snack, vinegar
(Haruta et al., 2006), even alcoholic rice beverages
(Hardwick, 1995; Owens, 2001; Deori et al., 2007;
Elke and Emanuele, 2013). From a technological
aspect, production and processing conditions
extremely effect to nutritional handling of the final
rice products. Increasing the consumption of brown
rice and germinated brown rice, both characterized
by a higher content of healthy beneficial food
components (Roy et al., 2011), compared to the
polished white rice, will significantly help to avoid
malnutrition and other dietary and food-related
diseases in the future. Meanwhile, the researcher has
been efforted to use the rice flour application in food
industry to substitute wheat flour due to amount of
rice production that equivalent wheat harvest and it
classifieds to gluten-free cereal. Considering, trend
of people that allergenic wheat protein (gluten) are
increasing. Therefore, rice is an alternative cereal
grain can be a food ingredient or consuming instead
wheat flour. According to rice milling processes, RB
is an underutilized milling “by-product” of rough rice
and has high nutritional value. Generally, rice bran
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oil is extracted from RB use for cooking because of
its chemical components promoting for good health
and also producing animal feed (Friedman, 2013).
However, using the whole RB (without isolating into
a single component) has not been reported.
Rice bran
Bran is an industrial residue of cereal from
milling process. It consists of pericarp, aleurone and
subaleurone fractions (Friedman, 2013). Generally,
the bran contain much more importance nutrients
including: soluble and non-soluble fibers, vitamins,
minerals, lipids and proteins (Murtaugh et al., 2003;
Chronakis et al., 2004; Faccin et al., 2009). RB
(smooth and non-smooth) is a good source of bioactive
phytochemicals such as γ-oryzanol, tocopherols, and
tocotrienols; which have health beneficial properties
and antioxidant activity (Watchararuji et al., 2008;
Moongngarm et al., 2012). Faccin et al., (2009) noted
that the amount of rice bran is more than 76 million
tons annually, which is production of the five largest
rice producers worldwide such as China, India,
Indonesia, Bangladesh and Thailand. Currently, many
researchers focus on by-products that obtained from
agricultural harvesting. Due to they are needed to
increase the value of agricultural by-products, RB is
identified as one of greatly interested for researchers.
Simultaneously, there are several studies have been
reported about the using of RB for application in
various products, particularly food ingredients. But
the utilization of RB is needed to attract for demand
consumption in the world as well.
Compositions of rice bran
Generally, rice bran is still having more
importance nutrients though the milling process is
applied. First, RB can classify to two types; full-fat
rice bran (no fat removal) and defatted rice bran (fat
removed). However, both types are closely promoting
in high nutritional except fat content with presented
in Table 1., The previous studies of Prakash (1996)
reported about chemical composition of full-fat rice
bran and defatted rice bran (% dry basis) that was
composed of carbohydrate (43.5-54.3%), protein
(14.1-18.2%), fat (1.6-20.9%), ash (12.8-15.3%), and
fiber (8.4-10.5%). Da-Silva et al. (2006) summarized
that the different contents of rice bran composition
possible caused from different sources and cultivars.
Moreover, its contain high in soluble and non-soluble
fibers, vitamins as well as minerals. Meanwhile, there
are comparisons of chemical compositions between
rice bran obtained in different rice verities or color
as well (Table 1). Rice bran has abundance source
of protein which known as essential amino acid

2309

Issara, U. and Rawdkuen, S./IFRJ 23(6): 2306-2318

Table 1. Chemical compositions in rice bran (% dry basis)

Table 2. Amount of amino acid in rice bran

Essential amino acid

*

(Sereewatthanawut et al., 2008). Amino acids (AA)
are essential to the body, especially in part of muscle
building and maintenance (Han et al., 2014). The AA
can divide to two categories include: essential AA
and non-essential AA. According to nutritional basic
for essential AA, human bodies can synthesis by
themself, while non-essential AA cannot be synthesis
(need to obtain from foods). However, both of AAs are
significant to human digestibility and absorbability.
Nine amino acids were identified to essential amino
acids in human nutrition (Table 2) including: lysine,
methionine, threonine, tryptophan, histidine, leucine,
isoleucine, valine, and phenylalanine (Friedman,

1996; Gropper et al., 2005; Han et al., 2014).
There are several studies the nutritional value of
proteins from different food sources. Fabian and
Ju (2011) was combined associate with AA in rice
bran quantity determination and reported to gram/
kilogram of RB. On the other hand, fat content is the
highest component that contained in rice bran. This
composition had considered to rice bran oils extracted
for food industrial. However, the high amount of fat
in RB cause to rancidity and it leading to low quality
characteristic (da-Silva et al., 2006). Several studied
reported that the rancidity (hydrolytic and oxidative)
in rice bran provided free fatty acid (FFA) and
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Table 3. Fatty acids compositions in rice bran

*

Percentage of total fat.
Commercial rice bran

**

Table 4. Bioactive phytochemical in rice bran (neutracutical)

*

Reported as ppm. Unit
g/kg Unit

**

enzymatic reaction activity (lipase and lipoxygenase)
(Ramezanzadeh et al., 1999a; Ramezanzadeh et
al., 1999b; da-Silva et al., 2006). Free fatty acid
constituent in RB that provides to heath benefit was
determined by many researchers as showed in Table
3. Furthermore, Ramezanzadeh et al. (1999a, b) noted
that oxidative and hydrolytic rancidity of rice bran
could be prevented by microwave heating, packing
in vacuum condition in zipper-top bags and storing
at 4-5°C (around 16 weeks). In addition da-Silva
et al. (2006) studied about prevention of hydrolytic
rancidity in rice bran. They found out that thermal
processing by tray drier/oven (approximately 20 min
at 12°C) cloud be prevented the rancid odor in rice
bran. Anyway, vacuum packaging as well as storing
at 4-5°C after thermal processes is also significant
procedure to extend the shelf-life of RB.

Bioactive compounds in rice bran
Phytochemicals are defined as the bioactive
compounds in plant (non-nutrient) those can be
found in fruits, vegetables, cereal grain, whole grains,
and other plants (Liu, 2004; Zhang et al., 2010).
These substance act as a secondary metabolites
to against any environmental dangerous. Among
of carotenoids, phenolics, alkaloids, nitrogencontaining compounds, and organosulfur groups were
classified as biological active compounds. Normally,
the whole cereal grain phytochemicals include with
carotenoids, phenolics, and vitamin E. Majority of
phenolics have a high potential leading to antioxidant
activity in human body. This compound is able to
against free radicals those may cause to increase
oxidative stress as well as damage large biological
molecules (lipids, proteins, and DNA) (Lui, 2007).
Rice bran obtained from different varieties of colored
rice is a good source of bioactive phytochemicals
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Table 5. Application of rice bran in various products

(Watchararuji et al., 2008; Moongngarm et al.,
2012). There are various studies about bioactive
compounds in varieties of RB even antioxidant
activity of several pigmented RB (Iqbal et al., 2005;
Laokuldilok et al., 2010). The major biological active
compounds (nutraceutical) found in RB is shown in
Table 4. Indeed, the compositions of rice bran varies
is depends on source of bran, the milling processes,
and the stabilization techniques (Iqbal et al., 2005).
However, these compounds are sensitive and can be
easily destroyed by thermal processing, especially
high temperature (Xu and Chang, 2011; Kim et
al., 2011; Thanonkaew et al., 2012). Phytosterols
(2,230-4,400 ppm.) and γ-oryzanols (2,200-3,000
ppm) (Table 4) are influence to bioactivity of itself
as results in well healthy due to it promoted in higher
content than other phytochemicals (Friedman et al.,
2013). These substances are useful for nutraceuticals
technology, however it depends on the bioavailability
and utilization. In 2004, Patel and Naik noted that
Japan contributes 2% for total production of paddy
or bran in the world, it is a promising producer of
nutraceuticals and other high value products from
the derivatives of paddy or bran. According to Ling
et al. (2001 and 2002) have done for using feeding
bran fraction from colored rice varieties to improve
the antioxidant in rabbit’s blood, and the results

showed significant reduction in atherosclerotic
plaque. Beside, other bioactive compounds such as
polyphenols, vitamin E (Tocopherols, Tocotrienol),
and squalene also considered in health effect but
they are provide different functions (Nagendra et al.,
2011). Consequently, the interesting in nutritional
value and bioactive phytochemicals in RB, today in
part of manufacture have been utilized RB to apply
for several food products due to its health benefit.
Moreover, several studies attempted to evaluate
RB as potential main food ingredients designed or
substitute to improve the quality and nutrition of the
final product. Therefore; the application of rice bran
in various products was summarized in Table 5.
Health benefit
Antioxidative activity in relation to compositions
The antioxidative activities of each component
in RB are important for the beneficial properties.
The antioxidants are known to deactivate the natural
by-products that received oxidative metabolism, is
mostly known as free radicals (Patel and Naik, 2004;
Higash et al., 2004). The minor components in RB
(γ-oryzanols, phytosterols and other phytosterol)
are examined to free radicals scavenging (Wang et
al., 2002). Xu et al. (2001) evinced that γ-oryzanols
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showed high antioxidant capacities as indicated
by the γ-oryzanols was generating to four times
equivalent with vitamin E components (α-tocopherol,
β-tocopherol, α-tocotrienol and β-tocotrienol) for
oxidative mechanisms inhibition. Furthermore, they
concluded and suggested that all factors cloud be
used to produce and develop for food ingredients,
especially nutraceuticals food from the appropriate
chemical process and biological function of RB (Xu
et al., 2001; Patel and Naik, 2004). The different
types of grain is promoted in different types of bran
as well. The USDA National Small Grains Collection
(NSGC) classifies rice bran into seven colour classes:
white, light-brown, speckled brown, brown, red,
variable purple, and purple. The most important
groups of phytochemicals found in whole grains can
be classified as phenolics, carotenoids, vitamin E,
lignans, β-glucan and inulin. Among the cereal grains,
rice contains greater levels of particular phenolic
acids that are not present in significant quantities in
fruits and vegetables. These compounds are present
in different fractions from milling the grains (Ti et
al., 2014). Moreover, the bound phenolics are the
major form found in rice bran, which is lost during
the milling process. In 2010, Zhang et al., examined
phenolic profiles and antioxidative activities of
black rice bran (12 varieties). The average values of
black rice bran for free phenolics (2086 to 7043 mg
gallic acid equivalent/100 g DW), bound phenolics
(221.2 to 382.7 mg gallic acid equivalent/100 g
DW), and total phenolics content (221.2 to 382.7
mg gallic acid equivalent/100 g DW) were effective
greater than those of white bran (8, 1.5, and 6 times,
respectively). Briefly, total flavonoid contents (3596
to 12448 mg of catechins equivalent/100 g DW),
total anthocyanin (1231 to 5101 mg of cyaidin-3glucoside equivalent/100 g DW) and cyanidin-3glucoside, cyanidin-3-rutinoside, and peonidin-3glucoside of black brans ranged (in mg/100 g DW)
from 736.6 to 2557, 22.70 to 96.62, and 100.7 to
534.2, respectively. Moreover, they presented the
total antioxidant activity of black rice bran was 537.5
to 1876 μmol gallic acid equivalent/g DW). The total
antioxidant activity correlated to the content of all
bioactive compounds mentioned above. As a result,
the health potential of rice bran depends on type of
rice bran and also depends on bound phenolic acids
of each grain. The different amount of bioactive
compound that presented in each colored brans that
mentioned, this discrepancy may be due to the use
of different solvents for extracting the phytochemical
compounds (Min et al., 2012). In addition, Ajitha et
al. (2012), found that tricin isolated from rice bran
showed a strong effective component with free
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radical scavenging. However, the studies related with
antioxidative properties of RB have been widely
reported, which presented similar results as described
by Nam et al. (2005); Nam et al. (2006); Laokuldilok
et al. (2011); Tabaraki and Nateghi (2011); Chen et
al. (2012); Jun et al. (2012); Chiou et al. (2013).
These results showed that the phenolic compounds
are mainly fuction for antioxidant activity,
Therefore, these aspects it seem to be the black RB
is consideration for functional ingredient and natural
colorant for food and pharmaceutical uses.
Antibiotic activity
Nowadays, the researcher indicated for rice bran
was extracted by five different extraction techniques
(referred to rice bran extracts) can inhibit microbial
growth cause to abnormal symptoms. Mostly
microorganisms is important factor that effecting to
diarrheal disease, for example Vibrio cholerae, Vibrio
vulnificus, Salmonella spp., Shigella spp., Escherichia
coli, and Staphylococcus aureus (Kondo et al., 2011).
The minimum inhibitory concentration at 0.976 mg/
ml of rice bran extracted was most effective versus
V. cholerae strain O139. Thus, it seems to rice bran
extracts might contribute to the treatment of diarrheal
disease. Ghoneum and Agrawal (2011); Ghoneum et
al. (2013) noted that modified arabinoxylan RB at 1
μg/mL enhanced the phagocytosis by neutrophils of
E. coli pathogenic bacteria in vitro study, while its
not affect to bacteria growth (31 strains) in phagocyte
cells. In addition, Friedman et al. (2013) summarized
about RB against the HIV cell and presented that
not only for bacteria inhibition, but the rice bran
extracts also promoted against to viruses cell (HIV).
However, there are no more report involved of rice
bran extracts act as antibiotic properties published.
Consequently, the bran formulations are also effective
against antibiotic-resistant pathogens merits and it
considering to further study.
Anticholesterol properties
Generally, rice bran oils have hypocholesterolemic
influence resulting from selective decrease of Low
Density Lipoprotein (LDL) cholesterol. In 2011,
some studies reported on cholesterols level and
amount of linolenic acid in RB were -17 and 36%,
respectively. When compared with other sources like
a soybean (+3 and 50.2) and corn (-15 and 43.0),
RB shown good properties (Nagendra et al., 2011).
This effect was far greater than the predicted values.
However, this side effect associated with bioactive
compounds in rice bran oils extracted. Phytosterols
have been purpose to cholesterol reduction since the
1950s (Nagendra et al., 2011). Due to the structure
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of phytosterols was found closely with cholesterols
structure, influent to bioavailability competition in
human absorption system. Most studies focused on the
β-sitosterol and sitostanol performance for reducing
LDL and circulating cholesterol levels. These results
explained about these agents may be hypolipidemic
in mild hypercholesterolemia by altering the lipid
metabolism, for instance acetyl Co-A carboxylase
and malic acid activities reduction in liver organ.
Nevertheless, the γ-oryzanol was also found to have
similar hypocholesterolemic effects (Ling and Jones,
1995; Kahlon et al., 1992). According to Berger et
al. (2005) noted, after 4 weeks for experiments, the
content of γ-oryzanol at low as well as high that
containing in rice bran oils was reduced total plasma
cholesterol (6.3%), LDL-C (10.5%), and LDL-C/
HDL-C ratio (18.9%). Besides, several studies
(Nicolosi et al., 1991; Kahlon et al., 1996; Nakamura,
1996) were related with cholesterol reduced which
they mentioned that the unsaponifiables present
in the rice bran were shown to significantly reduce
liver cholesterol levels. The lowing cholesterols
influenced for coronary heart disease (CHD). Some
studies reported that the dietary fiber consumption
from cereals grain can reduce the risk of CHD
partially, reducing blood pressure, lowering blood
cholesterol levels and improving insulin sensitivity
(Truswell, 2002; Whelton et al., 2005; Mellen et al.,
2008; Martinette et al., 2008). Reena and Lokesh
(2007) studied in rats for rice bran oil feeding that
contain unsaturated fatty acids mixed with coconut
oils. They found that after 60 days of feeding, it
reduced the atherogenic potentials of saturated fatty
acid present in coconut oil. Moreover, related studies
in rats are described by Purushothama et al., (1995);
Chopra and Sambaiah, (2009); Jung et al., (2007).
Therefore, phytochemical compounds in RB and its
extracted considered act as anticholesterol properties
in human body.
Healthy beverage
Trends of healthy beverage
The beverage industry is a sub-sector or identify
to the second group of food industry, in terms of
value added (Guimarães et al., 2012). Globally,
the healthy drinks are one of the most widely
consumed and profitable beverages (Piorkowski and
McClements, 2014). Due to the most people concern
in their health and they believed in healthy beverage
are related to reduce the risk of disease, for instance
cancer, cardiovascular disease as well as anti-aging
(Siró et al., 2008). Considering in the last decades, a
demand of field food consumption has been changed

leading to operator for food industry was activated
and developed of themselves. Healthy drink is one
alternative product that very interesting, and it can
identify to “functional food” categories (Siró et al.,
2008).
Functional foods are foods or dietary components
that may provide a health benefit beyond basic
nutrition. Biologically active components in
functional foods impart health benefits or desirable
physiological effects. It may improve the general
conditions of the body (e.g. pre- and probiotics),
also decrease the risk of some diseases such as
cholesterol-lowering products, and could even
be used for curing some illnesses (Roberfroid,
2000; Maynard and Franklin, 2003). In this regard,
functional foods play an outstanding role and trend
on such food since 1998 till present is continued
increase. Siro et al. (2008) and Roberfroid (2000)
noted that the increasing demand on such foods can
be explained by the increasing cost of healthcare, the
steady increase in life expectancy, and the desire of
older people for improved quality of their later years.
Although, these supplement food are found in the
global market, but mainly fortify with various plant
bioactive extracts. On the other hand, cereal grain is
considered interesting for food ingredient, especially
rice and rice bran can be claimed as a gluten-free.
Only a few papers associated with RB beverage
production and its properties have been reported.
Furthermore, high nutrition in RB and the demand
for functional food products drive the researchers
try to develops whole RB related products. The
beverage production from, rice bran to be functional
drinks is one of the alternative interesting aspects to
added-value. Moreover, there are many technologies
for enhanced exploitation of the health-promoting
potential of cereals such as dry milling, exploration
of wet enzyme-based fractionation processes as well
as fermentation that descripted by Delcour et al.
(2012). Therefore, these cereals could be considering
for healthy drinks production and investigation their
properties in part of cereal plants based beverage.
Cereal beverage
Currently, cereals are increased usage and
application in food beverage, for instance wheat
and barley used for beer production (Depraetere et
al., 2004; Lu and Li, 2006; Mejlholm and Martens,
2006), maize can be used to make mahewu in
Zimbabwe and to make a variety of maize beers
(Okagbue, 1995), oats (whole oat flakes) for hot
cereals in USA, UK and Northern Europe (Webster,
1996), oat fortified in yogurt drink (Bekers et al.,
2001) and also for alcoholic beverage production
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(Meussdoerffer and Zarnkow, 2009) such as Sake
in Japan (Japanese rice wine) (Kamara et al., 2009),
due to their health beneficial properties. The related
studies about cereal beverage has been reported
and descripted elshwere (Potter et al., 2007; Gao
et al., 2008; Kreisz et al., 2008). However, for rice
bran have been a few reported as cereal beverage
production. In 2009, Faccin et al., utilized whole
RB for organic rice bran beverage production (with
chocolate and strawberry flavors) and studied in
chemical, rheological and sensorial properties of the
product. They found that this beverage promoted
good nutritive values, partially fatty acid and
amino acid contents. Furthermore, this product is
acceptable from panelist’s evaluation. Another one
factor that must be concerned for in pasteurization
rice bran beverage is viscosity during stored under
refrigeration. Pasteurized rice bran beverage showed
the Newtonian behavior and relation to the effect
of thermal processing on its rheological properties.
Meanwhile, Issara and Rawdkuen, 2014 reported
the same way for nutritive values except sensorial
properties. This study used RB:water (1:5, 1:10 and
1:15) to produce the rice bran milk and characterize
its properties compared with commercial soymilk.
The results found out that the ratio at 1:15 was closely
with soymilk in terms of physico-chemical properties,
total polyphenol content as well as the DPPH radical
scavenging activity. High amount of water added to
produce rice bran milk lowered the phenolic content
and biological activity. Moreover, sensory profile
evaluation found that only color attribute was close to
the commercial soymilk, while big differences were
observed in the attributes of appearance, taste, flavor,
sweetness, and overall liking. Besides, the authors
concluded that RB can be use as a new alternative
cereal plant-based beverage production for health
concern consumer. These findings could be used as
preliminary result for further development of organic
RBM to meet consumer quality requirements.
However, RB is not as popular for consumption or
process into beverages. Therefore, this product have
not yet become a commercial available and have
not been lunched in the market. So, it requires more
studies on further development storage stability and
others to meet the consumer desirability.
Conclusion
In summary, rice bran is identifying as byproduct from milling process. The results of the
review studies show that rice bran might contribute
to the prevention and therapy of several chronic
human diseases, including allergy, cancer, infections,
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and cardiovascular disease, due to their bioactive
compounds. Moreover, it also promoted in high
nutritional values. Considering in trends of health
food and beverage, the market of both products
is growth rapidly due to demand of consumption.
However, the interesting in nutritional value, RB
canbe used to produce the cereal healthy beverage
for alternative functional drink. Therefore, rice bran
could be considered for food ingredients as well as
a main ingredient in healthy beverage production.
Consequently, it is one of the alternative interesting
aspects to added-value of rice bran.
Acknowledgements
This work was supported by the National
Research Concil of Thailand for graduate students
(2015). Mae Fah Luang University also provided
some financial support throughout the project.
References
Ajitha, M.J., Mohanlal, S., Suresh, C.H. and Jayalekshmy,
A. 2012. DPPH radical scavenging activity of tricin
and its conjugates isolated from “Njavara” rice bran:
a density functional theory study. Food Chemistry 60:
3693−3699.
Azanza, M.P.V. 2003. Canned rice products as philippine
military food ration. International Journal of Food
Sciences and Nutrition 54: 235–240.
Bekers, M., Marauska, M., Laukevics, J., Grube, M.,
Vigants, A., Karklina, D., Skudra, L. and Viesturs, U.
2001. Oats and fat-free milk based functional food
product. Food Biotechnology 15: 1–12.
Berger, A., Rein, D., Schäfer, A., Monnard, I. and
Gremaud, G. 2005. Similar cholesterol-lowering
properties of rice bran oil with varied γ-oryzanol in
mildly hypercholesterolemic men. European Journal
of Nutrition 44: 163-173.
Bhatnagar, A.S., Prabhakar, D.S., Prasanth, K.P.K., Raja,
R.R.G. and Gopala, K.A.G. 2014. Processing of
commercial rice bran for the production of fat and
nutraceutical rich rice brokens, rice germ and pure
bran. LWT - Food Science and Technology 58: 306311.
Chen, M.H., Choi, S.H., Kozukue, N., Kim, H.J. and
Friedman, M. 2012. Growth-inhibitory effects of
pigmented rice bran extracts and three red bran
fractions against human cancer cells: relationships
with composition and antioxidative activities. Journal
of Agricultural and Food Chemistry 60: 9151−9161.
Chiang, P.Y. and Yeh, A.I. 2002. Effect of soaking on wetmilling of rice. Journal of Cereal Science 35: 85–94.
Chiou, T.Y., Ogino, A., Kobayashi, T. and Adachi, S. 2013.
Characteristics and antioxidative ability of defatted
rice bran extracts obtained using several extractants
under subcritical conditions. Journal of Oleo Science
62: 1−8.

2315

Issara, U. and Rawdkuen, S./IFRJ 23(6): 2306-2318

Chopra, R. and Sambaiah, K. 2009. Effects of rice bran oil
enriched with n-3 PUFA on liver and serum lipids in
rats. Lipids 44: 37−46.
Chronakis, I.S., Oste T.A. and Oste, R. 2004. Solid-state
characteristics and redispersible properties of powders
formed by spray-drying and freeze-drying cereal
dispersions of varying (1-3, 1-4)-β-glucan content.
Journal of Cereal Science 40: 183-193.
Chung, H.J., Cho, A. and Lim, S.T. 2012. Effect of heatmoisture treatment for utilization of germinated
brown rice in wheat noodle. LWT - Food Science and
Technology 47: 342–347.
Connor, M.A., Saunders, R.M. and Kohler, G.O. 1976.
Rice bran protein concentrates obtained by wet
alkaline extraction. Cereal Chemistry 53: 488-496.
de-Campos, R.M., Hierro, E., Ordóñez, J.A., Bertol,
T.M., Terra, N.N. and de, L.H.L. 2007. Fatty acid and
volatile compounds from salami manufactured with
yerba mate (Ilex paraguariensis) extract and pork
back fat and meat from pigs fed on diets with partial
replacement of maize with rice bran. Food Chemistry
103: 1159-1167.
da-silva, M.A., Sanches, C. and Amante, E.R. 2006.
Prevention of hydrolytic rancidity in rice bran. Journal
of Food Engineering 75: 487-491.
Delcour, J.A., Rouau, X., Courtin, C.M., Poutanen, K.
and Ranieri, R. 2012. Technologies for enhanced
exploitation of the health-promoting potential of
cereals. Trends in Food Science and Technology 25:
78-86.
Deori, C., Begum, S.S. and Mao, A.A. 2007. Ethnobotany
of Sujen - A local rice beer of Deori tribe of Assam.
Indian Journal of Traditional Knowledge 6: 121–125.
Depraetere, S.A., Delvaux, F., Coghe, S. and Delvaux,
F.R. 2004. Wheat variety and barley malt properties:
Influence on haze intensity and foam stability of wheat
beer. Journal of the Institute of Brewing 110: 200–206.
Elke, K.A. and Emanuele, Z. 2013. Cereal grains for the
food and beverage industries. 1st. edn. Cambridge
UK: Woodhead Publishing Limited.
FAO. 2012. Rice and human nutrition. Food and
Agriculture Organization of the United Nations.
FAO. 2014. Rice and human nutrition. Food and
Agriculture Organization of the United Nations.
Fabian, C. and Ju, H.Y. 2011. A review on rice bran
protein: Its properties and extraction methods. Critical
Reviews in Food Science and Nutrition 51: 816-827
Faccin, G.L., Miotto, L.A., Vieira, L.D.N., Barreto,
P.L.M. and Amante, E.R. 2009. Chemical, sensorial
and rheological properties of a new organic rice bran
beverage. Rice Science 16: 226-234.
Friedman, M. 1996. Nutritional value of proteins
from different food sources: A review. Journal of
Agricultural and Food Chemistry 44: 6–29.
Friedman, M. 2013. Rice brans, rice bran oils, and rice
hulls: Composition, food and industrial uses, and
bioactivities in humans, animals, and cells. Journal of
Agricultural and Food Chemistry 61: 10626-10641.
Gao, M.T., Kaneko, M., Hirata, M., Toorisaka, E. and
Hano, T. 2008. Utilization of rice bran as nutrient

source for fermentative lactic acid production.
Bioresource Technology 99: 3659-3664.
Ghoneum, M. and Agrawal, S. 2011. Activation of
human monocytederived dendritic cells in vitro by
the biological response modifier arabinoxylan rice
bran (MGN-3/Biobran). International Journal of
Immunopathology and Pharmacology 24: 941−948.
Ghoneum, M., Badr El-Din, N.K., Abdel, F.S.M. and
Tolentino, L. 2013. Arabinoxylan rice bran (MGN3/Biobran) provides protection against whole-body
γ-irradiation in mice via restoration of hematopoietic
tissues. Journal of Radiation Research 54: 419−429.
Gropper, S.S., Smith, J.L. and Groff, J.L. 2005. Advanced
nutrition and human metabolism (4th edn.), Belmont,
CA: Wadsworth.
Guimarães, L., Klabjan, D. and Almada-Lobo, B. 2012.
Annual production budget in the beverage industry.
Engineering Applications of Artificial Intelligence 25:
229-241.
Han, S.W., Chee, K.M. and Cho, S.J. 2014. Nutritional
quality of rice bran protein in comparison to animal
and vegetable protein. Food Chemistry 172: 766-769.
Hardwick, W.A., Van, O.D.E.J., Novellie, L. and
Yoshizawa, K. 1995. Kinds of beer and beer like
beverages. Handbook of Brewing. In: Hardwick, W.A.
(Ed.), New York: Marcel Dekker, Inc.
Haruta, S., Ueno, S., Egawa, I., Hashiguchi, K., Fujii,
A., Nagano, M., Ishii, M. and Igarashi, Y. 2006.
Succession of bacterial and fungal communities
during a traditional pot fermentation of rice vinegar
assessed by PCR-mediated denaturing gradient
gel electrophoresis. International Journal of Food
Microbiology 109: 79–87.
Higash-Okai, K., Kanbara, K., Amano, K., Hagiwara,
A. and Sugita, C. 2004. Potent antioxidative and
antigenotoxic activity in aqueous extract of Japanese
rice bran-association with peroxidase activity.
Phytotherapy Research 18: 628-633.
Iqbal, S., Bhanger, M.I. and Anwar, F. 2005. Antioxidant
properties and components of some commercially
available varieties of rice bran in Pakistan. Food
Chemistry 93: 265-272.
Issara, U. and Rawdkuen, S. 2014. Organic rice bran
milk: production and its natural quality attributes.
In: Proceeding of 1st Joint ACS AGFD-ACS ICSCT
Symposium on Agricultural and Food Chemistry, p.
82-88. Montien Riverside Hotel, Bangkok, Thailand.
Jiamyangyuen, S., Srijesdaruk, V. and Harper, J. W.
2005. Extraction of rice bran protein concentrate and
its application in bread. Songklanakarin Journal of
Science and Technology 27: 55-62.
Ji, Y., Zhu, K., Qian, H. and Zhou, H. 2007. Microbiological
characteristics of cake prepared from rice flour and
sticky rice flour. Food Control 18: 1507–1511.
Juliano, B.O. 1985. Rice: Chemistry and Technology. 2nd
ed. American Association of Cereal Chemists, St.
Paul, Minesota.
Jun, H.I., Song, G.S., Yang, E.I., Youn, Y. and Kim, Y.S.
2012. Antioxidant activities and phenolic compounds
of pigmented rice bran extracts. Journal of Food

Issara, U. and Rawdkuen, S./IFRJ 23(6): 2306-2318

Science and Technology 77: 759−764.
Jung, E.H., Kim, S.R., Hwang, I.K. and Ha, T.Y. 2007.
Hypoglycemic effects of a phenolic acid fraction of
rice bran and ferulic acid in C57BL/KsJ-db/db mice.
Journal of Agricultural and Food Chemistry 55:
9800−9804.
Kaewboonnum, W., Wachararuji, K. and Shotipruk, A.
2008. Value Added Products from By-products of
Rice Bran Oil Processing. Chiang Mai Journal of
Science 35: 116-122.
Kahlon, T.S., Saunders, R.M., Sayre, R.N., Chow, F.I. and
Chiu, M.M. 1992. Cholesterol-lowering effects of rice
bran & rice bran oil fractions in hypercholesterolemic
hamsters. Cereal Chemistry 69: 485-489.
Kahlon, T.S., Chow, F.I., Chiu, M.M., Hudson, C.A. and
Sayre, R.N. 1996. Cholesterollowering by rice bran &
rice bran oil unsaponifiable matter in hamsters. Cereal
Chemistry 73: 69-74.
Kamara, J. S., Hoshino, M., Satoh, Y., Nayar, N., Takaoka,
M., Sasanuma, T. and Abe, T. 2009. Japanese sakebrewing rice cultivars show high levels of globulinlike protein and a chloroplast stromal HSP70. Crop
Science 49: 2198–2206.
Kent, N.L. and Evers, A.D. 1994. Storage and preprocessing. Technology of Cereals (4th edn). In: Kent,
N.L. and Evers, A.D. (Eds), Oxford: Pergamon.
Kim, H.G., Kim, G.W., Oh, H., Yoo, S.Y., Kim, Y.O.
and Oh, M.S. 2011. Influence of roasting on the
antioxidant activity of small black soybean (Glycine
max L. Merrill). LWT - Food Science and Technology
44: 992-998.
Kiple, K.F. and Ornelas, K.C. 2000. The Cambridge World
History of Food. Cambridge: Cambridge University
Press.
Kondo, S., Teongtip, R., Srichana, D. and Itharat, A.
2011. Antimicrobial activity of rice bran extracts for
diarrheal disease. Journal of the Medical Association
of Thailand 94: 117−121.
Kreisz, S., Arendt, E.K., Hübner, F. and Zarnkov, M. 2008.
Cereal-based gluten-free functional drinks. GlutenFree Cereal Products and Beverages, p. 373-392.
In: Arendt E.K. and Bello F.D. (Eds.), San Diego:
Academic Press.
Lai, P., Li, K.Y., Lu, S. and Chen, H.H. 2009.
Phytochemicals and antioxidant properties of solvent
extracts from Japonica rice bran. Food Chemistry 117:
538-544.
Laokuldilok, T., Shoemaker, C. F., Jongkaewwattana, S.
and Tulyathan, V. 2010. Antioxidants and Antioxidant
Activity of Several Pigmented Rice Brans. Journal of
Agricultural and Food Chemistry 59: 193-199.
Lerma-García, M.J., Herrero-Martínez, J.M., SimóAlfonso, E.F., Mendonça, C.R.B. and Ramis, R.G.
2009. Composition, industrial processing and
applications of rice bran γ-oryzanol. Food Chemistry
115: 389-404.
Li, Z., Lu, J., Yang, Z., Han, L. and Tan, T. 2012. Utilization
of white rice bran for production of l-lactic acid.
Biomass and Bioenergy 39: 53-58.
Ling, W.H. and Jones, P.J.H. 1995 Dietary Phytosterols: A

2316

review of metabolism, benefits and side effects. Life
Sciences 57: 195-206.
Ling, W.H., Cheng, Q.X., Ma, J. and Wang, T. 2001.
Red and black rice decrease artherosclerotic plaque
formation and increase antioxidant status in rabbits.
Journal of Nutritional 131: 1421-1426.
Ling, W.H., Wang, L.L. and Ma, J. 2002. Supplementation
of the black rice outer layer fraction to rabbits
decreases the atherosclerotic plaque formation and
increases antioxidant status. Journal of Nutritional
132: 20-26.
Ljung, K., Palm, B., Grandér, M. and Vahter, M. 2011.
High concentrations of essential and toxic elements in
infant formula and infant foods – A matter of concern.
Food Chemistry 127: 943–951.
Liu, R.H. 2004. Potential synergy of phytochemicals in
cancer prevention: mechanism of action. Journal of
Nutritional 134: 3479–3485.
Liu, R.H. 2007. Whole grain phytochemicals and health.
Journal of Cereal Science 46: 207–219.
Lu, S. 2004. Chinese food uses. Rice. In: Wrigley, C.,
Corke, H. and Walker, C. (Eds), Encyclopedia of
Grain Science. Oxford: Elsevier.
Lu, J. and Li, Y. 2006. Effects of arabinoxylan solubilizat
ion on wort viscosity and filtration when mashing
with grist containing wheat and wheat malt. Food
Chemistry 98: 164–170.
Luh, B.S. 1991. Rice hulls. Rice: Utilization. 2nd edn. p.
269-294. In: Luh, B.S. (Ed.), New York: AVI Van
Nostrand Reinhold.
Martinette, T.S., Marga, C.O., Hendriek, C.B., Frans, J.K.
and Daan, K. 2008. Dietary fiber intake in relation to
coronary heart disease and all-cause mortality over
40 yr: the Zutphen Study. The American Journal of
Clinical Nutrition 88: 1119-1125.
Matz, S. 1996. Chemistry and Technology of Cereals as
Food and Feed. New Delhi: CBS.
Maynard, L.J. and Franklin, S.T. 2003. Functional foods as
a value-added strategy: The commercial potential of
cancer-fighting dairy products. Review of Agricultural
Economics 25: 316–331.
Meharg, A.A., Sun, G., Williams, P.N., Adomako, E.,
Deacon, C., Zhu, Y.G., Feldmann, J. and Raab, A.
2008. Inorganic arsenic levels in baby rice are of
concern. Environmental Pollution 152: 746–749.
Mejlholm, O. and Martens, M. 2006. Beer identity in
Denmark. Food Quality and Preference 17: 108–115.
Mellen, P.B., Walsh, T.F. and Herrington, D.M. 2008,
Whole grain intake & cardiovascular disease: a metaanalysis. Nutrition, Metabolism and Cardiovascular
Diseases 18: 283-290.
Mennella, J. A., Ziegler, P., Briefel, R. and Novak, T. 2006.
Feeding infants and toddlers study: The types of foods
fed to hispanic infants and toddlers. Journal of the
American Dietetic Association 106: 96–106.
Meussdoerffer, F. and Zarnkow, M. 2009. Starchy
raw materials. Handbook of Brewing: Processes,
Technology and Markets. In: Eblinger H. M. (Ed.),
Weinheim: Wiley-VCH.
Min, B., Gu, L., McClung, A.M., Bergman, C.J. and

2317

Issara, U. and Rawdkuen, S./IFRJ 23(6): 2306-2318

Chen, M.H. 2012. Free and bound total phenolic
concentrations, antioxidant capacities, and profiles of
proanthocyanidins and anthocyanins in whole grain
rice (Oryza sativa L.) of different bran colours. Food
Chemistry 133(3): 715-722.
Mitchell, C.R. 2009. Chapter 13-Rice Starches: Production
and Properties. (3rd edn.). p. 569-578. In: BeMiller, J.
and Whistler, R. (Eds.), San Diego: Academic Press.
Moongngarm, A., Daomukda, N. and Khumpika, S.
2012. Chemical compositions, phytochemicals, and
antioxidant capacity of rice bran, rice bran layer, and
rice germ. APCBEE Procedia 2: 73-79.
Murtaugh, M.A., Jacobs, D.R., Jacob, B., Steffen, L.M,
and Marquart, L. 2003. Epidemiological support for
the protection of whole grains against diabetes. In:
Proceedings of the 7th International Vahouny Fibre
Symposium, proceedings of the Nutrition Society 62:
143-149. Royal College of Physicians, Edinburgh.
Nagendra, P.M.N., Sanjay, K., Shravya, K.M., Vismaya,
M.N. and Nanjunda, S.S. 2011. Health benefits of
rice bran: A review. Journal of Nutrition and Food
Sciences 1: 1-7.
Nakamura, H. 1966. Effect of γ-oryzanol on hepatic
cholesterol biosynthesis and fecal excretion of
cholesterol metabolites. Radioisotopes 25: 371-374.
Nam, S.H., Choi, S.P., Kang, M.Y., Koh, H.J., Kozukue,
N. and Friedman, M. 2005. Bran extracts from
pigmented rice seeds inhibit tumor promotion in
lymphoblastoid B cells by phorbol ester. Food and
Chemical Toxicology 43: 741−745.
Nam, S.H., Choi, S.P., Kang, M.Y., Koh, H.J., Kozukue,
N. and Friedman, M. 2006. Antioxidative activities
of bran extracts from twenty one pigmented rice
cultivars. Food Chemistry 94: 613−620.
Nemoto, K., Morita, S. and Baba, T. 1995. Shoot and root
development in rice related to the phyllochron. Crop
Science 35: 24–29.
Nicolosi, R.J., Austrain, L.M. and Hegsted, D.M. 1991.
Rice bran oil lowers serum total and low density
lipoprotein cholesterol and apo B levels in nonhuman
primates. Atherosclerosis 88: 133-142.
Nontasan, S., Moongngarm, A. and Deeseenthum, S. 2012.
Application of functional colorant prepared from
black rice bran in yogurt. APCBEE Procedia 2: 62-67.
Okagbue, R.N. 1995. Microbial biotechnology in
Zimbabwe: current status and proposals for research
and development. Journal of Applied Science in
Southern Africa 1: 148–158.
Oliveira, M.d.S., Feddern, V., Kupski, L., Cipolatti, E.P.,
Badiale, F.E. and de Souza-Soares, L.A. (2011).
Changes in lipid, fatty acids and phospholipids
composition of whole rice bran after solid-state fungal
fermentation. Bioresource Technology 102: 83358338.
Owens, G. 2001. Cereals Processing Technology.
Cambridge: Woodhead.
Patel, M. and Naik, S.N. 2004. Gamma–oryzanol from rice
bran oil: A review. Journal of Scientific & Industrial
Research 63: 569-578.
Piorkowski, D.T. and McClements, D.J. 2014. Beverage

emulsions: Recent developments in formulation,
production, and applications. Food Hydrocolloids 42:
5-41.
Potter, R.M., Dougherty, M.P., Halteman, W.A. and
Camire, M.E. 2007. Characteristics of wild blueberry–
soy beverages. LWT - Food Science and Technology
40: 807-814.
Prakash, J. 1996. Rice bran proteins: properties and food
uses. Critical Reviews in Food Science and Nutrition
36: 537-552.
Purushothama, S., Raina, P.L. and Hariharan, K. 1995.
Effect of long term feeding of rice bran oil upon
lipids and lipoproteins in rats. Molecular and Cellular
Biochemistry 146: 63−69.
Ramezanzadeh, F.M., Rao, R.M., Windhauser, M.,
Prinyawiwatkul, W. and Marshall, W.E. 1999a.
Prevention of oxidative rancidity in rice bran during
storage. Journal of Agricultural and Food Chemistry
47: 2997-3000.
Ramezanzadeh, F.M., Rao, R.M., Windhauser, M.,
Prinyawiwatkul, W., Tulley, R. and Marshall, W.E.
1999b. Prevention of hydrolytic rancidity in rice
bran during storage. Journal of Agricultural and Food
Chemistry 47: 3050-3052.
Reena, M.B. and Lokesh, B.R. 2007. Hypolipidemic effect
of oils with balanced amounts of fatty acids obtained
by blending and interesterification of coconut oil with
rice bran oil or sesame oil Journal of Agricultural and
Food Chemistry 55: 10461−10469.
Renuka, D.R., Jayalekshmy, A. and Arumughan, C.
2007. Antioxidant efficacy of phytochemical extracts
from defatted rice bran in the bulk oil system. Food
Chemistry 104: 658-664.
Renzetti, S. and Arendt, E.K. 2009. Effect of protease
treatment on the baking quality of brown rice
bread: From textural and rheological properties to
biochemistry and microstructure. Journal of Cereal
Science 50: 22–28
Rigo, L.A., Pohlmann, A.R., Guterres, S.S. and RuverBeck, R.C. 2014. Chapter 23-Rice Bran Oil: Benefits
to Health and Applications in Pharmaceutical
Formulations. Wheat and Rice in Disease Prevention
and Health. p. 311-322. In: Watson R.R., Preedy, V.R.
and Zibadi, S. (Eds.), San Diego: Academic Press.
Roberfroid, M.B. 2000. An European consensus of
scientific concepts of functional foods. Nutrition 16:
689–691.
Rohman, A., Siti, H., Mirza, H. and Dwi, L.S. 2014.
Rice in health and nutrition. International Food
ResearchnJournal 21: 13-24.
Roy, P., Ijiri, T., Okadome, H., Nei, D., Orikasa, T.,
Nakamura, N. and Shiina, T. 2008. Effect of processing
conditions on overall energy consumption and quality
of rice (Oryza sativa L.). Journal of Food Engineering
89: 343–348.
Ryan, E.P. 2011. Bioactive food components and health
properties of rice bran. Journal of the American
Veterinary Medical Association 238: 593-600.
Sereewatthanawut, I., Prapintip, S., Watchiraruji, K., Goto,
M., Sasaki, M. and Shotipruk, A. 2008. Extraction of

Issara, U. and Rawdkuen, S./IFRJ 23(6): 2306-2318

protein and amino acids from deoiled rice bran by
subcritical water hydrolysis. Bioresource Technology
99: 555-561.
Shih, F.F. 2003. An update on the processing of highprotein rice products. Nahrung 47: 420-424.
Siró, I., Kápolna, E., Kápolna, B. and Lugasi, A. 2008.
Functional food: Product development, marketing and
consumer acceptance-A review. Appetite 51: 456-467.
Sivaramakrishnan, H.P., Senge, B. and Chattopadhyay,
P.K. 2004. Rheological properties of rice dough for
making rice bread. Journal of Food Engineering 62:
37–45.
Tabaraki, R. and Nateghi, A. 2011. Optimization of
ultrasonic-assisted extraction of natural antioxidants
from rice bran using response surface methodology.
Ultrason Sonochem 18: 1279−1286.
Thanonkaew, A., Wongyai, S., McClements, D.J. and
Decker, E.A. 2012. Effect of stabilization of rice bran
by domestic heating on mechanical extraction yield,
quality, and antioxidant properties of cold-pressed rice
bran oil (Oryza saltiva L.). LWT - Food Science and
Technology 48: 231-236.
Ti, H., Li, Q., Zhang, R., Zhang, M., Deng, Y., Wei, Z.,
Chi, J. and Zhang, Y. 2014. Free and bound phenolic
profiles and antioxidant activity of milled fractions of
different indica rice varieties cultivated in southern
China. Food Chemistry 159: 166-174.
Truswell, A.S. 2002. Cereal grains & coronary heart
diseases. European Journal of Clinical Nutrition 56:
1-14.
Veluppillai, S., Nithyanantharajah, K., Vasantharuba, S.,
Balakumar, S. and Arasaratnam, V. 2010. Optimization
of bread preparation from wheat flour and malted rice
flour. Rice Science 17: 51–59.
Wang, M., Hettiarachchy, N.S., Qi, M., Burks, W. and
Siebenmorgen, T. 1999. Preparation and functional
properties of rice bran protein isolate. Journal of
Agricultural and Food Chemistry 47: 411-416.
Wang, T., Hicks, K.B. and Moreau, R. 2002. Antioxidant
activity of phytosterols, oryzanol & other phytosterol
conjugates. Journal of the American Oil Chemists’
Society 79: 1201-1206.
Wang, X., Meng, J., Zhang, J., Zhou, T., Zhang, Y.,
Yang, B., Xi, M. and Xia, X. 2012. Characterization
of Staphylococcus aureus isolated from powdered
infant formula milk and infant rice cereal in China.
International Journal of Food Microbiology 153: 142–
147.
Watchararuji, K., Goto, M., Sasaki, M. and Shotipruk, A.
2008. Value-added subcritical water hydrolysate from
rice bran and soybean meal. Bioresource Technology
99: 6207-6213.
Wayne, E. M. and James, I. W. 1994. Rice science and
technology. 1st edn. New york. Marcel Dekker, Inc.
Webster, F. H. 1996. Oats. Cereal Grain Quality. In:
Kettlewel, L.R.H.A.P. (ed.), London: Chapman and
Hall.
Whelton, S.P., Hyre, A.D., Pedersen, B., Yi, Y. and
Whelton, P.K. 2005. Effect of dietary fibre intake
on blood pressure: a meta-analysis of randomized,

2318

controlled clinical trials. Journal of Hypertension 23:
475-481.
Xu, B. and Chang, S.K.C. 2011. Reduction of
antiproliferative capacities, cell-based antioxidant
capacities and phytochemical contents of common
beans and soybeans upon thermal processing. Food
Chemistry 129: 974-981.
Xu, Z., Godber, J.S. and Xu, Z. 2001. Antioxidant
activities of major components of gamma-oryzanol
from rice bran using a linolenic acid model. Journal
of the American Oil Chemists’ Society 78: 465-469.
Xu, Z., Hua, N. and Godber, J.S. 2001. Antioxidant activity
of tocopherols, tocotrienols & γ-oryzanol components
from rice bran against cholesterol oxidation
accelerated by 2,2’-Azo-bis (2-methylpropionamidin)
Dihydrochloride. Journal of Agricultural and Food
Chemistry 49: 2077-2081.
Yeh, A.I. 2004. Preparation and applications of rice
flour. Rice: Chemistry and Technology (3rd edn.).
In: Champagne, E.T. (ed.), St Paul, MN: AACC
International, Inc.
Yoshida, S. 1981. Fundamentals of Rice Crop Science.
Los Baños, Laguna: IRRI.
Zhang, M.W., Zhang, R.F., Zhang, F.X. and Liu, R.H.
2010. Phenolic profiles and antioxidant activity of
black rice bran of different commercially available
varieties. Journal of Agricultural and Food Chemistry
58: 7580-7587.

