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Abstract
Our study was centred on the increasing literature associated with rice by-products and main components,
especially those intended to combat cancer, improve plasma lipid levels or control the blood glucose levels. Rice byproducts, such as rice straw, rice husks, rice bran, rice germ and broken rice, are extensively abundant agricultural
wastes from the rice industry, and the percentage of their production depends on the milling rate and type of rice.
Among all rice by-products, rice bran has been extensively studied.
It contains phytochemicals such as γ-oryzanol, vitamin E, mainly tocotrienols and dietary fibre. This paper
reviews the existing literature on the potential role of rice by-products, focusing not only on the role of rice bran but
also on the roles of other rice by-products, such as rice germ and rice husk, in the management of the diseases,
investigating their various potential uses in the food industry and all possible properties that may contribute to these
effects.
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Introduction
Rice (Oryza sativa) is one of the main cereal crops, as well as staple
food for most of the world’s population, especially Asian countries [1].
Approximately 600 million tons are harvested worldwide annually [2].
Frequently, rice is eaten in cooked form by humans to obtain various
nutrients, as well as to supplement their caloric intake [3]. The milling
of paddy rice has nearly a 70% yield of rice (endosperm) as its major
product, although there are some unconsumed portions of the rice
produced, such as rice husk (20%), rice bran (8%) and rice germ
(2%) [4-6].
Most of the rice by-products, including rice husk and rice bran, are
used as animal feeds. Brewer’s rice, which is a mixture of broken rice,
rice bran and rice germ, is also used almost exclusively in the production
of beer. In recent years, rice by-products have received increased
attention as functional foods due to their phenolic base compounds, in
addition to having high amounts of vitamins, minerals and fibre, which
can help to lower cholesterol and enact anti-atherogenic activity [7].
This review was performed with the objective of enhancing the
understanding of some of the relevant literature on rice production, the
milling process and rice by-products, as well as the benefits associated
with these by-products. Possible properties in rice by-products that
might have positive health effects were discussed, including compounds
to improve the lipid profile and blood glucose level and to inhibit the
proliferation of cancer cells.

Rice Production and Demand
Rice, a monocotyledon plant, is known as Oryza. The genus Oryza
is composed of two cultivated species, namely Oryza sativa and Oryza
glaberrima, plus 21 wild species [8]. O. sativa and O. glaberrima are
native to Asia and Africa, respectively [9], although they can grow over
wide geographical conditions [10]. O. sativa has a superior yield and
milling quality and is commercially grown in 112 countries across the
continents, whereas O. glaberrima is grown only in the West Africa
region [9].
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Rice is one of the most important staple foods for nearly half of
the population in the world [11]. The worldwide production area for
rice is about 150 million hectares, while the annual production is about
590 million tonnes [12]. The Asian region produces approximately 90%
of the total global rice output, to which China and India contribute
28.7% and 19.5% shares of the total output, respectively (Table 1). Rice
has become an important crop in specific regions of North and South
America, Africa and Europe [13].
Statistics showed that in the year 2009, 196.7 million tons of paddy
(unmilled rice) was harvested from 29.8 million ha of planting areas in
China, while 41.9 million ha of planting areas harvest approximately
133.7 million tons of paddy in India [14]. The exported quantities of
rice from China and India are relatively low due to the high demands of
their huge populations, although they are still the largest rice producers
in the world [9]. The demand for rice is expected to remain strong over
the next few decades due to the economic and population growths
forecast in many countries, including African and Asian countries [15].
Therefore, the rice industry will remain sustainable for a long time, and
the production of rice by-products will remain high [16].

Rice Processing
Rice grain consists of many components, as shown in Figure 1.
Thus, there is a need for rice grains to undergo several processing steps
before they can be consumed by humans. Rice processing covers the
operations from harvest to the production of graded and polished
white rice. From the rice harvesting process, residue-to-product-ratios
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Figure 1: Structure of rice grain [16].

values for rice straw ranging from 0.41 to 3.96 were produced for every
kilogram of harvested paddy [17].
The rice milling process involves cleaning, hulling and post-hulling
processing (whitening, polishing and grading), which combined
will produce several rice by-products, as described in Table 2. The
percentage of rice by-products is dependent upon several factors, such
as the milling rate and type of rice. An ideal milling process will yield
20% husk, 8-12% bran depending on the milling degree and 68-72%
milled rice or white rice, depending on the variety [18].

soluble. Generally, soluble fibre forms a gelatin-like substance in the
intestine and increases the water content in the stool. It has also been
demonstrated to possess the ability to decrease the blood cholesterol
and sugar after meals in diabetics [43]. Insoluble fibre plays a key role
in adding bulk or softening stool, which helps to reduce constipation
and haemorrhoids and is also effective in creating a feeling of fullness.
The fibres found in rice husks are mainly lignin, hemicellulose,
cellulose and hydrated silica [44]. These components are similar to
those in ground rice husk made from defatted concentrated rice bran
(Table 4). They are not digested by human pancreatic or brush border
enzymes and therefore are not expected to be fully absorbed. However,
their consumption does help to control blood glucose levels and lipid
concentrations by enhancing the viscosity of the gastrointestinal
contents [46].

Antioxidant Properties of Rice By-products
Antioxidants play an important role in preventing damage to
the cellular components caused by chemical reactions involving free
Regions

Rice germ is also known as the embryo or reproductive parts,
which germinate and grow into plants [40]. The content of vitamin E in
rice germ is 5 times higher than that in rice bran. The major vitamin E
component in rice germ is α-tocopherol, which is the most active form
of vitamin E, whereas for rice bran, the major vitamin E component is
γ-tocopherol. In addition to these, rice germ also contains a substantial
concentration of vitamins (B1, B2 and B6), fibre and neurotransmitter γ–
aminobutyric acid (GABA), which is believed to have many beneficial
health effects, such as lowering the blood pressure, improving cognition
and lowering blood glucose levels. The level of γ-oryzanol in rice germ,
however, was 5 times lower than the level in rice bran [41]. This is in
accordance with Butsat and Siriamornpun [42], who also reported that
the bran has the highest oryzanol content compared to other parts of
rice.
The components of dietary fibre in rice by-products include
cellulose, hemicellulose, pectins, hydrocolloids and lignin. These
can be classified into two types, depends on their solubility in water.
The structural or matrix fibres, such as lignins, cellulose and some
hemicelluloses, are insoluble, while the natural gel-forming fibres
(pectins, gums, mucilages and the remainder of the hemicelluloses) are
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Estimated rice
strawa (million
tons)

Estimated rice
huskb (million
tons)

Africa

24.51

24.51

4.90

Americas

38.10

38.10

7.62

Asia

618.24

618.24

123.65

Nutritional Values of Rice By-products
Rice by-products actually had higher amount of nutrients
when compared to the polished rice. Table 3 shows the proximate
composition and major minerals of several rice by-products. Rice bran,
which is derived from the outer layer of the rice grain, is composed
of an aleurone layer of the rice kernel, with some proportion of the
endosperm and germ [35] accounting for approximately 10% of the
weight of the rice grain [36]. This part is composed of both lipophilic
antioxidants (tocopherols, tocotrienols and γ-oryzanol) and phenolics
[37]. These substances protect against chronic diseases of the
cardiovascular system and help to quench the free radicals and anticancer effects [38,39].

Harvested
quantity (million
tons)

China

196.68

India

133.70

Indonesia

64.40

Bangladesh

47.72

Vietnam

38.90

Europe

4.10

4.10

0.82

Oceania

0.29

0.29

0.06

World

685.24

685.24

685.24

With residue ratio of 1.
b
With residue ratio of 0.20.
a

Table 1: Production quantity of paddy, rice straw and rice husk [13].
Step

Process

Description

By-products

1

Remove all impurities and unfilled grains
Pre-cleaning
from the paddy

2

Husking

Remove the husk from the paddy

3

Husk
aspiration

Separate the husk from the brown rice/
unhusked paddy

4

Paddy
separation

Separate the unhusked paddy from the
brown rice

5

De-stoning

Separate small stones from the brown
rice

6

Whitening

Remove all or part of the bran layer and
germ from the brown rice

7

Polishing

Improve the appearance of milled rice by
removing remaining bran particles and by
polishing the exterior of the milled kernel

8

Sifting

Separate small impurities or chips from
the milled rice

Separate small
impurities or
chips from the
milled rice

9

Length
grading

Separate small and large brokens from
the head rice

Broken rice

10

Blending

Mix head rice with predetermined amount
of brokens, as required by the customer

11

Weighing
Prepare milled rice for transport to the
and bagging customer

Husk

Rice germ and
rice bran

Table 2: Rice milling process [18].
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Nutrients

Brokena

Huskb

Branc

Polishingsd

Strawe

Dry matter

87.0-89.0

87.0-92.5

89-94

90

90.9

Proteinf

6.7-9.8

2.1-4.3

10.6-16.9

11.2-13.4

1.2-7.5

Crude fat

0.5-1.9

0.30-0.93

5.1-19.7

10.1-13.9

0.8-2.1

Crude fibre

0.6

30.0-53.4

7.0-18.9

2.3-3.6

33.5-68.9

Ash

5.0

13.2-24.4

8.8-28.8

5.2-8.3

12.2-21.4

22.4-35.3

90

51.1-55.0

39.1-47.3

Carbohydrate
Calcium

0.09-0.19

0.04-0.21

0.08-1.4

0.05

0.30-0.71

Phosphorus

0.03-0.04

0.07-0.08

1.3-2.9

1.48

0.06-0.16

[19-23]
b
[19,20,24-29]
c
[19-29]
d
[22,23,29]
e
[25,26,30-33]
f
Animal scientists commonly use a conversion factor of N x 6.25 for crude protein [34].
a

Table 3: Proximate composition and minerals content (% of dry matter) of rice by-products.
Rice huska

Rice bran fibera

Cellulose (%)

38

30

Rice strawb
32.0

Hemicellulose (%)

20

20

35.7

Lignin (%)

22

20

22.3

[40]
b
[45]
a

Table 4: Composition of rice husk, rice bran fiber and rice straw.
Author(s)

Year

Components

Findings

Kawabata et al. [67]

1999

Rice germ

Inhibit ACF formation and reduced incidence of colonic adenocarcinoma.

Mori et al. [68]

1999

Rice germ

Numbers of ACF/colon, ACF/cm2 and aberrant crypts/colon in the group treated with AOM + gammaaminobutyric acid (GABA)-enriched defatted rice germ (2.5% in diet) and the group with AOM + rice
germ (2.5% in diet) were smaller than those of the group with AOM alone (P < 0.005). Decreased
incidences of AOM-induced large bowel neoplasms (p < 0.05).

Park et al. [69]

2003

Chungkookjangs (fermented
with rice straw and B.
licheniformis)

Strongly inhibited the growth of AGS human gastric cancer cells.

Huang et al.[70]

2005

Isovitexin (rice husk)

Inhibit release of TNF-α, a proinflammatory cytokine and cyclooxygenase-2 (COX-2) expression
Reduced lipopolysaccharide-stimulated prostaglandin E2.

Jeon et al. [53]

2006

Methanol extracts (rice husk)

Possess significant reactive oxygen activity scavenging and metal chelating activities and protective
against oxidative DNA damage using human lymphocytes

Kim et al. [71]

2007

Methanol extracts (rice husk)

Highly cytotoxic, with IC50 values of 0.5 μg/ml in vitro Reduced colonic pre-neoplastic ACF formation by 35%.

Joung et al. [72]

2008

Momilactone B (rice husk)

Suppressed hypoxia-induced increases in phospho- STAT5, STAT5b, cyclin D1, and cdk4 protein levels
in human breast cancer cells.

Boateng et al. [73]

2009

Rice bran

5% and 10% rice bran significantly (p < 0.05) reduced the incidence of AOM induced colon tumors in
male Fisher 344 rats after 44 weeks feeding.

Roschek et al. [74]

2009

Stabilized rice bran extracts

Kannan et al. [75]

2010

Peptides (rice bran)

Inhibit 84% of colon cancer cells (Caco-2 and HCT-116) growth, 80% for breast cancer cells (MCF-7,
MDA-MB-231) growth and 84% for liver cancer cells (HepG-2) growth.

Norazalina et al. [76]

2010

Phytic acid (rice bran)

Suppressed the number of ACF in the distal, middle and proximal colon compared to AOM.

Nurul-Husna et al. [77] 2010

Phytic acid (rice bran)

Inhibit growth of human colorectal cancer cell line HT HT-29).

Kim et al. [78]

2011

70% ethanol extract

Seolgaeng rice husk extract showed anti-proliferative activity against breast cancer (MCF7) and lung
(NCl-H460) cell lines; Hongjinju rice husk extract significantly exhibited mitogenic activity.

Kim et al. [79]

2011

Smoke extract (rice husk)

Reduced tumor necrosis factor-R (TNF-R), IL-1β, interleukin-1β (IL-1β), interleukin-6 (IL-6), leukotriene
B4 (LTB4), prostaglandin E2 (PGE2) and myeloperoxidase (MPO).

Li et al.

2011

Rice bran

Reduced the number of ACF and COX-2 expression of the middle colon.

Shih et al. [80]

2011

Rice bran oil

Colon tumor formation, mucin-depleted foci and ACF especially sialomucin-producing ACF were
significantly reduced in 1,2-dimethylhydrazine/dextran sodium sulphate induced colitis-related colon
carcinogenesis after 13 weeks feeding.

Norazalina et al. [81]

2011

Phytic acid (rice bran).

Inhibition the growth in hepatocellular cell lines (HepG2).

Revilla et al. [82]

2013

Enzymatic extract (rice bran) Induce cellular death in human T cell acute lymphoblastic leukemic (MOLT-4) cells.
Table 5: Summary of anti-cancer effect of rice by-products.

radicals [47]. The outer layers of plants, including their peels, shells
and husks, can protect the seeds from oxidative damage due to the
large amounts of strong antioxidants present, such as flavonoids,

J Rice Res
ISSN: JRR, an open access journal

hydrocinnamic acid derivatives, isovitexin, phytic acid, anisole,
vanillin and syringaldehyde [48-50]. They are good sources of natural
antioxidants. However, these by-products, such as rice husk, are mostly
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Author (year)

Rice bran derived
products

Number of animals or
subjects

Wilson et al. (2002) [119]

20% defatted rice bran 60 male Golden Syrian
20% whole fat rice bran hamsters

Zhao (2004)

7% oryzanol (RBO)

47 Sprague-Dawley retired
female rats

Study design (Study duration)

Pharmacological effect

10 weeks period

↓ TC, VLDL-C and aortic fatty streak formation.

11 weeks

↑ Fecal cholesterol and total bile acid excretion.
↓ TC and LDL-C.
↓15-17% in cholesterol absorption.

Ausman et al. (2005) [120] Physically refined RBO 30 hamsters

8 weeks

↑30% in neutral sterol excretion.
↑300-500% in intestinal HMG-CoA reductase.
↓ > 25% in hepatic HMG-CoA reductase activity.
No effect on bile acid excretion.

Ha et al. (2005) [121]

BRBO

30 Sprague-Dawley rats

4 weeks rats

Minhajuddin et al. (2005)
[122]

Tocotrienol rich fraction
24 Hyperlipidemic rats
(RBO)

Wilson et al. (2007) [123]

RBO

Kennedy et al. (2010) [124]

Rice bran and sunflower
oil blend (80:20 ratio
48 hyperlipidemic and
with minimum of 5000 normolipidemic
ppm of oryzanol)

30 days

Ghatak and Panchal
(2012) [125]

Oryzanol (Crude RBO)

21 days

↓Liver cholesterol, triacylglycerol and hepatic
thiobarbituric acid.
↑HDL-C.

1 week

48 F1B Golden Syrian hamster 10 weeks

36 adult Wistar rats

↓Thiobarbituric acid reactive substances and
conjugated dienes.
↓TC, VLDL-C, LDL-C, TG and aortic ester
accumulation.
↓TC, LDL-C, VLDL-C and TG
↓TC, TG, LDL and VLDL.
↑HDL-C.

Abbreviations: BRBO: Bioactive components from rice bran oil; HMG-CoA: 3-hydroxy-3-methylglutaryl coenzyme A; LDL-C: low-density lipoprotein cholesterol; TC: Total
cholesterol; TG: Triglycerides; VLDL: very low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol.
Table 6: Summary of anti-hyperlipidaemic of rice bran derived products.

wasted and are usually used as a feedstock due to their low digestibility,
peculiar size, low bulk density, high ash/silica contents and abrasive
characteristics [51].
Rice husk contains an antioxidant defence system, including
polyphenolic compounds, to protect the inner materials from oxidative
stress [49,52]. Phenolic compounds from methanol extracts of rice
husks have been shown to exert high antioxidant activities against
scavengers of singlet oxygen and to inhibit high hydrogen peroxideinduced damage to DNA in human lymphocytes [53]. These data are
also supported by the findings of Kim et al. [54], who showed that
Nokmi rice husk extracts have effective antioxidant activities.
Numerous primary nutraceutical compounds extracted from rice
bran also contain high levels of phytochemicals, which exert antioxidant
activities [55]. These phytochemicals are α, β, γ, δ-tocopherol,
tocotrienols (vitamin E) [56,57] and γ-oryzanol [56,58]. Vitamin E
protects the cell membrane by preventing the oxidation of unsaturated
fatty acids and by scavenging free radicals [59,60]. Gamma-oryzanol,
however, has been shown to have higher antioxidant activity than
tocopherols or tocotrienols [61].
In addition to the rice husk and rice bran, the study by Moongngrm
et al. [62] also showed that rice germ contain highest amounts of
α-tocopherol and γ–tocopherol, further supporting the earlier finding
by Yu et al. [41]. Rice germ has also been demonstrated to have the
strongest antioxidant activity, compared to rice bran (containing a
bran layer and rice germ) and the rice bran layer (without the germ)
[62]. The rice germ extract exhibited electron-donating abilities and
hence may play a key role in radical chain terminators by transforming
the reactive free radical species into more stable, non-reactive products
[63]. For brewer’s rice, data from Tan et al. [64] showed that the
content of phenolics, vitamin E and γ-oryzanol was significantly lower
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than in rice bran. It is expected, as indicated by Zhou et al. [65], that the
phenolic acids and γ-oryzanol contents of rice are chiefly concentrated
in the bran; brewer’s rice mostly consists of broken rice, with only small
percentage of rice bran and rice germ.

Anti-cancer Effect of Rice By-products
The consumption of whole grains has been reported to protect against
colorectal cancer in human interventions [66]. The chemopreventive
properties of whole grain consumption have been attributed both to
fibres and to other phytochemicals [67] that are mostly present in the
bran layer. The data in Table 5 summarise several previous findings
on the effect of rice by-products on cancer. Water-soluble rice bran
hemicelluloses prevent against 1,2-dimethylhydrazine (DMH)induced colonic tumours in rats. Rice germ prevents azoxymethane
(AOM)-induced colonic aberrant crypt foci (ACF), a preneoplastic
lesion in colon cancer, as well as tumours in rats [68,83,84].
Rice bran inhibits the growth of human colon cancer cells [85],
and rice bran consumption reduces the number of intestinal adenomas
in APCMin mice, an animal model of human familial adenomatous
polyposis (FAP) [86]. Finally, DMH- and AOM-induced preneoplastic
lesions are inhibited by rice bran-derived sphingolipids in the colons
of rats [87,88]. Several phenolic compounds have been recognised in
the ethyl acetate extracts of rice bran, such as caffeic acid, cycloartenyl
ferulate, ferulic acid, methoxycinnamic acid, p-coumaric acid,
protocatechuic acid, sinapic acid, tricin and vanillic acid.
Some of these phenolic compounds have been reported to inhibit
the growth of human breast and colon cancer cells [85]. There is no
evidence to indicate that rice husk is carcinogenic or mutagenic.
Nevertheless, rice husk has shown anticarcinogenic and antimutagenic
activities in vitro and in vivo. The in vitro study of water extract from
brewer’s rice by Tan et al. [64] also demonstrated the cytotoxic effects
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of the extract against ovary cancer (Caov-3) and colon cancer (HT-29)
cell lines with IC50 36.67 µg/ml and 38.33 µg/ml respectively [85-87].

Anti-cancer Mechanism by Rice By-products
Dietary fibre
Epidemiological data has suggested that the consumption of dietary
fibre, especially the mixture of soluble and insoluble fibres, is inversely
associated with the risk of cancers, such as colon cancer [88,89].
Therefore, the presence of dietary fibre in high amounts in rice byproducts might partly explain its effects on the reduction of cancer. The
dietary fibre in rice bran that ferments slowly may exert its protective
effects through the physical dilution of the contents of the gut through
its potential for dilution and faecal bulking capacity [90,91].
This property may shorten the transit time, hence leading to
alterations in the mutagenicity of the intestinal contents, altered
mucosal cytokinetics and subsequent effects in the excretion of putative
carcinogens [90]. It has also been suggested that the production of
butyrate from these fibres could protect against the initial stages of
colon carcinogenesis [92]. Butyrate, as suggested, is able to arrest
the growth of neoplastic colonocytes and inhibit the preneoplastic
hyperproliferation induced by the several tumour initiators and
promoters [93,94]. This type of fibre also has been suggested to be
paramount to carcinogenesis by changing from propionate to butyrate,
as observed in animals fed hydrolysed guar [95].

Phytic acid
Phytic acid (inositol hexaphosphate, IP6), which is a component of rice
bran, most cereals, nuts, oilseeds and legumes, has been shown to reduce
the incidence of carcinogen-induced large bowel cancer [96] and to inhibit
the growth of transplanted tumours [97]; further, it has been shown to
have cytotoxic effects against hepatocellular cell lines (HEPG2) [82]. The
modifying effects of phytic acid on carcinogenesis have been investigated
in several studies [77,90,98].
The phytic acid in rice bran is a negatively charged molecule that is
able to bind proteins and starch. Thus, it contributes to the reduction of
absorption and increases faecal bulk [99]. Several other mechanisms by
which the phytic acid exerts its anti-cancer and chemopreventive properties
include gene alteration, cell cycle inhibition, increased natural killer cell
activity and antioxidant function [100,101]. Phytic acid enacts effects at the
genetic level by affecting signal transduction pathways, cell cycle regulatory
genes and tumour suppressor genes [102]. Hence, phytic acid may cause
greater differentiation among malignant cells and complete reversions to
normal phenotypes [103]. Phytic acid has also been demonstrated to block
phosphatidyl inositol-3-kinase (PI-3 K) through its activity and has been
found to influence the activity of neoplastic cell transformation in a dosedependent manner [104].
Furthermore, several colon cancer studies have supported the ability
of phytic acid to favourably influence colon morphology by increasing
both cell apoptosis and differentiation [105]. These data show that phytic
acid may affect the cell cycle by decreasing the S phase of mitosis and
arresting cells in the G0/G1 phase, thereby enacting an anti-proliferative
effect on tumour cells [106]. Phytic acid can be absorbed by cells rapidly
(in vitro and in vivo) and metabolised to cause phosphates and inositol
levels to become lower. The conversion of phytic acid to its lower forms,
IP1-5, by dephosphorylation may contribute to phytic acid’s anti-cancer
properties. Hence, IP3 plays a major role in cellular signal transduction and
intracellular function [100].
J Rice Res
ISSN: JRR, an open access journal

Tricin
Tricin is an O-methylated flavone, a type of flavonoid that can be
found in rice bran, and it has been shown to inhibit colon cancer cell
growth. Cai et al. [107] reported that feeding on a diet containing 0.2%
tricin decreased the size and number of intestinal adenomas formed in
ApcMin/+ mice through the inhibition of cyclooxygenase (COX)-2 [108].
Tricin consumption decreased PGE2 levels in the murine plasma and
reduced the number of adenomas, particularly in the proximal small
intestine. In addition to these properties, tricin has also long been
credited for health beneficial effects due to its antioxidant potential,
which can inhibit lipoperoxidation, and its sparing effect on vitamin E
in erythrocyte membrane [109,110].

Vitamin E
Various studies have shown the effects of tocotrienol as an anticancer agent. For example, rice bran-derived tocotrienol inhibited
tumour cell-induced angiogenesis in the mouse dorsal air sac (DOS)
assay [111] and could promote tumour necrosis factor-related
apoptosis-inducing ligand (TRAIL) through the up regulation of death
receptors in leukemic, kidney and pancreatic cells [112].

Oryzanol
A study by Kim et al. [113] suggested that γ-oryzanol in rice bran
inhibits tumour growth in tumour-bearing mice by the induction of
natural killer (NK) activity, the activation of macrophages and the
inhibition of angiogenesis (reduction of vascular endothelial growth
factor VEGF, cyclooxygenase-2 COX-2 and 5-lipoxygenases 5-LOX).

Hypocholesterolaemic Effects of Rice By-products
Numerous data on the hypocholesterolaemic effects of rice bran
have been produced, especially regarding the oil. Studies have been
conducted on rats [114], rabbits [115], hamsters [116], monkeys [117]
and humans [118]. In addition to those preliminary studies, other
research has shown that there is a significant effect of these rice branderived products on improving the lipid profile (Table 6). However,
black rice bran extracts reduce the progression of dietary cholesterolinduced atherosclerotic plaque development and cholesterol plasma
levels in rabbits [125,126] while decreasing the levels of serum
triglycerides and total cholesterol in mice [127].
Some components of rice bran oil that is mainly responsible for the
cholesterol-lowering effects in rice bran oil’s unsaponifiable fraction
(4.2%) [128] include tocols (tocopherols and tocotrienols), β-sitosterol,
γ-oryzanol and unsaturated fatty acids [11,129-132].

Cholesterol-lowering Properties
Gamma-oryzanol
Gamma-oryzanol, is present at 13 to 20 times (w/w) higher content
in rice bran compared to total tocopherols and tocotrienols [133] and
has been shown to decrease animal serum-cholesterol levels and antiinflammatory activities while inhibiting cholesterol oxidation in vitro
[134,58,61].
The effects of γ-oryzanol on biliary secretion and faecal excretion
of cholesterol, phospholipids and bile acid were investigated in male
albino rats. Bile flow and composition did not cause any changes by
feeding gamma-oryzanol at 0.5% level with the control diet. However,
the bile flow and total bile acid output were increased by 12% and 18%,
respectively. An earlier study by Seetharamaiah et al. [135] showed
that there is a significant increase in the faecal excretion of cholesterol
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(28%) and bile acids (29%) after feeding gamma-oryzanol with a high
cholesterol diet, while cholesterol absorption was lowered by 20%.
Gamma-oryzanol’s antihypercholesterolaemic effect also might be
due to the sterol moiety, which is split off from the part of the ferulic
acid in the small intestine by cholesterol esterase [132,136]. Sakamoto
et al. [137] reported that gamma-oryzanol and cycloartenol ferulate
have an anti-hyperlipidaemic action and identified that intravenous
administration creates more remarkable effects than oral administration
due to a direct inhibition of the lipid metabolism. Furthermore, ferulic
acid that has been absorbed and metabolised demonstrated an intrinsic
hypolipidaemic effect in several studies [138, 139]. Another suggestion
from Makynen et al. [140] was that the hypocholesterolaemic activity
of γ-oryzanol is due in part to the impaired apical uptake of cholesterol
into enterocytes and perhaps a decrease in HMG-CoA reductase
activity.

Phytosterols
There are three groups of phytosterols that are usually found in
the crude rice bran oil. These include 4, 4’-dimethylsterols (1.2%),
4-monomethyl-sterols (0.4%) and 4-desmethylsterols (1.8%) [141].
Several mechanisms by which plant sterols affect the concentration
of cholesterol in the body, such as the formation of non-absorbable
complexes with cholesterol, alterations of the size and/or stability of the
micelles, interferences with the cholesterol esterification in the mucosal
cell and interactions with the protein receptors that are required in the
absorption of cholesterol [134].
In addition, the cholesterol-lowering effects of the rice bran oil could
also be due to the bile acids and total plasma cholesterol complexes
in the intestinal lumen (anion exchange resin-like action) [142]. This
hypothesis has been confirmed by a study conducted by Shinomiya et
al. [143]. Another study by Wang and Ng [144] on human subjects also
reported the anti-hypercholesterolaemic effects of phytosterol.

Vitamin E
Corn, wheat and soybeans contain major tocopherols, while barley,
oats, palm, commercial rice bran and rice bran oil contain up to 70%
tocotrienols [145]. The hypocholesterolaemic activity of vitamin
E in rice bran oil has been clearly shown in several animal species
[146,147] and in humans [148,149]. There are several mechanisms that
demonstrate how vitamin E can lower cholesterol levels. This includes
the role of vitamin E as an antioxidant that inhibits the oxidation
of cholesterol [61] and the activity of liver enzyme, 3-hydroxy-3methylglutaryl-coenzyme A reductase (HMG-CoA-R) [150], which is
critical in the cholesterol synthesis rate [151].
Vitamin E also increased the controlled degradation of the
reductase protein and decreased the efficiency of the translation of
HMG-CoA-R messenger RNA [152,153]. By inhibiting the activity of
HMG-CoA-R, the serum total and LDL cholesterol could be reduced;
hence, the levels of cholesterol will be lowered [154]. Data from a study
by Cicero and Derosa [155] also showed that tocotrienols act as a main
mediator of the antihypercholesterolaemic effect in rice bran oil.

Hypoglycaemic Effect of Rice By-products
The effects of rice by-products on the reduction of diabetic risk have
been shown by many studies. The diabetes mellitus Type 2 subjects fed
with rice bran water-soluble and rice bran fibre concentrates plus AHA
Step-1 diet had decreased glycosylated haemoglobin levels (15% and 11%)
and fasting glucose (33% and 22%), respectively [154]. The levels of serum
insulin were also increased (4%) in both types of diabetes.
J Rice Res
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The properties of the rice by-products that might contribute to this
effect include tocotrienol, γ-oryzanol and fibre. The tocotrienol-rich
fraction from palm oil and rice bran oil has been reported to lower the
blood glucose levels of patients and preclinical animal models [156-159].
Siddiqui et al. [160] outlined the fact that treatment with the palm oiltocotrienol rich fraction and the rice bran oil-tocotrienol rich fraction in
hyperglycaemia induced nephropathy in Type 1 diabetic rats, significantly
improving the glycaemic status and renal functions of the rats.
A study by Fang et al. [158] further showed that δ-tocotrienol within
the tocotrienol-rich fraction functioned as a peroxisome proliferatoractivated receptor (PPAR) modulator and may improve the utilisation
of whole body glucose and insulin sensitivity in diabetic Db/Db mice
by selectively regulating its PPAR target genes. Gamma-oryzanol that
is present in high amount of rice bran also tends to increase the insulin
sensitivity in rats with streptozotocin-/nicotinamide-induced type 2
diabetes [161]. Its activity as a potent antioxidant can suppress the reactive
oxygen species generated under a high blood glucose concentration. The
high fibre content in rice by-products could also slow down the absorption
of the glucose, while the colonic fermentation products of fibre may also
enhance glucose utilisation [162].
In addition to tocotrienol, fibre and γ-oryzanol, the phenolic acid
fraction of rice bran also may be beneficial for the treatment of type 2
diabetes mellitus because it regulates blood glucose levels by elevating
glucokinase activity and the production of glycogen in the liver [163].
Furthermore, GABA also might be beneficial in the reducing the risk of
diabetes due to it potentiation of insulin secretion from the pancreas [164].

Applications in Food Products
Currently, people are concerned about personal health and
nutrition. Rice bran is highly nutritious and thus is used as a food
additive [165]. The primarily use of rice bran as an additive in food is
due to its high fibre content, which mildly promotes stool regularity
[166-168]. From a marketing view point, the most commonly available
rice bran-derived product is the oil [169]. Rice bran oil has an impressive
nutritional quality that makes it suitable for nutraceutical products.
It also has the potential to be used as an additive to improve the
storage stability in food due to its antioxidants properties [170,171].
Rice bran oil has industrial potential, especially in the preparation
of snack food due to the great stability of frying [172], whereas rice
bran fibre can be used as both a nutritional and functional ingredient.
Chicken coated with stabilised rice bran fibre tends to absorb less fat
during frying, and the small amount of fat present naturally in rice bran
fibre can act as a carrier of flavours [173].
The nutritional and functional properties of rice bran are suitable
for baked products, namely cookies, muffins, breads, crackers, pastries
and pancakes [174]. The addition of rice bran into the wheat flour
further increased the protein, lysine and dietary fibre contents in bread
and cookies. The colour, flavour, protein extractability and solubility
of bran, as well as other properties, such as water and fat absorption,
emulsifying and foaming capacity, have demonstrated improvements
that further enlighten us on the potential use of bran in foods [175]. Due
to its naturally occurring enzymatic activity (lipases) and subsequent
hydrolytic rancidity, rice bran need to be stabilised to control these
undesirable reactions [176].
The process also destroys the fungi, bacteria and insect infestations,
hence enhancing the shelf life of rice bran. The stabilised rice bran was
successfully incorporated in up to 20% of the production of yeast bread
because the hygroscopicity of the rice bran may improve its moisture
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retention in the baked products, while its ability to foam improved the
air incorporation and leavening processes [177]. Defatted rice bran can
be used to substitute for up to 10 to 20% of the wheat flour used for
making cookies without adversely affecting the quality [178]. Biscuits
prepared with broken rice powder were highly acceptable in terms of
taste and feel in the mouth [179].

10. Umadevi M, Pushpa R, Sampathkumar KP, Bhowmik D (2012). Rice-traditional
medicinal plant in India. J Pharmacogn Phytochem 1: 29-36.

Beside oil, rice bran also has a 10-15% protein content, consisting
of 37% water-soluble, 31% salt-soluble, 2% alcohol-soluble and 27%
alkali-soluble storage proteins. Rice bran proteins have been found
to be of high quality and application in food and pharmaceutical
industries. Its unique properties, hypoallergenicity [180] and anticancer effects make it a superior cereal protein with a wide range of
possible applications. However, as of now, commercial rice bran
protein is still unavailable on the market [181].

13. FAOSTAT F (2009) Agriculture Organization of the United Nations. Statistical
database.

Rice husks can be formulated and optimised to meet the particle
sizes. Its use is technically feasible for about 5% in dry mix applications
and about 35% as an adsorbent in liquids [182]. Furthermore, brewer’s
rice can also be utilised as a brewing adjunct [183]. The brewing
industry favours the use of adjuncts because of economic reasons.
Shortages of barley and malt and demographic growth will lead to a
substantial increase in the use of brewing adjuncts [184].

Conclusions
Rice straw, rice husk, rice bran, rice germ and broken rice are the
main rice by-products in the rice industry. Rice by-products may serve
as important sources of raw material that could be used as ingredients
of functional food and nutraceuticals. They have great potential to be
converted into human food to improve food security in the country.
Acknowledgement
The authors would like to thank the Ministry of Higher Education, Malaysia
for providing the research fund under RUGS-2 project no. 05-02-12-1862RU to
implement this project.

References
1.

Bird AR, Hayakawa T, Marsono Y, Gooden JM, Record IR, et al. (2000) Coarse
brown rice increases fecal and large bowel short-chain fatty acids and starch
but lowers calcium in the large bowel of pigs. J Nutr 130: 1780-1787.

2.

Chen MH, Choi SH, Kozukue N, Kim HJ, 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.
J Agric Food Chem 60: 9151-9161.

3.

Kim SP, Yang JY, Kang MY, Park JC, Nam SH, et al. (2011) Composition
of liquid rice hull smoke and anti-inflammatory effects in mice. J Agric Food
Chem 59: 4570-4581.

4.

Van Hoed V, Depaemelaere G, Vila Ayala J, Santiwattana P, Verhé R, et al.
(2006) Influence of chemical refining on the major and minor components of
rice bran oil. J Am Oil Chem Soc 83: 315-321.

11. Slayton T, Timmer CP (2008) Japan, China and Thailand can solve the rice
crisis—but US Leadership is needed. CGD Notes. Washington, DC: Center
for Global Development. 1–6.
12. FAO (2004) FAOSTAT-Agriculture Data, Agricultural Production, Crops
Primary. [online].

14. Kainuma K (2004) Rice-its potential to prevent global hunger. Proceedings of
the third session of the workshop on suitable use of agricultural resources and
environment management with focus on the role of rice farming. Japan FAO
Association. 41–46.
15. Mohanty S (2008) Rice crisis: the aftermath. Rice Today 7.
16. Wopereis MCS, Dofoer T, Indinoba P, Diack S, Dugue M (2009) Curriculum
for participatory learning and action research (PLAR) for integrated rice
management (IRM) in inland valleys of sub-saharan Africa. Technical manual,
African Rice Center (WARDA).
17. Koopmans A, Koppejan J (1997) Agricultural and forest residues-generation,
utilization and availability. In: Regional consultation on modern applications of
biomass energy. 10.
18. International Rice Research Institute (2009) Milling/Processing.
19. Farrell DJ, Hutton K (1990) Nontraditional feed sources for use in swine
production (Editors: Thacker and Kirkwood), Chapter 24. Rice and Rice Milling
By-Products. Butterworths Publishers: Stoneham, MA, USA.
20. NGFA (National Grain & Feed Association) (2003) Rice fractions. NGFA,
Grafton, WI, USA.
21. NRC (National Research Council) (1982) United States – Canadian Tables of
Feed Composition. National Academy Press, Washington D.C. USA.
22. NRC (1994) Nutrient Requirements of Poultry (Ninth Revised Edition). National
cademy Press, Washington D.C., USA.
23. NRC (1998) Nutrient requirements of swine, 10th revised ed, National
Academy Press, Washington D.C., USA.
24. AgrEvo (1999) Safety, Compositional and Nutritional aspects of LibertyLink
Rice Transformation events LLRICE06 and LLRICE62. U.S. FDA/CFSANBNF 63.
25. Foulkes D (1998) Rice as a livestock feed. Agnote (Northern Territory of
Australia).
26. FAO (2003) Animal Feed Resources Information System. Oryza sativa.
27. Herd D (2003) Composition of Alternative feeds – Dry Basis Texas A&M U.,
College Station TX, USA.
28. Juliano BO, Bechtel DB (1985) The rice grain and its gross composition. In:
Rice: Chemistry and Technology, 2nd ed. B. O. Juliano, ed. Am. Assoc. Cereal
Chem., St. Paul, MN. pp. 17 – 57.
29. Miller ER, Ullrey DE, Lewis AJ (1991) Swine Nutrition. Butterworth –
Heinemann. Boston, MA and London, UK.
30. Drake DJ, Nader G, Forero L (2002) Feeding Rice Straw to Cattle. Publication
8079. Univ. of California, Div. of Agric. And Nat. Resources.
31. Fadel JG, MacKill DJ (2002) Characterization of Rice Straw – 94. U. of
California, Davis, CA.

5.

Wells JH (1993) Utilization of rice bran and oil in human diets. Louisiana Agric
36: 4-8.

6.

de Deckere EA, Korver O (1996) Minor constituents of rice bran oil as
functional foods. Nutr Rev 54: S120-126.

7.

Wilson TA, Idreis HM, Taylor CM, Nicolosi RJ (2002) Whole fat rice bran reduces
the development of early aortic atherosclerosis in hypercholesterolemic
hamsters compared with wheat bran. Nutr Res 22: 1319–1332.

8.

Khush GS (1997) Origin, dispersal, cultivation and variation of rice. Plant Mol
Biol 35: 25-34.

35. Justo ML, Rodriguez RR, Claro CM, Alvarez de Sotomayor M, Parrado J, et
al. (2013) Water-soluble rice bran enzymatic extract attenuates dyslipidemia,
hypertension and insulin resistance in obese Zucker rats. Eur J Nutr 52: 789-797.

9.

Lim JS, Manan ZA, Wan Alwi SR, Hashim H (2012) A review on utilisation of
biomass from rice industry as a source of renewable energy. Renew Sustain
Energy Rev 16: 3084– 3094.

36. Rondanelli M, Perna S, Monteferrario F, Opizzi A (2011) [Update on the
therapeutic qualities of the rice bran in the treatment of dyslipidemia and
chemo-prevention]. Recenti Prog Med 102: 310-313.

J Rice Res
ISSN: JRR, an open access journal

32. Wanapat M, Sommart K, Saardrak K (1996). Cottonseed meal supplementation
of dairy cattle fed rice straw. Livestock Research for Rural Development 8: 3.
33. Nour AM (2003) Rice straw and rice hulls in feeding ruminants in Egypt. Dept.
Animal Production, Alexandria U., Alexandria, Egypt.
34. AOAC (2002) Official Methods of Analysis of AOAC International (17th ed.)
AOAC, Gaithersburg, MD, U.S.A. Chapt. 4: 20–27.

Volume 1 • Issue 1 • 1000107

Citation: Esa NM, Ling TB, Peng LS (2013) By-products of Rice Processing: An Overview of Health Benefits and Applications. J Rice Res 1: 107. doi:
10.4172/jrr.1000107

Page 8 of 11
37. Min B, McClung AM, Chen MH (2011) Phytochemicals and antioxidant
capacities in rice brans of different color. J Food Sci 76: C117-126.

antioxidants, biochemistry and clinical applications. Basel: Switzerland,
Birkhauser Verlag. pp. 152-159.

38. Abdul HA, Raja Sulaiman RR, Osman A, Saari N (2007) Preliminary study
of the chemical composition of rice milling fractions stabilized by microwave
heating. J Food Compos Anal 20: 627–637.

60. Nesaretnam K, Stephen R, Dils R, Darbre P (1998) Tocotrienols inhibit the
growth of human breast cancer cells irrespective of estrogen receptor status.
Lipids 33: 461-469.

39. Renuka Devi R, Arumughan C (2007) Phytochemical characterization
of defatted rice bran and optimization of a process for their extraction and
enrichment. Bioresour Technol 98: 3037-3043.

61. Xu Z, Hua N, Godber JS (2001) Antioxidant activity of tocopherols, tocotrienols,
and gamma-oryzanol components from rice bran against cholesterol oxidation
accelerated by 2,2’-azobis(2-methylpropionamidine) dihydrochloride. J Agric
Food Chem 49: 2077-2081.

40. Organisation for Economic Co-operation and Development (2004) Consensus
document on compositional considerations for new varieties of rice (Oryza
sativa): key food and feed nutrients and anti-nutrients. Annual Report 2004.
Paris, 17 August.
41. Yu S, Nehus ZT, Badger TM, Fang N (2007) Quantification of vitamin E and
gamma-oryzanol components in rice germ and bran. J Agric Food Chem 55:
7308-7313.
42. Butsat S, Siriamornpun S (2010) Antioxidant capacities and phenolic
compounds of the husk, bran and endosperm of Thai rice. Food Chem 119:
606-613.
43. Yeager S (1998) Fiber-the ultimate healer. In: The doctors book of food
remedies. Rodale Press, Inc., Emmaus, Pennsylvania. p. 184-185.
44. Salanti A, Zoia L, Orlandi M, Zanini F, Elegir G (2010) Structural characterization
and antioxidant activity evaluation of lignins from rice husk. J Agric Food Chem
58: 10049-10055.
45. Worasuwannarak N, Sonobe T, Tanthapanichakoon W (2007) Pyrolysis
behaviors of rice straw, rice husk, and corncob by TG–MS technique. J Anal
Appl Pyrolysis 78: 265–271.
46. Dikeman CL, Murphy MR, Fahey GC Jr (2006) Dietary fibers affect viscosity
of solutions and simulated human gastric and small intestinal digesta. J Nutr
136: 913-919.
47. Halliwell B, Gutteridge JM (1995) The definition and measurement of
antioxidants in biological systems. Free Radic Biol Med 18: 125-126.
48. Lee SC, Kim JH, Jeong SM, Kim DR, Ha JU, et al. (2003) Effect of far-infrared
radiation on the antioxidant activity of rice hulls. J Agric Food Chem 51:
4400-4403.
49. Butsat S, Weerapreeyakul N, Siriamornpun S (2009) Changes in phenolic
acids and antioxidant activity in Thai rice husk at five growth stages during
grain development. J Agric Food Chem 57: 4566-4571.
50. Asamarai AM, Addis PB, Epley RJ, Krick TP (1996) Wild rice hull antioxidants.
J Agric Food Chem 44: 126-130.
51. Saha BC, Cotta MA (2008) Lime pretreatment, enzymatic saccharification and
fermentation of rice hulls to ethanol. Biomass Bioenergy 32: 971-977.
52. Ramarathnam N, Osawa T, Namiki M, Kawakishi S (1988) Chemical
studies on novel rice hull antioxidants. 1. Isolation, fractionation, and partial
characterization. J Agric Food Chem 36: 732-737.
53. Jeon KI, Park E, Park HR, Jeon YJ, Cha SH, et al. (2006) Antioxidant activity of
far-infrared radiated rice hull extracts on reactive oxygen species scavenging
and oxidative DNA damage in human lymphocytes. J Med Food 9: 42-48.
54. Kim DJ, Oh SK, Chun A, Yoon MR, Hong HC, et al. (2011) Evaluation of
biological activities of rice husk extracts. J Food Sci Nutr 16: 179-183.
55. Chen MH, Bergman CJ (2005) A rapid procedure for analysing rice bran
tocopherol, tocotrienol and ?-oryzanol contents. J Food Compos Anal 18:
139–151.
56. Jariwalla RJ (2001) Rice-bran products: phytonutrients with potential
applications in preventive and clinical medicine. Drugs Exp Clin Res 27: 17-26.
57. Birringer M, Pfluger P, Kluth D, Landes N, Brigelius FR (2002) Identities and
differences in the metabolism of tocotrienols and tocopherols in HepG2 cells.
J Nutr 132: 3113-3118.
58. Akihisa T, Yasukawa K, Yamaura M, Ukiya M, Kimura Y, et al. (2000) Triterpene
alcohol and sterol ferulates from rice bran and their anti-inflammatory effects. J
Agric Food Chem 48: 2313-2319.
59. Komiyama, K, Hayashi M, Cha S, Yamaoka M (1992) Antitumor and antioxidant
activity of tocotrienols. In: Ong, A.S.H. and Parker, L. (eds.) Lipid-soluble

J Rice Res
ISSN: JRR, an open access journal

62. Moongngarm A, Daomukda N, Khumpika S (2012) Chemical compositions,
phytochemicals, and antioxidant capacity of rice bran, rice bran layer, and rice
germ. APCBEE Procedia 2: 73–79.
63. Arabshshi S, Urooj A (2007) Antioxidant properties of various solvent extracts
of mulberry (Morus indica L.) leaves. Food Chem 102: 1233-1240.
64. Tan BL, Norhaizan ME, Suhaniza HJ, Lai CC, Norazalina S, et al. (2013)
Antioxidant properties and antiproliferative effect of brewers’ rice extract
(temukut) on selected cancer cell lines. Int Food Res J. (Accepted).
65. Zhou Z, Robards K, Helliwell S, Blanchard C (2004) The distribution of
phenolic acids in rice. Food Chem 87: 401–406.
66. Slavin J, Jacobs D, Marquart L (1997) Whole-grain consumption and chronic
disease: protective mechanisms. Nutr Cancer 27: 14-21.
67. Steinmetz KA, Potter JD (1991) Vegetables, fruit, and cancer. I. Epidemiology.
Cancer Causes Control 2: 325-357.
68. Kawabata K, Tanaka T, Murakami T, Okada T, Murai H, et al. (1999) Dietary
prevention of azoxymethane-induced colon carcinogenesis with rice-germ in
F344 rats. Carcinogenesis 20: 2109-2115.
69. Mori H, Kawabata K, Yoshimi N, Tanaka T, Murakami T, et al. (1999)
Chemopreventive effects of ferulic acid on oral and rice germ on large bowel
carcinogenesis. Anticancer Res 19: 3775-3778.
70. Park KY, Jung KO, Kwon EY (2003) Development of a functional
Chungkookjang (soybean paste fermented for 2-4 days) with anti-AGS human
gastric cancer cell properties. Nutraceuticals Food 8: 54-60.
71. Huang ST, Chen CT, Chieng KT, Huang SH, Chiang BH, et al. (2005) Inhibitory
effects of a rice hull constituent on tumor necrosis factor alpha, prostaglandin
E2, and cyclooxygenase-2 production in lipopolysaccharide-activated mouse
macrophages. Ann N Y Acad Sci 1042: 387-395.
72. Kim SJ, Park HR, Park E, Lee SC (2007) Cytotoxic and antitumor activity of
momilactone B from rice hulls. J Agric Food Chem 55: 1702-1706.
73. Joung YH, Lim EJ, Kim MS, Lim SD, Yoon SY, et al. (2008) Enhancement
of hypoxia-induced apoptosis of human breast cancer cells via STAT5b by
momilactone B. Int J Oncol 33: 477-484.
74. Boateng J, Verghese M, Panala V, Walker LT, Shackelford L (2009) Protective
effects of rice bran on chemically induced colon tumorigenesis may be due
to synergistic/additive properties of bioactive components. Int J Cancer Res
5: 153-166.
75. Roschek B Jr, Fink RC, Li D, McMichael M, Tower CM, et al. (2009) Proinflammatory enzymes, cyclooxygenase 1, cyclooxygenase 2, and
5-lipooxygenase, inhibited by stabilized rice bran extracts. J Med Food 12:
615-623.
76. Kannan A, Hettiarachchy NS, Lay JO, Liyanage R (2010) Human cancer cell
proliferation inhibition by a pentapeptide isolated and characterized from rice
bran. Peptides 31: 1629-1634.
77. Norazalina S, Norhaizan ME, Hairuszah I, Norashareena MS (2010)
Anticarcinogenic efficacy of phytic acid extracted from rice bran on
azoxymethane-induced colon carcinogenesis in rats. Exp Toxicol Pathol 62:
259-268.
78. Nurul-Husna S, Norhaizan ME, Hairuszah I, Abdah MA, Norazalina S, et al.
(2010) Rice bran phytic acid (IP6) induces growth inhibition, cell cycle arrest
and apoptosis on human colorectal adenocarcinoma cells. J Med Plants Res
4: 2283-2289.
79. Li SC, Chou TC, Shih CK (2011) Effects of brown rice, rice bran, and polished
rice on colon carcinogenesis in rats. Food Res Int 44: 209–216.
80. Shih CK, Ho CJ, Li SC, Yang SH, Hou WC, et al. (2011) Preventive effects of

Volume 1 • Issue 1 • 1000107

Citation: Esa NM, Ling TB, Peng LS (2013) By-products of Rice Processing: An Overview of Health Benefits and Applications. J Rice Res 1: 107. doi:
10.4172/jrr.1000107

Page 9 of 11
rice bran oil on 1,2-dimethylhydrazine/dextran sodium sulphate-induced colon
carcinogenesis in rats. Food Chem 126: 562–567.

102. Shamsuddin AM, Vucenik I, Cole KE (1997) IP6: a novel anti-cancer agent.
Life Sci 61: 343-354.

81. Norazalina S, Norhaizan ME, Hairuszah I, Sabariah AR, Nurul Husna S, et al.
(2011) Antiproliferation and apoptosis induction of phytic acid in hepatocellular
carcinoma (HEPG2) cell lines. Afr J Biotechnol 10: 16646-16653.

103. Shamsuddin AM, Yang GY (1995) Inositol hexaphosphate inhibits growth and
induces differentiation of PC-3 human prostate cancer cells. Carcinogenesis
16: 1975-1979.

82. Revilla E, Santa MC, Miramontes E, Candiracci M, Rodríguez MB, et al.
(2013) Antiproliferative and immunoactivatory ability of an enzymatic extract
from rice bran. Food Chem 136: 526-531.

104. Huang C, Ma WY, Hecht SS, Dong Z (1997) Inositol hexaphosphate
inhibits cell transformation and activator protein 1 activation by targeting
phosphatidylinositol-3’ kinase. Cancer Res 57: 2873-2878.

83. Aoe S, Oda T, Tojima T, Tanaka M, Tatsumi K, et al. (1993) Effects of rice bran
hemicellulose on 1,2-dimethylhydrazine-induced intestinal carcinogenesis in
Fischer 344 rats. Nutr Cancer 20: 41-49.

105. Jenab M, Thompson LU (2000) Phytic acid in wheat bran affects colon
morphology, cell differentiation and apoptosis. Carcinogenesis 21: 1547-1552.

84. Hudson EA, Dinh PA, Kokubun T, Simmonds MS, Gescher A (2000)
Characterization of potentially chemopreventive phenols in extracts of brown
rice that inhibit the growth of human breast and colon cancer cells. Cancer
Epidemiol Biomarkers Prev 9: 1163-1170.
85. Verschoyle RD, Greaves P, Cai H, Edwards RE, Steward WP, et al. (2007)
Evaluation of the cancer chemopreventive efficacy of rice bran in genetic
mouse models of breast, prostate and intestinal carcinogenesis. Br J Cancer
96: 248-254.
86. Inamine M, Suzui M, Morioka T, Kinjo T, Kaneshiro T, et al. (2005)
Inhibitory effect of dietary monoglucosylceramide 1-O-beta-glucosyl-N-2’hydroxyarachidoyl-4,8-sphingadienine on two different categories of colon
preneoplastic lesions induced by 1,2-dimethylhydrazine in F344 rats. Cancer
Sci 96: 876-881.
87. Sunagawa N, Inamine M, Morioka T, Chiba I, Morita N, et al. (2009) Inhibitory
effect of rice bran-derived crude glycosphingolipid on colon preneoplastic
biomarker lesions induced by azoxymethane in male F344 rats. Mol Med Rep
2: 45-49.
88. Hirayama T (1979) Diet and cancer. Nutr Cancer 1: 67-81.
89. Block G, Patterson B, Subar A (1992) Fruit, vegetables, and cancer prevention:
a review of the epidemiological evidence. Nutr Cancer 18: 1-29.
90. Ferguson LR, Harris PJ (1996) Studies on the role of specific dietary fibres in
protection against colorectal cancer. Mutat Res 350: 173-184.
91. Zoran DL, Turner ND, Taddeo SS, Chapkin RS, Lupton JR (1997) Wheat bran
diet reduces tumor incidence in a rat model of colon cancer independent of
effects on distal luminal butyrate concentrations. J Nutr 127: 2217-2225.
92. Perrin P, Pierre F, Patry Y, Champ M, Berreur M, et al. (2001) Only fibres
promoting a stable butyrate producing colonic ecosystem decrease the rate of
aberrant crypt foci in rats. Gut 48: 53-61.
93. Velázquez OC, Zhou D, Seto RW, Jabbar A, Choi J, et al. (1996) In vivo
crypt surface hyperproliferation is decreased by butyrate and increased by
deoxycholate in normal rat colon: Associated in vivo effects on c-Fos and
c-Jun expression. JPEN J. Parenter Enteral Nutr 20: 243-250.
94. Dongowski G, Lorenz A, Proll J (2002) The degree of methylation influences
the degradation of pectin in the intestinal tract of rats and in vitro. J Nutr 132:
1935-1944.
95. Weaver GA, Tangel C, Krause JA, Alpern HD, Jenkins PL, et al. (1996) Dietary
guar gum alters colonic microbial fermentation in azoxymethane-treated rats.
J Nutr 126: 1979-1991.
96. Graf E (1983) Applications of phytic acid. J Am Oil Chem Soc 131: 1861-1867.
97. Jariwalla RJ, Sabin R, Laeson S (1988) Effects of dietary phytic acid
(phytate) on incidence and growth rate of tumor prompted in Fischer rats by a
magnesium supplement. Nutr Res 8: 813-827.
98. Saied IT, Shamsuddin AM (1998) Up-regulation of the tumor suppressor gene
p53 and WAF1 gene expression by IP6 in HT-29 human colon carcinoma cell
line. Anticancer Res 18: 1479-1484.
99. Rickard SE, Thompson LU (1998) Chronic exposure to secoisolariciresinol
diglycoside alters lignan disposition in rats. J Nutr 128: 615-623.
100. Fox CH, Eberl M (2002) Phytic acid (IP6), novel broad spectrum anti-neoplastic
agent: a systematic review. Complement Ther Med 10: 229-234.
101. Norhaizan ME, Ng SK, Norashareena MS, Abdah MA (2011) Antioxidant and
cytotoxicity effect of rice bran phytic acid as an anticancer agent on ovarian,
breast and liver cancer cell lines. Malays J Nutr 17: 367-375.

J Rice Res
ISSN: JRR, an open access journal

106. El-Sherbiny YM, Cox MC, Ismail ZA, Shamsuddin AM, Vucenik I (2001)
G0/G1 arrest and S phase inhibition of human cancer cell lines by inositol
hexaphosphate (IP6). Anticancer Res 21: 2393-2403.
107. Cai H, Al-Fayez M, Tunstall RG, Platton S, Greaves P, et al. (2005) The rice
bran constituent tricin potently inhibits cyclooxygenase enzymes and interferes
with intestinal carcinogenesis in ApcMin mice. Mol Cancer Ther 4: 1287-1292.
108. Al-Fayez M, Cai H, Tunstall R, Steward WP, Gescher AJ (2006) Differential
modulation of cyclooxygenase- mediated prostaglandin production by the
putative cancer chemopreventive flavonoids tricin, apigenin and quercetin.
Cancer Chemother Pharmacol 58: 816–825.
109. Hasegawa T, Tanaka A, Hosoda A, Takano F, Ohta T (2008) Antioxidant
C-glycosyl flavones from the leaves of Sasa kurilensis var. gigantea.
Phytochemistry 69: 1419-1424.
110. Mu LL, Kou JP, Zhu DN, Yu BY (2008) Antioxidant activities of the chemical
constituents isolated from the leaves of Ginkgo biloba. Chin J Nat Med 6:
26–29.
111. Miyazawa T, Shibata A, Nakagawa K, Tsuzuki T (2008) Anti-angiogenic
function of tocotrienol. Asia Pac J Clin Nutr 17 Suppl 1: 253-256.
112. Kannappan R, Ravindran J, Prasad S, et al. (2010) Gamma-tocotrienol
promotes TRAIL-induced apoptosis through reactive oxygen species/
extracellular signal-regulated kinase/p53-mediated upregulation of death
receptors. Mol Cancer Ther 9: 2196–2207.
113. Kim SP, Kang MY, Nam SH, Friedman M (2012) Dietary rice bran component
Î³-oryzanol inhibits tumor growth in tumor-bearing mice. Mol Nutr Food Res
56: 935-944.
114. Fujiwara S, Sakurai S, Sugimoto I, Awata N (1983) Absorption and metabolism
of gamma-oryzanol in rats. Chem Pharm Bull (Tokyo) 31: 645-652.
115. Fujiwara S, Sakurai S, Noumi K, Sugimoto I, Awata N (1980) [Metabolism of
gamma-oryzanol in rabbit (author’s transl)]. Yakugaku Zasshi 100: 1011-1018.
116. Kahlon TS, Chow FI, Sayre RN, Betschart AA (1992) Cholesterol-lowering in
hamsters fed rice bran at various levels, defatted rice bran and rice bran oil.
J Nutr 122: 513-519.
117. Nicolosi RJ, Ausman LM, Hegsted DM (1991) Rice bran oil lowers serum
total and low density lipoprotein cholesterol and apo B levels in nonhuman
primates. Atherosclerosis 88: 133-142.
118. Suzuki S, Oshima S (1970) Influence of blending of edible fats and oils on
human serum cholesterol level (Part 2). Jpn J Nutr 28: 194-198.
119. Zhao LD (2004) Fecal steroid excretion of rats fed rice bran oil and oryzanol.
Master thesis, Degree of Master of Science, Faculty of the Louisiana State
University and Agricultural and Mechanical College, Department of Food
Science, B.S., Jinan University, Guangzhou, China, 72 p.
120. Ausman LM, Rong N, Nicolosi RJ (2005) Hypocholesterolemic effect of
physically refined rice bran oil: studies of cholesterol metabolism and early
atherosclerosis in hypercholesterolemic hamsters. J Nutr Biochem 16: 521-529.
121. Ha TY, Han S, Kim SR, Kim IH, Lee HY, et al. (2005) Bioactive components in
rice bran oil improve lipid profiles in rats fed a high-cholesterol diet. Nutr Res
25: 597–606.
122. Minhajuddin M, Beg ZH, Iqbal J (2005) Hypolipidemic and antioxidant
properties of tocotrienol rich fraction isolated from rice bran oil in experimentally
induced hyperlipidemic rats. Food Chem Toxicol 43: 747-753.
123. Wilson TA, Nicolosi RJ, Woolfrey B, Kritchevsky D (2007) Rice bran oil and
oryzanol reduce plasma lipid and lipoprotein cholesterol concentrations and
aortic cholesterol ester accumulation to a greater extent than ferulic acid in
hypercholesterolemic hamsters. J Nutr Biochem 18: 105–112.

Volume 1 • Issue 1 • 1000107

Citation: Esa NM, Ling TB, Peng LS (2013) By-products of Rice Processing: An Overview of Health Benefits and Applications. J Rice Res 1: 107. doi:
10.4172/jrr.1000107

Page 10 of 11
124. Kennedy A, Menon SD, Suneetha E (2010) Study on effect of rice bran and
sunflower oil blend on human lipid profile. Indian J Applied Pure Bio 25: 375-384.
125. Ghatak SB, Panchal SJ (2012) Anti-hyperlipidemic activity of oryzanol, isolated
from crude rice bran oil, on Triton WR-1339-induced acute hyperlipidemia in
rats. Braz J Pharmacogn 22: 642-648.
126. Ling WH, Cheng QX, Ma J, Wang T (2001) Red and black rice decrease
atherosclerotic plaque formation and increase antioxidant status in rabbits. J
Nutr 131: 1421-1426.
127. Xia M, Ling WH, Ma J, Kitts DD, Zawistowski J (2003) Supplementation of
diets with the black rice pigment fraction attenuates atherosclerotic plaque
formation in apolipoprotein e deficient mice. J Nutr 133: 744-751.

149. Qureshi AA, Qureshi N, Wright JJ, Shen Z, Kramer G, et al. (1991) Lowering of
serum cholesterol in hypercholesterolemic humans by tocotrienols (palmvitee).
Am J Clin Nutr 53: 1021S-1026S.
150. Qureshi AA, Pearce BC, Nor RM, Gapor A, Peterson DM, et al. (1996) Dietary
alpha-tocopherol attenuates the impact of gamma-tocotrienol on hepatic
3-hydroxy-3-methylglutaryl coenzyme A reductase activity in chickens. J Nutr
126: 389-394.
151. Khor HT, Ng TT (2000) Effects of administration of alpha-tocopherol and
tocotrienols on serum lipids and liver HMG CoA reductase activity. Int J Food
Sci Nutr 51 Suppl: S3-11.

128. Rukmini C, Raghuram TC (1991) Nutritional and biochemical aspects of the
hypolipidemic action of rice bran oil: a review. J Am Coll Nutr 10: 593-601.

152. Parker RA, Pearce BC, Clark RW, Gordon DA, Wright JJ (1993) Tocotrienols
regulate cholesterol production in mammalian cells by post-transcriptional
suppression of 3-hydroxy-3-methylglutaryl-coenzyme A reductase. J Biol
Chem 268: 11230-11238.

129. Saunders RM (1985) Rice bran: Composition and potential food uses. Food
Rev Int 1: 465–495.

153. Khor HT, Chieng DY, Ong KK (1995) Tocotrienols inhibit liver HMGCoA
reductase activity in the guinea pig. Nutr Res 15: 537-544.

130. Sharma RD, Rukmini C (1987) Hypocholesterolemic activity of unsaponifiable
matter of rice bran oil. Indian J Med Res 85: 278-281.

154. Qureshi AA, Sami SA, Salser WA, Khan FA (2002) Dose-dependent
suppression of serum cholesterol by tocotrienol-rich fraction (TRF25) of rice
bran in hypercholesterolemic humans. Atherosclerosis 161: 199-207.

131. Yoshino G, Kazumi T, Amano M, Takeiwa M, Yamasaki T, et al. (1989) Effects
of gamma-oryzanol on hyperlipidemic subjects. Curr Ther Res 45: 543-552.
132. Sugano M, Tsuji E (1997) Rice bran oil and cholesterol metabolism. J Nutr
127: 521S-524S.
133. Bergman CJ, Xu Z (2003) Genotype and environment effects on tocopherols,
tocotrienols, and gamma-oryzanol contents of Southern US rice. Cereal Chem
80: 446-449.
134. Rong N, Ausman LM, Nicolosi RJ (1997) Oryzanol decreases cholesterol
absorption and aortic fatty streaks in hamsters. Lipids 32: 303-309.
135. Seetharamaiah GS, Chandrasekhara N (1989) Studies on hypocholesterolemic
activity of rice bran oil. Atherosclerosis 78: 219-223.
136. Swell L, Field H, Treadwell CR (1954) Sterol specificity of pancreatic
cholesterol esterase. Proc Soc Exp Biol Med 87: 216-218.
137. Sakamoto K, Tabata T, Shirasaki K, Inagaki T, Nakayama S (1987) Effects
of gamma-oryzanol and cycloartenol ferulic acid ester on cholesterol diet
induced hyperlipidemia in rats. Jpn J Pharmacol 45: 559-565.

155. Cicero AFG, Derosa G (2005) Rice bran and its main components: potential
role in the management of coronary risk factors. Curr Topics Nutraceutical
Res 3: 29-46.
156. Baliarsingh S, Beg ZH, Ahmad J (2005) The therapeutic impacts of tocotrienols
in type 2 diabetic patients with hyperlipidemia. Atherosclerosis 182: 367-374.
157. Qureshi AA, Sami SA, Khan FA (2002) Effects of stabilized rice bran, its
soluble and fiber fractions on blood glucose levels and serum lipid parameters
in humans with diabetes mellitus Types I and II. J Nutr Biochem 13: 175-187.
158. Fang F, Kang Z, Wong C (2010) Vitamin E tocotrienols improve insulin
sensitivity through activating peroxisome proliferator-activated receptors. Mol
Nutr Food Res 54: 345-352.
159. Li F, Tan W, Kang Z, Wong CW (2010) Tocotrienol enriched palm oil prevents
atherosclerosis through modulating the activities of peroxisome proliferatorsactivated receptors. Atherosclerosis 211: 278-282.

138. Sharma RD (1980) Effect of hydroxy acids on hypercholesterolaemia in rats.
Atherosclerosis 37: 463-468.

160. Siddiqui S, Rashid Khan M, Siddiqui WA (2010) Comparative hypoglycemic
and nephroprotective effects of tocotrienol rich fraction (TRF) from palm oil
and rice bran oil against hyperglycemia induced nephropathy in type 1 diabetic
rats. Chem Biol Interact 188: 651-658.

139. Seetharamaiah
GS,
Chandrasekhara
N
(1993)
Comparative
hypocholesterolemic activities of oryzanol, curcumin and ferulic acid in rats. J
Food Sci Technol 30: 249-252.

161. Cheng HH, Huang HY, Chen YY, Huang CL, Chang CJ, et al. (2010)
Ameliorative effects of stabilized rice bran on type 2 diabetes patients. Ann
Nutr Metab 56: 45-51.

140. Mäkynen K, Chitchumroonchokchai C, Adisakwattana S, Failla M, Ariyapitipun
T (2012) Effect of gamma-oryzanol on the bioaccessibility and synthesis of
cholesterol. Eur Rev Med Pharmacol Sci 16: 49-56.

162. Jenkins DJ, Jenkins AL (1985) Dietary fiber and the glycemic response. Proc
Soc Exp Biol Med 180: 422-431.

141. Sayre RN, Nayyar DK, Saunders RM (1985) Extraction and refining of edible
oil from extrusion-stabilized rice bran. J Amer Oil Chem Soc 62: 1040-1043.

163. Jung EH, Kim SR, Hwang IK, Ha TY (2007) Hypoglycemic effects of a phenolic
acid fraction of rice bran and ferulic acid in C57BL/KsJ-db/db mice. J Agric
Food Chem 55: 9800-9804.

142. Wilson TA, Meservey CM, Nicolosi RJ (1998) Soy lecithin reduces plasma
lipoprotein cholesterol and early atherogenesis in hypercholesterolemic
monkeys and hamsters: beyond linoleate. Atherosclerosis 140: 147-153.

164. Dong H, Kumar M, Zhang Y, Gyulkhandanyan A, Xiang YY, et al. (2006)
Gamma-aminobutyric acid up- and downregulates insulin secretion from beta
cells in concert with changes in glucose concentration. Diabetologia 49: 697-705.

143. Shinomiya M, Morisaki N, Matsuoka N, Izumi S, Saito Y, et al. (1983) Effects of
gamma-oryzanol on lipid metabolism in rats fed high-cholesterol diet. Tohoku
J Exp Med 141: 191-197.

165. Luh BS, Liu YK (1980) Rice flours in baking. Juliano, B.O (ed.) pp. 470-485.

144. Wang HX, Ng TB (1999) Natural products with hypoglycemic, hypotensive,
hypocholesterolemic, antiatherosclerotic and antithrombotic activities. Life Sci
65: 2663-2677.
145. Raghuram TC, Rukmini C (1995) Nutritional significance of rice bran oil. Indian
J Med Res 102: 241-244.
146. Pearce BC, Parker RA, Deason ME, Qureshi AA, Wright JJ (1992)
Hypocholesterolemic activity of synthetic and natural tocotrienols. J Med
Chem 35: 3595-3606.
147. Hood RL, Sidhu GS (1992) Effect of guar gum and tocotrienols on cholesterol
metabolism on the Japanese quail. Nutr Res 12: 117-127.
148. Lichtenstein AH, Ausman LM, Carrasco W, Gualtieri LJ, Jenner JL, et al.
(1994) Rice bran oil consumption and plasma lipid levels in moderately
hypercholesterolemic humans. Arterioscler Thromb 14: 549-556.

J Rice Res
ISSN: JRR, an open access journal

166. Sekhon KS, Dhillon SS, Singh N, Singh B (1997) Functional suitability of
commercially milled rice bran in India for use in different food products. Plant
Foods Hum Nutr 50: 127-140.
167. McCaskill DR, Zhang F (1999) Use of rice bran oil in foods. Food Technol
53:50-54.
168. Sharp CQ, Kitchens KJ (1990) Using rice bran in yeast bread in a home baker.
Cereal Foods World 35: 1021-1024.
169. Orthoefer FT (1996) Rice bran oil: Healthy lipid source. Food Technol 50: 62-64.
170. Nanua JN, McGregor JU, Godber JS (2000) Influence of high-oryzanol rice bran
oil on the oxidative stability of whole milk powder. J Dairy Sci 83: 2426-2431.
171. Kim JS, Godber JS (2001) Oxidative stability and vitamin E levels increased
in restructured beef roast with added rice bran oil. J Food Qual 24: 17–26.
172. Sarkar S (1992) Nutrition of rice bran oil in relation to its purification. J Am Oil
Chem Soc 68: 956-962.

Volume 1 • Issue 1 • 1000107

Citation: Esa NM, Ling TB, Peng LS (2013) By-products of Rice Processing: An Overview of Health Benefits and Applications. J Rice Res 1: 107. doi:
10.4172/jrr.1000107

Page 11 of 11
173. Hammond N (1994) Functional and nutritional characteristics of rice bran
extracts. Cereal Foods World 39: 752-754.

mineral enriched defatted rice bran supplemented cookies. Pakistan J Nutr
8: 571-577.

174. Sharif MK (2009) Rice industrial by-products management for oil extraction
and value added products. Doctor of Philosophy thesis, Degree of Doctor
of Philosophy of Food Technology, National Institute of Food Science and
Technology, University of Agriculture, Faisalabad, Pakistan, 206 p.

179. Ashraf S, Saeed SMG, Sayeed SA, Ali R, Saeed H, et al. (2012) Effect of fatreplacement through rice milling by-products on the rheological and baking
behaviour of dough. Afr J Agric Res 7: 5898-5904.

175. Barber S, Benedito-de BC, Martenz J (1981) Rice bran proteins: potential
value of rice bran fractions as protein food ingredients. Rev Agroquim Technol
Aliment 21: 247-256.
176. Sharma HR, Chauhan GS (2002) Effect of stabilized rice bran-fenugreek
blends on the quality of breads and cookies. J Food Sci Nutr 39: 225-233.
177. Carroll LE (1990) Functional properties and applications of stabilized rice bran
in bakery products. Food Technol 44: 74-76.
178. Sharif MK, Butt MS, Anjum FM, Nawaz H (2009) Preparation of fiber and

180. Tsuji H, Kimoto M, Natori Y (2001) Allergens in major crops. Nutr Res 21:
925-934.
181. Fabian C, Ju YH (2011) A review on rice bran protein: its properties and
extraction methods. Crit Rev Food Sci Nutr 51: 816-827.
182. Mattia A (2012) GRAS Notification for RIBUS, Inc. Ground rice hull. St. Louis,
MO, USA.
183. Glatthar J, Heinisch J, Senn T (2003) The use of unmalted triticale in brewing
and its effect on wort and beer quality. J Am Soc Brew Chem 61: 182–190.
184. Canales AM (1979) Unmalted grains in brewing. In: Pollock, J.R.A. (Ed.),
Brewing Science. Academic Press, London, pp. 233–278.

Submit your next manuscript and get advantages of OMICS
Group submissions
Unique features:
•
•
•

User friendly/feasible website-translation of your paper to 50 world’s leading languages
Audio Version of published paper
Digital articles to share and explore

Special features:

Citation: Esa NM, Ling TB, Peng LS (2013) By-products of Rice Processing: An
Overview of Health Benefits and Applications. J Rice Res 1: 107. doi: 10.4172/
jrr.1000107

J Rice Res
ISSN: JRR, an open access journal

•
•
•
•
•
•
•
•

200 Open Access Journals
15,000 editorial team
21 days rapid review process
Quality and quick editorial, review and publication processing
Indexing at PubMed (partial), Scopus, EBSCO, Index Copernicus and Google Scholar etc
Sharing Option: Social Networking Enabled
Authors, Reviewers and Editors rewarded with online Scientific Credits
Better discount for your subsequent articles

Submit your manuscript at: http://www.omicsonline.org/submission/

Volume 1 • Issue 1 • 1000107

