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Bioactive Rice bran is a by-product produced from the milling and polishing process of rice,

which makes up about 10% of the whole grain. In 2021, the amount of rice bran
produced in Indonesia can reach up to 3 million tons. Researchers have been
intrigued to study rice bran as an ingredient for foods because it is considered
underutilized despite its abundance and functional properties. Rice bran is rich in
nutrients such as fat, protein, dietary fiber, ash, and bioactive compounds. There is
an increase in the use of rice bran following consumers’ search for healthier
consumption. Bioactive compounds in rice bran include phenolic acids, such as
ferulic acid; flavonoids and anthocyanins, such as cyanidin glucoside; steroidal
compounds, such as gamma-oryzanol; gamma-aminobutyric acid (GABA); etc. Rice
bran’s wax contains wax esters and aliphatic alcohols, namely policosanol. Bioactive
compounds in rice bran have been known to have beneficial effects on health as
antioxidants, antidiabetic, and anti-inflammatory agents. The bioactive compounds
of rice bran as well as its antioxidant activity are influenced by rice variety, degree of
milling, and processing method. This paper aims to review the bioactive compounds
of rice bran, including pigmented rice bran, to support the development of functional
foods.

Functional food

Rice bran

Introduction
Rice bran is produced as a by-product of the
dehulling and polishing of rice grains. This process
is intended to produce white rice that is more
likeable in terms of sensory acceptance than brown
rice. High consumption of white rice significantly
increases the risk of type 2 diabetes. The risk is
higher in Asian populations, especially Chinese and
Japanese, than in Western populations due to the
consumption of rice as the staple food for most of
the population (Hu et al., 2012). The nutrient
content of brown rice, such as protein, fat, and
vitamins, is higher than that of white rice; even the
mineral content of potassium is almost three times
higher in brown rice (Saleh et al., 2019). These data
show that polishing the rice or removing the bran
would eliminate of most of the health-promoting
substances.

The rice production in Indonesia last year was
about 31.69 million tons of grain (BPS, 2021)
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making about 3 million tons of rice bran. Rice bran
composes of about 10% of whole-grain (Phongtha
et al., 2017), consisting of pericarp, aleurone, sub-
aleurone, and a small amount of endosperm and
germ (Justo et al., 2013; Sharif et al., 2014). Rice
bran contains 12-22% fat, 11-17% protein, 6-14%
fiber, 10-15% moisture, and 8-17% ash, as well as
anthocyanins in red and black rice bran (Chen et
al., 2012; Pengkumsri et al., 2015). Colored rice
began to gain popularity among consumers as a
healthier alternative to white rice. Colored rice
contains potent antioxidants such as cyanidin
glucoside and peonidin glucoside that have
beneficial effects on health. The color of pigmented
rice bran is a phenolic compound in the rice’s
pericarp, which is part of the rice bran (Ramos et
al., 2022).

Rice bran is a good source of fatty acids that
is dominated by oleic acid, linoleic acid, and
palmitic acid (Phan et al., 2021). The oil fraction
of rice bran contains vitamins, 1.5-2%
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phytosterols, 1.2-1.8% oryzanol, 0.15- 0.2%
tocopherols and tocotrienols (Liang et al., 2014).
Tocotrienols in rice bran are rarely found in other
edible oils (Capellini et al., 2017). Protein in rice
bran is mainly water-soluble protein, and albumin
at the higher percentage (Hu et al., 2019). Rice
bran’s protein is a potential substitute for animal
protein with hypoallergenic properties (Fabian et
al., 2011; Kim et al., 2015). The removal of the
bran exacerbates the lack of dietary fiber in
polished rice. About 27% of total dietary fiber,
24% insoluble dietary fiber, and 3.5% soluble
dietary fiber are contained in rice bran (Nandi et
al., 2019). They are crucial to protect the body
from colon cancer, diabetes, and many more (Yao
et al., 2022). The pigment in colored rice bran
comes from phenolic compounds known to have
antioxidant activity (Ramos et al., 2022).

Because of these compounds, rice bran has a
high potential to be developed as a functional food
ingredient instead of just utilizing it as animal
feed and waste. There is an increased application
of rice bran in the food industry, nutraceuticals,
and pharmaceuticals as there is a change in
consumption patterns toward healthier options
(Gul et al., 2015). The bioactive compounds in
rice bran can be divided into phenolic and
cinnamic acids; flavonoids and anthocyanins;
steroidal compounds; carbohydrate polymers; and
proteins (Friedman, 2013). Other compounds,
such as gamma-aminobutyric acid and policosanol
that are found in rice bran have advantageous
effects on health and well-being. This review
article aims to go through the bioactive
compounds found in rice bran and their health
benefits in the midst of functional foods’ mass
development.

Phenolic and Cinnamic Acids
Phenolic acids in rice bran exist in free soluble,
free conjugated, and bound insoluble forms. Plant
vacuole cells contain free phenolic acids, whereas
soluble esters or conjugates are esterified with
sugars or other low molecular weight compounds.
Additionally, bound forms of phenolic acids are
covalently bound to cellulose, hemicellulose,
lignin, pectin, and protein. The most potent
antioxidant capacity is found in the insoluble,
bound form of phenol. Ferulic acid is rice bran's
most abundant phenolic compound, with high
antioxidant activity (Wang et al., 2015). Most
phenolic acids (more than 80%) in rice bran were
present in bound form (Huang and Lai, 2016).
The separation or extraction of these phenolic
compounds can be done by various techniques,
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such as extracting with water or combinations of
water and organic solvents. This technique only
separates soluble phenolic compounds while
overlooking the bound phenolics, essential for
evaluating rice bran's physicochemical, nutritional
value, etc (Wang et al., 2015). Wang et al. (2015)
used organic solvents to extract phenolic
compounds, which were then separated into four
fractions using silica gel. Setyaningsih et al.
(2015) extracted phenolic compounds using the
microwave at 1000 W power for 20 minutes, and
it was concluded that the microwave application
was suitable for extracting these compounds.

Ferulic acids in black rice bran can be found
in concentrations greater than 4800 g/g dry weight
(DW) and vary depending on rice variety and
milling degree (Zhang et al., 2022). Trans- and
cis-ferulic acid had the highest DPPH and ABTS+
radical scavenging activity (Wang et al., 2015).
Ferulic acid in the black rice bran was more
plentiful than white and red rice bran
(Ghasemzadeh et al., 2018). The study by Zhang
et al. (2022) disclosed that the second most
abundant phenolic acid after ferulic acid was
ferulic acid methyl esters, which are not
commonly reported to be contained in black rice
bran, with an amount of 483.99 pg/g DW.

P-coumaric acid is another abundant phenolic
acid in rice bran that ranges from 16.71 — 33.35
mg/100 g. P-coumaric acid was found in both free
and bound forms in white, red, and black rice bran
(Ghasemzadeh et al., 2018). In line with that,
about 353.29 ug/g DW of p-coumaric acid was in
the black rice bran sample as the third-highest
phenolic compound, followed by protocatechuic
acid (Zhang et al., 2022). Then, about 416 ug/g
DW of p-coumaric acid was found in defatted rice
bran as the second-highest phenolic compound
after ferulic acid (Zhao et al., 2018). The total
phenolic compounds in white and red rice bran are
1.57 and 4.39 mg gallic acid equivalent (GAE)/g,
respectively (Moongngarm et al., 2012).

Other phenolic acids that were known to exist
in rice bran are gallic acid, protocatechuic acid,
chlorogenic acid, p-hydroxybenzoic acid, vanillic
acid, caffeic acid, syringic acid, epicatechin,
vanillin, quercetin, and vanillic acid (Zhao et al.,
2018; Zhang et al., 2022). Cinnamic acid was
identified in both free and bound forms in black
rice bran, while only the free form of cinnamic
acid was found in white and red rice bran.
Cinnamic acid in rice bran ranges from 9.61-
25.53 mg/100 g. Overall, black rice bran was
superior in terms of phenolic compound content
compared to white and red rice bran
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(Ghasemzadeh et al., 2018). The antioxidant
properties of ferulic acid significantly reduced
oxidative stress in rat models that were given a
high-fat diet (Perez-Ternero et al., 2017). The
mechanism that probably takes place is that the
phenolic compound in rice bran reduces lipid
biosynthesis along with increasing the oxidation
of fatty acids in the liver (Zhang et al., 2020).

Flavonoids and Anthocyanins

Like phenolic compounds, flavonoids can be
extracted using organic solvents or a combination
of organic solvents and water. It can also be done
with the assistance of ultrasound, as was done by
Das et al. (2017). The process is called UAE,
which stands for ultrasound-assisted extraction.
Under optimum conditions (temperature, pH,
solvent concentration, and time), UAE produced
more anthocyanin content than to conventional
extraction. MAE has been applied to assist in the
extraction of flavonoids. The optimum conditions
of MAE compared to conventional solvent
extraction required less time and a smaller amount
of solvent to extract the flavonoids (Halee et al.,

2020).
Rice bran contains flavonoids, namely
quercetin, apigenin, catechin, luteolin, and

myricetin. Quercetin, apigenin, and catechin were
found in free and bound form in white, red, and
black rice bran, whereas luteolin and myricetin
were only found in free form. Quercetin total in
rice bran ranges from 2.87-15.55 mg/100 g.
Apigenin in rice bran can be found in the range of
4.22-15.31 mg/100 g. Catechin had the highest
flavonoid compound content, with a whole range
of 8.96-22.05 mg/100 g. Luteolin and myricetin
have a range of 2.35-10.72 and 5.68-12.85
mg/100 g, respectively. Black and white rice bran
have the highest and lowest flavonoid contents
respectively (Ghasemzadeh et al., 2018).

Peanparkdee et al. (2019) study with rice
bran from many cultivars showed that the total
flavonoids in pigmented rice bran (purple) were
almost ten times higher than they are in white rice
bran. The total flavonoids were composed of
rutin, myricetin, and quercetin-3-glucuronide.
Quercetin-3-glucuronide was discovered as the
highest flavonoid compound in an ethanol extract
of pigmented rice bran at a concentration of
163.88 pg/g rice bran. The total flavonoids of
white and pigmented rice bran were 20.33 and
167.40 pg/g rice bran, respectively.

Total flavonoid, free flavonoid, and bound
flavonoid in rice bran are about 40.15-240.88;
28.52-135.18; and 11.63-105.70 mg quercetin
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equivalent (QE)/100 g, respectively. On the other
hand, red rice bran contains multiple times more
total flavonoid, free flavonoid, and bound
flavonoid in the amount of 332.98-457.00;
218.24-324.92; and 85.51-238.75 mg QE/100 g,
respectively, compared to white rice bran. Then,
black rice bran contains the highest total
flavonoid, free flavonoid, and bound flavonoid in
the amounts of 452.08-823.88; 340.78-526.68;
and 111.30-297.20 mg QE/100 g, respectively
(Ghasemzadeh et al., 2018).

The two most abundant anthocyanins found
in rice bran are cyanidin-3-glucoside and
peonidin-3-glucoside. About 88% and 67% of the
total anthocyanins in black and red rice,
respectively, are from cyanidin-3-glucoside,
followed by peonidin-3-glucoside. Cyanidin-3-
glucoside and peonidin 3-glucoside vary amongst
rice varieties, ranging from 0-470 and 0-40
mg/100 g, respectively (Deng et al., 2013).
Anthocyanins in white rice bran were the lowest,
with a number of 2.18-10.72 mg cyanidin-3-
glucoside equivalent (Cy3-GE)/100 g.
Anthocyanins found in red rice bran were about
twenty-five times higher than they are in white
rice bran, in the amount of 51.88-77.87 mg Cy3-
GE/100 g. Black rice bran has the highest
anthocyanin content, ranging from 84.04-294.62
mg Cy3-GE/100 g (Ghasemzadeh et al., 2018).

Proanthocyanidin is the main pigment of red
rice, whereas cyanidin-3-glucoside and peonidin-
3-glucoside are the main contributors to black rice
pigment. Proanthocyanidins were not detected in
black rice bran, while they were found in the
amount of 0.75-19.13 mg catechin equivalent/g
dry matter. Total anthocyanins in some of the
black rice varieties were 0.20-11.27 mg Cy3-
GE/g dry matter. Black rice bran had multiple
times more anthocyanin content compared to red
rice bran (Huang and Lai, 2016). Anthocyanins of
rice bran have been known for their health
benefits, one of them is anti-cancer for prostate
cancer by reducing enzyme activity in PC3 cells
(Jongsomchai et al., 2020). Anthocyanins from
black rice bran have antidiabetic properties by
inhibiting the enzyme that catalyzes the release of

glucose entering the hexosamine pathway
(Bhuyan et al., 2020).
Steroidal Compounds
As stated before, rice bran oil (RBO) is

considered excellent as it contains a good profile
of fatty acids. RBO is also considered a “healthy
oil” with its bioactive compounds (Fraterrigo et
al., 2021). The oil fraction of rice bran contains



Miftahurrahmi et al. Advances in Food Science, Sustainable Agriculture and Agroindustrial Engineering 2023 | Special Issue | 86-94

1.2-1.8% gamma-oryzanol (y-oryzanol) (Liang et
al., 2014). Rice bran has the highest content of
gamma-oryzanol among edible oils. Chemically,
gamma-oryzanol is a mixture of a ferulic acid
ester with phytosterol and triterpene alcohol
(steryl ferulic). Steryl ferulic in RBO is composed
of campesterol, B-sitosterol, cycloartenol, and 24-
metilenecycloartenol ester (Lemus et al., 2014).

Gamma-oryzanol exists in the non-polar
fraction of rice bran, especially in RBO. The
extraction of this compound requires non-polar
solvents such as hexane, isopropanol, chloroform,
etc. Research by Heidtmann-Bemvenuti, Nora and
Badiale-Furlong (2012) revealed that extraction
using hexane:isopropanol with the ratio 1:3 (v/v)
at 40 °C produced high gamma-oryzanol content.
The RBO extraction has been done using
subcritical carbon dioxide Soxhlet (SCDS)
extraction. This process showed higher oxidative
stability of RBO with about a 10-fold higher
content of tocopherols, tocotrienols, and oryzanols
compared to RBO extracted with hexane (Chia et
al.,, 2015). The use of alcalase in aqueous
enzymatic extraction (AEE) produced higher
contents of tocopherol, tocotrienol, and oryzanol
than Soxhlet extraction (Xu et al., 2021).

Many studies have revealed gamma-oryzanol
and its benefits to health, such as anti-
inflammation, anti-hyperlipidemia, anti-
carcinogenicity, and many more (Lemus et al.,
2014; Gul et al., 2015). The antioxidant activity of
oryzanol is ten times higher than that of
tocopherol. Crude RBO has about 15 g/kg of
gamma-oryzanol, and the amount can be reduced
during processing, such as degumming and
dewaxing of RBO (Friedman, 2013; Gul et al.,
2015). White and red rice bran contains gamma-
oryzanol in amounts of 3.5 and 8.58 mg/g,
respectively (Moongngarm et al., 2012). Black
rice bran has an amount of 10.92-12.89% of
RBO, which varies among rice varieties
(Pengkumsri et al., 2015).

Besides gamma-oryzanol, RBO contains
vitamin E derivatives, namely tocopherol and
tocotrienol. The majority of tocopherol exists as
a- and y-tocopherol, whereas tocotrienol exists as
y-tocotrienol. Rice bran contains tocotrienol,
which is rarely found in edible oils (Capellini et
al., 2017). Tocotrienol has neuroprotective,
antioxidant, anticancer, and cholesterol-lowering
properties. It has 40-60 times higher levels of
antioxidant activity than a-tocopherol (Alauddina
et al., 2017). White rice bran has both a- and vy-
tocopherol of more than 40 pg/g. Red rice bran
contains approximately 44 and 25 pg/g of a- and
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y-tocopherol, respectively (Moongngarm et al.,
2012). Total tocols in black rice bran is 0.29 mg/g,
composed of 40.7% a-tocopherol; 23.2% a-
tocotrienol; 8.9% vy-tocopherol; and 27.2% -
tocotrienol (Zhang et al., 2013).

Some studies go into how these compounds
interacted if exist together. According to research,
a-tocopherol reduces tocotrienol’s triglyceride-
lowering and cholesterol-lowering properties
(Shibata et al., 2016). According to the findings of
Liu et al. (2021), a binary mixture can have an
antagonistic or synergistic interaction depending
on the ratio and concentration of these minor
substances, such as a-tocopherol, which did not
work well with gamma-oryzanol.

Polymeric Carbohydrates

Polished rice has a poor dietary content because
rice bran is discarded. Rice bran’s dietary fiber is
dominated by insoluble dietary fiber and consists
of cellulose, hemicellulose, and lignin with low
solubility (Liu et al., 2021). Rice bran also
contains arabinoxylan, which is a non-starch
polysaccharide derived from cereals and has many
functions that are related to health (Chen et al.,
2019). Many studies utilized arabinoxylan from
rice bran to reveal its effects on some diseases,
such as cancer (Pérez-Martinez et al., 2015; El-
Din et al., 2020; Ooi et al., 2020), and also
revealed that its interaction with gut microbiota is
beneficial to human health (Chen et al., 2019).
Arabinoxylan is extracted from rice bran and
requires enzymes and various reagents to separate
it from fat, starch, and hemicellulose. The
hemicellulose A can be obtained by reducing the
pH of de-oiled and de-starched rice bran to 4.0—
4.5 (Lietal., 2021).

Hemicellulose has the second-highest content
among the dietary fibers, at about 20-35%.
Hemicellulose is advantageous for use in the food,
medicine, and energy industries because it is
highly branched and amorphous, allowing it to be
easily converted (Luo et al., 2019). Beta-glucan
(B-glucan) is a type of soluble fiber found in
cereals, oats, and a variety of bacteria and fungi.
Beta-glucan acts as a prebiotic that is important to
boost microbiota in the gastrointestinal tract,
which will affect the immune system. It will be
further beneficial for preventing or as a therapy
for diabetes mellitus (Jayachandran et al., 2018).

Other Compounds

Another compound that exists in rice bran is
gamma-aminobutyric acid (GABA). Rice bran
contains an enzyme called glutamic acid
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decarboxylase (GAD), which converts glutamic
acid residue to GABA. GABA is a non-protein
amino acid found in bacteria, plants, and other
vertebrates. GAD in rice bran acts as a potential
source that produces GABA that helps with brain
function, depression disorders, and blood
pressure.  Anaerobic treatment with 30%
electrolyzed oxidizing water for 5 hours at 40 °C
and 5 mM glutamic acid added produced
approximately 523 mg/100 g of GABA from rice
bran (Kim et al., 2015). GABA can be obtained
with ultrasound and solvents, such as water and
ethanol (Kim et al., 2013).

Pokkanta et al. (2019) reported bioactive
compounds found in rice bran, including squalene,
in of 3189 pg/g. RBO also consists of wax, which
is a waste of wax esters and aliphatic alcohols
such as policosanol. The main components of the
policosanol mixture are 66% octacosanol, 12%
triacontanol, 7% hexocosanol, and 15% of other
alcohols, namely tetracosanol, heptacosanol,
nonacosanol, and tetratriacontanol Policosanol
supports human health in areas such as anti-aging,
fat-lowering, cell regeneration, Parkinson’s
disease, inflammation, and cancer (Shen, Luo and
Lin, 2019). The crude wax from RBO improved
the oxidative stability and properties of oleogel
(Wang et al., 2021). The amount of policosanol in
rice bran and bran’s wax is 9.81 g/100 g of rice
bran and 10.82 ¢/100 g of bran’s wax,
respectively (Ishaka et al., 2014). This compound
is extracted after the wax separates from RBO
using petroleum ether and NaOH, assisted by
sonication. The yellowish middle layer is
policosanol, while the upper and lower layers are
the petroleum ether layer and NaOH layer,
respectively (Ishaka et al., 2014).

Peptides consist of short-chain amino acids
(2-9) linked by peptide bonds that generate
distinctive  functional properties related to
physiological functions (Wang et al., 2017;
Shobako and Ohinata, 2020). Functional peptides
such as Leu-Arg-Ala, Tyr-Tyr, and Tyr-Ser-Lys
are beneficial peptides derived from rice bran
protein that are functional as anti-hypertensives
(Shobako and Ohinata, 2020). The peptide
fraction of rice bran has antioxidant activity
(Mineo et al., 2021). On molecular docking
simulation, pentapeptides of Glu-Aln-Arg-Pro-
Arg isolated from rice bran proteins exhibit anti-
COVID-19 activity and indicate anticancer
activity (Gasymov et al., 2021). The study
conducted by Wattanasiritham et al. (2016)
showed the isolation of antioxidant peptides from
rice bran hydrolysates. RP-HPLC fractionated the
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lyophilized rice bran hydrolysates, and the elution
fractions were collected to obtain peptides.

Factors Affecting Bioactive Compounds In Rice
Bran

The amount, ratio, bioavailability, and bioactivity
of bioactive compounds differ greatly based on
many factors. Rice varieties, milling degree and
method, pre-treatment, and other processing all
have an impact on the attribute and composition
of rice bran, such as its physicochemical
properties and bioactive compound content (Gul
et al., 2015; Kalpanadevi et al., 2018; Kaur et al.,
2021). The bioactive compounds are diverse
among rice varieties, as shown by Huang and Lai
(2016) where Tailabang black waxy rice bran has
the highest total anthocyanins. The study also
concluded that the degree of milling affects the
rice bran’s bioactive composition, where the outer
bran has high proanthocyanidins. Black rice bran
has a thicker layer than red rice bran and thus
requires a higher degree of milling to eliminate fat
content. Removing the bran will also degrade the
protein content of black rice and the bran in
particular (Paiva et al., 2014).

The pre-treatment of rice bran, including the
stabilization process, also affects the bioactive
profiles of rice bran. Rice bran has a high-fat
content and will be easily degraded because of
endogenous lipase. This lipase can catalyze
hydrolytic and oxidative oxidation that causes off-
flavors and limits the utilization of rice bran (Liu
et al., 2019). The stabilization process using a
microwave at 78 °C for 6 minutes could retain the
mineral composition of rice bran (Faria et al.,
2012). Other processing methods used by Kim et
al. (2014), such as dry-heating, freeze-drying, and
autoclaving, affect free fatty acids and improve
bioactive compound availability.

Unfortunately, there are not only favorable
effects caused by processing, depending on the
method of processing, but it can also lead to the
opposite effects. The research by Zhao et al.
(2022) revealed that soaking, heating, and high
hydrostatic pressure could bring down the
flavonoid contents of rice bran. Although it was
said that phenolic content was increasing, those
treatments caused diverse effects if applied
together. The fermentation process could also
boost the rice bran’s bioactive compounds. The
fermentation  process can produce many
substances that are beneficial to health, such as
amino acids, phenolic acids, and vitamins,
subsequently increasing rice bran’s antioxidant
activity (Jung et al., 2017; Nisa et al., 2019).
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Conclusion

Rice bran contains bioactive compounds that
have the potential to go much further than has
been done thus far. It contains phenolic acids,
flavonoids, anthocyanins, polymeric
carbohydrates, GABA, etc., that were disclosed by
many studies to have advantageous effects on
health. Other than conventional solvent methods,
green technology can be applied, such as UAE
and MAE for compound separation from rice
bran. In application, rice bran will go through
processing that will affect the final product’s
bioactive compounds. It is critical to choose rice
varieties, milling, and processing methods as they
will determine the bioactive substance content at
the end.

Acknowledgement

We would like to thank the Faculty of
Agricultural Technology, Universitas Brawijaya
for funding the writing of this review article.

Declarations

Conflict of interests The authors declare no competing
interests.

Open Access This Article is licensed under a Creative
Commons Attribution-ShareAlike 4.0 International
License that allows others to use, share, adapt,
distribute and reproduce the work in any medium or
format with an acknowledgment to the original
author(s) and the source. Publication and distribution
of the work in the institutional repository or in a book
are permessible as long as the author give an
acknowledgment of its initial publication in this
journal. To view a copy of this licence, visit
https://creativecommons.org/licenses/by-sa/4.0/

References

Alauddina, M., Islama, J., Shirakawaa, H., Kosekib, T,
Ardiansyahc, and Komaia, M. (2017) ‘Rice bran
as a functional food: An overview of the
conversion of rice bran into a
superfood/functional food’ in Waisundara, V.Y.
and Shiomi N. (eds.) Superfood and Functional
Food, London: InTech, pp. 291-305

Bhuyan, P., Sarma, S., Ganguly, M., Hazarika, J., and
Mahanta, R. (2020) ‘Glutamine: Fructose-6-
phosphate aminotransferase (GFAT) inhibitory
activity of the anthocyanins present in black rice
bran: A probable mechanism for the anti diabetic
effect’, Journal of Molecular Structure, 1222, pp
1-8

BPS. (2021) ‘Luas Panen dan Produksi Padi di
Indonesia 2021 (Angka Sementara)’. Jakarta: BPS
[In Indonesian]

Capellini, M.C., Giacomini, V., Cuevas, M.S., and

91

ISSN 2622-5921
Rodrigues, C.E.C. (2017) ‘Rice bran oil
extraction using alcoholic solvents:

Physicochemical characterization of oil and
protein fraction functionality’, Industrial Crops
and Products, 104, pp. 133-143

Chen, H., Chen, Z., Fu, Y., Liu, J., Lin, S., Zhang, Q.,
Liu, Y., Wu, D, Lin, D., Han, G., Wang, L., and
Qin, W. (2019) ‘Structure, antioxidant, and
hypoglycemic  activities of  arabinoxylans
extracted by multiple methods from triticale’,
Antioxidants, 8(584), pp. 1-15

Chen, X.Q., Nagao, N., Itani, T., and Irifune, K. (2012)
‘Anti-oxidative analysis, and identification and
guantification of anthocyanin pigments in
different coloured rice’, Food Chemistry, 135(4),
pp. 2783-2788

Chen, Z., Li, S., Fu, Y., Li, C., Chen, D., and Chen, H.
(2019) ‘Arabinoxylan structural characteristics,
interaction with gut microbiota and potential
health functions’, Journal of Functional Foods,
54, pp. 536-551

Chia, S.L., Boo, H.C., Muhamad, K., Sulaiman, R.,
Umanan, F., and Chong, G.H. (2015) ‘Effect of
subcritical carbon dioxide extraction and bran
stabilization methods on rice bran oil’, Journal of
the American Oil Chemists’ Society, 92(3), pp.
393-402

Das, A.B., Goud, V. V., and Das, C. (2017) ‘Extraction
of phenolic compounds and anthocyanin from
black and purple rice bran (Oryza sativa L.) using
ultrasound: A  comparative analysis and
phytochemical profiling’, Industrial Crops and
Products, 95, pp. 332-341

Deng, G.F., Xu, X.R., Zhang, Y., Li, D., Gan, R.Y.,
and Li, H. Bin. (2013) ‘Phenolic compounds and
bioactivities of pigmented rice’, Critical Reviews
in Food Science and Nutrition, 53(3), pp. 296—
306

El-Din, N.K.B., Ali, D.A., Othman, R., French, S.\W.,
and Ghoneum, M. (2020) ‘Chemopreventive role
of arabinoxylan rice bran, MGN-3/Biobran, on
liver carcinogenesis in rats’, Biomedicine and
Pharmacotherapy, 126, pp. 1-10

Fabian, C., Ayucitra, A., Ismadji, S., and Ju, Y.H.
(2011) ‘Isolation and characterization of starch
from defatted rice bran’, Journal of the Taiwan
Institute of Chemical Engineers, 42(1), pp. 86-91

Faria, S.A. dos S.C., Bassinello, P.Z., and Penteado, M.
de V.C. (2012) ‘Nutritional composition of rice
bran submitted to different stabilization
procedures’, Brazilian Journal of Pharmaceutical
Sciences, 48(4), pp. 652-657

Fraterrigo Garofalo, S., Tommasi, T., and Fino, D.
(2021) ‘A short review of green extraction
technologies for rice bran oil’, Biomass
Conversion and Biorefinery, 11(2), pp. 569-587

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(45), pp. 10626-10641



Miftahurrahmi et al. Advances in Food Science, Sustainable Agriculture and Agroindustrial Engineering 2023 | Special Issue | 86-94

Gasymov, O.K., Celik, S., Agaeva, G., Akyuz, S.,
Kecel-Gunduz, S., Qocayev, N.M., Ozel, A.E.,
Agaeva, U., Bakhishova, M., and Aliyev, J.A.
(2021) ‘Evaluation of anti-cancer and anti-covid-
19 properties of cationic pentapeptide Glu-Glin-
Arg-Pro-Arg, from rice bran protein and its D-
isomer analogs through molecular docking
simulations’, Journal of Molecular Graphics and
Modelling, 108, pp. 1-15

Ghasemzadeh, A., Karbalaii, M.T., Jaafar, H.Z.E., and
Rahmat, A. (2018) ‘Phytochemical constituents,
antioxidant  activity, and  antiproliferative
properties of black, red, and brown rice bran’,
Chemistry Central Journal, 12(1), pp. 1-13

Gul, K., Yousuf, B., Singh, A.K., Singh, P., and Wani,
A.A. (2015) ‘Rice bran: Nutritional values and its
emerging potential for development of functional
food - A review’, Bioactive Carbohydrates and
Dietary Fibre, 6(1), 24-30

Halee, A., Supavititpatana, P., Ruttarattanamongkol,
K., littrepotch, N., Rojsuntornkitti, K., and
Kongbangkerd, T. (2020) ‘Optimisation of the
microwave-assisted  extraction  of  natural
antioxidants from defatted black rice bran of
Oryza sativa L. CV. homnin’, Journal of
Microbiology, Biotechnology and Food Sciences,
9(6), pp. 1134-1140

Heidtmann-Bemvenuti, R., Nora, N.S., and Badiale-
Furlong, E. (2012) ‘Extraction of y -oryzanol
from rice bran’, Ciencia e Agrotecnologia, 36(6),
pp. 665-673

Hu, E.A,, Pan, A., Malik, V., and Sun, Q. (2012)
‘White rice consumption and risk of type 2
diabetes: Meta-analysis and systematic review’,
British Medical Journal, 344, pp. 1-9

Hu, Z., Qiu, L., Sun, Y., Xiong, H., and Ogra, Y.
(2019) ‘Improvement of the solubility and
emulsifying properties of rice bran protein by
phosphorylation with sodium trimetaphosphate’,
Food Hydrocolloids, 96, pp. 288-299

Huang, Y.P., and Lai, HM. (2016) ‘Bioactive
compounds and antioxidative activity of colored
rice bran’, Journal of Food and Drug Analysis,
24(3), pp. 564-574

Ishaka, A., Imam, M.U., Mahamud, R., Zuki, A.B.Z.,
and Maznah, 1. (2014) ‘Characterization of rice
bran wax policosanol and its nanoemulsion
formulation’, International Journal of
Nanomedicine, 9, pp. 2261-2269

Jayachandran, M., Chen, J., Chung, S.S.M., and Xu, B.
(2018) ‘A critical review on the impacts of -
glucans on gut microbiota and human health’,
Journal of Nutritional Biochemistry, 61, pp. 101-
110

Jongsomchai, K., Leardkamolkarn, V., and
Mahatheeranont, S. (2020) ‘A rice bran
phytochemical, cyanidin 3-glucoside, inhibits the
progression of PC3 prostate cancer cell’, Anatomy
& Cell Biology, 53(4), pp. 481-492

Jung, T.D., Shin, G.H., Kim, J.M., Choi, S. Il, Lee,
JH., Lee, S.J., Park, S.J.,, Woo, K.S., Oh, S.K,,

92

ISSN 2622-5921

and Lee, O.H. (2017) ‘Comparative analysis of y-
oryzanol, B-glucan, total phenolic content and
antioxidant activity in fermented rice bran of
different varieties’, Nutrients, 9(6), pp. 1-12

Justo, M.L., Rodriguez—Rodriguez, R., Claro, C.M.,
Alvarez De Sotomayor, M., Parrado, J., and
Herrera, M.D. (2013) ‘Water-soluble rice bran
enzymatic extract attenuates dyslipidemia,
hypertension and insulin resistance in obese
Zucker rats’, European Journal of Nutrition,
52(2), pp. 789-797

Kalpanadevi, C., Singh, V., and Subramanian, R.
(2018) ‘Influence of milling on the nutritional
composition of bran from different rice varieties’,
Journal of Food Science and Technology, 55(6),
pp. 2259-2269

Kaur, A., Virdi, A.S., Singh, N., Singh, A., and Kaler,
R.S.S. (2021) ‘Effect of degree of milling and
defatting on proximate composition, functional
and texture characteristics of gluten-free muffin
of bran of long-grain indica rice cultivars’, Food
Chemistry, 345, pp. 1-13

Kim, H.S., Lee, E.J., Lim, S.T., and Han, J.A. (2015)
‘Self-enhancement of GABA in rice bran using
various stress treatments’, Food Chemistry, 172,
pp. 657-662

Kim, J.Y., Seo, W.D., Park, D.S., Jang, K.C., Choi,
KJ., Kim, S.Y., Oh, S.H,, Ra, J.E., Yi, G., Park,
S.K,, Hwang, U.H., Song, Y.C., Park, B.R., Park,
M.J., Kang, HW., Nam, M.H., and Han, S.I.
(2013) ‘Comparative studies on major nutritional
components of black waxy rice with giant
embryos and its rice bran’, Food Science and
Biotechnology, 22, pp. 121-128

Kim, S.M., Chung, H.J., and Lim, S.T. (2014) ‘Effect
of various heat treatments on rancidity and some
bioactive compounds of rice bran’, Journal of
Cereal Science, 60(1), pp. 243-248

Lemus, C., Angelis, A., Halabalaki, M., and
Skaltsounis, A.L. (2014) ‘Chapter 32 - -
Oryzanol: An Attractive Bioactive Component
from Rice Bran’ in Watson, C., Preedy, V.R., and
Zibadi S. (eds.) Wheat and Rice in Disease
Prevention and Health, Elsevier Inc., pp. 409-430

Li, S., Chen, H., Cheng, W., Yang, K., Cai, L., He, L.,
Du, L., Liu, Y., Liu, A, Zeng, Z., and Li, C.
(2021) ‘Impact of arabinoxylan on characteristics,
stability and lipid oxidation of oil-in-water
emulsions: Arabinoxylan from wheat bran, corn
bran, rice bran, and rye bran’, Food Chemistry,
358, pp. 1-12

Liang, Y., Gao, Y., Lin, Q., Luo, F., Wu, W., Lu, Q.,

and Liu, Y. (2014) ‘A review of the research

progress on the bioactive ingredients and

physiological activities of rice bran oil’, European

Food Research and Technology, 238(2), pp. 169-

176

R., Xu, Y., Chang, M., Tang, L., Lu, M., Liu,

Ruijie, Jin, Q., and Wang, X. (2021) ‘Antioxidant

interaction of a-tocopherol, y-oryzanol and

phytosterol in rice bran oil’, Food Chemistry, 343,

Liu,



Miftahurrahmi et al. Advances in Food Science, Sustainable Agriculture and Agroindustrial Engineering 2023 | Special Issue | 86-94

pp. 1-8
Liu, Y., Zhang, H., Yi, C., Quan, K., and Lin, B.
(2021)  ‘Chemical  composition,  structure,

physicochemical and functional properties of rice
bran dietary fiber modified by cellulase
treatment’, Food Chemistry, 342, pp. 1-9

Liu, Y.Q., Strappe, P., Zhou, Z.K., and Blanchard, C.
(2019) ‘Impact on the nutritional attributes of rice
bran following various stabilization procedures’,
Critical Reviews in Food Science and Nutrition,
59(15), pp. 2458-2466

Luo, Y., Li, Z, Li, X., Liu, X., Fan, J., Clark, J.H., and
Hu, C. (2019) ‘The production of furfural directly
from hemicellulose in lignocellulosic biomass: A
review’, Catalysis Today, 319, pp. 14-24

Mineo, S., Takahashi, N., Yamada-Hara, M., Tsuzuno,
T., Aoki-Nonaka, Y., and Tabeta, K. (2021) ‘Rice
bran-derived protein  fractions  enhance
sulforaphane-induced anti-oxidative activity in
gingival epithelial cells’, Archives of Oral
Biology, 129, pp. 1-8

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, pp.
73-79

Nandi, I., Sengupta, A., and Ghosh, M. (2019) ‘Effects
of dietary fibers extracted from defatted sesame
husk, rice bran & flaxseed on hypercholesteremic
rats’, Bioactive Carbohydrates and Dietary Fibre,
17, pp. 1-9

Nisa, K., Rosyida, V.T., Nurhayati, S., Indrianingsih,
A.W., Darsih, C., and Apriyana, W. (2019) ‘Total
phenolic contents and antioxidant activity of rice
bran fermented with lactic acid bacteria’, 10OP
Conference Series: Earth and Environmental
Science, 251(1), pp. 1-9

Ooi, S.L., Pak, S.C., Micalos, P.S., Schupfer, E.,
Zielinski, R., Jeffries, T., Harris, G., Golombick,
T., and McKinnon, D. (2020) ‘Rice bran
arabinoxylan compound and quality of life of
cancer patients (RBAC-Qol): Study protocol for
a  randomized  pilot feasibility  trial’,
Contemporary Clinical Trials Communications,
19, pp. 1-9

Paiva, F.F., Vanier, N.L., Berrios, J.D.J., Pan, J,
Villanova, F. de A., Takeoka, G., and Elias, M.C.
(2014)  ‘Physicochemical and  nutritional
properties of pigmented rice subjected to different
degrees of milling’, Journal of Food Composition
and Analysis, 35(1), pp. 10-17

Peanparkdee, M., Patrawart, J., and Iwamoto, S. (2019)
‘Effect of extraction conditions on phenolic
content, anthocyanin content and antioxidant
activity of bran extracts from Thai rice cultivars’,
Journal of Cereal Science, 86, pp. 86-91

Pengkumsri, N., Chaiyasut, C., Saenjum, C., Sirilun,
S., Peerajan, S., Suwannalert, P., Sirisattha, S.,
and Sivamaruthi, B.S. (2015) ‘Physicochemical
and antioxidative properties of black, brown and
red rice varieties of northern Thailand’, Food

93

ISSN 2622-5921

Science and Technology, 35(2), pp. 331-338

Pengkumsri, N., Chaiyasut, C., Sivamaruthi, B.S.,
Saenjum, C., Sirilun, S, Peerajan, S,
Suwannalert, P., Sirisattha, S., Chaiyasut, K., and
Kesika, P. (2015) ‘The influence of extraction
methods on composition and antioxidant
properties of rice bran oil’, Food Science and
Technology, 35(3), pp. 493-501

Pérez-Martinez, A., Valentin, J., Fernandez, L.,
Hernandez-Jiménez, E., Ldpez-Collazo, E.,
Zerbes, P., Schworer, E., Nufiéz, F., Martin, 1.G.,
Sallis, H., Diaz, M.A., Handgretinger, R., and
Pfeiffer, M.M. (2015) ‘Arabinoxylan rice bran
(MGN-3/Biobran) enhances natural Killer cell-
mediated cytotoxicity against neuroblastoma
invitro and invivo’, Cytotherapy, 17(5), pp. 601—
612

Perez-Ternero, C., Werner, C.M., Nickel, A.G.,,
Herrera, M.D., Motilva, M.J., Bohm, M., Alvarez
de Sotomayor, M., and Laufs, U. (2017) ‘Ferulic
acid, a bioactive component of rice bran,
improves oxidative stress and mitochondrial
biogenesis and dynamics in mice and in human
mononuclear cells’, Journal of Nutritional
Biochemistry, 48, pp. 51-61

Phan, V.M., Tran, H.C., and Sombatpraiwan, S. (2021)
‘Rice bran oil extraction with mixtures of ethanol
and hexane’, Songklanakarin Journal of Science
and Technology, 43(3), pp. 630-637

Phongthai, S., Homthawornchoo, W., and Rawdkuen,
S. (2017) ‘Preparation, properties and application
of rice bran protein: A review’, International
Food Research Journal, 24(1), pp. 25-34

Pokkanta, P., Sookwong, P., Tanang, M., Setchaiyan,
S., Boontakham, P., and Mahatheeranont, S.
(2019) ‘Simultaneous determination of tocols, y-
oryzanols, phytosterols, squalene, cholecalciferol
and phylloguinone in rice bran and vegetable oil
samples’, Food Chemistry, 271, pp. 630-638

Ramos, A.H., Timm, N. da S., Rockenbach, B.A.,
Ferreira, C.D., Hoffmann, J.F., and Oliveira, M.
de. (2022) ‘Red rice drying and storage: Effects
on technological properties and phenolic
compounds of the raw and cooked grains’,
Journal of Cereal Science, 103, pp. 1-9

Saleh, A.S.M., Wang, P., Wang, N., Yang, L., and
Xiao, Z. (2019) ‘Brown rice versus white rice:
nutritional quality, potential health benefits,
development of food products, and preservation
technologies’, Comprehensive Reviews in Food
Science and Food Safety, 00, pp. 1-27

Setyaningsih, W., Saputro, LE., Palma, M., and
Barroso, C.G. (2015) ‘Optimisation and
validation of the microwave-assisted extraction of
phenolic compounds from rice grains’, Food
Chemistry, 169, pp. 141-149

Sharif, M.K., Butt, M.S., Anjum, F.M., and Khan, S.H.
(2014) ‘Rice bran: A novel functional ingredient’,
Critical Reviews in Food Science and Nutrition,
54(6), pp. 807-816

Shen, J., Luo, F., and Lin, Q. (2019) ‘Policosanol:



Miftahurrahmi et al. Advances in Food Science, Sustainable Agriculture and Agroindustrial Engineering 2023 | Special Issue | 86-94

Extraction and biological functions’, Journal of
Functional Foods, 57, pp. 351-360

Shibata, A., Kawakami, Y., Kimura, T., Miyazawa, T.,
and Nakagawa, K. (2016) ‘a-Tocopherol
attenuates the triglyceride- and cholesterol-
lowering effects of rice bran tocotrienol in rats fed
a western diet’, Journal of Agricultural and Food
Chemistry, 64(26), pp. 5361-5366

Shobako, N., and Ohinata, K. (2020) ‘Anti-
hypertensive effects of peptides derived from rice
bran protein’, Nutrients, 12(10), pp. 1-11

Wang, N., Chen, J., Zhou, Q., Jiang, L., Wang, L., Dai,
Y., Yu, D., and Elfalleh, W. (2021) ‘Crude wax
extracted from rice bran oil improves oleogel
properties and oxidative stability’, European
Journal of Lipid Science and Technology, 123(6),
pp. 1-8

Wang, W., Guo, J., Zhang, J., Peng, J., Liu, T., and
Xin, Z. (2015) ‘Isolation, identification and
antioxidant activity of bound phenolic compounds
present in rice bran’, Food Chemistry, 171, pp.
40-49

Wang, X., Chen, H., Fu, X., Li, S., and Wei, J. (2017)
‘A novel antioxidant and ACE inhibitory peptide
from rice  bran  protein: Biochemical
characterization and molecular docking study’,
LWT - Food Science and Technology, 75, pp. 93—
99

Wattanasiritham, L., Theerakulkait, C.,
Wickramasekara, S., Maier, C.S., and Stevens,
JF. (2016) ‘Isolation and identification of
antioxidant ~ peptides  from  enzymatically
hydrolyzed rice bran protein’, Food Chemistry,
192, pp. 156-162

Xu, D., Hao, J., Wang, Z., Liang, D., Wang, J., Ma, Y.,
and Zhang, M. (2021) ‘Physicochemical

94

ISSN 2622-5921

properties, fatty acid compositions, bioactive
compounds, antioxidant activity and thermal
behavior of rice bran oil obtained with aqueous
enzymatic extraction’, Lwt, 149, pp. 1-8

Yao, W., Gong, Y., Li, L., Hu, X, and You, L. (2022)
‘The effects of dietary fibers from rice bran and
wheat bran on gut microbiota: An overview’,
Food Chemistry: X, 13, pp. 1-11

Zhang, R., Ma, Q., Tong, X., Liu, L., Dong, L., Huang,
F., Deng, Y., Jia, X., Chi, J., and Zhang, M.
(2020) ‘Rice bran  phenolic extract
supplementation ameliorates impaired lipid
metabolism in high-fat-diet fed mice through
AMPK activation in liver’, Journal of Functional
Foods, 73, pp. 1-9

Zhang, S., Ma, Q., Dong, L., Jia, X., Liu, L., Huang, F.,
Liu, G., Sun, Z., Chi, J., Zhang, M., and Zhang,
R. (2022) ‘Phenolic profiles and bioactivities of
different milling fractions of rice bran from black
rice’, Food Chemistry, 378, pp. 1-9

Zhang, X., Shen, Y., Prinyawiwatkul, W., King, J.M.,
and Xu, Z. (2013) ‘Comparison of the activities of
hydrophilic anthocyanins and lipophilic tocols in
black rice bran against lipid oxidation’, Food
Chemistry, 141(1), pp. 111-116

Zhao, G., Hu, M., Lu, X., and Zhang, R. (2022)
‘Soaking, heating and high hydrostatic pressure
treatment degrade the flavonoids in rice bran’,
Lwt, 154, pp. 1-9

Zhao, G., Zhang, R., Dong, L., Huang, F., Liu, L.,
Deng, Y., Ma, Y., Zhang, Y., Wei, Z., Xiao, J.,
and Zhang, M. (2018) ‘A comparison of the
chemical composition, in vitro bioaccessibility
and antioxidant activity of phenolic compounds
from rice bran and its dietary fibres’, Molecules,
23(1), pp. 1-14



