Renu Sharma et al. Int. Journal of Engineering Research and Applications
ISSN : 2248-9622, Vol. 5, Issue 5, ( Part -2) May 2015, pp.107-112
RESEARCH ARTICLE

www.ijera.com

OPEN ACCESS

Studies on Rice Bran and its benefits- A Review
1*

Renu Sharma, 2Tanuja Srivastava, 3D.C. Saxena

1*

Department of Applied Sciences, Bhai Gurdas Institute of Engineering & Technology, Sangrur, Punjab, India.
Department of Food Technology, Bhai Gurdas Institute of Engineering & Technology, Sangrur, Punjab, India.
3
Deptt. of Food Engineering and Technology, Sant Longowal Institute of Engineering & technology, Longowal,
Punjab, India.
2

Abstract
Rice bran, a by-product of rice milling industry is rich in micronutrients like oryzanols, tocopherols,
tocotrienols, phytosterols and dietary fibers. The high nutritional profile of rice bran has not been utilized due to
problems associated with lipase enzyme, which reduces the quality of rice bran and makes it unfit for human
consumption. After the stabilization of lipase enzyme, it is possible to derive highly nutritious value-added
products of rice bran. Due to the presence of antioxidants, it helps in lowering plasma cholesterol, decreasing
serum cholesterol, decreasing cholesterol absorption and decreasing platelet aggregation. It has also been used
to cure hyperlipidemia, menopause disorders and to increase the muscle mass. The most widely accepted
product of rice bran is its oil that has exceptional properties as compared to other vegetable oils. This review
paper describes the distinct properties of rice bran as well as its health benefits.
Keywords: Rice bran, oryzanols, value-added products, antioxidants, cholesterol.

I. Introduction
Humans have been enjoying grain foods from
past thousand years. Grain foods including cereals
are dietary staples for many populations over
worldwide. India is no exception. Among major grain
foods, rice is used as staple food for many
populations in the country. It forms an important part
of diet of many people in the country. Much of the
nutritional value of rice lies in its germ and bran
which has been discarded during milling process in
the traditional times. During milling of paddy, rice
endosperm (70%) obtained as a major product while
rice husk (20%), rice bran (8%) and rice germ (2%)
obtained as by-product1,2,3,4 . During de-husking and
milling of paddy, the brownish portion of rice taken
out in form of fine grain, is the rice bran which is
nearly 8% of milled rice5,6,7. The bran is multilayered
structure composed of pericarp, nucellus, seed coat
and aleurone. It is the outer coat of rice endosperm.
When rice bran is obtained as by-product during
milling process, it contains some fractions of rice
endosperm, rice germ and aleurone layer which are
rich in proteins, vitamins, carbohydrates and trace
minerals. So, rice bran is also rich source of essential
nutritients. It contains micronutrients like oryzanols,
tocopherols, tocotrienols, phytosterols which
comprises of vitamin E and exhibit significant
antioxidant activity. Rice bran also contains 20% oil,
15% protein, 50% carbohydrates (mainly starch),
dietary fibers like pectin, beta-glucan and gum5,8,9,10.
In the earlier times, rice bran was used as either
fertilizer or animal feed. But in these days, it is used
for extraction of oil namely rice bran oil (RBO) 1,11,12.
The most successful countries producing rice bran oil
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are India and Thialand. In India, about 6.5 lakh tons
of rice bran oil is produced from 40 lakh tons of rice
bran by solvent extraction process2. The rice bran
layer contains 20% oil and considered as richest oil
sources among the grain by-products13. Rice bran oil
contains about 4% unsaponifiable matter which
includes nutrients like phytosterols, triterpene, tocols
and oryzanol in comparison to other vegetable
oils14,15. Various authors report that oryzanol is the
only antioxidant found in rice bran and constitute
around 20-30% in the unsaponifiable matter. It is
reported to be more powerful and effective
antioxidant than other micronutrients present in rice
bran and has been shown many pharmaceutical uses
such as growth acceleration, regulation of estrous
cycle16.

II. Stabilization of rice bran
Rice bran is rich source of proteins, vitamins,
fibers, antioxidants and possesses several health
benefits. Due to its beneficial nutritive and biological
effects, it can be incorporated into functional foods,
but it is still under utilized due to lipase enzyme.
Lipase enzyme in the rice bran hydrolyzes the oil
content into glycerol and free fatty acids. Due to this
conversion, the quality of rice bran gets reduced. It
produces foul smell and gives bitter taste. Because of
this rancidity problem, rice bran becomes unsuitable
for human consumption and most of the rice bran
used as high protein animal feed or as fuel17,18. With
this oxidation, quality of oil is adversely affected. To
overcome this problem, stabilization becomes
necessary. The process of stabilization is aimed at
destruction or inhibition of lipase enzyme activity. A
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variety of methods are available for stabilization of
rice bran. The most practical and inexpensive method
to deactivate lipase in fresh rice bran is heat treatment
as reported by Randall et al.(1985)19. Heating of rice
bran above 1400c damages the rice bran quality and is
not generally recommended. While heat treatment
below 1000c does not increase the storage capacity.
Other methods of stabilization include microwave
heating and ohmic heating. Tao et al. (1993) report
that there is slight increase in free fatty acid content
of rice bran stabilized by microwave heating17.
Lakkakula et al. (2004) reported the stabilization by
ohmic heating18. The use of single screw extruder to
stabilize rice bran has been reported by Kurniawati et
al. (2014)20. The most effective method of
stabilization is ohmic heating. This method also
improves the oil extraction yield. In this method, the
concentration of free fatty acids increases at a slower
rate without rise in temperature indicating the non
thermal effect of electricity on the lipase enzyme.
Some chemicals like sodium metabisulphate can also
be used to stabilize rice bran. Presently, acid with
antioxidant properties can also be used. Acids like
ascorbic, ascorbyl, palmitate, phosphoric acid and
mixture of any of the above can be used. About
0.10% to 2.0% (by weight) amounts of acids can be
used to maintain the stability of food products for at
least six months. Other examples of these compounds
include acacetin, rosmarinic acid and phenolic
compounds such as salicylic, cinnamic acid and
trans-cinnamic, chlorogenic, quimic, ferulic, gallic,
vanillic and caffeic acid.

III. Extraction of rice bran oil
From Rice Bran, oil can be extracted by the
process of solvent extraction. In this process, food
grade n-hexane can be used21. It can also be extracted
by using ohmic heating18 i.e. solvent free process or
by using supercritical fluid extraction technology22.
In the solvent extraction process, stabilized rice bran
is mixed with hexane directly at 200c at 1:2 (w/w rice
bran to solvent ratio) or pre-heated at 600c at 1:3
(w/w rice bran to solvent ratio) in capped flasks
which are immersed in a constant temperature
vacuum evaporation of solvent. This method gives
crude rice bran oil (RBO). The method of extraction
of oil from rice bran by using hexane is widely
accepted. But this method possesses some limitations
in terms of good colour quality. This may be due to
the presences of specific component of oil seed lipids
which cannot be controlled. Other drawback of
hexane includes potential fire, health and
environment hazards. To overcome this problem with
hexane, lower chain alcohols such as ethanol and
isopropanol can be alternatively used because of their
greater safety23. As alcohols are polar in nature, leads
to the greater extraction of non-glyceride materials.
The oil extracted by the use of alcohols possesses
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higher
concentration
of
phosphatide
and
unsaponifiable compounds24,25. Ethanol extracted rice
bran oil is rich in tocopherols and vitamin B while
isopropanol extracted oil is rich in vitamin B
alone10,16. Weicheng et al. (1996) reported the
extraction of vitamin E and oryzanol from stabilized
rice bran by using isopropanol and hexane as
extracting solvents and found that isopropanol is
better alternative to hexane for extraction of oil from
rice bran26. Another method for extraction of RBO is
the super critical fluid extraction technology which
possesses several advantages. The Supercritical fluid
(SCF) is a compound above its critical temperature
and critical pressure. It may be attributed to the fact
that SCF possesses more versatile solvent
properties22. These fluids possess the solubility power
of liquids as well as diffusion properties of gases. So
these results in improved lipid solubility and mass
transfer due to high diffusion and low viscosities The
yield of RBO extracted with SC-CO2 ranged between
19.2% and 20.4% and it yield may be increased by
increasing temperature at isobaric conditions27. Kim
et al. (1999) have used SC-CO2 for extraction and
separation of rice bran oil enriched with essential
fatty acids28. Giuseppe et al. (2003) recovered all the
rice by-products by using SCF extraction technique
and considered novel conversion process for the
manufacturing of value added products29. Along with
several advantages, this method has limitations in
terms of high cost of equipment for extraction30-34.
The yield of RBO can be increased by the application
of enzymatic reactions before proceeding with
solvent extraction by hexane35-37,21. In this method,
rice bran was firstly treated with cellulose and
pectinase and then extracted with n-hexane. The use
of enzymatic reactions alone did not give reasonable
yield of RBO5,38. In this method, yield of oil is
significantly affected by enzyme concentration
whereas temperature as well as incubation time has
no significant effect38. Alternatively, Alpha –amylase
can be used to gelatinize starch and the residue is
treated with solvent to obtain oil39.

IV. Refining of rice bran oil
To make fit for consumption as well as to meet
the specifications of edible vegetable oil, rice bran oil
undergoes refining process. The refining may be
either chemical refining or physical refining.
Chemical Refining
Generally chemical refining is preferred because
it gives better products in terms of color and cloud
point40. However this process leads to significant
looses in the form of wax, sludge, Gum sludge and
soap stock41. As rice bran contains different
compositions of minor components i.e. gamma
oryzanol, tocopherols, tocotrienols and phylosterols,
the chemical refining process also leads to change in
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the composition of these components1,30. For example
physically refined RBO has 1.1% -1.74% Gamma
oryzonol content whereas It is reduced to 0.19%0.20% in chemically refined oil42. In the chemical
refining process, the use of alkali leads to
modification of phytosterols composition and
significant loss of gamma oryzanol. Gamma
Oryzanol retained in deodorization Because of its non
volatile nature, result in the formation of trans FA
(less than1%) while components like phytosterols
and tocotrienols are stripped off due to volatile
nature. The whole chemical refining process removes
almost 99.5% of the FFA component1.
Physical Refining
This method of refining is very simple method. It
involves low oil losses, lack of environment impact,
simplicity, reduction in neutral oil loss, elimination of
soap stock by removing FFA and gives good quality
product. This method also leads to high refining
losses of RBO and darkening of colour due to the
presence of wax, oryzanol and phosphatides. The
quality of final product obtained in this process is
affected by incomplete removal of undesirable
components during pre-treatment steps43. The
residues like wax, sludge, Gum sludge and soap stock
produced in RBO refining industry are enriched in
many neutraceuticals like oryzanols, tocopherols, vit.
E, ferulic acid, phytic acid, lecithin, inositol and
wax44.

V. Use of Rice Bran in neutraceuticals
and pharmaceutical industry
Due to the presence of significant levels of
micronutrients such as oryzanol, tocotrienol and
phytosterols, rice bran possesses unique properties
that render its suitability for the production of value
added products in neutraceuticals and pharmaceutical
industry2. Out of these components, Gamma oryzanol
has been found to have more antioxidant activity. It is
the first neutraceutical to be incorporated into
extruded product. It was considered as a single
compound. But later it was determined to be a
mixture of ferulate (4-hydroxy-3-methoxy cinnamic
acid) esters of sterols and triterpene alcohol45. The
three major components of gamma oryzanol that
account for 80% are cycloartenyl ferulate, 24methylenecycloartanyl ferulate and campesteryl
ferulate46. Due to its antioxidant activity, it helps in
lowering plasma cholesterol, decreasing serum
cholesterol, decreasing cholesterol absorption and
decreasing platelet aggregation. It has also been used
to cure hyperlipidemia, menopause disorders and to
increase the muscle mass47-52 . Oryzanol also has been
reported to be used in the preparation of functional
food as well as in cosmetics53.
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VI. Use of Rice Bran as functional food
Rice bran is rich source of essential nutrients like
carbohydrates, proteins, fats, dietary fibers and
antioxidants
like
tocopherols,
tocotrienols,
phytosterols and oryzanol. The nutritional
composition of rice bran confirms its potential for the
development of food products. Premakumari et al.
(2012) develop breakfast/dinner recipes by
substituting cereals with microwave stabilized rice
bran at different levels and determine the
acceptability of the food mixes. The results revealed
that the recipes with 25 per cent incorporation of rice
bran had a good acceptability in par with standard
recipe54. The studies of Sekhon et al. on different
types of bran revealed that the volume of bread and
cookie spread decreased while muffin volume
increased with the increase in bran levels55. The acid
and dry heat stabilized rice bran was used by Younas
et al. to prepare the highly nutritious cookies. They
conclude that moisture, crude protein, fat and mineral
contents, average width, thickness and spread factor
of cookies increased with the increase in percentage
of rice bran. They also show that supplementation of
heat stabilized rice bran upto 10% is more suitable
for production of cookies56. After extraction of oil
from rice bran, residue is known as deoiled rice bran,
also keeps humans healthy due to low fat content.
Defatted rice bran also possesses unique functional
and nutritional properties. Keeping in view, the
nutritional importance of defatted rice bran,
Charunuch et al. (2014) made an attempt to prepare
ready-to-eat breakfast cereals enhanced with defatted
rice bran57. Al-Okbi, 2014 studied the production of
corn flakes and tortillas chips, by supplementation of
gelatinized corn flour with rice bran from 10 to 30%
and conclude that the maximum breakdown viscosity
and color quality was affected and sensory
parameters decreased While protein percentage was
increased depending on the level of rice bran58.
With the use of stabilized rice bran, a source of
dietary fiber, frozen pizza was prepared by De
delahaye et al. (2005)59. The physical, chemical
rheological and sensorial characteristics of the pizzas
during the storage period of 2 months at -18 °C were
studied. They report that increasing the stabilized rice
bran content results increase crude fat, ash and
dietary fiber content of pizza dough.

VII. Health benefits of rice bran
The nutritional composition of rice bran shows
the presence of several compounds which possesses
significant anti-oxidant activity to prevent chronic
diseases. The incorporation of dietary fiber into the
functional food have reported to decrease the risk of
coronary heart disease, reduction of blood cholesterol
levels and improvement of insulin sensitivity60-63. The
oryzanol component acts as protective agent against
UV light and is used in cosmetics as sunscreen agent.
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The ferulic acid esters of gamma oryzanol act as antiageing compounds as they stimulate hair growth64,65.
Rice bran also prevents high blood pressure,
hyperlipidemia and hyperglycemia. Both Type I and
Type II Diabetes Mellitus also controlled by
neutraceuticals developed from fiber fraction of rice
bran66. Food supplemented with rice bran also lead to
reduced bone loss in women suffering from
postmenopausal osteoporosis67.
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VIII. Conclusion
Rice bran is a highly nutritious compound as it is
rich source of oryzanols, tocopherols, tocotrienols,
phytosterols, and dietary fibers. All these
micronutrients comprise of vitamin E and possess
significant antioxidant activity. Many nutraceuticals
have been developed from rice bran which have
hypolipidemic, anti-tumor, anti-oxidant, ergogenic
and laxative properties. Inspite of having good
nutritional composition as well as providing health
benefits to humans, rice bran is still underutilized. An
important consumer product of rice bran is rice bran
oil which meets the specifications of edible vegetable
oil after physical and chemical refining processes.
The rice bran can be used as a source of healthy food
as well as a source of oil, provided it is stabilized by
suitable method to inactivate lipase enzyme, which
gets released after bran is separated from the grain.
So, keeping in mind the benefits of rice bran, it
should be provided opportunity for incorporation into
food products to enhance their nutritional value.

[10]

[11]

[12]

[13]

[14]

References
[1]

[2]

[3]

[4]

[5]

[6]

[7]

Van Hoed V, Depaemelaere G, Villa Ayala
J, Santiwattana P, Verhe R, De, et al.,
Influence of chemical refining on the major
& minor components of rice bran oil,
JAOCS, 83 (2006) 315-321.
Anonymous. Sea Handbook-2009. 9th ed.
The solvent extractor’s association of India:
India, 885-891.
Wells J H, Utilization of rice bran & oil in
human diets, Louisiana Agriculture, 36
(1993) 4-8.
De Deckere E A M, Korver O, Minor
constituents of rice brain oil as functional
foods, Nutr Rev, 54 (1996) S120-S126.
Hernandez N, Rodriguez-Alegría M E,
Gonzalez F, Lopez-Munguia A, Enzymatic
treatment of rice bran to improve
processing, JAOCS, 77 (2000) 177-180.
Takeshita Y, Iwata F, Recent technical
advances in rice bran oil processing (II
About refining process), Transactions of the
Kokushikan Univ, Faculty of Engineering,
21(1988) 118-124.
Sereewatthanawut
I,
Prapintip
S,
Watchiraruji K, Goto M, Sasaki M and

www.ijera.com

[15]

[16]

[17]

[18]

[19]

www.ijera.com

Shotipurk A, Extraction of protein and
amino acids from deoiled rice bran by
subcritical water hydrolysis, Journal of
Bioresource Technology, 99 (2008) 555561.
Jiang Y, Wang T, Phytosterols in cereal byproducts, JAOCS, 82 (2005) 439-444.
Piironen V, Lindsay D G, Miettinen T A,
Toivo J, Lampi A M, Plant Sterols:
biosynthesis, biological function and their
importance to human nutrition, J Sci Food
Agric, 80 (2000) 939-966.
Hu W, Wells J H, Tai-Sun S, Godber J
S,1996. Comparison of Isopropanol and
Hexane for Extraction of Vitamin E and
Oryzanols from Stabilized Rice Bran,
JAOCS, 73 (1996) 1653-1656.
Barber S, Camacho J, Cerni R, Tortosa E,
Primo E, Process for the stabilization of rice
bran I Basic research studies, In
Proceedings of Rice byproducts utilization
(International Conference, Valencia, Spain),
1974, 49-62.
Hammond N, Functional & nutritional
characteristics of rice bran extracts, Cereal
foods world, 39 (1994) 752-754.
Saunders R M, The properties of rice bran as
a food stuff, Cereal Foods World, 35 (1990)
632-635.
Nicolosi R J, Ausman L M and Hegsted D
M, Rice bran oil lowers serum total and low
density lipoprotein cholesterol and apo B
levels
in
non
human
primates,
Atherosclerosis 88 (1991) 133-142.
Raghuram T C and Rukmini C, (1995)
Nutritional and biochemical aspects of the
hypolipidemic action of rice bran oil: A
review, Journal of American College of
Nutrition 10 (1995) 593-601.
Seetharamaiah G S and Prabhakar J V,
Oryzanol content of Indian rice bran oil and
its extraction from soap stock, Journal of
Food Science and Technology, 23 (1986)
270-274.
Tao J, Rao T and Liuzzo Z, Microwave
heating for rice bran stabilization, Journal of
Microwave Power and Electromagnetic
Energy, 28 (1993) 156-164.
Lakkakula N L, Lima M and Walker T, Rice
bran stabilization and rice bran oil extraction
using ohmic heating, Journal Bioresource
Technology, 92 (2004) 157-161.
Randall J M, Sayre R N, Schultz W G, Fong
R Y, Mossman A P, Tribelhorn R E and
Saunders R M, Rice bran stabilization by
extrusion cooking for extraction of edible
oil, Journal of Food Science, 50 (1985) 361364.
110 | P a g e

Renu Sharma et al. Int. Journal of Engineering Research and Applications
ISSN : 2248-9622, Vol. 5, Issue 5, ( Part -2) May 2015, pp.107-112
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Kurniawati M, Yuliana N D and Budijanto
S, The effect of single screw conveyor
stabilization on free fatty acids, α-tocoferol,
and γ- oryzanol content of rice bran,
International Food Research Journal, 21
(2014) 1237-1241.
Johnson L A & Lusas, E W, Comparison of
alternative solvents for oil extraction, J Am
Oil Chem Soc, 60 (1983) 229-242.
Ramsay M E, Hsu J T, Novak R A &
Reightler W J, Processing rice bran by
supercritical fluid extraction, Food Technol,
30 (1991) 98-104.
Meinke W W, Holland B R, Harris W D,
1949. Solvent extraction of rice bran,
production of B-vitamin concentrate & oil
by isopropanol extraction, JAOCS, 26
(1949), 532-534.
Lusas E W, Watkins L R, Koseoglu S,
Isopropyl alcohol to be tested as solvent,
INFORM, 2 (1991) 970-976.
Beckel A C, Belter P A, Smith A K, 1948.
The non-distillation alcohol extraction
process for soybean oil, J Am Oil Chem
Soc, 25 (1948) 10-11.
Weicheng H, Wells J H, Tai-Sun Shin &
Samuel J Godber. Comparison of
isopropanol and hexane for extraction of
vitamin E and oryzanols from stabilized rice
bran. J Am oil Chem Soc, 73 (1996) 16531656.
Kuk M S, Dowd M K, Supercritical CO2
extraction of rice bran, J Am Oil Chem Soc,
75 (1998) 623-628.
Kim H, Lee S, Park K & Hong I,
Characterization of extractraction and
separation of rice bran oil rich in essential
fatty acids using supercritical fluid
extraction process, Sep Purif Technol, 5
(1999) 1-5.
Giuseppe P, Miniati E, Montanari L &
Fantozzi Paolo, Improving the value of rice
by-products by SEF, J Supercrit Fluids, 26
(2003) 63-71.
Patel M, Naik S N, Gamma–oryzanol from
rice bran oil-A Review, J Sci Ind Research,
63 (2004) 569-578.
Zhao W, Shishikura A, Fujimoto K, Ara K,
Saito S, Fractional extraction of rice bran oil
with supercritical CO2, Jpn Agric Biol
Chem, 51 (1987) 1773-1777.
Paulitis M E, McHugh M A, Chai C P,
Chapter VI. In: Paulitis M E, Penninger J M
L, Gray R D Jr., Davidson P, ed. Solid
solubilities in supercritical fluids at elevated
pressures, Ann Arbor, Pa: Ann Arbor
Science, (1983) 139-158.

www.ijera.com

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

www.ijera.com

Friedrich J P, List G R, Heakin A J,
Petroleum-free extraction of oil from
soybeans with supercritical carbon dioxide,
JAOCS, 59 (1982) 288-292.
Czubryt J J, Myers N M, Giddings J C,
Solubility phenomena in dense carbon
dioxide gas in the range of 290-1900
atmospheres, J Phys Chem, 74 (1970) 42604265.
Christensen F M,. Extraction by aqueous
enzymatic processes, INFORM, 2 (1991)
984-987.
Rosenthal A, Pyle D L, Niranjan K,
Aqueous & enzymatic processes for edible
oil extraction. Enzyme Microb Technol, 19
(1996) 402-420.
Sengupta R, Bhattacharyya D K, Enzymatic
extraction of mustard seed & rice bran,
JAOCS, 73 (1996) 687-692
Hanmoungjai P, Pyle D L, Niranjan K,
Enzymatic process for extracting oil &
protein from rice bran, JAOCS, 78 (2001)
817-821.
AOAC, Official methods of analysis of the
Association of Official Analytical Chemists,
Cunniff P, ed. Gaithersburg, Pa: AOAC
International, vol XVI (1995)
Arumughan C, Kumar S, Rajam L, &
Sundaresan A, Integrated technology for
RBO refining and byproducts recovery,
SAARC Oils Fats Today, (2003) 10-14.
Gopalkrishna A G value-added products
from rice bran oil industry, SAARC Oils
Fats Today, (2003) 20-23.
Gopala Krishna A G, Khatoon S, Sheila P
M, Sarmandal C V, Indira T N, et al., Effect
of refining crude rice bran oil on the
retention of oryzanol in the refined oil,
JAOCS, 78 (2001) 127-131.
De B K, Bhattacharyya D K, Physical
refining of rice bran oil in relation to
degumming & dewaxing, JAOCS, 75
(1998), 1683-1686.
Sharma A R, value-addition in paddy
processing, SAARC Oils Fats Today, (2002)
25-26.
Roger E J, Rice S M, Nicolosi R J,
Carpenter D R, McClelland C A &
Romanczyk L J, Identification and
quantification of γ-oryzanol components and
simultaneous assessment of tocols in rice
bran oil, J Am Oil Chem Soc, 70 (1993)
301-307.
Xu Z, Godber J S and Xu Z, Antioxidant
activities of major components of γ–
oryzanol from rice bran using linolenic acid
model, J Am Oil Chem Soc, 78 (2001) 465469.
111 | P a g e

Renu Sharma et al. Int. Journal of Engineering Research and Applications
ISSN : 2248-9622, Vol. 5, Issue 5, ( Part -2) May 2015, pp.107-112
[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Yoshino G, Kazumi T, Amano M, Tateiwa
M, Yamasaki T, Takashima, S, Iwai M,
Hatanaka H & Baba S, Curr Ther Res, 45
(1989) 975.
Gerhardt A L and Gallo N B, Full-fat rice
bran and oat bran similarly reduce
hypercholesterolemia in humans. Journal of
Nutrition, 128 (1998) 865-869.
Seetharamaiah G S, Krishnakantha T P and
Chandrasekhara N, Influence of oryzanol on
platelet aggregation in rats, Journal of
Nutrition Science Vitaminology, 36 (1990)
291-297.
Nakayama S, Manabe A, Suzuki J,
Sakamoto K, & Inagaki T, Comparative
effects of two forms of gamma-oryzanol in
different
sterol
compositions
on
hyperlipidemia induced by cholesterol diet
in rats, Japan J Pharmacol, 44 (1987) 135143.
Murase Y, & Iishima H, Clinical studies of
oral administration of gamma-oryzanol on
climacteric complaints and its syndrome,
Obstet Gynecol Prac, 12 (1963)147-149.
Bonner B, Warren B & Bucci L, Influence
of ferulate supplementation on postexercise
stress hormone levels after repeated exercise
stress, J Appl Sports sci Res, 4 (1990) 10.
Lloyd B J, Siebenmorgen T J and Beers K
W, Effect of commercial processing on
antioxidants in rice bran, Cereal Chemistry,
77 (2000) 551-555.
Premakumari S, Balasasirekha R, Gomathi
K, Supriya S, Jagan Mohan R and
Alagusundram K, Development and
Acceptability of Fibre Enriched Ready
Mixes, Int. J. Pure Appl. Sci. Technol., 9
(2012) 74-83.
Sekhon K S, Dhillon S S, Singh N, Singh B,
Functional suitability of commercially
milled rice bran in India for use in different
food products, Plant foods for human
nutrition, 50 (1997) 127-140.
Younas A, Bhatti M S, Ahmed A and
Randhawa M A, Effect of rice bran
supplementation on cookie baking quality,
Pak J Agri Sci, 48 (2011) 129-134.
Charunuch C, Limsangouan N, Prasert W
and Wongkrajang K, Optimization of
extrusion conditions for ready-to-eat
breakfast cereal enhanced with defatted rice
bran, International food research journal, 21
(2014) 713-722.
Al-Okbi S Y, Husseın A M S, Hamed I M,
Mohamed D A, Helal A M, Chemical,
rheological, sensorial and functional
properties of gelatinized corn- rice bran
flour composite corn flakes and Tortilla

www.ijera.com

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

www.ijera.com

chips, Journal of Food Processing and
Preservation, 38 (2014) 83-89.
De Delahaye E P, Jimenez P, Perez E,
Effect of enrichment with high content
dietary fiber stabilized rice bran flour on
chemical and functional properties of
storage frozen pizzas, Journal of Food
Engineering, 68 (2004) 1-7.
Truswell A S, Cereal grains & coronary
heart diseases, Eur J Clin Nutr, 56 (2002) 114.
Mellen P B, Walsh T F, Herrington D M,
Whole grain intake & cardiovascular
disease: a meta-analysis, Nutr Metab
Cardiovasc Dis, 18 (2008) 283-290.
Whelton S P, Hyre A D, Pedersen B, Yi Y,
Whelton P K, et al., Effect of dietary fibre
intake on blood pressure: a meta-analysis of
randomized,controlled clinical trials, J
Hypertens, 23 (2005) 475-481.
Rimm E B, Ascherio A, Giovannucci E,
Spiegelman D, Stampfer M J, et al.,
Vegetable, fruit & cereal fiber intake & risk
of coronary heart disease among men,
JAMA, 275 (1996) 447-451.
Noboru K & Yusho T, Oryzanol Containing
Cosmetics, Japanese Patent, 70 (1970)
32078.
Shugo M, Anti-dandruff and anti-itching
shampoo, Japanese Patent, 79 (1979)
36306.
Qureshi A A, Sami S A, Khan F A, Effects
of stabilized rice bran, its soluble & fiber
fractions on blood glucose levels & serum
lipid parameters in humans with diabetes
mellitus types I & II, J Nutr Biochem, 13
(2002) 175-187.
Heli Roy R D, Shanna Lundy B S, Rice
Bran, Pennington Nutrition, (2005) Series 8.

112 | P a g e

