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Abstract

Rice bran is one of the agricultural wastes that is rich in nutrients (RB). It features a wide range of minerals, lipids,
proteins, fibers, trace elements, and minerals such as calcium, magnesium, manganese, potassium, and
phosphorus. In rice bran oil, tocopherols, tocotrienols, oryzanol, and unsaturated fatty acids are prevalent. The
separation and purification process has an impact on the quantity and quality of rice bran oil. Researchers have
discovered that the bioactive components of RB have pro-, hypocholesterolemic, anti-inflammatory, anti-cancer,
and anti-colitis properties. In vitro and in vivo studies with human volunteers revealed that RB-derived substances were
hypoglycemic-preventing agents. A thorough update of the antidiabetic activity of RB and its derivatives is required to
determine the state of the art in the relevant industry. The biological activity and composition of RB were
examined in the current study, as were the effects of various solvent extraction methods on the biological
properties of rice bran oil and rice bran extract. The current review focuses on the observed anti-hyperglycemia
effects of rice bran derivatives as well as the most likely mechanism.
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Introduction

The complex metabolic condition known as diabetes mellitus is characterised by hyperglycemia (high blood
sugar levels) brought on by deficits in insulin production, action, or both (DM). Insulin production is reduces
and insulin resistance is supported by diabetes mellitus (DM), which is led on by damage to the pancreatic
cells. Both type 1 and type 2 diabetes mellitus (DM) be accompanied by abnormalities of the pancreatic islet
cells (defects in insulin secretion)). And over 60% of the world's diabetics reside in Asia?. China and India are
the best two countries with the largest proportion of adult diabetes, respectively. In 2015, were there 415
million cases of diabetes world. By 2040, that number should soar as many as 642 million®. Obesity, having
an unhealthy lifestyle, not exercising enough, smoking, depression, and other inherited and aging-related
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variables, in particular, can cause type 2 diabetes'. DM has an effect on a person's lifespan in terms of health
and socioeconomic development “'®. About 10% of the total health care spending in affluent countries is
spent on treating diabetes and its consequences . Economic progress and a healthy way of life are threatened
by the rise of DM frequency.

The bulk of people on earth consume rice as their main source of food, making it a useful cereal crop. Every
year, well over 114 farmers grow 645 million tonnes of rice!®. In 2050, rice production will be 12%-14% lower
than it was in 2000, according to a model created by the International Food Policy Research Institute. Climate
change will have an impact on rice growth

globally. It was also forecast so a loss of around 65 million tonnes would noticeably impact the value of rice in
South Asian countries, which would decrease consumption rates, raise costs, and impair child malnutrition.™.
Many byproducts are generated during milling of rice, namely rice's bran and husk (the outer layer of the rice
kernel is composed of the pericarp, aleurone, sub-aleurone layer, and germ). animal grub ! The meals made
by milling rice are used to produce a range of items, including bedding material. Rice bran (RB) (tocopherols
and tocotrienols) is a major source of these compounds'®.

Figure 1 Plant of Rice Bran

Rice bran contains oil, sometimes referred to as rice bran oil, in amounts of 15% to 20% (RBO). The health
benefits of RBO are widely documented®. The RBO's amount and quality varied according on the cultivars,
the extraction process, and other elements”'”, We are using and developing brand-new, environmentally
friendly, solvent-free extraction procedures to obtain better grade RBO from RB. Due to its strong
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nutraceutical value and rich fatty acid makeup, RBO is used in both the food and pharmaceutical sectors. One
of the most popular cooking oils in Asia, particularly in Thailand, South Korea, China, Taiwan, and Japan!'".

Numerous health benefits of RBO have been found. The current study combines RBO's known anti-diabetic
capabilities with an overview of its composition, bioactivities, and the effects of the extraction process on
RBO's quality.

2. Rice bran's makeup and health advantages

RB includes a variety of minerals and other elements, notably manganese, magnesium, calcium, phosphorus,
and potassium. Lipids (15%-20%), proteins (11%—15%), fibres (7%—11%), and carbohydrates (34%—62%) are
also included!"?!"3, According to RBO, fatty acids can be either

saturated or unsaturated in varying amounts. The composition consists of 38.4% oleic acid, 34.4% linoleic
acid, 21.5% palmitic acid, 2.9% stearic acid, 2.2% linolenic acid, and other acids. . The beneficial
components in RBO are shielded from oxidative deterioration due to the high levels of

tocopherols, tocotrienols, and oryzanol!!%, The majority of RB is composed of defatted crude fibre (1.8%),
reducing sugars (12.44%), protein (14.27%), ash (14.59%), and carbs (58.41%) !¢

The RB extracts contain a number of phenolic and anthocyanin-containing compounds. The anthocyanin
concentration varied amongst cultivars in both of richness and variety. Rice varieties that colour include a lot
of phytopigments. The phytochemical content of Thai rice varieties (black, brown, and red rice varieties)
varied, with total phenolic content ranging from 36.14 to 0.36 to 0.00 to 487.25 mg of cyanidin per gramme of
extract, that equivalent 1.93 mg of quercetin and 305.30 mg of gallic acid equivalent per gramme of extract,
respectively!'”. Non-polar extraction of RBO generated RBO with a different quality in terms of total tocols
and oryzanol content, much like polar extraction provides 1%,

The fact that RB is a valuable food item since it is a rich source of proteins and is hypoallergenic and essential
amino acids "®?), RB is the major nutritional source. fibres since they have a laxative effect, which helps to
increase faecal output®!. Consuming 10 grammes of dietary fibre daily, whether from fruit, cereal, vegetables,
or all three sources combined (total dietary fibre), decreased the odds of dying from coronary heart disease by
30%, 25%, 0%, and 27%, respectively®'!. Because of this, fruits and grains are excellent sources of fibre that
lower the chance of severe coronary heart disease. One of the many bioactivities that have been noted is the
potential of rice unsaponifiables, especially oryzanol, to lower cholesterol and low-density lipoprotein
levels®2H24 Some properties of certain rice phytochemicals include trypsin and pepsin inhibition as well as
anti-thiamine activities®.

Strong antioxidants found in RB® * can help cure and control oxidative stress-related illnesses, cancer?*"
colitis brought on by dextran sodium sulphate in vivo®? and other diseases. The antioxidant, anti-cancer, and
cholesterol-lowering effects of rice tocotrienols have been noted® 3 *!. By treating hyperlipidemia, lowering
plasma cholesterol, reducing platelet aggregation, reducing cholesterol absorption, and reducing the symptoms
of menopause, the RB became a potential source for nutraceuticals because to its high content of oryzanol®®:
Furthermore, apoptosis induction, aldose reductase inhibition, and a decrease in cancer cell invasion have all
been associated with rice anthocyanins!?” 337
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1. Impact of extraction methods

The extraction procedure alters the phytochemical content of the RBO (contains oryzanol and tocols) and RB
extracts (contains phenolic compounds, flavonoids, and anthocyanins). The bioactive components of RB are
recovered using solvent extraction methods (ethyl acetate, isopropanol, heptane, ethanol, and methanol), cold
pressing, hot pressing, supercritical fluid extraction (SFe), microwave, and ultrasonic-assisted extraction
techniques used Imsanguan et al.'s " evaluation of three distinct extraction techniques, including solvent,
supercritical CO2, and soxhlet extraction, on the production of oryzanol and tocopherol from RB. The
research demonstrated that compared to hexane-based soxhlet extraction, supercritical CO2 extraction
produced a high yield of tocopherol more quickly (and in a shorter amount of time). RB was able to extract
significant yields of oryzanol using supercritical CO2 as well . According to the cultivars, the quantity and
quality of the extract varies. In some Thai rice bran, Pengkumsri et al."” examined the impact of different
extract on the production of oryzanol and tocols containing RBO as well as the antioxidant capacity of RBO.
Hexane extraction showed a high yield when compared to SFe, cold press, and hot press techniques. Different
cultivars also produced a variety of yields. In terms of the total number of protocols and free radical
scavenging activities, the research revealed the solvent extraction was better than SFe and pressing
techniques!”. Azrina et al. gave a detailed description of the use of solvents for the extraction of oryzanol and
the total lipid content of RB.

Figure 2. Rice bran extraction for hypoglycaemic properties
It's likely that the solvents used to remove RB from the completed product left some solvent residue behind.

Solvents shouldn't be present in RBO and RB extracts utilized in the food and pharmaceutical sectors. To
securely extract the RBO without using solvents, SFe methods !, heat and cold pressing “?, and both are
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used. The RBO yield % of the SFe process is affected by temperature and pressure “4. The mixed solvent
extraction approach produced half as much

oryzanol from RB as the SFe method did . In both the solvent extraction and SFe procedures, the RBO
quality and quantity are affected by the temperature, pressure, and extraction time.

When compared to traditional solvent extraction techniques in terms of a number of attributes, iodine content,
wax, and the makeup of the fatty acids, Terigar et al.'s ! findings indicated that continuous microwave-
assisted extraction produced excellent quality RBO. In terms of higher recovery of total phenolic contents and
better antioxidant activity, microwave RB preparation before SFe provided superior quality extract 7. High
yields of RBO with increased bioactivity were produced when ultrasonic pre-treatment and conventional
extraction were combined 8“1 High yield, repeatability, reduced time and solvent consumption, low
temperature, and environmental friendliness are a few advantages of ultrasonic-assisted extraction over
conventional extraction techniques %,

It's essential to achieve the best results to keep the ideal conditions, such temperature and treatment time, in
place. High-quality RBO and RB extracts are still used in the food and pharmaceutical industries for a variety
of uses®! despite the fact that heat and microwaves harm anthocyanins, one of the main bioactive components
of RB extract.

2. Rice bran has anti-diabetic properties
4.1. Clinical Studies

According to research, the stabilised RB, RB water solubles, and RB fibre concentrates are excellent
nutraceuticals for alleviating diabetes-related problems in people. After receiving these RB fractions [6 groups
received stabilised RB, RB water solubles, and RB fibre concentrates in 6 different sequences; Each product
was administered for 8 weeks with a washout period (4 weeks) between the administration of each product;
Dosage: 20 g per day], both type 1 and type 2 diabetic patients demonstrated a significant reduction in blood
sugar levels their serum insulin levels improved. Moreover, some who took RB fibre concentrates had smaller
levels of LDL cholesterol, total blood cholesterol, triglycerides, and apolipoprotein B®?. Individuals with type
1 and type 2 diabetes had reduced fasting and postprandial blood glucose levels when they supplemented their
diets with a low-fiber diet for one week, then a diet high in fibre for the following week (40 g of rice bran fibre
daily). A high-fiber diet was also demonstrated to increase faecal weight ¥ and to in stool samples that include
lactose. While postprandial glucose, HbAlc, total cholesterol, and LDL cholesterol levels decreased in people
with type 2 diabetes who took RB (20 g per day for around 12 weeks), adiponectin levels have risen® . While
RBO-modified milk (18 g RBO per day for five weeks) improved LDL cholesterol and total blood cholesterol
levels, it did not reduce insulin resistance in type 2 diabetes . According to Shakib et al. 5, RBO (30 g per
day) used in salad dressing and cooking for six months, and this led to decreased levels of lipids, insulin, and
triglyceride. HbA1C, fasting and postprandial blood sugar, liver transaminases, blood urea, erythrocyte
sedimentation rate, serum uric acid, and other parameters are followed in type 2 diabetes patients. To the
author, adding RBO to a healthy diet may lower your risk of cardiovascular disease.
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Patients with type 2 diabetes who administered an oil mixture (20% sesame oil and 80% RBO) at fasting and
postprandial periods for eight weeks saw benefits in the levels of high-density cholesterol, low-density
lipoprotein cholesterol, total cholesterol, and triglyceride ©”. According to a comparison study on the
therapeutic value of these three types of oil in individuals who have type 2 diabetes, RBO and canola oil may
be beneficial for diabetic patients (postmenopausal women). RBO and canola oil, in its respective ratios, vastly
reduced triglycerides, LDL cholesterol, and total blood cholesterol™.

4.2, In vivo research

RB extract (0.1% Ricetrienol®) had a protective decrease plasma MDA and increasing plasma tocopherol and
glutathione peroxidase 1 transcription in the obese, diabetic KKAy mice. While Ricetrienol® (0.1%) was
effective in curing hyperlipidemia and hyperglycemia, it was found to be helpful in avoiding the effects of
oxidative stress . In streptozotocin-induced diabetic (DM) rats, RBO treatment diminished oxidative
damage ®” Hsieh and additional “? This research showed how a four-week RBO intervention decreased
dramatically the quantity of 8-hydroxy-2'-deoxyguanosine, a recognised molecule to assess the oxidative DNA
damages, in mitochondrial DNA. According to Chen and Cheng ), the RBO's high concentrations of
tocotrienol and oryzanol may be the reason of its antidiabetic effects. RBO In streptozotocin/nicotinamide-
induced type 2 DM mice, a diet high in tocotrienol and oryzanol (10 g or 15 g per 100 g of chow for four
weeks) lowered plasma triglyceride, hepatic triglyceride, and plasma LDL cholesterol levels. Along with the
excretion of neutral sterol and bile acid from the faeces reductase is the thing, RBO administration also raised
the mRNA levels of the 3-hydroxy-3-methylglutaryl coenzyme, LDL receptor, and 7-hydroxylase in the
hepatic®! .

The anti-hyperglycemic effect of the tocotrienol-rich fraction was investigated® using type 1 DM-induced
male Wistar rats and streptozotocin (55 mg/kg body weight) (extracted from palm oil and RBO). Treatment
for eight weeks with a In type 1 DM rats, Fasting blood sugar, HbAlc, and serum nitric oxide levels were all
reduced by a tocotrienol-rich portion of RBO (200 mg/kg body weight per day). Additionally, treating an
experimental DM animal with a tocotrienol-rich fraction of RBO reduced urine nitric oxide levels and
increased levels of antioxidant enzymes, respectively, to avoid nitrosative and oxidative damage to kidney
tissues!®" In type 2 DM rats, RBO generated by streptozotocin and nicotinamide has been shown by Chou et
al. ! to have protective benefits. RBO supplementation enhanced HDL cholesterol, for five weeks, type 2 DM
rats' excretion of bile acids and neutral sterols decreased hepatic cholesterol, the atherogenic index, and the
hyperinsulinemic response (150 g RBO per kg diet). The phenolic acid caused C57BL/KsJ db/db mice
component of RB (17 days of intervention) may promote hepatic glucokinase activity and reduce blood sugar
levels.

By raising the amount of antioxidant enzymes, oryzanol (50-100 mg/kg body weight) treatment for 11 days
improved the liver's antioxidant capacity in streptozotocin-induced diabetes mellitus rats. In diabetic rats

treated with oryzanol, blood glucose levels reduced and lipid peroxidation was reduced in a dose-dependent
manner !, The health of streptozotocin-induced diabetic rats was

improved by additional Thai purple sticky rice bran (50 g/kg; 8 weeks) by increasing insulin sensitivity and
decreasing plasma glucose, free fatty acid, and triglyceride levels!®.

Thai rice bran oil with colour (5.0, 7.5, or 15% of RBO) also was given to streptozotocin-induced diabetic rats
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who were fed a high-fat diet for 12 weeks. As a result, serum MDA levels drop, while levels of catalase,
coenzyme Q10, glutathione peroxidase, superoxide dismutase, and oxygen radical absorption capacity all
increased. After being fed a high-fat diet, rats receiving RBO therapy had their damaged pancreas, kidney,
heart, and kidneys returned to their pre-damaged state ). The hepatic enzyme which regulates glucose uptake
is regulated, one of the main mechanisms driving RBO's anti-diabetic benefits. Glucokinase activity was
increased in RBO-supplemented C57BL/6N mice (30% RBO for seven weeks) fed a high-fat diet, whilst
phosphoenolpyruvate carboxykinase activity was lowered and glucose-6-phosphatase activity has been
increased®®. According to'®, in C57BL/6J mice fed a high-fat diet, oryzanol (20 or 80 g/g body weight; 13
weeks intervention) and brown rice (30% of the Chow diet) enhanced glucose metabolism and reduced
hypothalamic endoplasmic reticulum stress. Oryzanol alters blood glucose levels, the probability of
hyperglycemia, and the function of hepatic glucose-regulating enzymes """, Oryzanol”™ controls the release
of adiponectin by preventing NF-B from activating.

The anti-diabetic effects of the ethanolic extract of black rice bran were reported in Sprague Dawley rats that
were given 150 mg/kg of alloxan ™. Ethanolic RB extract therapy (100 or 200 mg/kg body weight) for four
weeks shown a strong ability to reduce blood sugar and high levels of insulin by regenerating pancreatic beta
cells in diabetic rats 7,

4.3. In vitro research

A black rice bran ethanol extract inhibited glucosidase with an IC50 of 121 mg ™. An in vitro analysis
revealed that RB extracts reduced the activities of the enzymes glucosidase and amylase while accelerating the
glucose digestion by 3T3-L1 adipocytes. The findings of the molecular regulation investigation showed the RB
extract enhanced the mRNA expression of the glucose transporters GLUT1 and GLUT4, as well as IRS1 and
IRS2 ™ As they examined the anti-diabetic properties of the Egyptian-stabilized RB extract, they reported
that the extract's ability to stimulate the release of insulin from INS-1 cells was dose-dependent ),

3. Conclusion and potential outcomes

RB is well known for its abilities to improve health and is an abundant source of vital nutrients. Tocols,
dilatory fibres, oryzanol, and other significant fatty acids are thought to be responsible for the bioactivities of
RB. According to research, adding RBO, RBE, and oryzanol fraction to one's diet significantly reduced
hyperglycemia and the consequences it had by regulating the activity of hepatic enzymes that regulate glucose
metabolism and the proteins that comprise the insulin signalling. However, the therapeutic benefits of RB were
not fully used. It is essential to do a proper examination of the dosage, duration of therapy, and other
important nutraceutical operations. The development of functional meals based on RB and increased public
knowledge of the use of Fullback products in daily life may assist industrialised and developing nations
manage hyperglycemia adequately.

Reference

1. Holt RI (2004). Diagnosis, epidemiology and pathogenesis of diabetes mellitus: an update for
psychiatrists. The British Journal of Psychiatry, 184(S47):s55-63.

2. Hu FB (2011). Globalization of diabetes: the role of diet, lifestyle, and genes. Diabetes care,
34(6):1249-57.

765 | www.scope-journal.com



10.

11.

12.

13.

14.

15.

16.

Scope
Volume 13 Number 3 September 2023

Zimmet P, Shaw J, Alberti KG (2003). Preventing type 2 diabetes and the dysmetabolic syndrome in
the real world: a realistic view. Diabetic medicine, 20(9):693-702.

Sharif MK, Butt MS, Anjum FM, Khan SH (2014). Rice bran: A novel functional ingredient. Critical
reviews in food science and nutrition, 54(6):807-16.

Moldenhauer KA, Champagne ET, McCaskill DR, Guraya H, Mazza G (1998). Functional products
from rice. Functional Foods: Biochemical and Processing Aspects, 1:71-89.

Lima I, Guraya H, Champagne E (2002). The functional effectiveness of reprocessed rice bran as an
ingredient in bakery products. Food/Nahrung, 46(2):112-7.

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

Ghosh M (2007). Review on recent trends in rice bran oil processing. Journal of the American oil
chemists' society, 84:315-24.

Juliano BO, Hicks PA (1996). Rice functional properties and rice food products. Food Reviews
International, 12(1):71-103.

Cicero AF, Gaddi A (2001). Rice bran oil and y-oryzanol in the treatment of hyperlipoproteinaemias
and other conditions. Phytotherapy Research, 15(4):277-89.

Kim Js, Godber Js (2001). Oxidative Stability And Vitamin Elevels Increased In Restructured Beef
Roasts With Added Rice Bran Oil. Journal Of Food Quality, 24(1):17-26.

Sirikul A, Moongngarm A, Khaengkhan P (2009). Comparison of proximate composition, bioactive
compounds and antioxidant activity of rice bran and defatted rice bran from organic rice and
conventional rice. Asian Journal of Food and Agro-Industry, 2(4):731-43.

Pengkumsri N, Chaiyasut C, Saenjum C, Sirilun S, Peerajan S, Suwannalert P, Sirisattha S,
Sivamaruthi BS (2015). Physicochemical and antioxidative properties of black, brown and red rice
varieties of northern Thailand. Food Science and Technology, 35:331-8.

Wang M, Hettiarachchy NS, Qi M, Burks W, Siebenmorgen T (1999). Preparation and functional
properties of rice bran protein isolate. Journal of agricultural and food chemistry, 47(2):411-6.

Kennedy G, Burlingame B (2003). Analysis of food composition data on rice from a plant genetic
resources perspective. Food Chemistry, 80(4):589-96.

Abdul-Hamid A, Luan YS (2000). Functional properties of dietary fibre prepared from defatted rice
bran. Food chemistry, 68(1):15-9.

766 | www.scope-journal.com



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Scope
Volume 13 Number 3 September 2023

Pereira MA, O'Reilly E, Augustsson K, Fraser GE, Goldbourt U, Heitmann BL, Hallmans G, Knekt
P, Liu S, Pietinen P, Spiegelman D (2004). Dietary fiber and risk of coronary heart disease: a pooled
analysis of cohort studies. Archives of internal medicine,164(4):370-6.

Wilson TA, Ausman LM, Lawton CW, Hegsted DM, Nicolosi RJ (2000). Comparative cholesterol
lowering properties of vegetable oils: beyond fatty acids. Journal of the American College of
Nutrition,19(5):601-7.

Most MM, Tulley R, Morales S, Lefevre M (2005). Rice bran oil, not fiber, lowers cholesterol in
humans. The American journal of clinical nutrition, 81(1):64-8.

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. The Journal of nutritional
biochemistry, 18(2):105-12.

Sohail M, Rakha A, Butt MS, Igbal MJ, Rashid S (2017). Rice bran nutraceutics: A comprehensive
review. Critical Reviews in Food Science and Nutrition, 57(17):3771-80.

Goufo P, Trindade H (2014). Rice antioxidants: phenolic acids, flavonoids, anthocyanins,
proanthocyanidins, tocopherols, tocotrienols, y-oryzanol, and phytic acid. Food science & nutrition,
2(2):75-104.

Fardet A, Rock E, Rémésy C (2008). Is the in vitro antioxidant potential of whole-grain cereals and
cereal products well reflected in vivo?. Journal of Cereal Science, 48(2):258-76.

Salgado JM, de Oliveira AG, Mansi DN, Donado-Pestana CM, Bastos CR, Marcondes FK (2010).
The role of black rice (Oryza sativa L.) in the control of hypercholesterolemia in rats. Journal of
medicinal food, 13(6):1355-62.

Verschoyle RD, Greaves P, Cai H, Edwards RE, Steward WP, Gescher AJ (2007). Evaluation of the
cancer chemopreventive efficacy of rice bran in genetic mouse models of breast, prostate and intestinal
carcinogenesis. British journal of cancer, 96(2):248-54.

Kong CK, Lam WS, Chiu LC, Ooi VE, Sun SS, Wong YS (2009). A rice bran polyphenol,
cycloartenyl ferulate, elicits apoptosis in human colorectal adenocarcinoma SW480 and sensitizes
metastatic SW620 cells to TRAIL-induced apoptosis. Biochemical pharmacology, 77(9):1487-96.

Henderson AJ, Ollila CA, Kumar A, Borresen EC, Raina K, Agarwal R, Ryan EP (2012).
Chemopreventive properties of dietary rice bran: current status and future prospects. Advances in
Nutrition, 3(5):643-53.

Pengkumsri N, Sivamaruthi BS, Sirilun S, Suwannalert P, Rodboon T, Prasitpuriprecha C, Peerajan
S, Butrungrod W, Chaiyasut C (2017). Dietary supplementation of Thai black rice bran extract and
yeast beta-glucan protects the dextran sodium sulphate mediated colitis induced rat. RSC advances,
7(1):396-402.

767 | www.scope-journal.com



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Scope
Volume 13 Number 3 September 2023

Xu Z, Hua N, Godber JS (2001). Antioxidant activity of tocopherols, tocotrienols, and y-oryzanol
components from rice bran against cholesterol oxidation accelerated by 2, 2 ‘-azobis (2-
methylpropionamidine) dihydrochloride. Journal of agricultural and food chemistry, 49(4):2077-81.

Forster GM, Raina K, Kumar A, Kumar S, Agarwal R, Chen MH, Bauer JE, McClung AM, Ryan
EP (2013). Rice varietal differences in bioactive bran components for inhibition of colorectal cancer
cell growth. Food chemistry, 141(2):1545-52.

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(1):199-207.

Patel M, Naik SN (2004). Gamma-oryzanol from rice bran oil-A review. Journal of scientific &
industrial research, 63:569-578

Chen PN, Kuo WH, Chiang CL, Chiou HL, Hsieh YS, Chu SC (2006). Black rice anthocyanins
inhibit cancer cells invasion via repressions of MMPs and u-PA expression. Chemico-biological
interactions, 163(3):218-29.

Hui C, Bin Y, Xiaoping Y, Long Y, Chunye C, Mantian M, Wenhua L (2010). Anticancer activities
of an anthocyanin-rich extract from black rice against breast cancer cells in vitro and in vivo.
Nutrition and cancer, 62(8):1128-36.

Yawadio R, Tanimori S, Morita N (2007). Identification of phenolic compounds isolated from
pigmented rices and their aldose reductase inhibitory activities. Food Chemistry, 101(4):1616-25.

Imsanguan P, Roaysubtawee A, Borirak R, Pongamphai S, Douglas S, Douglas PL (2008). Extraction
of a-tocopherol and y-oryzanol from rice bran. LWT-Food Science and Technology, 41(8):1417-24.

Azrina A, Maznah I, Azizah AH (2008). Extraction and determination of oryzanol in rice bran of
mixed herbarium UKMB; AZ 6807: MR 185, AZ 6808: MR 211, AZ6809: MR 29. International
Food Research Journal,15(1):89-96.

Matouk AM, El-Kholy MM, El-Sadany M, Hendawy YT (2009). Rice bran oil extraction using an
expeller machine. Misr Journal of Agricultural Engineering, 26(1):324-42.

Herrero M, Mendiola JA, Cifuentes A, Ibafiez E (2010). Supercritical fluid extraction: Recent
advances and applications. Journal of Chromatography A, 1217(16):2495-511.

Soares JF, Dal Pra V, de Souza M, Lunelli FC, Abaide E, da Silva JR, Kuhn RC, Martinez J, Mazutti
MA (2016). Extraction of rice bran oil using supercritical CO2 and compressed liquefied petroleum

gas. Journal of Food Engineering,170:58-63.

Xu Z, Godber JS (2000). Comparison of supercritical fluid and solvent extraction methods in
extracting y-oryzanol from rice bran. Journal of the American Oil Chemists' Society, 77(5):547-51.

768 | www.scope-journal.com



42.

43.

44.

45.

46.

47.

48.

49.

50.

51,

52.

53.

54.

Scope
Volume 13 Number 3 September 2023

Terigar BG, Balasubramanian S, Sabliov CM, Lima M, Boldor D (2011). Soybean and rice bran oil
extraction in a continuous microwave system: From laboratory-to pilot-scale. Journal of Food
Engineering,104(2):208-17.

Wataniyakul P, Pavasant P, Goto M, Shotipruk A (2012). Microwave pretreatment of defatted rice
bran for enhanced recovery of total phenolic compounds extracted by subcritical water. Bioresource
technology, 124:18-22.

Tabaraki R, Nateghi A (2011). Optimization of ultrasonic-assisted extraction of natural antioxidants
from rice bran using response surface methodology. Ultrasonics sonochemistry,18(6):1279-86.

Khoei M, Chekin F (2016). The ultrasound-assisted aqueous extraction of rice bran oil. Food
Chemistry,194:503-7.

Chemat F, Tomao V, Virot M (2008). Ultrasound-assisted extraction in food analysis. Handbook of
food analysis instruments, 11:85-103.

Sivamaruthi BS, Pengkumsri NO, Saelee M, Kesika PE, Sirilun SA, Peerajan S, Chaiyasut CH
(2016). Impact of physical treatments on stability and radical scavenging capacity of anthocyanidins.
Health, 8(1): 162-167.

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.
The Journal of nutritional biochemistry, 13(3):175-87.

Sivamaruthi BS, Kesika P, Chaiyasut C (2018). A comprehensive review on anti-diabetic property of
rice bran. Asian Pacific Journal of Tropical Biomedicine, 8(1):79.

Cheng HH, Huang HY, Chen YY, Huang CL, Chang CJ, Chen HL, Lai MH (2010). Ameliorative
effects of stabilized rice bran on type 2 diabetes patients. Annals of Nutrition and Metabolism,
56(1):45-51.

Lai MH, Chen YT, Chen YY, Chang JH, Cheng HH (2012). Effects of rice bran oil on the blood
lipids profiles and insulin resistance in type 2 diabetes patients. Journal of clinical biochemistry and
nutrition, 51(1):15-8.

Shakib MC, Gabrial S, Gabrial G (2014). Rice bran oil compared to atorvastatin for treatment of

dyslipidemia in patients with type 2 diabetes. Open Access Macedonian Journal of Medical Sciences,
2(1):95-102.

Devarajan S, Chatterjee B, Urata H, Zhang B, Ali A, Singh R, Ganapathy S (2016). A blend of
sesame and rice bran oils lowers hyperglycemia and improves the lipids. The American journal of
medicine, 129(7):731-9.

Salar A, Faghih S, Pishdad GR (2016). Rice bran oil and canola oil improve blood lipids compared to

sunflower oil in women with type 2 diabetes: A randomized, single-blind, controlled trial. Journal of
clinical lipidology,10(2):299-305.

769 | www.scope-journal.com



55.

56.

57.

38.

59.

60.

61.

62.

63.

64.

65.

Scope
Volume 13 Number 3 September 2023

Kanaya Y, Doi T, Sasaki H, Fujita A, Matsuno S, Okamoto K, Nakano Y, Tsujiwaki S, Furuta H,
Nishi M, Tsuno T (2004). Rice bran extract prevents the elevation of plasma peroxylipid in KKAy
diabetic mice. Diabetes research and clinical practice, 66:S157-60.

HSIEH RH, LIEN LM, LIN SH, CHEN CW, CHENG HJ, CHENG HH (2005). Alleviation of
Oxidative Damage in Multiple Tissues in Rats with Streptozotocin-Induced Diabetes by Rice Bran
Oil Supplementation. Annals of the New York Academy of Sciences,1042(1):365-71.

Chen CW, Cheng HH (2006). A rice bran oil diet increases LDL-receptor and HMG-CoA reductase
mRNA expressions and insulin sensitivity in rats with streptozotocin/nicotinamide-induced type 2
diabetes. The Journal of nutrition,136(6):1472-6.

Siddiqui S, Khan MR, 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. Chemico-biological interactions, 188(3):651-8.

Chou TW, Ma CY, Cheng HH, Chen YY, Lai MH (2009). A rice bran oil diet improves lipid
abnormalities and suppress hyperinsulinemic responses in rats with streptozotocin/nicotinamide-
induced type 2 diabetes. Journal of clinical biochemistry and nutrition, 45(1):29-36.

Jung EH, Ran Kim S, Hwang IK, Youl Ha T (2007). Hypoglycemic effects of a phenolic acid fraction
of rice bran and ferulic acid in C57BL/KsJ-db/db mice. Journal of Agricultural and Food Chemistry,
55(24):9800-4.

Ghatak SB, Panchal SS (2012). Anti-diabetic activity of oryzanol and its relationship with the anti-
oxidant property. International Journal of Diabetes in Developing Countries, 32:185-92.

Apichai S, Pongchaidecha A, Kaeapai W, Jitprawet N, Lailerd N (2012). Beneficial effects of thai
purple sticky rice supplement in streptozotocin induced diabetic rats. Chiang Mai University Journal
of Natural Sciences, 11(1):371-81.

Posuwan J, Prangthip P, Leardkamolkarn V, Yamborisut U, Surasiang R, Charoensiri R,
Kongkachuichai R (2013). Long-term supplementation of high pigmented rice bran oil (Oryza sativa
L.) on amelioration of oxidative stress and histological changes in streptozotocin-induced diabetic rats
fed a high fat diet; Riceberry bran oil. Food Chemistry,138(1):501-8.

Kim SM, Rico CW, Lee SC, Kang MY (2010). Modulatory effect of rice bran and phytic acid on
glucose metabolism in high fat-fed C57BL/6N mice. Journal of Clinical Biochemistry and Nutrition,
47(1):12-7.

Kozuka C, Yabiku K, Sunagawa S, Ueda R, Taira SI, Ohshiro H, Tkema T, Yamakawa K, Higa M,
Tanaka H, Takayama C (2012). Brown rice and its component, y-oryzanol, attenuate the preference
for high-fat diet by decreasing hypothalamic endoplasmic reticulum stress in mice. Diabetes,
61(12):3084-93.

770 | www.scope-journal.com



66.

67.

68.

69.

70.

71.

Scope
Volume 13 Number 3 September 2023

Son MJ, Rico CW, Nam SH, Kang MY (2011). Effect of oryzanol and ferulic acid on the glucose
metabolism of mice fed with a high-fat diet. Journal of Food Science, 76(1):7-10.

Ghatak SB, Panchal SS (2012). Protective effect of oryzanol isolated from crude rice bran oil in
experimental model of diabetic neuropathy. Revista Brasileira de Farmacognosia, 22(5):1092-103.

Ohara K, Uchida A, Nagasaka R, Ushio H, Ohshima T (2009). The effects of hydroxycinnamic acid
derivatives on adiponectin secretion. Phytomedicine,16(2-3):130-7.

Wahyuni AS, Munawaroh R, Da'i M (2016). Antidiabetic mechanism of ethanol extract of black rice
bran on diabetic rats. National Journal of Physiology, Pharmacy and Pharmacology, 6(2):106.

Boue SM, Daigle KW, Chen MH, Cao H, Heiman ML (2016). Antidiabetic potential of purple and
red rice (Oryza sativa L.) bran extracts. Journal of Agricultural and Food Chemistry, 64(26):5345-53.

Kaup RM, Khayyal MT, Verspohl EJ (2013). Antidiabetic effects of a standardized Egyptian rice bran
extract. Phytotherapy Research, 27(2):264-71.

Abbreviation ICsy-Half maximal inhibitory concentration
INS-1-Insuline protein coding gene
INSR-Insuline Receptor

KKAy-mice are cross between diabetic & lethal yellow
LDL-Low density lipid
MDA-Malondialdehyde

mRNA- Messenger ribonucleic acid
NF-«kB- Nuclear factor kappa B
RBE-Relative biological Effectiveness
RBO- Rice bran oil

RB-Rice bran

SFe-Supercritical Fluid Extraction
3T3-L1-Cell line derived from mouse
C57BL-Common inbred strain
CO,-Carbon dioxide

DM-Diabetes mellitus
DNA-Deoxyribonucleic acid

GLUT 1- Glucose Transporter-1
GLUT 4- Glucose Transporter-4
HbA1C- Hemoglobin Alc
HDL-High density lipid
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