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Consumption of pigmented rice as a staple food is rapidly increasing due to their healthy prospective and considered as

functional food ingredients. Greater interest has been shown in many color rice varieties due to their multiple biological

activities. The phenolic compounds have been found to consist of anthocyanidins, ferulic acid, diferulates, anthocyanins

and polymeric proanthocyanidins. Anthocyanin is located in the bran layers of the rice kernel, while phenolic acids are

mainly present in the bran layers of rice, existing as free, conjugated and bound forms. Keeping in view the several health

benefits associated with the functional ingredients, such as anti-inflammatory, antioxidative and anticancer effects,

pigmented rice is considered as a functional food and food ingredient in many Asian countries. 
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1. Introduction 

Rice is the second-largest cereal grain grown after maize and is consumed by the majority of the world population as their

staple food . As part of the meal, rice grains are consumed in the polished form in several countries and known as white

rice. The outer layer of brown rice as known as bran, is a by-product in the rice milling industry. However, there is also

pigmented rice grain available with reddish, purple or even blackish color. The red and black paddy varieties have about

38% more protein, about 18% more crude fiber and are richer in lysine, vitamin B  and other minerals as compared to the

conventional varieties. In addition to good quality protein, high fiber content and vitamin content, pigmented rice varieties

deliver functional properties due to the antioxidant compounds they contain and have the ability to inhibit the formation of

reactive cell-damaging free radicals. Anthocyanins as prime metabolites in the bran layers of the rice kernel have been

reported as health-promoting functional food ingredients, which possessed anticancer, antioxidant activity, hypoglycemic

and anti-inflammatory property . Consequently, in these past years, the interest in pigmented rice (black and red)

consumption has been rapidly increasing among the consumers due to their healthy functional food ingredients .

Keeping in view the several health benefits associated with anthocyanins, such as anti-inflammatory, antioxidative and

anticancer effects, pigmented rice is considered a functional food and food ingredient . In terms of food experience, the

consumption of colored rice has increasingly become popular in many Asian and western countries where black rice is

often mixed with non-pigmented rice before cooking to enhance the flavor and texture. Moreover, red rice is also used as

a food-colorant in various products like bread, ice cream and liquor in several countries.

2. Pigmented Rice Varieties

Rice belongs basically to either japonica and indica subspecies. The indica of larger diversity has been divided into two

subpopulations viz., indica and aus, whereas the japonica is subcategorized into the tropical japonica, temperate japonica
and aromatic subpopulations. In addition to these five major rice subpopulations, a new group, rayada . Within those,

pigmented rice varieties are divergent with different qualitative and quantitative traits . The obvious characteristic of this

rice type is they are found to be mainly with red, black or purple pericarps. A large number of these varieties are being

cultivated in various parts of the world as traditional landraces that in fact their nutritional qualities have been shown to be

higher than that of the grain grown by conventional or the commercial varieties, vastly due to their more effective

accumulation of nutraceuticals . There are many cultivars of rice that contain colored pigments, and these pigments

are generally localized in the pericarp or in the bran of the rice kernel that resulted in different colors of rice such as

brown, red, purple and black. The dark purple color of black rice has been found to be due to the higher content of

anthocyanins, which belong to the family of flavonoids and are located in the pericarp layers . While the red pericarps

are due to proanthocyanidins. Among the different classes of flavonoids present in pigmented rice, flavonols and flavan-3-

ols are of great interest in the human diet. These flavonoids have received considerable attention in recent years due to

their potential health benefits by acting as protective agents against cardiovascular disease and towards oxygen-free

radical scavenging activity .
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Black or purple rice, such as those belonging to the indica and japonica varieties, has a purple–black pericarp and

pigmented leaves, as shown in Figure 1. The grain possesses pigments in the aleurone layer that is a mixture of

anthocyanins. Rice of this type is grown massively in China, followed by Sri Lanka, Indonesia, India, Philippines, while

Thailand ranked the ninth position for the world's cultivation volume . Rice possessing red bran layer is called red rice

or Raktasali; though the color in the rice grains is confined mainly to the bran layer, a tinge of red remains even after the

milling process . The pigments are naturally occurring compounds that belong to the family of flavonoids in which

cyanidin, pelargonidin, peonidin, delphinidin, petunidin, and malvidin represent the most commonly occurring anthocyanin

aglycons . Pramai and Jiamyangyuen  pigmented Thai rice into red and black (purple) types based on their

excellent sources of total phenolic, flavonoid and α-tocopherol contents and antioxidant capacities. With each type, these

contents, as well as the intensity of pigmentation, may vary with the environment in which they are grown . As

mentioned, the local varieties of pigmented rice are usually more nutritious than those of the commercials . Bran

extract from the Northern Thai black rice variety (cv. Chiang Mai) was found to contain higher phenolic acid, flavonoids

and anthocyanins (cyanidin 3-glucoside, peonidin 3-glucoside, cyanidin chloride) and was richer in antioxidant activities

than conventional varieties . In the screening tests for antioxidant activities, extracts from local pigmented rice grains

such as Jumlalocal-1, Parnkhari 203, DZ78, LK1-3-6-12-1-1, and Elwee had higher antioxidative activity than did the non-

pigmented variety . The metabolites flavonoids with higher antioxidant potentials, namely 9-flavonoids, 9-

hydroxycinnamic acid derivatives, 3-hydroxybenzoic acid derivatives and other glucosides specifically, proanthocyanidin

trimer and procyanidin-B  (dimer), were identified from bran extracts of the Indian colored rice cultivars included Zag, Kaw
quder, Shel kew of the red-colored, Samarkand of black colored and Kaw kareed of light blackish colored . The

cyanidin and malvidin extracts from the bran of the local Korean pigmented rices cv. Heugjinjubyeo had been found to

inhibit U937, human monocytic leukemia cells .

Figure 1. Examples of local Indian and Thai pigmented rice verities (Oryza sativa).

3. Phytochemicals and Antioxidant and Medicinal Values of Pigmented
Rice Bran

As shown in Figure 2, rice bran is one of the most abundant co-products in the rice milling industry for animal feed, and its

use as human food has been underutilized. Knowledge in phytochemistry, however, advises that this raw material is an

excellent source of vitamins, minerals, essential fatty acids, dietary fiber and other sterols ; therefore, rice bran could be

recognized as a valuable source for formulation of a diverse range of nutraceuticals and functional food products.

Different varieties of rice have been found to affect differently in the human body due to their diverse inherent quality

characteristics . The ayurvedic practitioners have profound knowledge regarding the pharmacological

properties of rice bran in curing different types of ailments . In traditional Chinese medicine, consuming pigmented

rice is known for nourishing Yin with the qualities of strengthening kidney function, treating anemia, promoting blood

circulation, removing blood stasis, improving blood flow and detumescence, treating diabetes and ameliorating sight .

Hegde et al.  added several therapeutic benefits of pigmented rice bran, including its influence in the treatment of

various ailments such as diarrhea, vomiting, fever, hemorrhage, chest pain, wounds and burns. Rice, due to its least
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allergic properties, is recommended for patients suffering from irritable bowel syndrome. The oryzanol in rice bran inhibit

lipid peroxidation induced by UV light and thus could be used in cosmetics as sunscreen agents as well as a remedy for

wrinkles and hyperpigmentation. The presence of ferulic acid and its esters in gamma-oryzanol has been found to

stimulate hair growth, reducing atopic dermatitis . Pigmented rice extracts have been revealed to effectively reduce

inflammation and oxidative stress as well as atherosclerotic lesions .

Figure 2. Rice bran characteristics derived from the 30 s polishing process of (a) purple rice cv. Kum Doi Saket (KDSK)

and (b) red rice cv. Yamuechaebia Morchor (YMCB CMU).

Besides being a major source of energy for humans, rice bran has higher levels of several phytochemicals that are having

antioxidant activities and other health-promoting properties. Among these phytochemicals, vitamin E, including the four

homologs (a, b, c and d) of tocopherols and tocotrienols and the γ-oryzanol. These components have an emerging

potential in the formulation of functional foods and nutraceuticals. The physiologic effects associated with γ-oryzanol and

other components present in rice bran included a reduction in atherosclerosis, accelerated excretion of fecal bile acids

and inhibition of platelet aggregation . The increasing interest in the exploration of effective and economical natural

antioxidants as compared to synthetic antioxidants could be attributed to the adverse toxicity and carcinogenicity

associated with synthetic antioxidants.

It has also been found that rice bran contains phenolic content higher than that of wheat bran . These phenolic

compounds and flavonoid contents found mostly in pigmented rice are having the potential antioxidant capacity, and these

phytochemicals also act as metal ion chelators, free radical scavengers and reducing agents . The scavenging of free

radicals by the bioactive phytochemicals, like the phenolic compounds present in whole rice grains, may be a mechanism

that ensures whole grains for their protective effects. Most of the phytochemicals in the whole rice grain are present in the

bran fraction consisting of bran layers and the germ. Phytochemicals in whole grain rice are mainly found in hydrophilic,

lipophilic and insoluble forms (Figure 3). The major lipophilic fractions of whole rice grains are tocopherols, tocotrienols

and γ -oryzanol that are having potential health benefits. Whole rice grains also contain hydrophilic phenolic compounds

such as tricin, caffeic acid, ferulic acid and methoxycinnamic acid that are having anti-carcinogenic properties .

Moreover, many epidemiological studies have shown that consumption of whole rice grains reduces the incidences of

chronic diseases . Rice grains contain unique free phenolic compounds and their glycosides in a significant amount as

insoluble phenolic compounds that are mostly bound to polysaccharides in the cell wall. These compounds are

concentrated mainly in the bran layers and are lost with the separation of seed coat during processing.

Figure 3. The phytochemical components of whole grain rice.
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Even though whole rice grains have been strongly recommended by many governmental and health organizations for

consumption purposes due to its health benefits, most of the phenolic compounds are also lost along with the processing

of rice as bran. The great diversity of the phenolic compounds composed in the bran portion of brown rice cultivars implied

their potential beneficial effects when consumed as whole rice. Researchers urged that antioxidant activity and phenolic

content of black rice has been found to be higher than that of white rice . Pigmented rice brans are highly valued in

local markets, and greater interest has been shown in these rice cultivars recently due to the polyphenols in this rice that

are having multiple biological activities. These phenolic compounds have been found to consist of anthocyanidins, ferulic

acid and diferulates, anthocyanins and polymeric proanthocyanidins (condensed tannins). Phenolics act as reducing

agents due to their ability to donate hydrogen atoms. Phenolics also act as singlet oxygen quenchers and free radical

hydrogen donors, and because of these properties, they have protected the cell constituents against oxidative damage

. The antioxidant properties of phenolics have been reported in epidemiological studies as anti-carcinogenic and

prevent cardiovascular and nerve diseases . In addition, zinc and iron content in red rice has been reported to be 2–

3 times higher than that of white rice . Due to the availability of anthocyanins, acetylated procyanidin and other

phenolics, rice bran also possesses significant free radical scavenging activity. Rice bran contains a unique complex of

naturally occurring antioxidant compounds that are having professed health benefits as well as their ability to improve the

storage stability of foods products having bran in their formulation. It has been reported that rice bran may contain even

100 different antioxidants, as new ones are being discovered. The most powerful among these are oryzanols, tocopherols

and tocotrienols . In the Indian pigmented rice variety, Gull zag, the superior antioxidant activities found in pigmented

bran could be attributed to their greater amount of polar phenolic compounds such as thymol, quinicquinic-cafeic acid

ester, tricafeoyl-hydroxyferulic acid and chlorogenic acid .

Rice bran has drawn the attention of chemists and pharmacologists in recent years due to the availability of some

valuable vitamin E, including the four homologs (a, b, c and d) of tocopherols and tocotrienols and the c-oryzanol it

contained. It has also been found that rice bran contains phenolic content higher than that of wheat bran . A great deal

of interest has been shown between the consumption of pigmented rice (with barn) and the improvement of human health

due to the great antioxidant potency of phenolic compounds present in these rice varieties . The health benefits of the

flavonoids found in the pigmented rice barn are usually associated with two properties, including (i) inhibition of certain

enzymes such as xanthine oxidase, aldose reductase and (ii) aldose reductase catalyzes the NADPH-dependent

reduction of several sugar-derived carbonyl compounds into their respective sugar alcohols (e.g., sorbitol), that act in the

development of diabetic complications such as retinopathy and neuropathy .

Pigmented rice varieties contain antioxidative compounds that are having the ability to inhibit the formation or to reduce

the concentrations of reactive cell-damaging free radicals and thus have the potential to promote human health. These

compounds include anthocyanins polymeric procyanidins; (glycosides)-cyanidin-3-O-β-D-glucoside and peonidin-3-O-β-

glucoside anthocyanidins (aglycones)-cyanidin and malvidin; the phenolic compounds syringaldehyde, anisole, 4-

hydroxycinnamic acid (p-coumaric), 4, 7-dihydroxyvanillic acid, protocatechuic acid methyl ester, vanillin, ferulic and

sinapinic acids. These observations suggest that pigmented non-polished rice varieties may have beneficial effects on the

human diet. These rice cultivars can also be employed by plant breeders in developing new hybrid rice varieties with

higher antioxidant activities . Pigmented rice varieties contain antioxidative compounds that are having the ability to

inhibit the formation or to reduce the concentrations of reactive cell-damaging free radicals and thus have the potential to

promote human health. These observations suggest that pigmented non-polished rice varieties may have beneficial

effects on the human diet. Consuming pigmented rice is considered good for the treatment of fevers and ulcers; this also

improves eyesight, voice improver, semen enhancer, diuretic, spermatophytic, refrigerant, cosmetic user, a tonic and

antitoxic. Colored rice varieties have been reported to possess antioxidant properties  and considered more nutritious,

being rich in Fe, Zn and minerals. These rice varieties have been found to reduce atherosclerotic plaque by 50% more

than white rice in rabbits . The clinical trials conducted in the USA have concluded that red rice yeast reduces

cholesterol and total triglycerides, providing a novel food-based approach to lowering cholesterol . It also stimulates

protein secretion besides having radical scavenging effects . Traditional pigmented and scented rice varieties have

been revealed by scientists to possess a higher amount of Fe and Zn and helps in the bioavailability of iron . The

distribution of Fe and Zn in different grain layers is known to play a subsequentially role antioxidative capacity of rice grain

.

4. The Anthocyanins in Rice Bran

Colored rice is considered enriched rice for taste and health benefits due to the presence of anthocyanins. The

anthocyanins belong to a group of flavonoids and are water-soluble pigments. The six common anthocyanidins found in

rice bran are cyanidin, delphinidin, peonidin, pelargonidin, petunidin and malvidin (Scheme 1). Anthocyanins are

considered beneficial to health due to their higher antioxidant activity . Cyanidin and peonidin present in black
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rice have been reported to suppress oxidative modification of human low-density lipoprotein and reduces the formation of

nitric oxide. Cyanidin and malvidin have been revealed to mediate cytotoxicity by arresting the G2/M phase of the cell

cycle and by induction of apoptosis. Anthocyanins present in red and black rice also leads to the reduction of

atherosclerotic plaque formation .

Scheme 1. The common anthocyanidins found in rice bran.

The important bioactive compounds present in rice bran are represented in Table 1.

Table 1. Bioactive compounds present in rice bran.

Flavonoid Phenol
Hydroxycinnamic
Acid Derivative

Hydroxybenzoic
Acid Derivatives

Anthocyanin

Epigallocatechin- 3-

O-gallate
Ellagic acid

Ferulic acid hexose

derivative

p-hydroxybenzoic

acid

Cyanidin-3-O-
rutinoside

2-O-pentosyl-8-C-

hexosyl-apigenin
Phloretic acid p-Coumaroyl glucose

Dihydrogallic acid

derivative

Pelargonidin-3-O-

diglucoside

Quercetin-3-O-(6-

acetyl) glucoside.
Thymol Caffeic acid

Dicaffeoyl-

protocatechuic acid

diglucoside

5- pyranopelargonidin-

3-O-glucoside

(epi)-catechin
(E)-

Coniferaldehyde

dicaffeoyl-

protocatechuic acid

diglucoside

Dihydroxybenzoic

acid-O-pentoside

Pelargonidin-

malonylrhamnoside

Myrecitin Chlorogenic acid p-Coumaric acid Syringic acid
Cyanidin-3-O-
rutinoside

Procyanidin B1 Thymol Dicaffeoylquinic acid Protocatechuic acid
Pelargonidin-3-O-

diglucoside

Luteolin
quinicquinic-

caffeic acid ester
Ferulic acid  

5- pyranopelargonidin-

3-O-glucoside

Quercetin-3-O-

rhamnoside

Ellagic acid deoxy‐

hexoside

tricaffeoyl-

hydroxyferulic acid
   

Apigenin Phloretic acid 5-O-feruloylquinic acid    

[22][24][43]



apigenin-6,8-di-C-

glucoside
       

Quercetin-3-O-
rutinoside

       

Apigenin-7-O-
glucoside

       

Quercetin-3-O-

galactoside
       

Quercetin pentosyl-

pentoside
       

5. Free and Bound Phenolic Compounds in Rice Bran

Phenolic acids are mainly present in the bran layers of rice existing as free, conjugated and bound forms; (i) free

phenolics which may be readily extracted from rice bran and (ii) bound phenolics which are covalently bound to cell wall

components such as cellulose, hemicellulose, lignin, pectin and structural proteins. The bound phenolics present in rice

bran amounted to more than 70% of the total phenolic and are having a higher antioxidant capacity than free phenolics.

These bound phenolics are not easily extracted in aqueous or organic solvents, and to improve their extractability,

chemical degradation or disruption of plant cell wall matrices has been commonly employed by acid or base hydrolysis

. However, those treatments are not desired to be practiced at a commercial scale because the degradation often

results in increasing viscosity due to fiber dissolution and thus inhibiting the extraction of phenolic compounds . The

free phenolic compounds after absorption in the human body can take action, either on-site or at remote sites, thus

prevents the incidence of colon cancer and other chronic diseases . In wild rice, some phenolic acids, such as diferulic

acid and disinapic acid, are even dimerized and esterified to the cell wall. Ferulic, p-coumaric, syringic, and isoferulic

acids are present as bound forms in white, red and black rice grains. The content of phenolic acids in brown rice is

significantly higher than in milled rice. The distribution of phenolic acids varies in botanical parts of the rice kernel. Ferulic

acid is predominant in the bran, whereas vanillic and p-coumaric acids are concentrated in the husk. Phenolic acids

display positive effects on several human chronic diseases, such as cardiovascular, cancer, obesity, diabetes. Their

content in rice may be related to grain color, size and weight and controlled by genetic factors . Rice bran was identified

as a rich source of several phenolic compounds, including free and bound phenolic acids, such as ferulic and p-coumaric

acids, tannins, lignins and flavonoids. Flavonoids are water-soluble and are among the most common group of phenolic

compounds that are powerful antioxidants, thus providing various human health benefits. Literature has revealed that the

bran of red and black rice cultivars exhibit higher phenolic contents and antioxidant activity than bran of non-pigmented

rice varieties . The majority of phenolic compounds in rice bran are bound covalently to cell wall components, and

some of these are hydrolyzed from their attached macromolecule by intestinal enzymes. However, some phenolic

compounds reach the colon in intact form, where they are released by colonic microflora .

The diversity in phenolic and flavonoid compounds results in higher demand for their identification and quantification by

employing different analytical methods . Different aspects of the HPLC method have been adapted to improve the

separation and quantification of desired compounds, including the stationary phase (column), mobile phase composition,

gradient program and column temperature. The aim of using different detectors may be to quantify the compounds from

multiple phenolic groups. A sensitive, accurate and specific method coupling high-performance liquid chromatography–

diode array detection (HPLC–DAD) coupled with electrospray ionization tandem mass spectrometry (ESI-MS/MS) has

become one of the most popular methods applied for identification and quantification of phenolic acids, flavonoid

glycosides and aglycones in the extracts of rice and rice bran . Flavonoids in rice bran included a diverse group of

polyphenolic secondary metabolites that possess free radical scavenging properties and played an important role in

regulating a number of biological functions such as antiviral, antibacterial, anti-inflammatory, antithrombotic, anti-allergic

.
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6. Rice Bran Oil

Rice bran oil is extracted from the hard outer brown layer of dehusked rice. It is recommended due to its higher smoking

point (232 °C) and mild flavor; thereby, it is considered desirable for high-temperature cooking processes . As it is light

and quite versatile, it can even be used in cookies and cakes with a mild nutty flavor. In cooking, the oil is used for

sautéing, grilling, marinades and salad dressings. Rice bran oil is less viscous, and it does not stick to food, which leads

to less absorbance of oil in food products cooked at high temperatures; thus, it is beneficial in reducing overall calories. It

maintains its nutritive quality even at high temperatures. One of the major components in rice bran oil is the antioxidant γ-

oryzanol, at around 2% of crude oil content . Furthermore, significant is the relatively high fractions of tocopherol and

tocotrienols, together as vitamin E. Rice bran oil has been recommended by The World Health Organization (WHO) as the

best substitute for improving serum cholesterol levels . Results of an animal study indicated a 42% decrease in total

cholesterol with a 62% drop in LDL cholesterol when researchers supplemented test subjects' diets with fractionated

vitamin E obtained from rice bran oil . Rice bran oil is called as heart-friendly oil due to its ability to decrease the

absorption of cholesterol and enhances its elimination. Rice bran oil contains substances that might decrease calcium

absorption, which in turn helps to reduce the formation of certain types of kidney stones . As per literature, γ-oryzanol,

present in rice bran oil, has been found to provide relief from hot flashes in about 90% of women after taking a

supplement of the purified concentrate for four to six weeks, which may be associated with its phytoestrogen property .

Rice bran oil contains antioxidants in excessive amounts in comparison to other cooking oils. This essentially results in

health benefits like squalene softens the skin as it is a natural moisturizer. This effectively helps delay wrinkle formation

and protects the skin from sun damage, and maintains a healthy skin tone. Enhances the immune system due to its high

antioxidant content; it reduces the free radicals that harm the immune system, thereby protecting the body from disease.

Tocopherol and tocotrienols (vitamin E) in bran oil are powerful antioxidants that eliminate cancer-causing free radicals,

thereby reducing cancer risk. Vitamin E in rice bran oil helps improve neurological functioning and balances the endocrine

hormones .

Solvent extraction by hexane is the most widely used method for extracting rice bran oil. The conventional methods of

solvent extraction are the complex method of the oil extraction process and are energy-intensive and raise the costs for

the solvent extraction of oil significantly . Extraction by means of ultrasonication techniques has recently become

popular as a novel alternative to the traditional method of solvent extraction by offering numerous advantages such as

shorter treatment times, simpler sample preparation and higher efficiency. Hence extraction by means of ultrasonication

using hexane as a solvent was the principal technique investigated in this research. Among several innovative methods to

be used in the solvent extraction process, two methods have significant success in the extraction process, that are

microwaves and ultrasound. Microwave-assisted extraction (MAE) is a thermal process, while ultrasound-assisted solvent

extraction (UASE) is a more mechanical process. Even though MAE has been proven to extract several valuable

phytochemicals , the thermal nature of the method makes it unsuitable for the extraction of polyunsaturated fatty

acids (PUFAs) due to their high susceptibility to oxidation and degradation. Ultrasonication, on the other hand, has been

successfully used for the extraction of oils from different biomaterials, including rice bran, to varying degrees of success

. Ultrasound-assisted solvent extraction with hexane as a solvent could be used to extract high-quality rice bran oil with

greater efficiency than conventional methods. Ultrasound has evolved from emerging technology within the last ten years

and has developed into a fully commercial processing technology. High reliability and scalability, as well as low

maintenance costs and high energy efficiency, make ultrasound a promising contender for established oil extraction

equipment. Ultrasonication improves the extraction of oil from the raw bran oil. In comparison to the traditional Soxhlet

method, ultrasonication results in improved oil extraction from rice bran by breaking the cell structure, which results in the

release of more lipids stored inside the cells by the application of outside pressure by ultrasonication .

7. Scope in the Production of Medicinal Food with Nutraceutical
Importance

The application and incorporation of bran into food products for the preparation of functional foods is limited due to its

coarse texture and low concentration of the bioactive compounds. The properties of bran can be improved by

fermentation technology in which many biochemical changes take place and thus result in an increase in nutritive and

anti-nutritive components of bran that, in turn, affects its properties such as bioactivity and digestibility . Improvement of

bioavailability of rice bran phenolics in terms of release of insoluble bound phenolics could be achieved by means of an

aqueous phase, chemical, enzymatic and fermentation methods . Insoluble bound phenolics in bran have been

found to be linked with arabinoxylans that are present in the cell wall by means of ester linkages . Rice bran has drawn

the attention of chemists and pharmacologists in recent years due to the availability of its valuable functional compounds.

As a rich source of dietary fiber, rice bran has great potential in the development of functional foods, including bakery

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61][62][63]

[64]

[65]

[66]

[67][68][69]

[70]



products. The development of nutraceuticals using fiber of rice bran has been found to control both type I and type II

diabetes mellitus . The peptides extracted from rice bran had been found to have an essential role in inhibiting obesity

. Supplementation of rice bran in functional foods serves in reduces cholesterol, improving cardiovascular health and

anti-carcinogenic property . Stabilized rice contains β-sitosterols, which play an important role in inhibition and

apoptosis of cancer cells in the breast . Rice bran contains essential amino acids, including tryptophan, histidine,

methionine, cysteine and arginine, which could be utilized for the enrichment of functional foods. Supplementation of rice

bran had been found to enhance the growth and colonization of Lactobacillus rhamnosus, thereby improves the health of

the gut by preventing human rotavirus infection . Supplements based on rice bran have been used by bodybuilders and

athletes as ergogenic supplements and also reduce bone loss due to osteoporosis in postmenopausal women's . The

micronutrients present in rice bran like magnesium, calcium, phosphorous, manganese, and B-vitamin find their

application in emerging nutraceutical development industries. The flavonoids anthocyanins that are present in bran of

pigmented rice have been considered as an essential nutraceutical due to its antioxidant and pharmacological properties

. Anthocyanin in bran had been reported to be essential in enhancing protein homeostasis and neuroprotection .

Rice bran has been reported to decrease the chances of formation of kidney stones due to its ability to reduce the

absorption of calcium. The rice bran has been found to possess antidiabetic and antidyslipidemic activities in several

animal model trials . It has also been validated to prevent oxidative stress in rat and mouse models .

High-value-adding components from plants are susceptible to external factors like light, heat or pH changes.

Encapsulation is a good method to protect these unstable compounds and to preserve them against environmental

stresses. Encapsulation is a process where the compounds of interest are enveloped by one or a mixture of polymers

referred to as matrix materials. As a result, it protects compounds from relatively rapid degradation and helps to control

the release of these compounds. Rice bran dietary fiber and protein has been used as carrier agents for the

encapsulations for food and drug applications . Besides the dietary fiber also illustrates several functional

properties like water holding capacity (WHC), oil holding capacity (OHC), thickening and emulsifying abilities that may

also be used as a food additive .
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