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Introduction

Cereals can be de�ned as a grain or edible seed of the grass family 

[1]. Cereals are grown for their highly nutritious edible seed, which are 

o�en referred to as grain. Some cereals have been staple foods both 

directly for human consumption and indirectly via livestock feed since 

the beginning of civilization [2]. �e major cereals consumed worldwide 

are wheat, rice, maize, barley, oats, rye, millet, sorghum. Apart from 

being an important part of diet, these cereals are also rich in various 

health promoting components [3]. Cereals are staple foods providing 

major sources of carbohydrates, proteins, B vitamins and minerals for 

the world’s population. Cereals contain a range of substances which 

may have health promoting e�ects, these substances are o�en referred 

to as Phytochemicals or Plant bioactive substances [4].

Bioactive compounds are extra nutritional elements that typically 

occur in small quantities in foods. �ese substances are bene�cial 

to human health but are not essential for the human body [5]. �e 

majority of bioactive compounds of whole-grains are present in the 

bran/germ fraction of cereal-grains. �ese fractions of whole-grain 

may therefore help in reducing the risk of chronic diseases. Bioactive 

compounds in whole-grain cereals have not received as much attention 

as in fruits and vegetables. Epidemiological studies have shown that 

regular consumption of whole grains and wholegrain products is 

associated with reduced risks of various types of chronic diseases 

such as cardiovascular diseases [6,7] type 2 diabetes [8-10] and some 

cancers [11-13]. Whole-grains or foods made from whole-grains 

contain all the essential parts, the bran, the endosperm and rarely germ 

in contrast to the re�ned grains, in which the bran and the germ of the 

grains are removed during the milling process. Whole-grains are rich 

sources of �ber, vitamins, minerals and phytochemicals. Plant based 

foods such as fruits and vegetables and whole-grains which contain 

signi�cant amounts of bioactive compounds, may provide desirable 

health bene�ts to reduce the risk of chronic diseases [14-16]. Whole-

grains are even postulated to deliver more bioactive compounds 

than many of the fruits and vegetables [17]. �ese health bene�ts are 

achieved through multifactorial physiological mechanisms including 

antioxidant activity, mediation of hormones, enhancement of immune 

system and facilitation of substance transit through the digestive tract, 

butyric acid production in the colon, and absorption and/or dilution 

of substances in the gut [18]. �e additive and synergistic e�ects of 

the biologically active compounds may be responsible for the health 

bene�ts of diets rich in fruits, vegetables and whole-grains as the 

reduced risk of chronic diseases [15]. �e recent evidence suggests that 

the complex mixture of bioactive components in wholegrain foods may 

be more health bene�cial than individual isolated components [15]. 

�is review discusses about the general concept of wholegrain cereals, 

various bioactive compounds in whole-grain cereals and their health 

bene�ts. 

Whole-Grain Cereals and Health

Whole-grain cereals and foods have been the focus of signi�cant 

scienti�c, governmental and commercial interest during the past ten 

years since epidemiological studies have increasingly shown their 

protective role against the risks of many chronic diseases, especially 

those related to metabolic syndrome i.e., type 2 diabetes and 

cardiovascular diseases [19].

�e whole-grain has been de�ned to consist of the intact, ground, 

cracked or �aked caryopsis, whose principle anatomical components-

the starchy endosperm, germ and bran-are present in the same relative 

proportion as they exist in the intact caryopsis [20]. Whole-grains 

are a good source of dietary �ber, vitamins, minerals and bioactive 

compounds, which have been suggested to contribute to their protective 

e�ects as compared to re�ned grains [3]. 

�e outer layer of grain have been shown to contain much 

higher levels of bioactive compounds such as phenolic compounds, 

phytosterols, tocols and carotenoiods than the inner parts [21-

23]. �e phenolic compounds of whole-grains including lignans, 
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alkylresorcinols and phenolic acids have been shown to be metabolized 

and absorbed in humans and are among the major compounds 

inducing physiological changes underlying the protective e�ects [24-

26]. Higher whole-grain intake has been associated with reduced risk of 

hypertension in prospective epidemiological and intervention studies. 

In a recent intervention study, Tighe et al. [27] reported 6 and 3mm Hg 

reductions in systolic blood pressure and pulse pressure, respectively, 

among middle-aged healthy individuals consuming 3 servings of 

whole-grain foods/day compared with individuals consuming re�ned 

grains. �is observed decrease in systolic blood pressure is estimated to 

lower the risk of coronary artery disease and stroke by ≥ 15 and ≥ 25% 

respectively [27]. It has also been reported that consumption of re�ned 

cereal products (bread, pasta and rice) have been associated with 

increased risk of digestive tract, pharynx, larynx and thyroid cancers 

[28]. However an association between a lower risk of developing a 

chronic disease and high whole cereal consumption does not mean 

a direct casual relationship and provide no information about the 

physiological mechanism involved [29]. �e various metabolic 

disease are related to our daily life style (lifestyle disorders), notably 

an unbalanced energy rich diet lacking �ber and protective bioactive 

compounds such as micronutrients and phytochemicals. Today it is 

agreed to consider that this is the synergistic action of the compounds, 

mainly contained in the bran and germ fraction of cereals, which is 

protective [30,31]. �ere are some speci�c mechanisms which are well 

recognized today. For example, food structures in�uence satiety and 

the slow release of sugars recommended for type 2 diabetes. Dietary 

�ber improves our health, and antioxidant and anti-in�ammatory 

properties of most bioactive compounds can help prevent cancer 

and coronary vascular disease. However components in whole-grain 

that is responsible for these e�ects on the protection of health and 

homeostasis and their mechanism of action are not fully understood. 

In fact it is probable that several factors are required and act additively 

or synergistically to achieve the favourable e�ects. However the precise 

physiological mechanisms involved are far from being elucidated [29].

Various Bioactive Compounds Present in Whole-Grain 
Cereals

Whole-grains contain unique bioactive compounds that 

complement those in fruits and vegetables when consume together. 

�e major bioactive compounds in whole-grain cereals are phenolic 

compounds, phytosterols, tocols, dietary �bers (mainly beta-glucan), 

lignans, alkylresorcinols, phytic acid, γ-oryzanols, avenanthramides, 

cinamic acid, ferulic acid, inositols and betaine [3,17,18,29,32,33]. Some 

bioactive compounds are quite speci�c to certain cereals; γ-oryzanol in 

rice, avenanthramide and saponins in oats, beta glucans in oats and 

barley and alkylresorcinol in rye, although these are also present in 

other cereals like wheat but relatively in fewer amounts. �e important 

bioactive compounds in whole-grain cereals are discussed under:

Phenolic compounds

Phenolic are compounds possessing one or more aromatic rings 

with one or more hydroxyl groups and generally are categorized as 

phenolic acids, �avonoids, stilbenes, coumarins and tannins [15]. 

Phenolics are the products of secondary metabolism in plants, 

providing essential function in the reproduction and growth of the 

plant, acting as defense mechanisms against pathogens and parasites, 

also contributing to the color of plant. In addition to their role in plants, 

phenolic compounds in our diet provide health bene�ts associated with 

reduced risk of chronic diseases. Phenolic compounds have antioxidant 

properties and protect against degenerative diseases like heart diseases 

and cancer in which reactive oxygen species i.e., superoxide anion, 

hydroxyl radicals and peroxyl radicals are involved [34,35]. It is 

emerging that polyphenols may have far more important e�ect in vivo 

such as enhancing endothelial function, cellular signaling and anti-

in�ammatory properties [36-38]. Emerging research has also suggested 

that undigested polyphenols associated with dietary �ber may provide 

important protection at the intestinal environment level [39,40]. 

However, whether the protective e�ect of polyphenols on health is via 

antioxidant or other mechanisms, research strongly supports a positive 

relationship between polyphenol intake and decreased risk of certain 

chronic diseases [41,42]. Current public health recommendations 

aimed at reducing the risk of coronary heart disease in the UK suggest 

including oats and oat-based products as part of a healthy diet [43]. 

�e concentration of phenolic compounds in whole-grain cereals is 

in�uenced by grain types, varieties and the part of the grain sampled 

[18,32,44]. �e most common phenolic compounds found in whole-

grain cereals are phenolic acids and �avonoids.

Phenolic acid: Phenolic acids are derivatives of benzoic and 

cinnamic acids and are present in all cereals. Phenolic acids can be 

subdivided into two major groups, hydroxybenzoic acids and hydroxyl-

cinnamic acid derivatives. Hydroxybenzoic acid derivatives include 

P-hydroxybenzoic, protocatechins, vannilic, syringic and gallic acids. 

Hydroxyl cinnamic acid derivatives include p-coumaric, ca�eic, ferulic 

and sinapic acids. �e phenolic acids reported in cereals occur in both 

free and bound form. Sorghum and millet have the widest variety of 

phenolic acids. Free phenolic acids are found in outer layer of the 

pericarp [22,45-47]. Bound phenolic acids are esteri�ed to cell walls; 

acid or base hydrolysis is required to release these bound compounds 

from the cell matrix [45,48,49]. �e major phenolic acids in cereals are 

ferulic acids and p- coumaric acid [45,50].

Ferulic acid is the most abundant hydroxycinnamic acid found in 

cereal grains. It is the main poplyphenol present in cereals in which it 

is esteri�ed to the arabinoxylans of the grain cell wall. Wheat bran is 

the good source of ferulic acid which is esteri�ed to the hemicelluloses 

of the cell walls [51]. �e ferulic acid content of wheat grain is near 

about to 0.8 - 2 g/kg dry weight basis, which may represent 90% of total 

polyphenols [46,52]. It has antioxidant properties to combat destructive 

free radicals, and astringency that deters consumption by insects and 

animals [53]. Ferulic acid can exist in the free, soluble, conjugated 

and bound form in whole-grains. Bound ferulic acid was signi�cantly 

higher (> 93% of total) than the soluble conjugated ferulic acid in 

corn, wheat, oats and rice. �e ratio of free to, soluble - conjugated 

and bound ferulic acid in corn and wheat was 0.1:1.0:100. �e order of 

total ferulic acid content among the tested grains was corn > wheat > 

oats > rice [32]. Ferulic acid can provide health bene�ts because of its 

antioxidant properties [54]. Coumaric acids are hydroxyle derivatives 

of cinnamic acid. �ere are three forms of coumaric acids: p-coumaric 

acid, o-coumaric acid and m-coumaric acid. �e three forms di�er 

by the position of the hydroxyl substitution of the phenolic group 

[55]. Since p-coumaric acid is a hydroxyl derivative of cinnamic acid, 

p-hydroxycinnamic acid is synonym for p-coumaric acid [56,57]. 

p-coumaric acid is present in the lowest amount in the centre of the 

grain kernel and in increasing amount towards the outer layers [57,58]. 

�ey mainly exist esteri�ed with organic acids, sugars and lipids 

[55,59]. Coumaric acids are suggested to have antioxidant e�ect and 

researches have shown that there is free radical scavenging property 

in p- coumaric acids [55,60]. Coumaric acid also has been suggested to 

have anti tumor activity against human malignant tumors. Coumaric 

acid induces cytostasis and inhibits the malignant properties of human 



Citation: Gani A, Wani SM, Masoodi FA, Hameed G (2012) Whole-Grain Cereal Bioactive Compounds and Their Health Benefits: A Review. J Food 
Process Technol 3:146. doi:10.4172/2157-7110.1000146

Page 3 of 10

Volume 3 • Issue 3 • 1000146J Food Process Technol
ISSN:2157-7110 JFPT, an open access journal 

tumor cells in vitro. A 50% reduction in the level of cell proliferation 

was achieved by concentration ranging from 1 - 4.5 mmol/l [55,60]. 

p-coumaric acids have also potentially protective e�ect against heart 

diseases because of its ability to decrease the resistance of low density 

lipoproteins (LDL), cholesterol oxidation, lipid peroxidation and of 

apo-protein B100 [55].

Flavonoids: Flavonoids are compounds with a C
6
-C

3
-C

6
 skeleton 

that consists of two aromatic rings joined by a three carbon link; they 

include anthocynins, �avonols, �avones, �avanone and �avonols. 

More than 5000 �avonoids have been identi�ed in nature [61]. 

Flavonoids are located in the pericarp of all cereals. Sorghum has the 

widest varieties of �avonoids reported. Flavonones found in fruits 

and vegetables are also reported in cereals. For example, the �avones 

epigenin, a compound found in barley and celery is also reported in 

millet, oat and sorghum [61,62]. Cereals have only small quantities of 

�avonoids, except that barley contain measurable amounts of catechin 

and some di and tri pro-cyanidins [63]. Flavonoids are reported to 

have antioxidant, anticancer, anti allergic, anti-in�ammatory, anti-

carcinogenic and gastro protective properties [34,61,64].

Avenanthramides: Avenanthramides are speci�c polyphenols 

from oats. �ey are substituted cinnamic acid amides of anthranilic 

acids and there are at least 25 distinct entities. �e three major 

aventhramides reported in oats are aventhramide-1, 3 and 4, which are 

also known as aventhramids B, C and A respectively [65,66]. Levels 

of aventhramide 1 range from 40-132µg/g in the grain. Oat �akes 

have more aventhramides (26-27µg/g) than oat bran (13µg/g) [22]. 

Avenanthramide are bioavailable and they have anti-in�amatory, anti-

atherogenic and anti-oxidant properties [67-69].

Lignans: Lignans are polyphenolic bioactive compounds. �ey 

are a group of dietary phytoestrogen compounds that are present 

in a wide variety of plant foods including �ax seeds, whole-grains 

like corn, oats, wheat and rye [70]. �e common plant lignin in the 

human diet includes secoisolariciresinol, matairesinol, lariciresinol, 

pinoresinol and syringaresinol. When ingested, secoisolariciresnol 

and matairesinol are converted into the mammalian lignans enterodiol 

and enterolactone respectively by microbial enzymes in the colon 

[71]. Mammalian lignans have strong antioxidant activity and weak 

oestrogenic activity that may account for their biological e�ects and 

health bene�ts [70,72,73] and makes them unique and very useful in 

promoting health and combating various chronic diseases. Mammalian 

lignans, enterodiol and enterolactone protect against heart diseases 

and hormone related breast and prostate cancer [74,75]. Mammalian 

lignans inhibit colon cancer cell growth and also induces cell cycle 

arrest and apoptosis in vitro [76]. Lower cancer rates have also been 

associated with high dietary intake of lignans [74]. In a Danish study 

that followed 875 postmenopausal women, women eating the highest 

amounts of whole-grains had signi�cantly higher blood levels of 

enterolactone [75]. A Blood level of enterolactone was inversely related 

to cardiovascular diseases and all cause death, suggesting the protective 

e�ects of lignans against such conditions [77].

Alkylresorcinols: Alkyleresorsinols are plant derived phenolic 

lipids, especially found in whole-grain cereals. Rye contains the highest 

amount of alkylresorcinols, which can be twice as that of wheat [25]. 

�ey are 1, 3 - dihydroxybenzene derivatives with an alkyle chain 

at position 5 of the benzene ring, which gives them an amphiphilic 

feature. Alkylresorcinols have antibacterial and anti fungal properties 

and anti oxidant property in vitro [78]. �ese compounds are of interest 

as biomarkers of whole-grain cereals intake, which helps to understand 

the link between whole-grain cereal consumption and health [78]. 

�eir biological activity is multifactorial [78] from interacting with 

metabolic enzymes (e.g inhibiting 3-phosphoglycerate dehydrogenase, 

the key enzyme in triacylglycerol synthesis in adipocytes [79], to 

decreasing cholesterol in the rat liver [78] to anticancer/ cytotoxic 

e�ects but almost exclusively in-vitro [80,81]. Several papers claim that 

alkylresorsinols are antioxidants but they have negligible antioxidant 

activity as compared to tocopherols and catechol and hydroquinone 

[82,83]. Alkylresorcinols have hydrophobic nature, so they are able to 

bind some proteins especially those with large hydrophobic regions, 

such as serum albumins, and a�ect their properties. Trypsin could be 

bound by alkylresorcinols resulting in decreased protease activity [84] 

alkylresorcinols have been found to reduce the mutagenic activity of 

some indirect mutagens [85].

Carotenoids

Carotenoids are the most wide spread pigments in nature with 

yellow, orange and red colors and have also received substantial 

attention because of both their role as pro-vitamins and antioxidants. 

Carotenoids are classi�ed into hydrocarbons (carotenes) and 

their oxygenated derivatives (xanthophylls). More than 600 

di�erent carotenoids have been identi�ed, which occur in plants, 

microorganisms and animals. Carotenoids have a 40-carbon skeleton of 

isoprene units. �e structure may be cyclised at one or both ends, have 

various hydrogenation levels, or possess oxygen containing functional 

groups. Carotenoids occur most commonly in trans form. �e most 

characteristic feature of carotenoids is the long series of conjugated 

double bonds forming the central part of the molecule. �is gives 

them their shape, chemical reactivity and light absorbing properties. 

Carotenoids commonly found in whole-grain cereals are lutein, 

zeaxanthin, beta-cryptoxanthin, beta carotene and alpha carotene 

[18,44,86]. Lutein is the carotenoid present in highest concentration in 

wheat followed by zeaxanthin and then beta cryptoxanthin [18]. Rice 

bran contains both lutein and zeaxanthin, which improves eye sight. 

Cereals are the source of carotenoids [87]. Maize is the best source 

with about 11µg/kg on dry weight basis [88]. Carotenoids are more 

evenly distributed within the grain, with signi�cant quantities within 

endosperm, in contrast to other micro nutrients such as minerals, 

trace elements and polyphenols [89]. Carotenoids perform important 

functions in plants. �ey provide color in whole-grain �our. �ey also 

act as antioxidants in lipid environments of many biological systems, 

through their ability to react with free radicals and form less reactive 

free radicals. Carotenoid radicals are stabilized by delocalization of 

unpaired electrons over the conjugated polyene chain of the molecule, 

allowing addition of other functional groups to many sites on the 

radicals [86].

Phytic acid 

Phytic acid is bioactive compound which is also known as Inositol 

hexaphosphate (IP6). When IP6 is in salt form, it can also be called 

phytate. lnositol with lower phosphate groups,IP1-IP5 are called 

phytates. Almost all mammalian cells contain IP6 and its lower 

phosphorylated forms (IP1-5) [90,91]. It may account for more than 

70% of the total kernel phosphorus [92]. Phytic acid is mainly located in 

the bran fraction of whole-grain cereals, especially within the aleurone 

layer. In corn, IP6 is mostly found in the germ [90,93,94]. Phytic acid 

from whole-grain cereals has long been considered to be nutritionally 

negative, since it chelates minerals such as Zn, Fe, Ca and /or Mg, 

thus limiting their intestinal bioavailability [95]. However phytic acid 

is also a strong antioxidant in vitro [96]. It suppresses Fe catalysed 
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oxidative reactions, because of its capacity to chelate free Fe (Fenton 

reaction) and may be a potent antioxidant in vivo, by suppressing 

lipid peroxidation [97]. Phytic acid also reduces the incidence of 

colonic cancer by suppressing the oxidative damage caused to the 

gut epithelium, particularly in the colon where bacteria also yield 

oxygenated radicals [96]. Phytic acid also inhibits xanthine oxidase-

induced superoxide-dependent DNA damage [98]. Xanthine oxidases, 

which generate superoxide anions (O
2

-) during the oxidation of 

Xanthine is abundant within the intestine [99]. Results have shown that 

IP6 signi�cantly inhibits the precipitation of urinary calcium oxalate 

crystals. It also inhibits the crystallization of calcium oxalate salts in the 

urine, thus preventing renal stone development. It has been shown that 

IP6 has an important function in pancreatic β-cells by regulating β-cells 

stimulus-secretion coupling, regulating β-cells protein phosphatases 

and reducing the glucose levels in vivo [90]. Another e�ect that has 

been found is that IP6 may be a key element in modulating insulin 

secretion via its e�ect on calcium channel activity and the fact that 

it is the dominant inositol phosphate in insulin-secreting pancreatic 

β-cells. Results have shown an in�ux of extracellular calcium in one 

of the events that drive insulin release. �e mechanism of action is not 

fully understood but it appears IP6 speci�cally inhibits serine threonine 

protein phosphate activity, which in turn opens intracellular calcium 

channels thus, driving insulin release. 

Phytosterols

Phytosterols are a collective term for plant sterols and stanols, 

which are similar in structure to cholesterol, di�ering only in the side 

chain groups. In cereals, plant sterols occur as free sterols, steryl esters 

with fatty acids, or phenolic acids, steryl glycosides, and acylated steryl 

glycosides. �e level of these components varies in di�erent cereals 

and in di�erent parts of the kernel [100,101]. �e most important 

natural source of plant sterols in human diets are oils and margarines. 

Cereal products are recognized as signi�cant plant sterol sources than 

vegetables [102-104].

Plant sterols are one of the bioactive components currently being 

actively studied. �ey have decreased serum cholesterol levels in several 

studies [105-108] and they may also be bene�cial in preventing colon 

cancer [109,110]. Phytosteros compete with cholesterol for micelle 

formation in the intestinal lumen and inhibit cholesterol absorption 

[111].

Tocols

Tocols are natural antioxidants present in food of plant origin 

including cereals. Tocols include tocopherols and tocotrienols and 

are naturally occurring antioxidants present in cereal grain and 

are well recognized for their bioactivity [112]. Tocols occur in eight 

forms; α-tocopherol (αTP), β-tocopherol (βTP), γ-tocopherol (γTP), 

δ-tocopherol (δTP) and α- tocotrienol (αTT), β-tocotrienol (βTT), 

γ-tocotrienol (γTT) and δ-tocotrienol (δ TT). Typically, tocols contain 

a polar chromanol ring linked to an isoprenoid-derived hydrocarbon 

chain [113] di�ering only in the saturation state of the iso-prenoid side-

chain. �e general structure of tocopherols consists of 2-methyl-2- (4, 

8, 12-trimethyl tridecyl) chroman-6-ol. Whereas, tocotrienols consist 

of 2 methyl-2-(4, 8, 12-trimethyltrideca-3, 7, 11-tri enyl) chroman-6-

ol. �e phenolic hydroxyl group of the chromanol ring is present to 

free radicals in order to stabilize them and stop the propagation phase 

of the oxidation chain reaction [114]. �e main source of tocols are 

vegetable oils, but substantial amounts of these compounds are also 

reported in most cereal grains (10.7 to 74.7 mg/Kg) including barley, 

oats, wheat, rye, rice [115,116].

�e potential health bene�ts for humans have been the subject of 

several reviews that have analysed clinical, animal and in vitro evidence 

for its biological activity. Apart from their antioxidant properties, the 

tocol content of cereals can confer human health bene�ts including 

modulating degenerative diseases like cancer, cardiovascular diseases 

(CVD) while also lowering blood cholesterol levels [117]. Several reports 

suggested that the vitamin E activity depends on its chemical structure 

and physiological factors. e.g isomers of tocols exhibit vitamin E activity 

as follows: αTP > βTP > αTT > γTP > βTT > δ TP or no activity for γ 

TT and δ -TT [118,119]. �e α-TP has the greatest vitamin E activity, 

α-TT possess excellent antioxidant activity [113] and contribute to 

the nutritive value of cereal grains in the human diet. According to 

current dietary guidelines, the recommended dietary allowance (RDA) 

of vitamin E is 15mg of 2R-α- tocopherol/ day (although most tocols 

are considered to have these vitamin E activities), and the estimated 

average requirement is 12mg [120]. Recent studies have shown that 

tocotrienols have a number of bene�cial functions. e.g they may 

have a protective e�ect by lowering LDL-Cholesterol by inhibiting 

cholesterol biosynthesis [121,122]. Recently tocols have shown positive 

role on coronary artery diseases [121]. Studies have also shown that 

the high intake of α- tocopherols decrease lipid per-oxidation, platelet 

aggregation, and function as a potent anti-in�ammatory agent [123].

Gamma-oryzanol

γ-Oryzanol is a component of rice-bran oil and it was �rst 

presumed to be a single compound [124]. It was later determined that 

it is a mixture of substances including sterols and Ferulic acid, and at 

least 10 Pyhtosteryl ferulates (e.g, methyl sterols esteri�ed to ferulic 

acid). Its content in whole-grain rice is 18-63mg/100g (DW) [125]. 

Its concentration in rice-bran is 185-421mg/100g, depending on the 

rice variety, milling time, and stabilization process and extraction 

methods [126]. γ-Oryzanol has antioxidant activity and it has been 

demonstrated both in vitro [127] and in vivo [128]. It is associated with 

decreasing plasma cholesterol [129]. It also lowers serum cholesterol. 

It is also associated with decreasing cholesterol absorption [130] and 

decreasing platelet aggregation [131]. Oryzanol has also been used 

to treat hyperlipidemia [132], disorders of menopause [133] and to 

increase the muscle mass [134].

Beta-glucan

β-glucan are polysaccharides found principally in the cell walls of 

the aleurone layer and endosperm in barley and oat kernels. In barley 

they are more concentrated in the endosperm while in oats they are 

concentrated in the aleurone layer [135]. �ese are the linear polymers 

of glucose molecules connected by 70% of β-(1-4) and 30% of β-(1-

3) - linkages. �e largest amounts of β-glucan are found in barley 

(3-11%) and oats (3-7%), with lesser amounts reported in rye (1-2%) 

and wheat (<1%). Only trace amount have been reported in corn, 

sorghum, rice and other cereals of importance as food [136]. Oat-based 

breakfast cereals have also gained considerable attention in recent years 

as they are rich in β-glucan, which has been considered as a bioactive 

component and has been promoted as a means of reducing serum 

and plasma cholesterol levels [137,138] and reducing the postprandial 

glycemic response [139-141].

Due to both linkages i.e., β-(1-4) and β-(1-3) linkages in β-glucan 

as compared to cellulose, the β-glucan is more �exible, soluble and 

viscous. It has been shown to have e�ects in lowering blood cholesterol 



Citation: Gani A, Wani SM, Masoodi FA, Hameed G (2012) Whole-Grain Cereal Bioactive Compounds and Their Health Benefits: A Review. J Food 
Process Technol 3:146. doi:10.4172/2157-7110.1000146

Page 5 of 10

Volume 3 • Issue 3 • 1000146J Food Process Technol
ISSN:2157-7110 JFPT, an open access journal 

level and controlling blood sugar, probably mainly due to its high 

viscosity property as a soluble �ber to bind cholesterol and bile acids 

and facilitate their elimination from the body. β-glucan is the main 

component responsible for the cholesterol lowering e�ect of oat bran 

[142-145]. In 1997, the food and drug administration (FDA) [146] 

in the US allowed a health claim that diets low in saturated fat and 

cholesterol that include soluble �ber from whole oats ‘may’ or’ might’ 

reduce the risk of heart disease [146]. �e claim recognized β-glucan 

as the primary bioactive component [147]. β-glucan had an e�ect in 

controlling blood sugar in diabetes and was helpful in reducing the 

elevation in blood sugar levels a�er a meal [143,148], probably because 

of delaying gastric emptying allowing dietary sugar to be absorbed 

more gradually, as well as by possibly increasing the tissue sensitivity 

to insulin [143,148]. Studies also suggest that β-glucan from oats plays 

a key role in management of body-weight, blood pressure and blood 

cholesterol lowering [149].

Antioxidant Activity of Bioactive Compounds in Whole-
Grain Cereals

Whole-grain cereals are good sources of antioxidants especially 

bran and germ fraction [150-152]. However this may not be the same 

in vivo [114] as the number of studies exploring the in vivo antioxidant 

e�ect of whole-grain cereals and /or their fractions in human subjects 

does not exceed eleven [153-155]. Whole-grains especially corn, wheat 

and oats have been shown to have antioxidant activity [32]. Phenolic 

compounds in whole-grains contribute to antioxidant activity. 

Avenanthramides are cinnamoyl conjugates that occur in oats and have 

high antioxidant activity [65,156]. It has been suggested that a serving 

of an oat-based breakfast cereal could be a much greater contributor 

to the overall antioxidant potential of the diet than teas or fruit juices 

[157,158]. Long chain mono and di-alcohol esters of ferulic and ca�eic 

acids have potent antioxidant activity [159]. �e antioxidants in 

cereals di�er in their structure and mode of action [113,160]. �ere are 

indirect antioxidants, such as Fe, Zn, Cu and Se which act as co-factors 

of antioxidant enzymes, and direct radical scavangers such as Ferulic 

acid other poltphenols (lignans, anthocyanins and alkylresorcinols), 

Carotenoids, vitamin E and compounds speci�c to cereals other than 

wheat, such as γ-Oryzanol in rice and avenanthramides in oats. �ese 

can neutralize free radicals and/ or stop the chain reactions that lead to 

the production of oxidative radical compounds [29].

Phytic acid present in whole-grain cereals also acts as an antioxidant 

because it chelates Fe and thus stops the Fenton reaction producing the 

highly oxidative and damaging free radical OH, ultimately reducing 

lipid peroxidation [97]. Researchers have also shown that p-coumaric 

acid also have a free radical scavenging property [60]. Alkylresorcinols 

possess antioxidant properties in vitro due to their hydrogen donor and 

radical and radical scavenging abilities [161], but they are less e�cient 

than vitamin E [82]. Alkylresorcinols are considered as membrane-

located antioxidants. �ey are readily absorbed (80%) [25] and can be 

biologically active. �ey are therefore potential antioxidants in vivo. 

�eir antioxidant potential depends on the chain length, i.e. their 

amphiphilic nature, and their incorporation into cell membranes. 

�us, micro-molar concentrations of cereal grain alkylresorcinols can 

protect erythrocyte membranes against hydrogen peroxide- induced 

lipid oxidation [84].

Wheat contains a diverse array of bioactive compounds that may 

contribute to its antioxidant capacity. �ese bioactive components 

include Carotenoids, tocopherols, tocotrienols, phenolic acids, phytic 

acid, phytosterols and �avonoids [33,162,163]. Wheat antioxidants are 

mainly concentrated in bran layers and the amount of antioxidants 

depends largely on the grain variety, with red variety wheat generally 

containing higher levels than white wheat [48]. Phenolic acids 

are a group of natural products that have been found to be strong 

antioxidants against free radicals and other reactive oxygen species, 

which are the presumed cause of many chronic human diseases such 

as cancer and cardiovascular diseases. Ferulic acid was shown to be 

the predominant phenolic acid in wheat bran, present in the range 

of 99-231µg/g [164]. Other phenolic acids in wheat bran are vanillic 

and syringic acids [48]. Ferulic acid is the main contributor to the 

antioxidant capacity, suggesting that ferulic acid could be used as a 

marker of wheat antioxidants [164].

Rice contains potentially antioxidant compounds, notably in 

the outer layers of the grain. Signi�cant quantities of vitamin E and 

γ-Oryzanol can be extracted from rice. Since the γ-oryzanol content of 

rice-bran is 10 times that of vitamin E, γ-oryzanol may contribute more 

to the reduction of cholesterol oxidation than vitamin E, which is usually 

considered to be the major antioxidant in rice bran [165]. Colored 

varieties of cereals, such as colored rice have more antioxidant capacity 

than non-colored varieties [166]. �e major antioxidants present in 

black rice are cyaniding-3-glucoside and Peonidin-3-glucoside [166]. 

�ese antioxidants are not found in white rice. Procyanidins are the 

major compounds involved in the antioxidant activity of red rice [167]. 

Pigments suppressed the oxidative changes in human LDL, reduced 

the formation of nitric oxide by suppressing inducible nitric oxide 

synthase activity, and signi�cantly prevented the breaks in super-coiled 

DNA strands induced by reactive oxygen species [166]. In the end, β- 

carotene-rich rice varieties (e.g. the yellow Golden Rice) have also been 

recently developed by genetic engineering, in order to help combat 

vitamin A de�ciency, notably in Asian countries [168]. 

Importance of Bound Bioactive Compounds in the 
Prevention of Colon Cancer

Most of the antioxidant bioactive compounds in grain are 

bound and can survive gastrointestinal digestion to reach the colon 

intact, where they provide an antioxidant environment [152]. �ese 

antioxidant bioactive compounds are in the insoluble form and bound 

to cell wall materials [18,32,169]. Since cell wall materials are di�cult 

to digest, they survive upper gastrointestinal digestion, and �nally 

reach the colon. In the colon, the �ber is fermented and some of the 

bioactive compounds which have antioxidant activity are released 

[39]. Only 0.5% - 5% of the ferulic acid is absorbed within the small 

intestine, mainly the soluble fraction [32,160,170] and this typical 

whole-grain wheat phenolic acid would probably exert a major action 

in the protection of the colon from cancer. �us, bound antioxidant 

phenolic acids might act along the whole length of the digestive tract 

by trapping oxidative compounds [29].

Conclusion and Future Perspective

Cereal and cereal products remain a staple component of diets 

around the world. �ey make substantial contribution to intake of 

carbohydrates, protein and �ber as well as vitamin E, some of the B 

vitamins, sodium, selenium, magnesium and Zinc. However, it seems 

that their role in promoting good health goes beyond merely the 

provision of nutrients; there is much evidence to suggest that regular 

consumption of cereal products, speci�cally whole-grains, may have 

a role in the prevention of chronic diseases such as CHD, diabetes 

and colon cancer. �ese health bene�ts provided by whole-grain 

cereals are due to the presence of bioactive compounds in the whole-
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grain cereals, which are mainly present in the bran and germ fraction. 

Further research is needed to isolate and characterize these bioactive 

compounds that contribute to health. Many of these compounds are 

bound to the matrix of the grain, making their extraction di�cult. 

Also, the lack of appropriate standards increases the di�culty of 

identifying these compounds. Identifying and quantifying cereal 

bioactive compounds will help us to select grains with increased levels 

of these health-promoting compounds. Research is also needed to 

determine their bioavailability, metabolism, and health contribution 

in humans. Whole-grain cereals contain a much wider range of 

compounds with potential antioxidant e�ect than do re�ned cereals. 

�ese include phenolic compounds, tocols, phytic acid, carotenoids, 

lignans and alkylresorcinols. However the antioxidant capacity of 

cereal and cereal products have probably been underestimated, since 

the extraction solvents used in most published in vitro studies do not 

completely release all antioxidant compounds, as an important fraction 

of antioxidant compounds are strongly bound to �ber fraction of outer 

layers of grain. �e in vitro antioxidant potential of cereal is generally 

correlated with their polyphenol content (mainly Ferulic acid). 

Correlations with other types of compounds remain to be investigated. 

Studies on the antioxidant potential of cereal polyphenols have o�en 

been carried out on human plasma to investigate their capacity to delay 

LDL oxidation ex vivo, and not directly in vivo. Not more than eleven 

studies have examined the antioxidant activities by post prandial or 

intervention studies in human subjects to investigate the antioxidant 

e�ect of whole-grain cereals. �e mechanisms involved are complex, 

so more information is needed on the mechanisms involved, in order 

to prepare strong, convincing arguments for an increased consumption 

of whole-grain cereal products by the people and to provide better 

information about their health bene�ts and to develop new health 

claims in the future. No studies deal with the in�ux of whole-grain 

cereal consumption on the induction/repression of genes coding for 

antioxidant compounds. Further studies are needed to explore this new 

area of research using the most recent genomic and transcriptomic 

techniques. �e impact of cereal consumption can also be investigated 

through another recent global approach i.e., metabolomics. �is 

new approach will allow us to investigate further how complex 

antioxidant-rich foods such as cereal and cereal products can modify 

general metabolism, and which metabolic pathways are a�ected by 

antioxidants. �is will provide new information on the health bene�ts 

of whole-grain cereals.
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