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A B S T R A C T

Millets rank six in the world cereal grain production. In Africa and Asia, these underutilized 

grains pla y a major role in the food security of millions of people. In addition to being a rich 

source of nutrients, mi llet gr ains ha ve an abundance of ph ytochemicals, particular ly pheno- 

lic compound s. This re vie w will focus on the bioactivities and health benefits of millet phen- 

olics as re vealed by in vitro and in vivo studies. Phenolic co mpounds in mi llets are found in the 

soluble as well as insoluble-bound forms. Both hy droxybenzoic and hy droxycinnamic acids 

and their deriv ative s are notab ly present in dif ferent types of millet grains in va rying propor -

tion. Meanwhile, flavonoids exist mainly in the free form. A wide variation exists in the phe- 

nolic content and antioxidant capacity of mi llet gr ains. Further , mi llet gr ain phenolics, are 

bioaccessible, possess bioactivities against se ver al pathoph ysiolog ical conditions and ma y

serve as potential natural sources of antioxidants in food and biolog ical syste ms. While this 

re vie w also sho ws the existence of a substantia l body of evidence for in vitro antioxidant activ- 

ity of millet grain phe nolics, there is a clear gap for in vivo information. Ho we ver , the use of 

millets, as nutr aceuticals and specialty foo ds in disease risk reduction and over all health 

and wellness is warr anted.

� 2013 Else vier Ltd. All right s reserve d.
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1. Intro duction 

Cer eals are staple foods for a lar ge prop ortion of the world 

populatio n. Cer eal gra ins contribute a significant amoun t of 

ener gy , pro tein, selected micro nutr ients and non-n utrients 

in the diet of populatio ns all ove r the worl d in both de veloped 

and de ve loping countries (BNF , 2004 ). Cer eal and cer eal-based 

food pro ducts pro vide mor e than 56% of the ener gy and 50%

of the pro tein consum ed world wide (BNF , 2004 ). Econom icall y

importan t cer eals in the world are maize , rice, wheat , barle y,

sor ghum, millets, oat and ry e (FAO, 1997 ).

Millets are consider ed as first cerea ls, domest icated thou- 

sands of ye ars ag o at the be ginning of human ci vilization.

Ther e are some evidences in Northern China sho wing that 

noodles had been made fro m two millet types, namel y pro so 

and foxtail millets 4000 ye ars ago (Lu et al., 2005 ). The term 

millet is used for small seede d grai ns taxonomica lly belong- 

ing to the famil y Poaceae , but to differ ent tribes and genera .

Of the total millet pro duced in the world ab out 90% is utilized 

in the de ve loping countries. The global millet pro duction was 

ab out 27 million tonnes in 2009 (FAOST AT, 2011 ). Countries in 

Africa and Asia pro duced 56% and 41% of the total world pro- 

duction, respecti ve ly . Contribu tion of millets to world cere al 

pro duction is ab out 1%, but their vital import ance as food 

cr ops with respect to the ag ro-ecosystem s is significant (FAO- 

ST AT, 2011). Furthermo re , millets are genera lly consumed as 

whole gra in pro ducts.

Whole gra ins serv e as recognized sour ces of man y health- 

pro moting componen ts. Epidemi ological evidences suggest 

that regu lar consum ption of whole gr ains and whole gra in 

pro ducts is associate d with the reduced risk of se ve ral age-r e- 

lated chr onic disease s (Anderson, Hanna, Peng, & Kr yscio ,

2000; Jaco bs, Me ye r, Kushi, & Folsom, 1998; Jaco bs, Sla vin, &

Marquar t, 1995; Liu, 2002; Liu et al., 1999, 2000; Me yer et al.,

2000; Nicodem us, Ja cobs, & Folsom, 2001; Sla vin, 2003). All 

dietar y guidelines formu lated by differe nt countries ha ve 

cere als and cer eal prod ucts as the pre dominant food gro up 

recommendin g their consumpt ion in the highest pro portion 

in the diet (Canada’s Food Guide , 2007; USD A, 2005 ).

Whole gra ins are ric h sour ces of fibre, vitamins, miner als 

and ph ytoc hemicals suc h as phenolics, lignans, b-glucan, inu- 

lin, resistant star ch, ster ols and ph ytates. The additi ve and 

syner gistic effects of bioacti ve ph ytoc hemicals in plant-ba sed 

foods ha ve been sugge sted for their beneficial health out- 

comes (Duthie , Duthie , & Kyle , 2000; Liu, 2007 ). Further mor e,

phenolic compoun ds suc h as ferulic acids and deh ydrod iferu- 

lates in whole gr ains ma y compl ement those in fruits and ve g- 

eta ble s due to their unique prese nce in cere al gra ins (Shahidi

& Naczk, 2004). Bound antioxid ativ e phenolics in cere als can 

survi ve gastr ointestin al digestion to rea ch the colon in the in- 

tact form and ma y pro vide prote cti ve effect in the colon upon 

release by micr obial fermen tation (Kro on, Faulds, Ryden, Rob- 

ertson, & Williamson, 1997). This ma y explain the pro tecti ve 

role of whole gra ins in pre ve ntion of colon cancer .

Millets ar e warm-seas on cer eals that are used as food, ani- 

mal feed and fodder in va rious parts of the world. It is esti- 

mated that ab out two thir ds of millets prod uced are 

consumed as food while the rest is used for planting seeds,

animal feed, beer and bir d seeds (FAO, 1995 ). Millets and sor -

ghum ar e often referr ed to as coarse gra in cer eals and poor 

man’s cr op due to their va st use by econom ically disad van- 

taged populatio n seg ments in Asian and African countries.

Further mor e, the y remain underut ilized cere als eve n in 

ag ro-ecological systems wher e the y gro w due to their mini- 

mal inclusio n in the commer cial food systems, and lac k of re- 

sear ch and no ve l pro duct de velopment proce sses. The aim of 

this re vie w is to examine millet phenoli cs, and the in vitr o and

in vivo evidences attributed to reduce non-comm unica bl e dis- 

ease bur den and to impr ove health and wellness.

2. Millet types 

Millet is a generic name that includes se ve ral small seeded 

cere als. The y do not belong to a single species or a single 

gen us. The major millet type in terms of world prod uction 

is pearl millet (Pe nnisetum glaucum ) which account s for about 

46% (Mara thee , 1994 ) follo wed by foxtail, pro so and finger mil- 

let. A num ber of other minor millets exist, namel y kodo , little ,

Ja panese barn yar d, fonio , and teff millets. Tab le 1 pre sents 

common names of millets used in differe nt countri es and 

their taxonom y. In gener al, the y ha ve small kernels and 

hence ar e gro uped as millets. The wor d millet is deri ve d fro m

the Frenc h wor d ‘‘mille’’ which means thousand, impl ying 

that a handful of millets ma y contain thousands of gra ins (Ty- 

lor & Emmambu x, 2008). Millets are consider ed as one of the 

oldest foods culti va ted fro m the earl y human civili zation and 

a recent arc heobotani cal stud y has sho wn that common mil- 

let was domesticate d as a staple food 10,000 years ag o in 

Northern China (Lu et al., 2009 ). Toda y, millets rank as the 

sixth most important cere al in the world, and ar e common 

staple foods for populatio ns in some Asian and African coun- 

tries. In the western world, millets are primar ily used as feed 

and fora ge for liv estoc k. Ho weve r, their culti vation and pro -

duction as alternating cr op in tobacco farms is no w practi ced 

in Canada. In addition, their use is expanding for mu ltigra in 

pro ducts and applica bility in niche markets for gluten-fr ee

pro ducts and or ganic cerea ls is no w common place .

3. Nutr ient composition of millets 

Nutrition ally , millets ar e equi va lent to other cer eal gra ins (FAO,

1995). The major nutrie nts containe d are 60–70% carboh y- 

dra tes, 7–11% prote ins, 1.5–5% fat, 2–7% crude fibre, miner als 

and vitamins (Tab le 2). Millets ar e a ric h sour ce of ener gy and 

are compar ab le with other cere al gr ains. Except finger millet,

other millet types ha ve higher fat content ran ging fro m 3.5%

to 5.2% compar ed to other cere als. Millets ar e ric h in iro n and 

phosphor us. In addition, finger millet has a high calcium con- 

tent of 350 mg/100 g (FAO, 1995 ). Furthermo re , millets ar e ric h

in se ve ral ph ytoc hemicals possess ing a nu mber of bioacti vities 

that could impart beneficial health effects to pre ve nt and dela y

the occurr ence of non-comm unica ble diseases (NCDs).

4. Food and feed uses of millets 

Millets ar e import ant subsistence crop s in semi-ar id and trop -

ical re gions in Asia and Africa due to their resistance to pests 
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