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NATURAL ANTIOXIDANTS IN EDIBLE FLOURS
OF SELECTED SMALL MILLETS

V.T. Asharani, A. Jayadeep, and N.G. Malleshi

Department of Grain Science and Technology, Central Food Technological Research
Ingtitute, Mysore, India

Investigations were carried out on the natural antioxidants in edible flours of small millets.
Total carotenoids content varied from 78-366 pg/100 g in the millet varieties with an average
of 199 + 77, 78 + 19, 173 + 25, and 366 + 104 pg/100 g in finger, little, foxtail, and proso
millets respectively. Analysis of carotenoids by HPLC for the presence of g-carotene showed its
absence in the millets. HPLC analysis of vitamin E indicated a higher proportion of v-and
a-tocopherols; however, it showed lower levels of tocotrienols in the millets. Total toco-
pherol content in finger and proso millet varieties were higher (3.6-4.0 mg/100 g) than in
foxtail and little millet varieties (~1.3 mg/100 g). Total antioxidant capacity in finger, little,
foxtail and proso millets were 15.3 + 3.5, 4.7 + 1.8, 5.0 + 0.09, and 5.1 + 1.0 mM TE/g,
respectively. From these studies it could be concluded that edible flours of small millets are
good source of endogenous antioxidants.

Keywords: Millet, Carotenoid, Tocopherol, antioxidant, HPLC.

INTRODUCTION

Small millets refer to a group of minor cereals among which a few are cultivated in
India. The popular millet in India are finger millet (Eleusine coracana), foxtail millet
(Setaria italica), kodo millet (Paspalum scrobiculatum), proso millet (Panicum miliaceum),
little millet (Panicum sumatrens) and barnyard millet (Echinocloa frumenta). These are
mainly grown in different regions of the country and their total production in world and
India is about 26 and 8 million MT, respectively. They play an important role in food
security and also in the economy of many of the less developed countries of the world. In
India and Africathey are mainly used for food and alied purpose in the whole or decorti-
cated flour form. Whereas in Japan and other devel oped countries, they are mainly used as
bird feed.

Millets are rich source of nutrients and contain 60—70% dietary carbohydrates, 6-10%
protein, 1.5-5% fat, 12—20% dietary fibre, and 2-4% minerals, and severa other phytochemi-
cals compared to rice or wheat! and offer severa health benefits to the consumers.?
However, the minor millets have remained staple food for the traditional consumers
mainly because of lack of ready-to-use products similar to rice and wheat, and also due to
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the lack of awareness on their nutritional quality and health benefits. Hence, there is an
immense potential for the development of a number of value added products with an edge
on health benefits.

The foods we commonly consume contain phenalics, flavanoids, tocopherols and
carotenoids, which serve as a good source of natural antioxidants,”>¥ and are reported to
have health beneficial effects.® Vitamin E functions as natural antioxidant!® to protect fat
in membranes around cells such as nerves, heart, muscles and red blood cells from possi-
ble damage by oxygen and protect us from carcinogenesis, cardiovascular diseases and
aging.["® The naturally occurring tocopherols and tocotrienols constitute vitamin E group
of compounds and report on these in millets are not available. Carotenoids are important
in human nutrition and health. They are valuable as antioxidants,' in the prevention of
atherosclerosis,'% in the maintenance of immune function,*Y in the health of eyes,*? and
some are precursors of vitamin A. Presence of carotenoids was reported in grains such as
maize, wheat and sorghum.[*3*4 However reports on carotenoids in various minor millet
varieties are scanty. Cereals and legumes contain a wide range of phenolics and act as
good source of natural antioxidants.™® Presence of antioxidative phenolics have been
reported in millets als0.[*5%"1 Flavonoids like tannin and anthocyanins also have antioxida-
tive potential.[® However, there are no reports on the nature of lipid soluble antioxidants
of the minor millets, hence studies were undertaken to determine some of the antioxidants
of the millets such as carotenoids, tocopherols and tocotrienols and also their total antiox-
idant potential.

MATERIALS AND METHODS
Materials

Finger millet varieties (n = 14) were procured from Zonal Agricultural Research Station
of the University of Agriculture Science, Bangalore, Karnataka State (India), wheress little
millet, foxtail millet and proso millet were obtained from Tamilnadu Agriculture University,
Coimbatore, Tamilnadu State (India). Except finger millet, the other millet were dehusked
to remove inedible husk in centrifugal sheller (Kisan Krishi Yanthra Udyog, India) running
at 2800—-3200 rpm and aspirated to remove husk, followed by de-branning in a horizontal
type friction polisher to 5-7% degree of milling, according to the procedure of Hadimani
and Malleshi.[Y The de-branned millets as well as cleaned finger millet were powdered
in aUdy cyclone mill to 60 mesh (BSS) so asto obtain edible flours. Standard B-Carotene
and tocopherols were purchased from ICN Biomedicals Inc. Aurora, Ohio and Sigma,
USA and Tocovid capsule of Hovid Bhd, Malaysia used for tocotrienols. All other
chemicals and solvents were of analytical grade procured locally and used without fur-
ther purification.

Determination of Total Carotenoids

Each of the samples (5 g) was mixed with about 50 ml acetone and ground with pes-
tle and mortar. The extract was filtered and the extraction repeated till colorless. The
extracts were pooled and mixed with 50 ml petroleum ether and 400 ml distilled water ina
separating funnel. The petroleum ether layer was separated and washed 2—3 times with
water, dried with anhydrous sodium sulphate and made up to 100 ml with petroleum ether.
The absorbance was measured at 452 nm and the total carotene content was calculated
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based on the molar extinction co-efficient of B-carotene.™¥ Linear response of carotenoid
was in the range 0.5-10 ng.

Analysis of 3-carotene

The solvent used for extraction of total carotenoid was evaporated using nitrogen at
40-50°C in awater bath and the residue was dissolved immediately in a known volume of
methanol and stored at —20°C until analysis. The carotenoids were fractionated using
HPLC system [Shimadzu HPLC with SCL-10A system controller, LC 10AT pump, C18
(250 x 4.6 mm, 5 um) column and SPD, 10A UV- visible detector] and isocratic solvent
system containing acetonitrile, chloroform, isopropanol and water (78: 16: 3.5: 2.5 v/v) set
at aflow rate of 1 ml/min and the detector was set at 452 nm.[29)

Extraction of Sample for the Total Antioxidant Activity and Vitamin E
Analysis

The millet samples (0.1 g) were extracted with one ml of methanol for one hour with
occasional mixing. The extract centrifuged at 3000 rpm and the supernatant was filtered,
and then stored at —20°C until used for experiment.[?4

Total Antioxidant Activity

The total antioxidant activities of the different varieties of small millets were quanti-
fied using the phosphomolybdenum reagent.[?? An aliquot of sample (20 uL) in methanol
was mixed with 1230 pl of the reagent in a microtube. The tubes were capped, shaken well
and incubated at 90°C for 90 min in water bath and the absorbance was measured at 695 nm
against areagent blank. Results were cal culated and expressed as a-tocopherol equival ents
(TE) per gram using the molar extinction coefficient of a-tocopherol. Linearity of reaction
was found to bein the range 2 x 107 to 2 x 107> moles.

Vitamin E

Vitamin E (tocopherols and tocotrienols) content of millet varieties like finger millet
(IND 8—brown colored variety), finger millet (IND 11—white colored variety), little millet
(Paiyur 1), foxtail millet (TNAU 213), and proso millet (TNAU 143) were quantified by
reverse phase HPLC (CBM-10A Shimadzu system with RF1I0AXL fluorescent detector,
LCI10AT pump). The Chromatograms were recorded and processed by LC-10A class soft-
ware. The extracts were separated chromatographically on Shim-Pack Prep-ODS(H) column
(250 x 4.6mm, 5um) using a gradient solvent system consisting of acetonitrile, methanol, iso-
propanol and aqueous acetic acid [45:40:5:10] in pump A and acetonitrile, methanol, and iso-
propanol (25:70:5) in pump B.1?Y The Fluorescence detector was st at excitation and emission
wavelengths of 298 and 328 nm, respectively. Standards of both tocopherol and tocotrienol
exhibited alinear responsein the range asfollows; « 445 ng, v 3-55 ng, § 0.4-5ng.

Statistical Analysis

Vaues of mean + SD (standard deviation) of 3 independent determination were sub-
jected to student t-test to study the level of significance at p < 0.051%%,
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RESULTS AND DISCUSSION
Total Carotenoids

Wide variations with respect to total carotenoids contents among the different varieties
of finger millet were observed (Table 1). ThevarigtiesMR 1, IND 5, IND 8, IND 11, and IND
9 contained higher (316250 nug/100 g) levels, GPU 45, L 5, HR 911, GPU 28, GPU 26, and
MR 6 contained medium level (212-134 1g/100 g) and PR 202, IND 15, and IND 7 contained
lower levels of total carotenoids (112—78 ng/100 g). Even though, IND 11 was a white seeded
variety, its carotenoid content was considerably high compared to afew colored varieties.

Similar to finger millet, the total carotenoid content of little millet also showed wide
variations. It was high (104-87 nug/100 g) in CO 3, TNAU 101, and CO 2 varieties,
medium (77-76 png/100 g) in TNAU 81 and TNAU 99, and low (57-51 ug/100 g) in
TNAU 91 and Paiyur 1 varieties. Likewise, the total carotenoid content in the foxtail millet
varieties, TNAU 209, CO 7, CO 5, CO 6, and TNAU 213 ranged from 191 to 164 ng/100 g,
but it was only 126 ng/100 g in TNAU 193 variety. Among the proso millet varieties, total
carotenoid content was high (518414 ng/100 g) in TNAU 149 and TNAU 143 varieties,
medium (329-318 ng/100 g) in CO 14 and TNAU 137, and low in TNAU 151 (249 ng/100 g)
varieties. These results indicate that the total carotenoids content is high in proso millet
(366 1g/100 g), followed by finger millet (199 png/100 g), foxtail millet [173 pug/100 Q)
and low in little millet (78 ug/100 g). These values are comparable with the carotenoids
content of wheat 150—200 pg/100 g and sorghum 180-230 ng/100 g but significantly less
than maize 1800-5500 pg/100 g.1**!

Millets being the staple food of low income population their consumption will pro-
vide with good proportion of carotenoids. However, the g-carotene content in the millet
varieties tested was not detected by HPLC analysis (Fig. 1), unlike in maize which is
reported to contain about 15.7 ug/100 g.1? Even though, the presence of 3-carotene could
not be detected in small millets, contribution of other carotenoid types like xanthophylls

Table1 Tota carotenoid (1g/100g) in small millets.

Finger millet Little millet Foxtail millet Proso millet

Varieties Mean+ SD Varieties Mean+SD  Varieties Mean+ SD Varieties  Mean+ SD

MR 1 316+7 CO3 104+3 TNAU 209 191+£25  TNAU 149 518 + 37
IND 5 298 + 16 TNAU:101 93+5 Co7 190+ 3 TNAU 143 414+ 16
IND 8 286+ 12 CO2 87+5 CO5 187+13 CO-14 329+ 9
IND 11 270+ 9 TNAU:81 775 CO6 174+14  TNAU 137 318+ 6
IND 9 246+7 TNAU:99 76+7 TNAU 213 164+11 TNAU 151 249+ 5
GPU 45 212+ 16 TNAU:91 57t4 TNAU 193 126+ 3

L5 211+ 10 Paiyur-1 51+8

HR 911 201+12

GPU 28 166+ 6

GPU 26 158 + 18

MR 6 134+7

PR 202 112+9

IND 15 99+9

IND 7 78+ 2

Average 199+ 772 78+ 19° 173+ 257 366 + 104°

Values with different superscriptsin row significantly different at p < 0.05.
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Figure 1 HPLC chromatogram of (1a) standard s-carotene at 14.8 minutes; (1b) ragi; and (1c) proso millet
carotenoids.

(zeaxanthine, lutein, etc.) should not be overlooked. These are present in awide variety of
fruits and vegetables and also in corn.[”® Lutein and zeaxanthin are reported to prevent
eye diseases.[?! Hence, detailed investigations on carotenoids of small milletswill be very
useful for their utilization in health foods.
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Total Antioxidant Capacity

The total antioxidant capacity among the different varieties of finger millets was
high (27-22 mM TE/g) in MR 6, MR 1, HR 911; medium (17-13 mM TE/g) in IND 15,
IND5,IND 7, GPU 28, L 5, IND 8, IND 9, and low (11-7 mM TE/g) in GPU 45, GPU 26,
PR 202, IND 11 varieties (Table 2). The total antioxidant capacity was generally low in
white variety (IND-11) and also in afew brown varieties. It shows that all colored varieties
are not rich in antioxidants. Among the little millet varieties, total antioxidant capacity
ranged from 6.3-3.5 mM TE/g, where as in foxtail millet and proso millet varieties, it
ranged from 5.7-4.4 mM TE/g and 6.3-4.2 mM TE/g, respectively. On the other hand,
among the different millets, the average values for the total antioxidant capacity was
almost three-fold higher in finger millet flour (15.3 mM TE/g) as compared to the other
millet flours. The lower levels of antioxidants in other millets could be due to the separa-
tion of husk and bran by milling.

Total antioxidant capacity is due to the presence of vitamin E, carotenoids, and
polyphenols. Investigations in our lab also have shown that finger millets are rich in
polyphenolg?”! and have free radical quenching ability.[?®l Phenolics like ferulic acid and
coumaric acid in cereals are known to express high antioxidant activity. These phy-
tochemical s contribute to an effective antioxidant potency. Antiradical properties of other
cereals like sorghum,® wheat,[* and ricel®!! have been reported. But these values are not
comparable because different methods were followed to assay the antioxidant potency of
different grains. Polished rice contains only 3mM TE/g, which is much less than in the
fully polished small millets (unpublished data).

Vitamin E Characterization

The characterization of vitamin E in small millets was carried out by reverse phase
HPLC (Fig. 2). Vitamin E in the millets was found to be in the form of tocopherols as a

Table2 Tota antioxidant capacity [mM TE (tocopherol equivalent)/g] in different small millets.

Finger millet Little millet Foxtail millet Proso millet

Varieties Mean+ SD Varieties Mean £+ SD Varieties Mean+ SD Varieties Mean* SD

MR 1 247125 CO3 54+04  TNAU 209 50+01 TNAU149 5.0x02
IND 5 153+0.1 TNAU 101 37+01 CO7 49+01 TNAU143 63x04
IND 8 13.0+02 CO2 51+01 CO5 51+01 CO14 50+0.6
IND 11 74+02 TNAUS8L 51+£02 CO6 52+02 TNAU137 42+05

IND 9 134+10 TNAU99 31+03 TNAU213 45+05 TNAU151 4.8+04
GPU45 116+05 TNAUO1 63402 Tenai193 57402

L5 137401  Paiyurl 44402

HR911 21.8+03

GPU28  14.0+0.3

GPU26 10.7+0.5

MR 6 27.0+05

PR202 109401

IND15  17.0+04

IND 7 14.0+06

Average 153+ 0.6% 47+11° 5.0+0.4° 51+0.8°

Values with different superscriptsin row significantly different at p < 0.001.
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Figure 2 HPLC chromatograms of (2a) standard; (2b) finger millet; (2c) proso millet; (2d) foxtail millet; and
(2e) little millet, showing 1- 6, 2- v, 3- a tocotrienols; 4-6, 5— ~, 6— o tocopherals.

major component and tocotrienols as a minor component. The content of total tocopherols
(Table 3) was highest in finger millet brown colored variety (4 mg/100 g) followed by fin-
ger millet white colored variety and proso millet (~3.6mg/100 g). Content in little and fox
tail millet were relatively low (~1.3 mg/100 g).

The prominent isomers of tocopherol in finger millet were v and «, but § and v were
prominent in little and proso millets. On the other hand, only ~ isomer was the major toco-
pherol in foxtail millet. The content of § was highin little and proso millets and v was high
in finger and proso millets. It was also observed that finger millet contained high propor-
tion of « tocopherol also. Among the finger millet varieties, brown colored variety con-
tained more 6 and o tocopherol s than the white colored variety, but + tocopherol was same.

Among the various isomers of tocotrienols, §, v and o were observed in finger millet,
§and ~ in little millet and + only in foxtail and proso millets. Tocotrienols are not quanti-
fied since the contents are only in traces. Different isomers of vitamin E act as natural
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Table 3 Content of Tocopherols (mg/100 g) in small millets (Mean = SD).

Tocopherols
Sample B ~ « Total
Finger millet (IND 8) 0.020 + 0.005% 225+016°  1.80+0.13? 41+0.22
Finger millet (IND 112) 0.008 + 0.001° 2270212  138+0.10° 37+03%
Little millet (Paiyur) 0.630 + 0.1° 0.52 + 0.08° 0.15+ 0.02° 1.3+0.2°
Foxtail millet (TNAU 213) 0.030 + .01 0.95+ 0.09° 0.18+ 0.02¢ 1.2 + 0.008°
Prosomillet (TNAU 143) 0.720 +0.1° 2.60 +0.10¢ 0.31+0.10° 36+0.1°

Matter in the parenthesis refers to the names of the varieties.
Values with different superscriptsin column significantly different at p < 0.05.

antioxidants and both tocopherols and tocotrienols do not have much difference in antiox-
idant potential against cholesterol oxidation.[*3

Major vitamin E component in other cereals like wheat also is tocopherols, but rice
contains tocotrienols in good quantity.!*¥ Rice and wheat flours contain only 0.8 mg and
1.23 mg /100 g total Vitamin E, respectively, whereas the vitamin E content in millet
floursis considerably higher than rice and wheat. Vitamin E has a number of health bene-
ficial effects and the small millets could serve as a good source of these to the consumers.

CONCLUSION

Edible flours of small millet varieties contain 7-366 11g/100 g carotene with highest
content in proso and lowest in little millet. Beta carotene was not detected in the millet
flours. v and o tocopherols were the mgjor vitamin E components and tocotrienol was low
in quantity. Total tocopherol content was in the range 1.3-4.0 mg/100g with higher con-
tent in finger and proso millet varieties and lower in foxtail and little millet varieties. Wide
variations were observed in total antioxidant capacity in finger millet varieties, which
ranged from 7-27 mM TE/g, and in other millet varieties it was only ~5 mM TE/g. From
these studies, it could be concluded that edible forms of small millet contain a number of
phytochemicals like tocopherols, tocotrienols, and carotenoids which are antioxidants, and
havefairly high total antioxidant capacity. Edible flours of small millets are also relatively
superior to other cerealsin the content of natural antioxidants.
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