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ABSTARCT

Foxtail millet (Setaria italica) grain cultivars were analyzed for the phenolic components which
have beneficial effects on human health. The aim of the present study was to evaluate the effect of
dehusking on total phenolic and total flavonoid contents in four types of foxtail millet grain varieties.
These grains were extracted for phenolic compounds and evaluated for total phenolic content (TPC),
total flavonoid content (TFC) and antioxidant activity. TPC was analyzed by Folin-Ciocalteu method,
TFC by aluminium chloride method and antioxidant activity by 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical scavenging assay. High Performance Thin Layer Chromatography (HPTLC) evaluation was
done for ferulic acid in the phenolic extracts, identification was done by comparing R, value of the
ferulic acid standard with the sample extracts and quantification was done using the peak areas of
the obtained chromatograms. Results revealed that TPC, TFC and antioxidant activity was found
to be high in husk of the grains compared to whole grains and dehusked grains, whereas when
compared amoung different cultivars Black variety got the high content of phenolics.
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INTRODUCTION

Millet grain phenolics possess bioactivities
against several pathophysiological conditions and
may serve as potential natural sources of antioxidants
in food and biological systems'. They are the cereal
crops with small sized seeds which belongs to family
Poaceae. They are superior to rice and wheat, and
therefore provide protein, mineral, and vitamins to
the poor where the need for such nutrients is in high

demand?. Foxtail millet (Setaria italica) is one of the
oldest cultivated millet crops and is often cultivated in
harsh conditions as an alternative to maize because
of their better adaptability to arid and barren lands
than most other crops®.

Polyphenols are of current interest due
to their important biological properties such as
improved gut health and reduced risk of coronary
heart disease*®, anti-inflammatory®. antimutagenic,
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anticarcinogenic and antioxidant activities”®.
Whole grains contain unique phytochemicals
that complement those in fruits and vegetables
when consumed together. For instance, various
classes of phenolic compounds in grains include
phenolic acids, anthocyanidins, quinones, flavonols,
chalcones, flavones, flavanones, and amino
phenolic compounds®''. It is generally believed
that antioxidants scavenge free radicals and
reactive oxygen species and thus inhibit oxidative
mechanisms which lead to degenerative diseases’.
An increasing number of epidemiological studies
have shown an inverse correlation between the
consumption of dietary antioxidants and incidence
of various diseases including cancer and heart
disease™.

Ferulic acid, the most abundant phenolic
acid in cereal grains™. Grain fractions with enhanced
levels of ferulic acid are of great interest to both
researchers and the food industry for use as functional
food ingredients'® because of their health benefits to
humans. Ferulic acid is attached into wall matrices
to structural polysaccharides via ester linkage with
its carboxylic group. In grasses, Poaceae family,
it is linked to the acid group acylating the primary
hydroxyl at the C-5 position of a-L-arabinofuranosyl
residues’®.

The health benefits of millets are dependent
upon their metabolic profiles, including the types and
amounts of natural phenolic compounds present.
Further studies on these phenolic compounds would
enhance understanding of the biological activity of
millet phenolics and their benefits to human health.
Generally millet grains are subjected to domestic
processing such as dehusking before they are
consumed. Investigation on effect of domestic
processing on individual phenolic profile in foxtail
millet is scarce. The present study aims on the effect
of dehusking on the phenolic content and evaluation
of ferulic acid content in foxtail millet varieties utilizing
High Performance Thin Layer Chromatography
(HPTLC).

MATERIALS AND METHODS
Grain samples

The foxtail millet grain varieties (HMT-
1-100, PSC-4, Sia-3126 & black) were procured
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from University of Agricultural Sciences, Dharwad,
Karnataka for the study.

Chemicals

Analytical grade reagent chemicals
aluminium chloride, ethyl acetate, ethyl alcohol,
hydrochloric acid, methanol, sodium hydroxide,
sodium nitrite, sodium sulphate and sodium
carbonate of analytical grade were procured
from Thomas Baker Chemicals (Mumbai, India).
Folin—Ciocalteu reagent was procured from Merck
KGaA, (Darmstadt, Germany). Gallic acid, ferulic
acid, butylated hydroxy anisole (BHA), butylated
hydroxy toluene (BHT), rutin and 2,2’-diphenyl-1-
picrylhydrazyl (DPPH) were purchased from Sigma-
Aldrich Co. (St.Louis, USA).

Extraction of phenolic compounds

Phenolic components were isolated
according to the method'. Flours of the grain
samples were extracted using 70% ethanol (4 x 50
mL, 3 h each) with agitation; the supernatants were
obtained by centrifugation at 15,000 rpm for 15 min
at 4°C (Sigma 3K30, Germany) and concentrated
under vacuum with rotary evaporator at 50°C, 45
rpm (Hahnvapor, Hahnshin Scientific Co., Korea) and
the pH was adjusted to 2.00 with 4 M HCI. Phenolic
compounds were separated by ethyl acetate phase
separation (4 x 50 mL), and the pooled fractions
were treated with anhydrous sodium sulphate to
remove moisture; filtered, and evaporated to dryness.
Phenolic compounds redissolved in methanol
(1ml) and stored at -20°C till further analysis. A
study stated that the combination of enzymatic
or chemical methods with physical pretreatments
can substantially increase the extraction efficiency,
especially regarding lignocellulosic matrices. The
goal of pre-treatment technology is to alter or
remove structural and compositional impediments
to hydrolysis'®. Phenolic substances have a higher
affinity with polar solvents, such as ethanol'®2°. hence
various solvent systems are used for optimization of
extraction process of phenolic compounds. Also, the
levels of total constituents in plant derivates depend
on the extraction process and its variables, such as
the solvent used?'.

Determination of total phenolic content (TPC)
TPC was determined by the method
described by?2. Briefly, the appropriate dilutions
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of extracts were reacted with the Folin—Ciocalteu
reagent and the reaction was neutralized with sodium
carbonate. The absorbance was measured at 765
nm after 60 minutes incubation at room temperature
under dark using UV-Visible Spectrophotometer
(Cary 50, Varian, Middelburg, Netherlands). Gallic
acid was used as reference standard, and TPC of
the samples were expressed as pg of gallic acid
equivalent per gm (pg GAE/g) of sample on dry
basis.

H5CO oH

HO

Fig. 1: Ferulic acid

Table 1: TPC of foxtail millet cultivars

Variety TPC (*pg GAE/g)
Whole Dehusked Husk
grain grain

HMT-1-100  527.5 357.5 810.2

PSC-4 4401 272.2 547.6

Sia-3126 420.0 240.3 552.8

Black 982.8 505.3 1140.3

*GAE: gallic acid equivalent; All values are mean
of three replicate experiments

Table 2: TFC of foxtail millet cultivars

Variety TFC (*ug RE/g)
Whole Dehusked Husk
grain grain

HMT-1-100 385.4 322.2 515.2

PSC-4 290.5 240.7 372.8

Sia-3126 282.5 230.1 352.4

Black 590.3 432.4 840.2
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Determination of total flavonoid content (TFC)

TFC was determined by aluminium chloride
colorimetric method?® with minor modification
explained by'”. In brief, aliquots (1ml) of appropriately
diluted extracts or standard solutions were pipette
into 15ml polypropylene conical tubes containing
2 ml double distilled H,0 and mixed with 0.15ml of
5% NaNO, After 5min, 0.15ml of 10% AICI..6H,0
solution was added and the mixture was allowed to
stand for another 5min, and then 1ml of 1M NaOH
was added. The reaction solution was well mixed,
incubated at room temperature for 15min and the
absorbance was determined at 415nm using the
UV-Visible Spectrophotometer (Cary 50, Varian,
Middelburg, Netherlands). Rutin was used as
reference standard, and TFC of the samples were
expressed as pg of rutin equivalent per gm (ug RE/Q)
of sample on dry basis.

Antioxidant activity by free radical-scavenging
scavenging assay (DPPH method)

Free radical-scavenging capacity (DPPH)
of phenolic acid extracts in foxtail millet cultivars
were estimated according to the previously reported
procedure using the DPPH radical?*. In brief, an
aliquot (1 mL) of phenolic extracts were mixed with
the freshly prepared 1mL of (200 pM) DPPH in
ethanol. The control contained all the reagents except
phenolic extracts. The mixture was shaken vigorously
and left to stand for 20 min at room temperature in the
dark. The absorbance of the resulting solution was
measured using UV-Visible spectrophotometer (Cary
50, Varian, Middelburg, Netherlands) at 517 nm.
Absorbance data were collected and transformed

Table 3: Antioxidant activity of foxtail millet

cultivars
Variety DPPH assay (1%)
Whole Dehusked Husk
grain grain
HMT-1-100 56.58 45.53 67.52
PSC-4 55.24 42.96 61.38
Sia-3126 53.90 41.96 60.71
Black 69.41 64.17 79.24

*RE: rutin equivalent; All values are mean of three
replicate experiments

All values are mean of three replicate
experiments
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to radical scavenging activity (1%) according to
equation:

1% = (Ac-As) x 100/Ac

where ‘Ac’ is the absorbance of control
(without extract) and ‘As’is the absorbance of sample.
Synthetic antioxidants such as BHA and BHT were
used for comparison

HPTLC conditions & analysis

HPTLC analysis was performed on
precoated silica gel 60 F,,, aluminium back HPTLC
plates (Merck, Darmstadt, Germany) of size
20x10cm. The standard solution of ferulic acid and
sample extracts were applied onto the plates of 8mm
length with automatic sample applicator (Linomat
V, CAMAG, Switzerland) with the aid of Hamilton
syringe (10pL). Development of the plate was
done at room temperature (27+2°C) in the vertical
glass twin-trough glass chamber (20 cm x 10 cm,
with metal lids; CAMAG, Switzerland) which was
previously saturated with mobile phase (20mL) for
20 minutes. Mobile phase was composed of solvents
toluene, ethyl acetate, formic acid and methanol in
the ratio 6:6:1:0.4 (v/v). The plate was developed
up to a distance of about 75 mm and were air-dried
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at room temperature for 20 min and then heated at
105+2°C for 5 minutes in hot air oven. The plates
were observed for the compact bands inside UV
cabinet (CAMAG, Switzerland) and the TLC images
were captured at 254nm. Scanning was performed in
TLC Scanner Il (CAMAG, Switzerland). Quantitative
analysis was performed at wavelength 254nm in
absorbance mode with win CATS software (Version
1.2.0). The TLC plates were scanned by a CAMAG
TLC Scanner lll and quantified at their wavelengths
of maximum absorption. A deuterium (D2) lamp was
used to scan the plates with the remission absorption
mode having the slit width 6.0x0.30 mm (micro).
HPTLC chromatogram and photodocumentation of
ferulic acid along with phenolic extracts of samples
were analyzed at 254nm (Fig.2). The densitograms
were further scanned for their in situ UV spectra from
200 to 700 nm and overlaid with the UV absorption
spectra of phenolic acid standard in all the sample
extracts.

RESULTS AND DISCUSSIONS

The present study was aimed to assess
the effect of processing (dehulling) on the phenolic
compounds and antioxidant properties in the foxtail
millet cultivars.

Track 1-4: foxtail millet whole grain extracts; Track 1: HMT-1-100, Track 2: PSC-4, Track 3: Sia-3126, Track 4: Black, Track
5 & 6: foxtail millet dehusked grain extracts; Track 5: HMT-1-100 , Track 6: PSC-4; Track 7-11: ferulic acid standard (100ng-
300ng); Track 12 & 13: foxtail millet dehusked grain extracts; Track 12: Sia-3126, Track 13: Black, Track 14-17: foxtail millet
husk extracts; Track 14: HMT-1-100, Track 15: PSC-4, Track 16: Sia-3126, Track 17: Black

(a) HPTLC chromatogram, (b) HPTLC image profile at 254nm

Fig. 2: HPTLC chromatogram & image profile
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Phenolic compounds

TPC and TFC in the analyzed foxtail
millet grain cultivars is presented in Table 1 & 2.
Irrespective of the cultivars TPC and TFC was found
in the order; husk > whole grain > dehusked grain.
TPC for the whole grains, dehusked grains and husk
was ranging from 420.0 to 982.8, 240.3 to 505.3 and
547.6 to 1140.3 pg/g GAE, respectively.

Ferulic acid on all Tracks
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Whereas, TFC was comparatively less than
TPC which was ranging from 282.5 to 590.3, 230.1
to 432.4 and 352.4 to 840.2 pg/g RE, respectively
for whole grains, dehusked grains and husk samples.
When compared amoung the cultivars the black
variety got the highest TPC i.e., 982.8, 505.3 and
1140.3 pg/g GAE and TFC i.e., 590.3, 432.4 and
840.2 pg/g RE for whole grain, dehusked and husk
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Fig. 3: HPTLC chromatogram & calibration curve of ferulic acid reference standard
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samples respectively. Hence there was significant
difference in the content of TPC and TFC amoung the
cultivars as well as for effect of processing (dehulling)
in these grains.

Antioxidant property

The radical scavenging activity of phenolic
fraction analyzed in the grain samples is presented
in Table 3. It was in the range from 53.90 to 69.41,
41.96 to 64.17 and 60.71 to 79.24 for whole
grains, dehusked grains and husk of the samples
respectively, which was presented as 1% using the
above mentioned equation. Amoung the varieties,
black variety had the highest antioxidant property i.e.,
69.41,64.17 and 79.24, whereas Sia-3126 variety had
the least antioxidant property i.e., 53.90, 41.96 and
60.71 for whole grains, dehusked and husk samples
respectively. Also the antioxidant property was
found to be significantly lower than that of synthetic
antioxidants such as butylated hydroxyanisole (BHA,
64.88) and butylated hydroxytoluene (BHT, 69.08) for
the concentration 10 pg/ml.

Similar observations were also made in
the case of barley, for which the antioxidant activity
of methanolic extracts was found to be lower than
that of BHT and gallic acid®. Also a similar study
on finger millet reported that, it is a potent source
of antioxidants and has potent radical-scavenging
activity that is higher than that of wheat and rice;
these results corresponded to their phenolic
content®.

HPTLC analysis

Thin layer chromatography, in particular its
high-performance application, is still a widely used
analytical technique in analysis of pharmaceuticals,
botanicals, foodstuff, environmental and clinical
samples?’. The chromatographic profiles obtained
for phenolic fractions in whole grains, dehusked
grains and husk samples of the foxtail millet varieties
is presented in Fig.2 (a&b).

HPLC analytical technique is used by
many researchers for the studies for analysis of
ferulic acid®®®°., In one of the study it has been
analyzed by traditional TLC method by developing
with chloroform—methanol—formic acid (85:15:1)
and visualizing the spots at 254 nm which is ferulic

GOUDAR & SATHISHA, Orient. J. Chem., Vol. 32(4), 2251-2258 (2016)

acid absorbance?®!, since the traditional TLC method
is done manually and has many disadvantages in
quantifying the bioactive compounds. In the present
study, a new method i.e., HPTLC which is fast,
reliable and accurate for quantification of phenolic
compounds is implemented for analyzing ferulic acid.
It was analyzed in all the varieties and evaluated for
effect of processing (dehusking). Ferulic acid was
identified in the sample extracts by comparing the
R, values with the reference standard. Quantification
of ferulic acid content in the samples was done
using the calibration curve obtained with increasing
concentrations (100-300 ng) of ferulic acid solution.
The results obtained for the whole grain samples
was in the sequence Black (284.81 ng) > HMT-1-
100 (262.81 ng) > PSC-4 (247.81 ng) > Sia-3126
(187.46 ng). Whereas for dehusked grain samples
the sequence was; Black (125.14 ng) > HMT-1-100
(128.42 ng) > PSC-4 (112.14 ng) > Sia-3126 (94.31
ng). The husk of the grain samples got the high
content of ferulic acid compared to whole grain and
dehusked grain extracts, which was in the range
from 288.90 to 330.00 ng; Black (330.00 ng) >
HMT-1-100 (319.35 ng) > PSC-4 (304.79 ng) > Sia-
3126 (288.90 ng). Hence the dark coloured variety
i.e., Black has got the highest amount of ferulic
acid comparatively with other cultivars. In a study
on proso millet, in addition to monomers of ferulic
acids, dehydrodiferulates were also reported®. Also
as per the study of%, the results revealed that the
content and type of phenolic acids varied depending
on the type of millet as well as processing method
considered.

Chromatographic profiles obtained for
ferulic acid reference standard is presented in Fig. 3.
The method was validated for linearity, LOD and LOQ
by analyzing reference standard and the analytes.
(i) Linearity Range: The linearity range of ferulic acid
was obtained by applying a series of spots of different
volumes which were applied so as to get 100-300
ng quantity per band, respectively. The plate was
scanned, and a curve was prepared with respect to
height and area vs. amount per spot.
(ii) LOD and LOQ:LOD and the LOQ were calculated
based on the standard deviation (SD) of the response
and the slope (S) of the calibration curve at levels
approaching the LOD according to the formulae:
[LOD = 3.3 (SD/S) and LOQ = 10 (SD/S)]. The
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standard deviation of the response was determined
based on the standard deviation of y-intercepts of
regression lines.

CONCLUSION

The distribution of phenolic compounds in
foxtail millet cultivars may have important implications
in end-use applications and in generating health
benefits as functional foods. The analyzed foxtail
millet grain cultivars had a significant difference
in the phenolic as well as flavonoid content after
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and before processing (dehusking). Ferulic acid
content, evaluated by HPTLC in the millet grains is
a novel attempt for the fast and accurate separation
and quantification. Results reveal that ferulic acid
quantified in whole grains, dehusked grains and
husk had a significant difference within the analyzed
varieties and also for processing effect (dehusking).
These grains have a potential to be used to prepare
convenience food products such as ready to eat
(RTE) or ready to cook (RTC), which have a dual
role of fulfilling the nutrient requirements and at the
same time as functional food in combating several
health disorders.
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