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Abstract

Finger millets are important coarse grains that exhibit high levels of phenolic compounds and antioxidant activi-
ties among other cereals. Grains are subjected to a number of thermal treatments and this could affect the contents
and bioactivities of phenolic compounds. The aim of the present study was to determine the phenolic contents and
antioxidant activities of finger millet flour and foods, namely porridges and Pittu subjected to several thermal treat-
ments such as roasting, parboiling, and parboiled roasting of flour and open boiling and steaming of foods prepared
using flour. The effect of the addition of spices on phenolic content and antioxidant activities to open boiled foods
was determined. Antioxidant activities of phenolic extracts obtained from finger millet flour and foods were studied
for their total phenolic, flavonoids and proanthocyanidins contents, radical scavenging capacities, reducing power,
ferrous ion chelating capacity, and antioxidant activity in a 3-carotene/linoleate emulsion. The roasted flour and foods
had higher total phenolic content (TPC) than other counterparts and ranged from 21.58 to 28.63 umol ferulic acid
equivalents/g dry matter. All flour and food preparations exhibited effective inhibition of radicals, reducing power,
ferrous ion chelating activity, and antioxidant activity in the S-carotene/linoleate emulsion and the degree of activity
depended on the processing conditions adopted in food preparations.

Foods prepared using steaming showed lower phenolic content and antioxidant activities in general than those of
open-boiled counterparts. The addition of spices, namely garlic and cinnamon improved the phenolic contents and
antioxidant activities of open-boiled porridges. The knowledge generated from this study may help to exploit the use
of finger millets as a functional food ingredient to promote health and wellness.
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Introduction

Millets are among the first domesticated cereals that were
cultivated at the beginning of human civilization. They
are a group of cereals belonging to the family Poaceae and
consist of grains with different shapes, sizes, and colours.
Millet group includes finger millet (Eleusine coaracana),
proso millet (Panicum miliaceum), brown top (Panicum
ramosum), Japanese barnyard (Echinochloa crusgalli),
kodo millet (Paspalum scrobiculatum), little millet (Pani-
cum sumatrense), pearl millet (Pennisetum glaucum) and
foxtail (Setaria italica) millet. They are useful as future
crops to ensure food security among people due to their
ability to face unfavourable global climatic changes. Mil-
lets thrive in marginal fertile soils with limited input of
water with fewer diseases compared to major commer-
cialized cereals. However, at present even in the coun-
tries millets are produced, they are underutilized crops
used by population segments belonging to low-income
levels. In the western world, millets are mainly utilized
for bird and animal feed. The contemporary scientific
knowledge generated on millets as a rich source of essen-
tial nutrients and non-nutrient compounds possessing
a myriad of health benefits has attracted the interest of
food producers and consumers to their potential use in
a variety of food usage (Bora et al. 2018, 2019; Devi et al.
2014; Shahidi & Chandrasekara 2013; Shahidi et al. 2012).

Nowadays millets have been included as one of the grains
in multigrain cereal products and their usage in gluten-
free food applications has expanded in the western world.

Non-communicable diseases (NCDs) have increased
steadily in every society and have become a leading cause
of death in many countries. Oxidative stress can cause
direct injurious effects in the biological systems in addi-
tion to activation of other molecular mechanisms to
initiate inflammatory responses leading to a number of
NCDs. Oxidative stress results when the balance between
oxidants and antioxidants change negatively due to
excess exposure to endogenous and exogenous oxidants
or inadequacy of antioxidants in the body (Shahidi et al.
2012).

Millets possess varied levels of phenolics and antioxi-
dant activities depending on the variety, location of pro-
duction, and processing method (Kumari et al. 2017).
Phenolic compounds of millet grains serve as potential
antioxidant compounds in food and biological systems
and are present in soluble and bound forms (Chan-
drasekara & Shahidi 2010, 2011a, 2011b, 2011¢; Kumari
et al. 2019a).

Finger millets (Eleucine coracana) rank fourth in
importance among coarse grains, namely sorghum,
pearl millets, and foxtail millets, and are produced
mainly in the arid and semi-arid areas on continents
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of Asia and Africa (Gupta et al. 2012). Finger millet,
locally known as Kurakkan, is the most known millet
type in Sri Lanka, among others, and is used in sev-
eral traditional cuisines. Three improved finger mil-
lets varieties grown in Sri Lanka are Ravi, Ravana, and
Oshadha and are good sources of dietary fiber, resist-
ant starch, and major minerals such as potassium, cal-
cium, phosphorus, and iron (Jayawardana et al. 2019).
Furthermore, finger millets contain phenolic acids of
which 71% are in the soluble form and are a rich source
of flavonoids, among others (Chandrasekara & Shahidi
2011a; Chandrasekara and Shahidi 2013; Shobana et al.
2013).

Finger millet flour is used to prepare steamed foods
(Halape and Pittu), non-fermented flatbreads, as well as
thin and thick porridges, among others, in different food
cultures. Previous studies have reported that processing
changes the content of phenolics of millets (Pradeep &
Guha 2011; Chandrasekara et al. 2012). A recent study
reported that thin and thick porridges had more bioac-
cessible phenolic compounds that can contribute to high
postprandial antioxidant activities compared to other
finger millet food preparations (Kumari et al. 2019b).
Furthermore, the ferulic acid content of finger millet
porridges is mainly in the soluble form of phenolic com-
pounds (Kumari et al. 2019b). Ferulic acid is the most
abundant hydroxycinnamic acid in finger millet grains
(Chandrasekara & Shahidi 2011a; Chandrasekara 2019).
Ferulic acid and its derivatives play a pivotal role in pre-
venting and attenuating NCDs due to their hypoglycae-
mic, chemopreventive, hypotensive, and antioxidant
activities, among others (Chandrasekara 2019).

Parboiling is a hydrothermal treatment that is used for
paddy to improve its milling and nutritional qualities. The
limited published information is available on finger millet
parboiling and the effects on phenolic content, antioxi-
dant activities, and glycemic response (Bora et al. 2018;
Dharmaraj et al. 2011; Kumari et al. 2020). Recent work
has demonstrated that finger millet porridges prepared
with differently processed flour showed a low glycemic
index thus they had the potential for use in therapeutic
diets for the management of hyperglycemia (Kumari et al.
2020).

Roasting is a dry heat treatment usually used for cere-
als, legumes, nuts and oilseeds to improve their taste and
flavour before the preparation of foods. Roasting can
change the phenolic level, composition as well as anti-
oxidant activities of finger millet foods. However, little
research has so far been reported in this area.

The use of different processing conditions may render
advantages. These include improving the phenolic con-
tents as well as antioxidant activities of finger millet foods
while imparting variety, health benefits, and favourble
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attributes leading to increased popularity among con-
sumers in modern societies.

Spices are used in foods to add flavours in addition to
enriching them with beneficial bioactive components to
improve their value as functional foods. The addition of
spices to cereal-based foods is an effective and simple
way of enriching them with antioxidant compounds.
Spices are a rich source of phenolic compounds and
thermal processing during cooking may affect the con-
tent and bioactivities of the phenolics in the food for-
mulation. There is limited published information on the
addition of spices to finger millet foods and their pro-
cessing effects.

In this study, the phenolic contents and antioxidant
activities of finger millet foods prepared using parboiled
and roasted flour were monitored. Furthermore, the phe-
nolic content and antioxidant activities of finger millet
porridges added with different spices were evaluated as
functional foods.

Materials and methods

Finger millet samples

Finger millet (Eleucine coracana), variety Ravi was used
in the present study. Whole grain finger millets were pro-
cured from the Field Crops Research and Development
Institute, Department of Agriculture, Mahailuppallama,
Sri Lanka.

Chemicals

[-carotene, ferrous chloride, vanillin, 2,2-diphenyl-1-picrylhy-
drazyl (DPPH), 2,2 azinobis (3-ethylbenzothiazoline-6-sulfonate
diammonium salt) (ABTS), 2,2-azobis(2-methylpropionami-
dine) dihydrochloride (AAPH), sodium chloride, ferulic acid,
catechin, butylated hydroxyanisole (BHA), trolox, diethyl
ether, ethyl acetate, methanol, potassium ferricyanide
and acetone were purchased from Sigma-Aldrich Co,
(St. Louis, MO, USA). Ethylenediaminetetraacetic acid
(EDTA) trisodium salt was purchased from Needham
Market (Suffolk, England). The compound 3-(2-pyridyl)-
5,6-diphenyl-1,2,4-triazine-4,4-disulfonic acid sodium
salt (Ferrozine) was procured from SERVA Electropho-
resis GmbH, (Heidelberg, Germany). Linoleic acid, tween
80 (polyoxyethylene sorbitan monopalmitate), Folin-
Ciocalteu’s reagent, and sodium nitrite were purchased
from Research Lab Fine Chem Industries, (Mumbai,
India). Sodium carbonate, and ferric chloride were pur-
chased from Thomas Baker (Chemicals) Ltd. (Bombay,
India). Aluminum chloride, trichloroacetic acid (TCA),
and dibasic potassium phosphate were purchased from
Techno Pharmchem, (Delhi, India). Sodium hydrox-
ide, monobasic potassium phosphate, and potassium
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hydroxide, were purchased from Loba Chem Pvt Ltd,
(Mumbai, India).

Methods

Sample preparation

Finger millet sample was cleaned to remove debris and
soil particles. Grains were dehulled using a rice polish-
ing machine (Rice husker and polisher PM 500, Satake
Engineering Co Ltd, Japan).

Parboiling

Whole finger millet grains were soaked in distilled
water for 10 h followed by draining excess water using a
sieve. Steaming of soaked finger millet grains was per-
formed using a rice cooker under atmospheric condi-
tions. Steaming was carried out by placing the sieve
on the rice cooker which contained boiling water. The
duration of steaming was 5 min and throughout the
process, grains were covered with a lid. At the end of
steaming grains were heaped on a metal plate and
allowed to cool to ambient temperature. Grains were
sun-dried up to 12% moisture content.

Grinding

Grains were ground (Phillips HR 2011, Koninklijke
Phillips Electronics NV, Shanghai, China) to obtain a
flour that passed through a sieve of 0.038 mm (As 200,
Retsch, Haan, Germany).

Roasting

Two types of finger millet flour obtained by grind-
ing native (non-parboiled) and parboiled grains were
roasted on a heated metal pan for 5 min with continu-
ous mixing.

Finger millet food preparation

Finger millet flour and fresh scraped coconuts were
used as the main raw ingredients for the two food
preparation methods used in this study. Two food
types, namely steamed food, (Pittu) and a thin porridge
were prepared following commonly used household
procedures.

A steamed food, Pittu, was made mixing finger mil-
let flour (100 g) with freshly scraped coconut (50 g) and
15 mL of water into small granules followed by steam-
ing for 15 min. Salt (1 g) was added for the taste. Two
types of Pittu, preparations were done using raw and
parboiled flour.

A thin porridge was prepared using finger millet flour
(25 g), coconut milk (150 mL extracted using 50 g of
scraped coconut according to conventional procedure),
and water (150 mL) followed by boiling for 20 min in
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an open pan with continuous stirring. Four porridges
were prepared using four types of flour, namely native,
roasted, parboiled, and parboiled-roasted finger millet
flour. Salt (1 g) and sugar (1 g) were added as common
ingredients to all porridge preparations.

Addition of condiments

Four thin porridges were prepared using cinnamon, car-
damom, garlic, and, a mix of cardamom and garlic as
additional ingredients. Based on sensory evaluation, two
porridge preparations added with condiments [crushed
fresh garlic (5 g) and cinnamon powder (1 g)] were
selected for further analysis of phenolic contents and
antioxidant activities.

Sensory evaluation of finger millet porridges

Sensory properties were evaluated to determine the
acceptability of different processing conditions, namely
parboiling and roasting and the addition of condiments
in the food preparations. Fifty untrained panelists (25
males and 25 females) in the age range of 24—30 years
participated in the sensory evaluation. The panelists
included 90% of students and 10% of university staff of
the Makandura premises of Wayamba University of Sri
Lanka. The food preparations were each coded with three
digits and were served randomly to each panelist. Sepa-
rate sensory evaluations were carried out to determine
processing effects and the addition of condiments.

Foods were served at 40—50 °C in white porcelain
bowls. The panelists were asked to rinse their mouths
with warm water before the commencement of tasting
and in between each tasting of food preparations. The
panelists waited 90 s before tasting the next sample and
a cracker biscuit was provided between tastings to elimi-
nate any carry-over effect. The panelists were instructed
to keep one serving of food for 5 s in the mouth and swal-
low in small quantities.

The panelists scored on 9 points hedonic scale for six
attributes of food preparation. These included colour,
taste, texture, after taste, mouth feel, and overall accept-
ance. On the hedonic scale, 1 meant ‘dislike extremely’
and 9 ‘like extremely. Porridges demonstrated high
scores for the majority of favourable attributes and were
selected for further experimentation according to the
results of Frideman analysis.

Ethical approval for the sensory evaluation

Informed written consent was obtained from each sub-
ject participating in the sensory evaluation. Ethical
approval was obtained from the Ethics Review Commit-
tee of Faculty of Livestock, Fisheries and Nutrition, Way-
amba University of Sri Lanka (201509HI01).



Chandrasekara et al. Food Production, Processing and Nutrition

Freeze drying and defatting

Prepared foods after cooling to room temperature were
stored at -80°C, and were freeze-dried at -55 °C, and
0.012 mbar (Alpha 1-4 LD plus CHRIST, Osterode am
Harz, Germany). The lyophilized samples were ground to
0.038 mm size and then defatted by blending with hex-
ane (1:5, w/v, 2 min two times) at ambient temperature.
All defatted meals were packed in polythene pouches and
stored at -80 °C until used within one week for extraction
of phenolic compounds.

Extraction of soluble phenolic compounds of finger millet
foods

Soluble phenolic compounds of each food preparation
were extracted using 70% (v/v) aqueous acetone. Defatted
meals of food (5 g) were mixed with 100 mL of 70% aque-
ous acetone in a screw-capped conical flask in a shaking
water bath (BT 680D, YIH DER Co., Ltd, New Taipei City,
Taiwan) at 50 °C and at a speed of 175 rpm for 40 min.
The slurry obtained was centrifuged for 5 min at 3000 g
(Refrigerated centrifuge 3-18R TOMOS Life Science
Group, NJ, USA) and the supernatant was collected. The
extraction was repeated two times. Combined superna-
tants were evaporated in a rotary evaporator (IKA RV-10,
IKA®-Werke GmbH & Co. KG, Staufen, Germany) at
40 °C. During all stages, extracts were protected from
light by covering the containers with aluminum foil. Con-
centrated samples were then freeze-dried at -55 °C, and
0.012 mbar. Lyophilized extracts were stored at -80 °C for
further analysis.

Determination of the crude composition of finger millet
food preparations

Moisture, ash, crude protein, crude fibre, and crude fat
contents were determined according to the AOAC (2007)
methods of native and parboiled flour as well as prepared
finger millet foods. Carbohydrate content was calculated
by difference. Results were expressed based on 100 g edi-
ble portion of food.

Total phenolic content (TPC)

The total phenolic contents of finger millet flour and
food crude extracts were determined according to the
method of Singleton and Rossi (1965) with slight modi-
fications (Chandrasekara et al. 2016). The lyophilized
crude extract of food preparations dissolved in metha-
nol to obtain a concentration of 1 mg/mL was used to
determine TPC. Into a 50 mL centrifuge tube containing
0.25 mL of extract, 0.25 mL of Folin Ciocalteu’s reagent
was added and the contents were vortexed thoroughly.
To the reaction mixture, 0.5 mL of saturated sodium
carbonate solution was added and diluted with 4 mL of
distilled water followed by thorough mixing. Tubes were
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left at room temperature in the dark for 35 min followed
by centrifugation at 4000 x g for 10 min (Refrigerated
centrifuge 3-18R TOMOS Life Science Group, Belmont,
MA, USA). The absorbance of the blue colour superna-
tant was read at 725 nm (UV-VIS Spectrophotometer,
Labomed Inc, Culver City, CA, USA). Appropriate blanks
were used for background subtraction. The TPC in the
extract was determined using a standard curve prepared
for ferulic acid and expressed as umol ferulic acid equiva-
lents (FAE) per gram of dry matter (dm).

Determination of total flavonoid content (TFC)

Total flavonoid content was determined using a colori-
metric method (Chandrasekara & Shahidi 2010). In brief,
a known volume (1 mL) of an aliquot of the extract, dis-
solved in methanol (1 mg/mL), was mixed with 4 mL of
distilled water in a 50 mL centrifuge tube and 0.3 mL of
5% NaNO, was added to the tube and allowed to react
for 5 min. Subsequently, 0.3 mL of 10% AICl; was added
to the reaction mixture and allowed to stand for 1 min.
Finally, 2 mL of 1 M NaOH and 2.4 mL of distilled water
were added and mixed immediately. Centrifuge tubes
were kept in the dark at room temperature for 15 min
followed by centrifugation at 4000 x g for 5 min. The
absorbance was read at 510 nm against a blank prepared
in a similar manner by replacing the extract with distilled
water. A standard curve prepared with catechin was used
to calculate TFC as umol catechin equivalents (CE) per
gram of dm.

Determination of proanthocyanidin content (PC)

The vanillin assay was used to determine the PC content
as described by Chandrasekara and Shahidi (2010). To
0.5 mL of a methanolic solution of the extract, 2.5 mL of
0.5% vanillin-HCI reagent [0.5% vanillin (w/v) in 4% con-
centrated HCI in methanol] was added and incubated for
20 min at room temperature. A separate blank for each
sample was read with 4% HCI in methanol. The absorb-
ance was read at 500 nm, and the content of proantho-
cyanidin expressed as micromoles of CE per gram of dm.

Reducing power (RP)

The RP of the sample was determined spectrophoto-
metrically by using the method explained by Kumari
et al. (2017). Briefly, the extract (0.5 mL) was mixed with
1.25 mL of phosphate buffer solution (0.2 M, pH 6.6)
and 1.25 mL of potassium ferricyanide solution in a cen-
trifuge tube. The mixture was incubated for 20 min at
50°C and 1.25 mL of 10% TCA was added followed by
centrifugation at 1750 x g for 10 min. The supernatant
(1 mL) was transferred into a tube containing 1.25 mL
of deionized water and 0.25 mL of 0.1% (w/v) FeCls;, and
the absorbance was read using a spectrophotometer at
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700 nm. The results were expressed as pmol ascorbic acid
equivalents (AAE) per gram of dm using a standard curve
prepared with ascorbic acid.

DPPH radical scavenging activity (DRSA)

The DPPH radical scavenging activity was determined
according to the method of Lee et al. (2007) as explained
by Kumari et al. (2019b). The sample of 0.04 mL of
extract (1 mg/mL in methanol) was added to the 1.96 mL
of methanolic DPPH (60 pM) solution. The mixture
was vortexed and allowed to stand at room temperature
in the dark for 20 min. The absorbance of the solutions
was read at 517 nm with using an appropriate blank. The
DPPH radical scavenging activity was expressed as pmol
trolox equivalents (TE) per gram of dm.

Trolox equivalent antioxidant capacity (TEAC)

The TEAC of the extract was determined as previously
explained (Kumari et al. 2019b). AAPH (2.5 mM) was
mixed with ABTS (100 mM) in saline phosphate buffer
(PBS) (pH 7.4, 0.15 M NaCl) to prepare the ABTS"" solu-
tion. The solution was kept in a water bath at 60°C for
16 min and the flask was covered with aluminum foil
to protect ABTS'" solution from light. The prepared
ABTS't solution was filtered using medium porosity
filter papers before mixing with the extract. A separate
blank was used to reduce the diminished absorbance of
the radical solution. PBS solution was used to prepare
finger millet food extract (1 mg/mL) and further diluted
to fit within the range of 6.25 -50 uM of the standard
trolox curve. To measure the TEAC, 40 pL of the extract
were mixed with 1960 pL of the ABTS'" solution. The
absorbance of the reaction mixture was read at 734 nm
immediately at the point of mixing (t,) and after 6 min
(tg). The decrease in absorbance at 734 nm after 6 min
of addition of trolox and extract was calculated using
the equation: AA trolox=(At, trolox—At,, trolox)—(At,,
blank -Atg, blank), where AA is the reduction of absorb-
ance and A is the absorbance at a given time. TEAC values
were expressed as mol trolox equivalents (TE) /g of dm.

Ferrous ion chelating activity (FICA)

The ferrous ions chelating activity was measured as
explained by Chandrasekara and Shahidi (2010). The
crude extracts of finger millet flour and food prepara-
tions in distilled water (1 mg/mL) were used to meas-
ure the chelating activity of ferrous ions. Briefly, 0.4 mL
of extracts was added to a solution of 2 mM FeCl,
(0.05 mL) and the mixture was added of 5 mM ferrozine
(0.2 mL). The total volume was made to 4 mL with dis-
tilled water. The mixture was vortexed and allowed to
stand for 10 min at room temperature. The absorbance
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of the reaction mixture was read at 562 nm. Distilled
water was replaced the extract in the control. Appropri-
ate blanks were prepared with 0.4 mL of the sample and
3.6 mL of distilled water for background subtraction. The
inhibition percentage of ferrozine-ferrous ion complex
formation was calculated using the following equa-
tion. Metal chelating effect (%) = {1-(Absorbance of
the sample / Absorbance of the control)} x 100. The
results were expressed as pmol EDTA equivalents/ per
gram of dm.

Antioxidant activity using 8 -carotene-linoleate model
system

The antioxidant activity of finger millet flour and food
extracts was evaluated using a [-carotene-linoleate
model system (Kumari et al. 2017). -carotene (1 mL;
concentrationl mg/ mL) dissolved in chloroform was
transferred into a 100 mL round bottom flask. The
chloroform was removed under vacuum using a rotary
evaporator at room temperature. To the flask was added
40 mg of linoleic acid, 100 mg of Tween 80 emulsifier,
and 100 mL of distilled water with vigorous agitation to
form an emulsion. The emulsion was freshly prepared for
each experiment. A Blank sample devoid of 5-carotene
was prepared for background subtraction. The extracts
in methanol (200 pL) were added to the boiling tube
containing 5 mL of emulsion. The samples were kept in
a water bath which maintained the temperature at 50°C.
The absorbance values were read spectrophotometrically
at 470 nm immediately at zero time, 30 min and 60 min.
Butylated hydroxyanisole (BHA) (200 ppm) in methanol
was used as a reference standard. The antioxidant activ-
ity coefficient (AAC) after 60 min of incubation was
calculated using the following equation: AAC=(Aa5p—
Acgg))/(Acgy—Ac(s), where Aagy and Acy are the
absorbance values measured at 60 min for the sample
and the control, respectively, and Ac (y is the absorbance
value of the control at 0 min. The results were expressed
as AAC per g of dm.

Statistical analysis

All in vitro experiments were performed in triplicates
and data were reported as mean=standard deviation.
The significant differences in mean values among differ-
ent processing conditions and different food preparations
were determined using a one-way analysis of variance
(ANOVA) followed by Tukey’s Honestly Significant Dif-
ference (HSD) multiple rank test at p <0.05. Friedman
analysis was performed to determine the mean ranking
of sensory scores (Milton 1937). All statistical analyses
were performed by using SPSS version 23 (IBM Analytics,
USA).
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Results and Discussion

In this work, we assessed the phenolic content and anti-
oxidant activities of finger millet flour and foods submit-
ted to different processing conditions to appreciate the
finger millet flour preparations as functional foods. The
level of macronutrients and dietary fiber in the edible
portion of the food is needed to calculate the energy
level and to use them in the therapeutic meal planning.
The crude composition of finger millet flour and food
preparations are summarized in Table 1. Significant dif-
ferences were not existed among the crude compositions
of food preparations used native and processed flour. The
sensory data analysis of finger millet porridges showed
that the basic porridge scored the highest median value
and average mean rank whereas the cardamom-added
porridge scored the least (Data not shown). Therefore,
cardamom-added porridges were not selected for further
analyses in this study. The knowledge generated in this
study showed that hydrothermal processing and dry heat
processing of native finger millet grains or flour and the
addition of condiments influence the phenolic content
and antioxidant activities of prepared foods, thus having
the potential for use in therapeutic meals for the manage-
ment of non-communicable diseases.

Phenolic contents

Total phenolic content

The TPC of the soluble phenolic extracts of finger mil-
let flour (FMF), finger millet porridge (FMP), garlic
added finger millet porridge (FMPg), cinnamon added
finger millet porridge (FMPc), and finger millet flour
pittu (FMFpi) submitted to different processing con-
ditions are presented in Table 2. Among flour prepa-
rations, roasted flour showed a 13% (p <0.05) higher
TPC. Roasting is a common process used for cereals,
pulses, nuts, and some oilseeds as it develops desirable
organoleptic properties by changing the colour, aroma,
and flavour of the prepared foods. In agreement with
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the present work, several studies have shown that roast-
ing increases the TPC of a number of food ingredients
such as cashew, wheat germ, peanuts, and sesame seeds
(Chandrasekara & Shahidi 2011d; Hassan et al. 2021;
Jannat et al. 2013; Win et al. 2011; Zou et al. 2018).

During roasting polyphenolic compounds undergo
oxidation and polymerization, degradation of proteins,
and Maillard reactions (Pradeep & Yadahally 2015).
An increase in TPC during roasting could be due to
the liberation of phenolic compounds due to the dam-
age to the cell structures and released phenolics could
be more soluble in methanol. Heat treatments, on the
other hand, during roasting, favour Maillard reactions
due to the low water activity of nuts, pulses, and seeds
and lead to the formation of a number of by-products,
intermediates, and melanoidins which may contrib-
ute to the TPC of the roasted product (Chandrasekara
& Shahidi 2011d). According to Chandrasekara and
Shahidi roasting increased the TPC of cashew kernels
from 1.14 to 5.28 mg gallic acid equivalents/ g of defat-
ted meal when roasted at 130 °C for 33 min a forced
air convection oven. In accordance with the present
results, Sandhu et al (2017) reported that toasted oats
had higher TPC than those of native flour. Hassan et al.
(2021) showed that upon roasting of peanut pods the
TPC increased by 25 and 19% for Sodari and Ghabi-
ash cultivars, respectively. Jannat et al. (2013) demon-
strated that roasting increased the TPC of sesame seed
varieties and the content depended on the temperature
and duration of roasting. In the present work, roast-
ing was carried out using a heated pan which was the
common local household method for roasting cereal
flour before food preparation. However, in contrast
to the present findings, Pelvan et al. (2012) reported a
decrease of TPC, condensed tannin and phenolic acids
of roasted Turkish hazelnut varieties. This could be due
to difference of plant materials, moisture content and
degree of heat treatment received.

Table 1 Crude composition of flour, and basic porridges and Pittu prepared using native, parboiled and roasted finger millet flour and

coconut (per 100 g edible portion)

Flour Pittu Porridge

Native Parboiled Roasted Native Parboiled Native Parboiled Roasted
Protein 6.92+£0.53 771045 6.21£0.32 3.33£0.70 336041 1.11£0.03 1.084£0.02 1.0940.02
Fat 1.314+0.02 152+0.03 1.7940.02 8364042 106+0.49 7.6540.51 7404046 7204062
Fiber 341+£0.02 3.62+£0.03 3.23£0.04 4.734+0.06 5.22+£0.05 0.63£0.01 0.66£0.02 0.6440.01
Total ash 2724025 2914027 27940231 0.234+0.01 0.2440.01 0.10+0.01 0.08+0.01 0.09+0.01
Moisture 10.04+1.50 10.90+£1.80 85041.30 54742.10 5407 +£2.40 79.26+1.56 7963+2.18 79.85+2.31
CHO 75.64 73.34 7748 28.65 26.51 11.25 11.15 11.13

CHO Available carbohydrate
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Table 2 Total phenolic, total flavonoid and proanthocyanidins contents of finger millet flour, and food subjected to different

processing conditions

Native Roasted Parboiled Parboiled- roasted
Total phenolic content (umol ferulic acid equiv/g dry matter)
Flour 247131 4+1.14 279324084 2367414142 2421314240
Basic porridge 17.66°" +0.40 21.58°2+£0.31 12.64°% 4040 18.25°1 +0.60
Porridge added garlic 2501214071 286324021 170194052 2044% 4128
Porridge added cinnamon 2131374121 2406 +1.70 1803“ 4138 24.86%41.04
Pittu 13.69' +£0.50 na 14.88%" +£0.40 na
Total flavonoid content (umol catechin equiv/g dry matter)
Flour 063°1+£0.17 11.25% 40,08 792834020 81434012
Basic porridge 336°14+023 540°24007 1024021 2254019
Porridge added garlic 3.88°1+£0.10 547°240.10 28394005 5524028
Porridge added cinnamon 2984005 4364008 1024008 430% 4025
Pittu 50194017 na 42094016 na
Proanthocyanidin content (umol catechin equiv/g dry matter)
Flour 7827140233 443%24051 95283 40.19 835%+0.20
Basic porridge 6.13°1+£043 1.82°24£0.23 210024043 198" +0.21
Porridge added garlic 6434050 3474039 288 +064 27494019
Porridge added cinnamon 457974038 20394051 38694098 30394024
Pittu 9.60°" +0.20 na 11.18%240.39 na

Means in each raw having the same superscript number are not significantly (p > 0.05) different. In individual assays, means in each column having the same

superscript letter are not significantly (p > 0.05) different. Na not available

The present study demonstrated that the TPC of
prepared foods was generally lesser than those of the
respective native and processed flour used. The reduc-
tion of TPC of the phenolic extracts of FMF upon FMP
preparation was 29, 23, 47, and 25% for native, roasted,
parboiled, and parboiled- roasted flour, respectively.
Furthermore, 45 and 37% of TPC reduction was shown
for FMFpi prepared with native and parboiled flour,
respectively. All porridges were submitted to open boil-
ing whereas FMFpi which was similar to ‘Couscous’
was prepared by steaming. In accordance with present
results in a previous study Chandrasekara and Shahidi
(2012) demonstrated that open boiling decreased the
TPC of finger millet grains by 11 to 36%. Hithamini and
Sirinivasan (2014) showed that TPC of native finger
millet flour was reduced upon different processing con-
ditions such as sprouting, pressure cooking and open
boiling. Furthermore, Min et al. (2014) reported that
wet cooking reduced the TPC of brown rice by 16-57%.
However, a previous study reported that depending
on the heat treatment received some foods showed a
reduction of TPC whereas others reported an increase
(Kumari et al. 2019b). In agreement with the results of
the present study, Rotti and Pittu prepared with native
flour of finger millet variety of Oshada had 4 and 9%
reduction of TPC, respectively (Kumari et al. 2019b).
However, contradictorily to present results thick and

thin porridges showed 68 and 145% increase of TPC,
respectively. Phenolic contents of the same food group
vary with the variety, cultivated location, season, cli-
matic condition, cultural practices adopted, and stress
conditions, among others (Shahidi & Naczk 2004). The
findings of the present study further support that vari-
ety of millet, type and duration of the heat treatment
may influence the TPC of finger millet foods.

The results in the present work showed that in general,
the TPC of foods prepared after subjecting to roasting,
had significantly higher level compared to those of the
food counterparts of native or parboiled flour prepara-
tions. FMP, FMPg, and FMPc prepared using roasted
flour had 22, 14, and 13% more TPC than those of por-
ridges that used native flour. This could be due to the
presence of heat-stable phenolic compounds and MRPs
incorporated during the roasting process.

Condiments are used to add flavour to food. In the pre-
sent work, addition of condiments to porridges prepared
with native and processed flour significantly increased
TPC (Table 2). FMPg had 35, 12, 42 and 33% higher TPC
of porridges prepared with native, roasted, parboiled,
and parboiled-roasted flour, respectively compared to
those counterparts of FMP. Garlic bulbs are rich sources
of phenolic compounds and increase the content of phe-
nolics in porridges in addition to their taste effect (Chen
et al. 2013). According to Alide et al. (2020), cooking of
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garlic increased the TPC of garlic aqueous extracts irre-
spective of the cooking duration.

FMPc had 11, 17, 2 and 15% more TPC in porridges
that used native, roasted, parboiled and parboiled-
roasted flour, respectively compared to their respective
FMP. The cinnamon bark is a rich source of a number of
phenolic compounds and is among the spices used com-
monly for cooking for its flavour (Rao & Gan 2014). Cin-
namon contains a wide variety of compounds such as
cinnamaldehyde, cinnamic acid, catechins, and procyani-
dins (Rao & Gan 2014). The results of the present study
evidenced that the addition of spices could compensate
for the loss of bioactive compounds during thermal pro-
cessing of finger millet foods.

Total flavonoid content (TFC)

Flavonoids are the major constituents in the soluble frac-
tion of finger millet phenolic extracts and exist in free,
esterified, and etherified forms. Catechin was the pre-
dominant flavonoid among the free phenolic compounds
of the soluble fraction of finger millet and its contribu-
tion to the TFC was 85% (Chandrasekara & Shahidi
2011a). Flavonoids possess several bioactivities such as
antioxidant, anticancer, antiallergic, and anti-inflam-
matory effects, among others. The results of the present
study showed that the TFC of native finger millet flour
was 9.63 umol CE/ g of dry matter and roasting increased
TEC by 17% (Table 2). In agreement, Pushparaj and Urooj
(2014) demonstrated that thermal treatments increased
the TFC of pearl millet grains.

In contrast to present results, previous studies have
shown a reduction of TFC upon roasting. Roasting of
barley at 327 °C decreased the catechin content signifi-
cantly (Duh et al. 2001). Sandhu et al. (2017) showed that
toasting oats at 115 °C for 3 h in an oven reduced TFC by
23 to 41%. This could be due to the nature of constitu-
ent flavonoid compounds of the food material used, their
thermal stability, and degree of heat treatment, as well as
the time period used in the present work.

The results of our work showed that parboiling
decreased the TFC of FMF by 18% compared to native
flour. In the parboiling process soaking of finger millet
grains was done for 10 h and soluble flavonoids may leach
into the water which was discarded before steaming, thus
leading to their loss. In addition, during steaming heat-
labile flavonoids of foods may degrade. Several authors
have demonstrated that thermal processing can decrease
the TFC depending on the degree of heat treatment and
its duration (Duan et al. 2021; Yadav et al. 2018).

In the present work, the foods so prepared showed 1.9
to 7.8 folds (» <0.05) lesser TFC compared to the corre-
sponding flour used (Table 2). FMP prepared with par-
boiled FMF showed the highest reduction of TFC among
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different foods. The hydrothermal treatment used dur-
ing the preparation of foods may affect the content of
phytochemicals (Towo et al. 2003; Zielinski et al. 2006).
Previous studies have reported a reduction of TFC after
hydrothermal treatments (Hithamini & Sirinivasan 2014;
Min et al. 2014). According to Hithamini and Sirinivasan
(2014), pressure cooking for 15-20 min and open pan
boiling for 15 min reduced the TFC of finger millet flour
by 68 and 10%, respectively. Min et al. (2014) showed that
wet cooking of brown rice reduced the TFC by 12-61%.
The changes noted in TFC of millet foods could be due to
the oxidation of phenolics in the presence of oxygen and
moisture, polymerization, thermal degradation, as well
as depolymerization of high molecular weight phenolics
(Shahidi & Chandrasekara 2015).

In addition, roasted as well as parboiled roasted FMP
had 61 and 121% TFC, respectively compared to the
corresponding non-roasted FMP in the present work
(Table 2). The formation of MRPs in the roasting process
may contribute to the apparent increased TFC of foods.

The TFC of FMPg varied from 1.02 to 5.40 umol CE/ g
of dry matter and showed higher TFC than counterpart
EMP preparations. However, the TFC of FMPc prepared
with native, roasted and parboiled flour was lesser than
those of counterpart FMP and the TFC of FMPc pre-
pared with parboiled roasted flour, which had 91% higher
TFC than that of FMP used the native flour. The present
results further suggest that enhancement of bioactive
compounds through the addition of spices depend on the
type of spices and thermal treatments received by foods.

Proanthocyanidins content (PC)

Proanthocyanidins are present as bioactive constituents
of finger millets (Chandrasekara & Shahidi 2010; Kumari
et al. 2017; Siwela et al. 2007) Proanthocyanidins are
flavan-3-ol oligomeric or polymeric flavonoids present
in a number of food items such as cereals, nuts, herbs,
and berries. They are often regarded as anti-nutrient
compounds as they may lower the bioavailability of pro-
teins and minerals when present in adequate quantities
(Chavan et al. 2001). Proanthocyanidins have also been
reported to possess several health benefits, including
anti-inflammatory, hypoglycemic, hypolipidemic, antivi-
ral, antibacterial and antioxidant properties, among oth-
ers (Yang et al. 2021). PC of finger millet flour and foods,
expressed as pmol CE/g dry matter, are presented in
Table 2. Among the finger millet flour and food prepara-
tions used in this study, parboiled FMFpi had the highest
PC (11.18£0.39 umol CE/g dry matter). Low amounts of
PC were detected in FMP roasted and parboiled roasted.
The results of the present study showed that roasting
of native and parboiled FMF reduced the PC by 43 and
12%, respectively. On the other hand, parboiled FMF had
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22% more PC than that of native sample. Furthermore,
FMFpi, native and parboiled had 23 and 17% more of PC,
respectively than that of counterpart FMF. In accordance
with the results noted for TPC and TFC in the present
work, FMP prepared by open boiling had lesser PC com-
pared to those of corresponding FMF and, in general,
EMPg and FMPc had higher PC than FMP except FMPc
prepared with native flour (Table 2).

Consistent with the present results, Chandrasekara
and Shahidi (2011a, 2011b, 2011c, 2011d) demonstrated
that roasting of cashew kernels decreased the content of
assayable tannins and this may partly be due to the deg-
radation of tannins during dry heat treatment. Accord-
ing to the present results, open boiling reduced the PC
and may be due to the degradation during the hydro-
thermal treatments. However, the steaming process used
in the preparation of FMFpi did not reduce the PC for
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both native and parboiled types. In agreement, Kessy
et al. (2016) also showed that steam blanching of Litchi
pericarp had 27% higher PC compared to that of its non-
blanched counterpart.

Antioxidant activities

Reducing power (RP)

Reducing power (RP) of soluble phenolic extracts of
finger millets flour and foods ranged from 5.72+1.25
to 23.4540.55 pmol AAE/g dry matter (Table 3). Com-
pounds with RP donate electrons thus reducing the
oxidized intermediates of peroxidation, thus acting as
antioxidants. Reductants in the finger millet extracts
reduce the ferric/ferricyanide complex to the ferrous
form. Finger millet phenolic extracts used in the present
study demonstrated a considerable RP thereby acting as
effective reductones. The FMF roasted had the highest

Table 3 Antioxidant activities of finger millet flour, and food subjected to different processing conditions

Native Roasted Parboiled Parboiled- roasted
Reducing power (umol ascorbic acid equivalent /g dry matter)
Flour 2105 4241 25524007 20451 +1.14 239024055
Basic porridge 16.56°" +1.43 15.72°7+1.25 11.50°2+0.79 12.90°3 +0.80
Porridge added garlic 17.50°' £0.26 16.76" +1.87 195724017 18.64% 4129
Porridge added cinnamon 2011974032 9.38%2+0.94 1440940233 12.71°4 4074
Pittu 12.857 4098 na 11.70°" +£1.60 na

DPPH radical scavenging activity (umol trolox equivalent /g dry matter)

Flour 13040°"£2.27 230.99%241.70 311.8284232 285.04% +£1.67
Basic porridge 1213771 +£044 205.97°240.75 182,29 +1.56 190.29 +1.80
Porridge added garlic 189.02°'+153 24095 £2.39 1914523 4£127 199.67%4£045
Porridge added cinnamon 1427297 £168 14760 +£1.19 128.10°£0.79 12977157
Pittu 110.37¢" +£2.41 na 200.10% £2.38 na

Trolox equivalent antioxidant capacity (umol trolox equivalent /g dry matter)
Flour 3336 +0.69 24874100 3481°1+1.69 1557834067
Basic porridge 2203 +0.76 13.25°240.39 12.09°2+1.14 13.42°2+0.64
Porridge added garlic 31.17°74£040 3648 +£0.42 27.29% 4039 2308%41.18
Porridge added cinnamon 2621'£067 2333%4097 24394155 2631914222
Pittu 365591+ 1.04 na 20419 £0.69 na

Ferrous ion chelating activity (umol EDTA equivalent /g dry matter)
Flour 166.674"+0.81 133.66°24£0.26 103.05%+£0.80 183.68*+£062
Basic porridge 111.05° £041 86.27°2£0.36 98.59°3+0.38 114.93°" +0.84
Porridge added garlic 109.19°" +1.03 142074068 1243824077 149.94% 4029
Porridge added cinnamon 1395491 +£0.27 1717194076 134.73% £1.05 138729 £047
Pittu 178518'£0.60 na 176.62%'£0.90 na

B carotene oxidation inhibition (Percentage of absorbance AAC/ g dry matter)
Flour 82.00%"+2.16 75.87% 4235 67.08341.39 634234216
Basic porridge 84.17°1 +2.05 57.2802£2.21 48.88°2+0.72 61.09 +0.65
Porridge added garlic 562174191 65.00%40.83 46533 +1.96 5172544237
Porridge added cinnamon 826131 4+0.40 99.16%2 4191 553854054 92.56%41.85
Pittu 92399+2.16 na 97439 4£1.11 na

Means in each raw having the same superscript number are not significantly (p > 0.05) different. In individual assays, means in each column having the same

superscript letter are not significantly (p > 0.05) different. Na not available
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RP whereas FMPc prepared with roasted flour showed
the least.

The RP of roasted FMF was 21% higher (p <0.05) than
that of the native sample. The present results showed that
roasting increased the TPC and TFC of FMF. Increased
RP of the roasted FMF could be due to the increased
phenolic contents and the MRPs such as 5-hydroxym-
ethyl-2- furaldehyde which demonstrate high antioxi-
dant activities (Duenas et al. 2006). FMP showed lower
RP than those of corresponding flour used in this study.
In agreement with TPC, TFC, and PC of the flour and
foods in this study RP of FMF was quite higher than
FMP investigated. The phenolic compounds present in
finger millets are mainly phenolic acids and flavonoids
and are found in the free, conjugated, and insoluble-
bound forms (Chandrasekara & Shahidi 2011a; Shahidi
& Chandrasekara 2013). According to Shahidi and Chan-
drasekara (2013) 71 and 90% of phenolic acids and flavo-
noids, respectively, of finger millets exist in the free form.
Degradation of free phenolic compounds upon open
boiling and steaming could lead to the reduction of RP of
FMP and FMFpi compared to FMF in the present work.
FMPg and FMPc phenolic extracts exhibited a higher RP
than their FMP counterparts. The results of the present
work further demonstrate that the addition of spices is a
practical way of improving antioxidant activities, which
may be compromised by thermal treatment during food
preparation in addition to enhancing flavour and taste.

DPPH Radical scavenging activity (DRSA)
DPPH is a synthetic stable organic radical and DRSA is
commonly used to determine the antiradical capacity of
isolated bioactive compounds and food extracts. DRSA
assay measures the reducing ability of antioxidant com-
pounds of the extract toward DPPH. This is monitored by
measuring the reduction of the absorption at 517 nm.
DPPH radical scavenging activities of finger millet flour
and food extracts are presented in Table 3. DPPH radi-
cal scavenging activities of finger millets flour and food
extracts ranged from 130.4+2.27 to 311.82+2.32 and
110.37+2.41 to 240.95=+2.39 pmol trolox equivalents/g
dry matter, respectively. The DRSA of soluble phenolic
extracts of flour significantly (p <0.05) increased with
roasting, parboiling, and parboiled-roasted. FMP showed
significantly (p <0.05) lesser DRSA than that of the cor-
responding flour. In agreement with the results of the
present work, an earlier study showed that cooked finger
millets had 11-36% lesser DRSA than that of the native
dehulled grains (Chandrasekara et al. 2012). This could
be due to several reasons such as degradation of phenolic
compounds or formation of phenolic-protein complexes
leading to poor extractability of phenolics due to hydro-
thermal treatments ( Yeo & Shahidi 2017). In the present
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study, FMPg had higher DRSA than those of counterpart
FMP.

However, except for FMPc prepared using native flour,
other samples had lesser DRSA than that of correspond-
ing FMP. In the parboiling process, finger millet grains
are soaked for 10 h before steaming. This can reduce
the content of water-soluble free phenolic compounds.
However, steaming can reduce heat-sensitive phenolic
compounds as well as release insoluble-bound phenolics
due to the thermal destruction of cell wall polymers lead-
ing to an increase of phenolics and thus the antioxidant
activities of the extracts. However, in the present study
bound fraction of phenolics was not determined as pre-
vious studies demonstrated that the major contribution
of phenolics of finger millets was from the soluble frac-
tion (Chandrasekara & Shahidi 2011a). This study clearly
demonstrated that roasting and parboiling of finger mil-
let has a significant effect on the DPPH radical scaveng-
ing activity of the extracts of finger millet flour and foods
prepared. This could be attributed to the retention of dif-
ferent phenolic compounds during thermal treatments as
well as MRPs produced in the roasted samples.

Trolox equivalent antioxidant capacity (TEAC)

Table 3 presents the TEAC of finger millet flour and
foods subjected to different processing conditions. The
TEAC assay is commonly used to determine antioxidant
capacity of food matrices and the ability of antioxidant
compounds in the extracts to reduce the ABTS radical
anion to its non-radical form.

The TEAC values of finger millet flour and foods
ranged from 12.094+1.14 to 36.48+0.42 pmol trolox
equivalents/g dry matter. Roasting significantly reduced
the TEAC of native flour by 25.4% whereas parboiling
increased it by 4.3% (Table 3). In agreement with the
present results, Kumari et al. (2019b) showed that dry
roasting reduced TEAC by 47% compared to native flour.
FMEF had (p <0.05) higher TEAC than FMP, similar to the
trend observed for other antioxidant assays. Open boiling
can influence the phenolic compounds and their activi-
ties due to heat, oxygen, and water. Carcea et al. (2017)
showed that cooking can reduce the polyphenolic con-
tent of cereal and legume products.

The TEAC of FMPg and FMPc were higher than that of
FMP. FMPg had 14, 2.8, 2.3, and 1.7 folds higher TEAC
than FMP for native, roasted, parboiled, and roasted-
parboiled, respectively. This further reflects the enhance-
ment of antioxidant potential of finger millet food due to
the addition of spices.

Ferrous ion chelating activity (FICA)
Ferrous ion serve as a key transition metal ion responsi-
ble for the initiation of peroxidation in biological systems,
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thus causing several non-communicable diseases and
aging. In the body, Fenton reaction in the presence of
ferrous ions generates hydroxyl radicals which damages
biomolecules such as carbohydrates, proteins, and fat.
Chelating agents in foods can reduce the concentration of
metal ions available for catalyzing peroxidation and serve
as effective secondary antioxidants. In this assay, ferrous
ions form a purple colour complex with ferrozine and the
intensity of colour decreases when chelating agents react
with metal ions.

Table 3 presents the ferrous ion chelating activity of
phenolic extracts of finger millet flour and foods sub-
jected to different processing conditions. The ferrous
ion chelating activity of phenolic extracts ranged from
86.27£0.36 to 183.68£0.62 umol EDTA equivalents/g
dry matter. The extracts of FMP prepared with roasted
flour had the lowest FICA whereas FMF of parboiled —
roasted showed the highest. In the current work, though
roasted FMF showed higher TPC and TFC, FICA was
significantly (p<0.05) lower compared to native flour.
However, Sandhu et al. (2017) reported that toasting
of oat increased the metal chelating activity by 34-75%
for different oats cultivars. Furthermore, in the present
study porridge preparation, reduced the FICA than that
of corresponding flour used whereas Pittu preparations
increased the FICA (Table 3). In a previous study, Kumari
et al. (2019a, 2019b) demonstrated the increase of FICA
of differently prepared finger millet foods compared to
the corresponding native flour. According to Starowicz
et al. (2021), baking at 185 °C for 20 min significantly
reduced the ferric reducing antioxidant power of cookies
added with spices/ herbs. The reductions were more than
10 times that of their respective dough samples.

According to the results of this study, finger millet flour
and food may serve as a potential source of chelating
agents inhibiting radical-mediated chain reactions. As
evidenced by the present study, soluble phenolic extracts
of finger millet flour and foods are a potential source of
proanthocyanidins which form stable complexes with
metal ions acting as effective ferrous ion chelators.

B-Carotene-linoleate model system
In B-carotene-linoleate system, free radicals are produced
by abstracting a hydrogen atom from the active bis-allylic
methylene group of linoleic acid in C-11 between two
double bonds. Free radicals generated hit the -carotene
molecule leading to the loss of its conjugation. This
action causes the loss of the characteristic yellow-orange
colour of the f3-carotene. Phenolic compounds in the
extract protect the 3-carotene by reacting with linoleate
free radical.

Antioxidant activity coefficients of phenolic extracts
of finger millet flour and foods are presented in Table 3.
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Soluble extracts of FMF showed higher AAC than those
of FMP and FMPg. Phenolic extracts of FMFpi prepared
using parboiled flour showed the highest AAC among
other foods. BHA which was used as the reference anti-
oxidant showed 93.83+£5.09 percentage of absorbance
AAC/ g dry matter. However, it is noteworthy that FMPc
had higher AAC than FMF except for porridge prepared
with parboiled flour.

In the present study, FMP of native, roasted, parboiled
and parboiled-roasted showed 21.7, 24.5, 27.1 and 4%
less AAC, respectively, than those of corresponding FMF.
Furthermore, FMPc of native, roasted, parboiled and par-
boiled-roasted had 28.7, 73.1, 13.3, and 51.5% (p <0.05)
higher AAC compared to those of FMP.

Conclusion

The overall effect of processing on finger millet foods
appears to depend on a number of factors other than
the original phenolic contents of the grains. In the pre-
sent study, when comparing native and processed flour, it
was generally noted that roasted flour has high phenolic
content in the soluble fraction and determines the anti-
oxidant efficacy of the extracts in different antioxidant
assays. The extracts of finger millet flour demonstrated
high phenolic content and stronger antioxidant efficacy
compared to that of foods. However, addition of garlic
and cinnamon improved the flavour as well as phenolic
contents and antioxidant activities. It is noteworthy that
foods prepared using steaming possessed lower phenolic
content and antioxidant activities in general than those
of open-boiled counterparts. It appears that analysis of
phenolic profile is necessary to better understand the
relationship between composition and antioxidant prop-
erties of extracts though it has not been the focus in the
present work. This study demonstrated a wide variation
in the phenolic contents and antioxidant capacity in flour
and foods of whole finger millet grains. Processing differ-
ences existed in the contents of phenolics as well as anti-
oxidant capacities of soluble phenolic fractions of finger
millet flour and foods so prepared. The knowledge gener-
ated from this study may help to exploit the use of finger
millets in different food preparations as a functional food
ingredient and to promote their use in attenuating NCDs
and overall wellness.
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