Agric Res J 62 (3): 373-384, June 2025
DOI: 10.5958/2395-146X.2025.00045.6

BIOCHEMICAL ASSESSMENT OF OAT (Avena sativa L.) GERMPLASM
FOR HIGH ANTIOXIDANT POTENTIAL

Sukhdeep Kaur', Rachana D Bhardwaj", Rahul Kapoor? and Satvir K Grewal'

Department of Biochemistry, Punjab Agricultural University, Ludhiana-141 004, Punjab, India

2Department of Plant Breeding and Genetics, Punjab Agricultural University,
Ludhiana-141 004, Punjab, India

Free radicals are highly reactive, short-lived,
and chemically unstable atoms or molecules with
unpaired valence electrons. They accumulate as
a result of an imbalance between the production
and elimination of reactive oxygen species (ROS)
(Mansoor et al., 2022). Although the human body
possesses a natural defense system to counteract
these reactive species, dietary antioxidants also
play a crucial role in reinforcing this defense
(Gangopadhyay et al., 2015). Antioxidants are
molecules stable enough to donate an electron
to neutralize free radicals, thereby mitigating their
damaging effects. By neutralizing these toxic by-
products of normal cellular metabolism, antioxidants
help protect cellular structures and functions
(Ahmadinejad et al., 2017). Several synthetic
antioxidants, such as 2,3-tert-butyl-4-methoxyphenol
(BHA), 2,6-di-tert-butyl-4-methylphenol (BHT), and
tert-butylhydroquinone (TBHQ), have been widely
used in food products. However, concerns over
their potential carcinogenicity and other adverse
health effects have led to a decline in their usage
across the food, cosmetics, and pharmaceutical
industries (Murakami et al., 2015). Consequently,
there has been growing interest in identifying natural
antioxidants that can safeguard the human body
from oxidative damage and slow the progression of
chronic diseases. Debnath et al. (2019) demonstrated
that oat bran extracts possess exceptionally high
antioxidant potential and could be effectively utilized
in the development of functional foods.

The nutritional benefits of oats have garnered
significant attention from researchers worldwide,
and the food industry has increasingly recognized
their value as a functional ingredient in a wide range
of products, including infant foods. Oats are rich in
immune-boosting nutrients (Chen et al., 2021) and
contain various bioactive compounds with health-
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promoting properties. These include B-glucan and
antioxidants such as tocopherols, alkylresorcinols,
phenolic acids and their derivatives, as well as
avenanthramides - unique to oats and not found
in other cereal grains (Kaur et al., 2019). Tocols,
a class of compounds that includes tocopherols
and tocotrienols, consist of a polar chromanol ring
attached to an isoprenoid-derived hydrocarbon
chain. The difference between tocopherols and
tocotrienols lies in the saturation state of the
isoprenoid side chain (Fu et al., 2017). Vitamin E, a
member of the tocol family, is a potent lipid-soluble
antioxidant that neutralizes peroxyl radicals, thereby
preventing the propagation of lipid peroxidation in cell
membranes (Rychter et al., 2022). Similarly, vitamin
C is a crucial water-soluble dietary antioxidant that
reduces free radical-mediated cellular damage
by donating two electrons, which protects other
compounds from oxidation. It is absorbed in the
intestine through active transport mechanisms
(Putchala et al., 2013). Oats also contain a diverse
array of phenolic acids-including p-coumaric, ferulic,
cinnamic, syringic, vanillic, 2,4-dihydroxybenzoic,
and o-coumaric acids-making them an excellent
dietary source of natural antioxidants with strong
antiradical activity (Multari et al, 2018). These
phenolic compounds function as phytoalexins,
which are antimicrobial substances synthesized by
plants in response to pathogenic attacks, such as
those caused by fungi. Avenanthramides, a unique
group of hydroxycinnamoylanthranilate alkaloids
found only in oats, are also known to contribute to
cardiovascular health by promoting the production of
nitric oxide, which aids in blood vessel dilation and
blood pressure regulation (Sang and Chu, 2017).

The radical scavenging activity of cereal extracts
from milled flour fractions has been reported to be
highest in barley (26%), followed by oat (16%) and
wheat (12%) (lvanisova et al., 2012). Singh et al.
(2019) further highlighted that oat cultivars exhibit
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significant reducing power and DPPH free radical
scavenging activity, indicating their strong antioxidant
potential. Among the reactive oxygen species (ROS),
hydroxyl radicals are the most reactive and have
the shortest half-life. They are primarily generated
through the Haber-Weiss reaction, involving
hydrogen peroxide, superoxide anion radicals, and
iron ions. Due to their high reactivity, hydroxyl radicals
can cause severe damage to nearby biomolecules
such as lipids, proteins, and nucleic acids (Matros
et al., 2015). Nitric oxide (NO), another biologically
relevant free radical, is produced from L-arginine
via its conversion to L-citrulline by the enzyme nitric
oxide synthase (Habib and Ali, 2011). Superoxide
anions, another form of ROS, are generated from
multiple intracellular sources, including mitochondria
during oxidative phosphorylation, as well as through
the activity of enzymes such as NADPH oxidase
and xanthine oxidase (Granger and Kvietys, 2015).
These superoxide radicals are predominantly
dismutated into hydrogen peroxide (H,O,) by the
enzyme superoxide dismutase (SOD), yet they still
pose a threat due to their ability to damage proteins,
lipids, and DNA (Gurer-Orhan et al., 2016). In light of
the increasing interest in natural antioxidants and the
emerging recognition of oats as a valuable source
of such compounds, the present study involved
the biochemical characterization of forty-three oat
genotypes to evaluate their antioxidant potential.

The present study was carried out on 43 oat
genotypes, comprising six recommended cultivars
and thirty-seven advanced breeding lines, all
obtained from the Department of Plant Breeding and
Genetics, Punjab Agricultural University, Ludhiana
(Table 1). The seeds were manually dehulled, and
the resulting grains were ground into a uniform flour
using a Havells Sonidoi 1200W grinder. The flour
was then sieved through an 80 pm mesh to ensure
consistency in particle size. The prepared flour
samples were subsequently stored in plastic bags at
-20 °C until further analysis.

The oat flour samples were defatted using 80%
acetone. For extraction, 0.5 g of defatted flour was
soaked in 80% methanol and incubated at 70 °C
for one hour. The mixture was then vortexed for
two hours, and the resulting extract was filtered and
brought to a final volume of 5 mL with methanol.
This methanolic extract was used to assess the
antioxidant potential of the oat genotypes.

To estimate DPPH (2,2-diphenyl-1-
picrylhydrazyl) radical scavenging activity, 0.5 mL

of methanolic extract was mixed with 0.5 mL of
methanol and 3 mL of 100 mM DPPH solution. The
mixture was kept in the dark at room temperature
for 30 minutes, after which the change in colour was
measured at 515 nm against a reagent blank (Blois,
1958). Total reducing power was assessed by adding
0.5 mL of 200 mM sodium phosphate buffer (pH 6.6)
and 0.5 mL of 1% potassium ferricyanide to 0.5 mL
of methanolic extract. The mixture was incubated at
50 °C for 20 minutes, followed by the addition of 0.5
mL of 1% trichloroacetic acid (TCA). The contents
were then centrifuged at 10,000 x g for 10 minutes.
Subsequently, 1 mL of the supernatant was mixed
with 1 mL of distilled water and 0.1 mL of 0.1%
FeCl; solution. The green colour that developed was
measured at 700 nm. Ascorbic acid (5-40 ug) was
used as the standard (Sreeramulu et al., 2009).

For the Ferric Reducing Antioxidant Power
(FRAP) assay, the reagent was freshly prepared by
mixing 200 mM sodium acetate buffer (pH 3.6), 10
mM TPTZ (2,4,6-tri(2-pyridyl)-s-triazine) in 40 mM
HCI, and 20 mM FeCl;-6H,0 in a ratio of 10:1:1,
respectively.

Antioxidant activity based upon FRAP was
estimated by incubating 1.9 ml of FRAP reagent at
37°C for 10 minutes. Then 0.05 ml of the methanolic
extract and 0.05 ml of methanol were added to it.
After incubation at 37°C for 30 minutes, blue colour
so developed was read at 593 nm (Benzie and
Strain, 1996). The FRAP activity was calculated
from FeSO,.7H,O standards (5-30 ug) that were
run simultaneously. Superoxide anion radical
scavenging activity was estimated by adding 1 ml of
3mM pyrogallol solution into the test tubes containing
0.2 ml of methanolic extract, 0.5 ml of EDTA, and
1.3 ml of 100 mM Tris-HCI buffer (pH 8.0). Then, the
absorbance of the solution was measured at 420
nm (Marklund and Marklund, 1974). Superoxide
anion radical scavenging activity was determined
as the percent inhibition of pyrogallol autoxidation,
which was calculated from the optical density in the
presence or absence of pyrogallol.

The hydroxyl radical scavenging assay is
based on the Fenton-type reaction generating
hydroxyl radical. It was estimated by taking the
absorbance at 536 nm of the solution containing
1ml of 1.5 mM 1, 10 phenanthroline, 1ml of 1.5 mM
FeSO,, 0.1 ml methanolic extract, 1.9 ml of 200 mM
sodium phosphate buffer (pH 7.6) and 1ml of 0.02
% hydrogen peroxide after incubation at 37°C for 1
hour (Modified method of Lee et al., 2008). Sodium
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Table 1. List of oat genotypes used for biochemical analysis

S.No. Genotypes Source S.No. Genotypes Source
1 KENT PAU, State and national release and 23 OL-1855 Advance breeding lines
national check
2 OL-09 PAU, State release 24 OL-1862 Advance breeding lines
3 OL-10 PAU, State release 25 OL-1863 Advance breeding lines
4 OL-125 PAU, National release 26 OL-1864 Advance breeding lines
5 RO-19 Rahuri, Maharastra and National 27 OL-1865 Advance breeding lines
check
6 UPO-212 Pantnagar, Uttrakhand and National 28 OL-1866 Advance breeding lines
check
OL-1689 Advance breeding lines 29 OL-1867 Advance breeding lines
OL-1760 Advance breeding lines 30 OL-1868 Advance breeding lines
OL-1766 Advance breeding lines 31 OL-1869 Advance breeding lines
10 OL-1769 Advance breeding lines 32 OL-1870 Advance breeding lines
1" OL-1802 Advance breeding lines 33 OL-1871 Advance breeding lines
12 OL-1804 Advance breeding lines 34 OL-1873 Advance breeding lines
13  OL-1835 Advance breeding lines 35 OL-1874 Advance breeding lines
14 OL-1837 Advance breeding lines 36 OL-1875 Advance breeding lines
15  OL-1841 Advance breeding lines 37 OL-1876 Advance breeding lines
16 OL-1842 Advance breeding lines 38 OL-1877 Advance breeding lines
17 OL-1843 Advance breeding lines 39 OL-1878 Advance breeding lines
18 OL-1844 Advance breeding lines 40 OL-1880 Advance breeding lines
19 OL-1845 Advance breeding lines 41 OL-1881 Advance breeding lines
20 OL-1847 Advance breeding lines 42 OL-1882 Advance breeding lines
21 OL-1852 Advance breeding lines 43 OL-1883 Advance breeding lines
22  OL-1854 Advance breeding lines

nitroprusside in aqueous solution at physiological pH
spontaneously generates nitric oxide which interacts
with oxygen to produce nitrite ions, which can be
determined by the use of the Griss reagent. Nitric
oxide radical (NO*) scavenging activity was estimated
by incubating 0.050 ml of a methanolic extract with
0.2 ml of aqueous sodium nitroprusside and 0.4
ml of 200 mM sodium phosphate buffer at room
temperature for 22 hour. Then after adding 0.24 ml
of Griss reagent (formed by mixing 2 % Phosphoric
acid and 1 % Sulphanilamide), the reaction mixture
was again incubated at room temperature for 15
minutes. Absorbance was read at 540 nm against a
blank (Marcocci et al., 1994).

Estimation of non-enzymatic antioxidants

Total phenols were estimated from the
methanolic extract by using Folin-phenol’s reagent
(Swain and Hillis, 1959). The blue colour was read

at 760 nm along with the gallic acid (10-50 ug)
standard. For ascorbic acid estimation, 0.3g of flour
was homogenized in 1.5 ml of 5% metaphosphoric
acid and centrifuged at 10,000%g for 10 minutes. The
reaction mixture comprising of 500 pl of supernatant,
200 pl 5 mM EDTA, 400 ul FeCl, (16 mM FeCl, in
0.1M sodium phosphate buffer (pH 7.5), 400 pl
1.7% TCA, 400 pul 7.6% o-phosphoric acid and 400
pl 44mM bipyridyl was incubated at 40°C for 40
minutes. The intensity of the pink colour was read at
525 nm against the reagent blank (Law et al., 1983).

Flour of 0.3 g was extracted with 1.5 ml of
ethanol for estimation of a-tocopherol by using a
bathophenanthroline reagent. Absorbance was read
at 534 nm against the reagent blank (Kayden et al.,
1973). Tocopherol standard (20-100 ug) was run with
the samples to plot a graph against which tocopherol
concentration was estimated. Extraction of flavonoids
was carried out with 6 ml of distilled water. To 3 ml
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extract, 1.25 ml of distilled water and 0.075 ml of 5
% NaNO, were added. After 6 minutes, 0.15 ml of
10 % AICI,.6H,0 was added in the test tubes. After
incubation for 5 minutes at room temperature, 0.5
ml of 1M NaOH was added. The absorbance was
read at 510 nm after making the volume to 2.5 ml
with distilled water along with the rutin (40-200 ug)
standard (Zhishen et al., 1999).

Statistical analysis

The data for different free radical scavenging
activities and non-enzymatic antioxidants presented
as Mean+SD of triplicates was analyzed by one-
way ANOVA (p<0.05) using Tukey’s post hoc test
by SPSS version 16.0. The varieties were then
classified into low, medium, and high categories
with equal class intervals using an equal distribution
method by subtracting the minimum value from the
maximum value and dividing the difference of the two
by 3. Based upon different free radical scavenging
activities and profile of non-enzymatic antioxidants,
43 oat genotypes were clustered by using XLSTAT
(2017). Correlation coefficients between various free
radical scavenging activities and antioxidants were
also calculated using Excel.

Oat contains a number of compounds that
were found to have strong antioxidant potential.
In the present study, 43 oat genotypes were
evaluated for antioxidant potential based upon free
radical scavenging activities and non-enzymatic
antioxidants. The oat genotypes were divided into
low, medium and high categories on the basis
of equal distribution method. DPPH free radical
scavenging activity higher than 41.5 % was classified
under higher DPPH free radical scavenging activity
category, value between 33.4 to 41.5 % placed under
medium activity and less than 33.4 % is placed under
low DPPH free radical scavenging activity. Same
procedure was applied for FRAP, hydroxyl radical,
superoxide anion radical scavenging activity, nitric
oxide and reducing power which varied as H = 4.2
< 2.5 (FRAP), H = 33.1L =< 28.4 (Hydroxyl radical),
H = 25.5L < 16.5 (Superoxide radical scavenging
activity), H = 82.9L < 76.1 (Nitric oxide), H = 60.2L <
43.8 (Reducing power).

In the DPPH assay, the antioxidant effect is
proportional to the disappearance of DPPH' and the
appearance of yellow-coloured DPPH compound
in test samples (Viacava et al.,, 2014). DPPH free
radical scavenging activity of oat genotypes is
represented in table 2. In the present study, DPPH
free radical scavenging activity of oat genotypes

varied from 25.3 (OL-1874) to 49.7% (OL-1843)
with an average of 41.8%. Twenty-three genotypes
possessed higher DPPH (41.5-49.7%) activity. Kaur
et al. (2014) reported that oat grains have 40%
DPPH free radical scavenging activity. Brindzova et
al. (2008) observed that antioxidant components of
oats reduce the DPPH radical by 53 to 82%.

The presence of antioxidants caused the
reduction of the ferricyanide complex to the ferrous
form, thus measured the Perl's Prussian blue at
700 nm (Ferreira et al., 2007). Fourteen genotypes
possessed higher reducing power ranging from
60.2 to 76.6 ug/g. Reducing power in oat genotypes
varied from 27.4 (KENT) to 76.6 pg/g (OL-1855) with
an average value of 56.4 ug/g (Table 2). Sreeramulu
et al. (2009) reported that reducing power in cereal
grains varied from 36 to 4540 ug/g whereas wheat
and bajra were observed to have 610 pg/g and 1730
Mg/g, respectively.

Ferric reducing antioxidant power of oat
genotypes was estimated based on their ability to
reduce the ferric 2, 4, 6-tripyridyltriazine complex
(Fe**-TPTZ) to the coloured ferrous tripyridyltriazine
complex (Fe?*-TPTZ). In FRAP assay, yellow colour
of solution changes to green or blue colour depending
upon the reducing power of the antioxidants (Gulcin,
2012). The increase in absorbance is proportional
to the antioxidant content (Ye et al., 2009). In the
present investigation, FRAP activity ranged from
0.9 (OL-1874) to 5.9 umole/lg (OL-1881) in oat
genotypes (Table 2). Twenty-one genotypes were
found to have lower (0.9-2.5 ymole/g) FRAP activity.
Twenty-one genotypes possessed medium (2.5-
4.1 ymole/g) and one (OL-1881) contained higher
FRAP activity. Boeck et al. (2018) observed that
FRAP content varied from 5.8 to 16 umole/g in oat
genotypes during 2014-15 and 2015-16, whereas
Sreeramulu et al. (2009) reported it to be 33 uymole/g
in wheat grains. Krishnanunn et al. (2014) observed
that two rice varieties namely Kuzhiadichan and
Karungkavuni have 1.05 and 1.14 umole/g FRAP
activity, respectively.

Nitric oxide (NO-). a free radical, is formed from
L-arginine on its conversion to L-citrulline with the
help of nitric oxide synthase enzyme. It acts as both
cytoprotective and tumor promoting agent. Nitric
oxide on combining with superoxide anion radical
generates peroxynitrite which is the main mediator
of tissue and cellular injury. Nitric oxide can directly
either protect or damage the cell and indirectly may
cause oxidative stress (Habib and Ali, 2011). Sodium
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Table 2.

Variation of 2, 2-diphenyl-1-picryl hydrazyl (DPPH) scavenging activity (%), ferric reducing antioxidant power (FRAP) (umole/g) and total reducing
power (ug/g) in oat genotypes

Sr.  Genotypes DPPH activity Total reducing FRAP activity Sr. Genotypes DPPH Total reducing FRAP activity
No. (%) power (pg/g) (umole/g) No. ?;t)ivity power (ug/g) (nmole/g)
1 KENT 44.4+2 (Qabcdely 274110 1.940.32'mnopa 23 OL-1855  45.4+(.430cde 76.6+3.1° 1.8+0.04'mnopar
2 OL-09 36.0+0.84m 53.1+3.0nik 3.410.0600f 24 OL-1862  41.9+1 . 5edefoni 64.9+5.60d 1.7+0.11nopar
3 OL-10 35.0£0.4m 40.2+3.4'm 2.2+40.60Kmnop 25 OL-1863  39.1+2.8f9hi 39.5+4.1'm 1.240.46P
4 OL-125 38.6+0.2NiK 55.5+2,8defohi 2.2+0.28kimno 26 OL-1864  45.5+1. 3abcde 42.1+3.34m 3.0+0.030cdefonik
5 RO-19 35.5+0.64m 49.4+5 . 79N 3.2:+0.58bodefon 27 OL-1865  45.5+0.3%cde 62.2+4. 000 3.6+0.18bcd
6 UPO-212 39.1:+0.9fonik 59.9:+3, cdefoh 2.2+1.80kmne 28 OL-1865  39.2+0.9fni 53.8+4.6°fhi 2.4+0.09nikimno
7 OL-1689 48.2+5.3% 60.3+3.0c¢ef 3.9+0.47° 29 OL-1866  45.6+0.83cde 59.9:+3. 1 cdefoh 1.7+0.14ropar
8 OL-1760 40.0+1.3¢fonik 64.5+2 300 1.04£0.17% 30 OL-1868  39.8+1.5efnik 68.5+4.0%° 3.00.060cdefonik
9 OL-1766 43.014 . 2bcdefani 47.1£2.3ikm 2.1+0.06Kmnop 31 OL-1869  46.8+1.23cd 58.0+1. 3cdefohi 1.8+0.14mnopar
10 OL-1769 39.941.1efohik 57.814 .9ccefghi 2.2+40.13ikimno 32 OL-1870  37.8+2.0% 44.4+3.3Km 2.60.30¢fghikimn
11 OL-1802 37441 1Km 54 .4+2 8efohi 1.7+0.08nopor 33 OL-1871  44.2+1 Qbcdefoh 37 6+2.3m™ 1.6+0.02°0p
12 OL-1804 44,842 4abcdet 64.942, 1bode 3.3+0.09bodefgn 34 OL-1873  43.141.2bcdefhi 60,442 6010 2.6+0.17¢fhikimn
13 OL-1835 48.0+1.7% 64.6+1.00cde 2.2+0.38kmnop 35 OL-1874  25.3%1.0" 76.5+2.72 0.9+0.11"
14 OL-1837 44.6+0.93bcdel 54.2+4 1 ¢fni 3.4+0.560cdf 36 OL-1875  42.440.Qbcdefohi 53 9+3,3efoni 2.2+0.03kimno
15 OL-1841 39.8+0.7¢fnik 55.9+3.3¢efoni 3.310.220ccefgh 37 OL-1876  46.5+2.0% 65.8+2. 130 2.8+0.04defonik
16 OL-1842 41.0+1 . 2defanik 60.6+4.1c0ef 3.8+0.02b° 38 OL-1877  44.4+0.8abccefo 67.8+2.73° 3.7+0.13bd
17 OL-1843 49.7+2.12 48.749.1hikim 3.3+0.1(Qpccefsh 39 OL-1878  38.9+0.5¢Mi 74.2+1.5% 2.7+0.11defonik
18 OL-1844 31.720.6m 58.6+1.300efon 3.8+0.03%° 40 OL-1880  40.5+1.2¢fhid 63.9+2.60cdef 2.7+0.26°fghikim
19 OL-1845 41.910.9cdefani 40.613.0m 3.010.320cdefgnik 41 OL-1881  43.741.2bcdefon 59.6:+2, 3odefoh 5.9+0.972
20 OL-1847 45.041.4abcce 59.3+2.(ccefon 3.1+0.03bodefoni 42 OL-1882  46.6+0.92< 59.9+2, 3odefon 2.5+0.460nikimno
21 OL-1852 43.4+0.8Pedefoni 55.8+2,30efhi 2.5+0.16fhikimno 43 OL-1883  47.614.2%c 52.8+1.8fonik 2.5+0.13fshikimno
22 OL-1854 41.2+1 Qdefanik 49.9+2 4k 3.2+0.06bodefon Mean 47.8 56.4 2.7

Values are mean + S.D of triplicates
Within a column values followed by different alphabets differ significantly at p<0.05



nitroprusside in aqueous solution at physiological pH
spontaneously generates nitric oxide which interacts
with oxygen to produce nitrite ions, which can be
determined by the use of the Griss reagent (Philips
et al., 2010). Oat genotypes possessed nitric oxide
radical scavenging activity ranging from 69.1 (OL-
1882) to 89.4 % (OL-1875) with an average value
of 77.3 % (Table 3). Four genotypes (OL-1880,
OL-1863, OL-1802, OL-1875) were found to have
high (82.5-89.4 %) nitric oxide scavenging activity.
Ghasemzadeh et al. (2015) observed 58-82 % nitric
oxide scavenging activity in rice bran exploiting
different techniques.

Superoxide anion radicals are formed by one
electron reduction of oxygen, further one electron
reduction of superoxide anion radical leads to the
formation of hydrogen peroxide by the action of
mitochondrial superoxide dismutase. Reduction of
hydrogen peroxide yields the hydroxyl radical (Imlay,
2003). It can cause damage to proteins, lipids and
DNA (Gurer-Orhan et al., 2016). The superoxide
anion radical scavenging activity of oat genotypes
is presented in table 3. It varied from 7.5 (OL-1864)
to 34.5 % (OL-1835) with an average value of 21.4
%. Twelve genotypes were found to have high (25.5-
34.5 %) superoxide anion radical scavenging activity.
Vadivel et al. (2011) observed that superoxide anion
radical scavenging activity of legume seed extracts
was between 42.2 and 61.6 %.

Hydroxyl radical is the neutral form of hydroxide
ion and is a highly reactive free radical. It is formed
from superoxide anion radical and hydrogen peroxide
in the presence of metal ions such as copper and
iron (Li et al., 2008). It can strongly react with both
inorganic and organic molecules including DNA,
proteins, lipids and carbohydrates causing severe
damage to the cells. Hydroxyl radical scavenging
activity of an extract is directly related with antioxidant
potential (Babu et al., 2001). The capacity of oat
extract to inhibit hydroxyl radical ranged from 23.6
(OL-1883) to 37.7 % (OL-1863) with the mean value
of 30.2 % (Table 3). Seven genotypes were found
to have high hydroxyl radical scavenging activity
(33-37.7 %). Loganayaki et al. (2013) evaluated the
two medicinal plants namely Helicteres isora L. and
Ceiba pentandra L. for hydroxyl radical scavenging
activity which was 80.1 and 84.1%, respectively.

Equal distribution method was applied for
a-Tocopherol, total phenols, flavanoids and ascorbic
acid which was H = 42.7L < 22 (a-Tocopherol), H
> 353.2L < 228.2 (Total phenols) and H = 227.8L <

129.7 (Flavonoids) and H = 125.1L < 67.5 (Ascorbic
acid). Tocols, lipid soluble compounds are present in
the germ of cereals. Tocols include tocopherol and
tocotrienols. Tocopherol has 4 homologues a, B, y
and & which differ in number and position of methyl
groups on the chroman ring structure (Peterson
et al., 2007). It shows antioxidant activity, during
the peroxidation of unsaturated lipids. If a suitable
free radical is present, a non-radical product can
be formed from coupling of the free radical with
the tocopheroxyl radical (Yamauch, 1997). The
tocopherol content in 43 oat genotypes ranged from
1.3(OL-1871)t063.4 ug/g (OL-1878) with an average
value of 26.8 ug/g (Table 4). Eighteen genotypes
possessed lower (1.3-22 ug/g) tocopherol content,
sixteen were in the medium range (22 to 42.7 ug/q)
and nine genotypes (OL-1835, OL-1880, OL-1878,
OL-1877, OL-1766, OL-1862, OL-1883, OL-1868,
OL-125) had higher content (42.7 to 63.4 ug/g).
Chu et al. (2013) reported that oat grain contained
tocopherol in the range of 9 to 16 ug/g. Sterna et al.
(2016) reported that tocopherol content of oat grain
varied from 4.5 to 12.3 ug/g.

Phenols are naturally occurring compounds
with atleast one aromatic ring containing one or
more hydroxyl groups. Their complexity varies from
very simple to highly polymerized phenols, which
are categorized as flavonoids, stilbenes, coumarins,
phenolic acids and tannins (Liu, 2004). Total phenolic
content varied from 102.9 (OL-1864) to 471.9 ug/g
(OL-1878) with an average value of 243.5 ug/g
(Table 4). Twenty genotypes had lower amount
of total phenolic content (102.9 to 225.9 pg/g), 4
genotypes possessed higher amount (348.9t0471.9
Mg/g) whereas remaining nineteen genotypes lied
in the medium range (225.9 to 348.9 ug/g) of total
phenolic content. In earlier studies, Kahkonen et al.
(1999) observed that total phenolic content of oat
groat was 400 ug/g. Similarly, Brindzova et al. (2008)
also reported that total phenolic content of oat groats
varied from 239 to 662 ug/g.

Flavonoids consist of a large group of
polyphenolic compounds, secondary metabolic
compounds present in cell vacuoles of plants
(Samanta et al., 2011). They protect plants against
various biotic and abiotic stresses and play an
important role in the interaction between the plant
and their environment (Pourcel et al., 2007). They
absorbed the harmful UV radiation which can induce
cellular damage (Takahashi and Ohnishi, 2004). Total
flavonoids content of oat genotypes varied from 31.6
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Table 3. Variation of nitric oxide radical (%), superoxide anion (%) and hydroxyl radical scavenging activities (%) in oat genotypes

Sr. Genotypes Nitric oxide Superoxide anion Hydroxyl radical Sr.  Genotypes Nitric oxide Superoxide Hydroxyl

No. radical radical scavenging scavenging activity No radical scav- anion radical radical
scavenging activity enging activity scavenging scavenging
activity activity activity

1 KENT 75.6+0.64Parstw 18.9+1 . 5fhikimnop 33.410.14bcce 23  OL-1855 79.8+0.49nik 22.6+1.2¢cdefonikl 28 G40, 39gnikimno

2 OL-09 78.0+0.54iKmnop 23 241 3edefahi 36.8+0.05%° 24  OL-1862 75.2+0.04stw 22.7+0.2¢cdfonik 31, 1+0.87defnik

3 OL-10 74.9+0.54sww 18.6+0.8gnikimnop 27.5+0.77ikmnop 25  OL-1863 85.6+0.09° 14.3%2.1Kimnop 37.7+0.392

4 OL-125 82.3+1.67ce 14.141.2mmopq 28.9+0.779nikimno 26 OL-1864 74.4+0.491w 7.5+2.59 27 .6+1.3(ikimnop

5 RO-19 71.6+0.7894 20.00.6shikimno 31.3+0.29¢efhik 27  OL-1865 74.5+0.09uw 26.8+3. 13bcdefy 27.4+0.14!mnop

6 UPO-212 74.2+0.59uv 14.7+0.6Kmnopq 33.3+0.720cdef 28  0OL-1866 74.5£0.49ww 17.611 .4ikmnop 32.6+1.21cdefg

7 OL-1689 81.5+1.00¢% 21.3+2 9defghikimn 32.2:+0.34cdefohi 29  OL-1867 79.4+1.18ghikim 22.140.6edefonikim 35 §+0.34a0c

8 OL-1760 78.2+1.@670ikimo 22 349 2cdefghikim 33.7+1.98abd 30 OL-1868 80.0£0.73, 25.2+0.8Pedefoni 28.3+0.34hikimno

9 OL-1766 77.0£0.64'mnopars 7 542 54 27.4+0.19kimnop 31 OL-1869 7214113, 26.0+0.40bcdefon 28.7+0.39ghikimno

10 OL-1769 82.2+0.83 24 541 2bcdefghi 28.4+0.39nikimno 32 OL-1870 76.240.340p0stu - 10.6+0.4r9 33.7+£0.14abcd

1 OL-1802 84.1+0.19, 27.1+0.8abedef 25.4+0.48°° 33  OL-1871 80.6+1.47¢fn 23.1£0. 3edefoni 27.4+0.58kmnop

12 OL-1804 70.5+0.19# 12.4+0.7°F9 30.7+1.2@¢efshikim 34  OL-1873 80.4+0.14efoni 28.3+3.63bcce 31.7+0.82¢defoni

13 OL-1835 76.7+0.83past 34 542 4a 32.6+1.16¢°4%1 35 OL-1874 75.5+0.444rstwv 30.0+2. 13 31.520.14¢efani

14 OL-1837 73.940.29uvwx 25.4+2 Qbedefghi 30.9+ 30.940.92¢efnik 36  OL-1875 89.4+0.782 26.3+0.23bcdefg 29.4:+0.4 3efgnijkimno

15 OL-1841 80.4+0.78efoni 25.6+1.Qbcdefghi 31.8+0.82¢defoni 37  0OL-1876 79.2+0.09gnikimn 32 (0+3,3bcdefoh 31.4+1 55defonii

16 OL-1842 76.2+0.29%ast 29 4+1 Gabed 32.3+0.34cdefsn 38  OL-1877 75.5+0.2449rstwv 13.2+1.4n0pd 26.2+2.00m°

17 OL-1843 75.4+0.04arstw 20.0+0.8fghiikimno 29.3+0.48fnikimno 39 OL-1878 70.7+0.49% 14.610.3kmnopa 28.2+0.82ikimno

18 OL-1844 70.8+0.10" 21.5+0.7defghikimn 31.1+0.63¢efani 40  OL-1880 83.9+0.14bcd 27142 6abcdef 30.1:+1.0Q¢efghijkimn

19 OL-1845 79.520.140nik 17.8+0.6hikimnop 27.5+0.72ikmnop 41 OL-1881 73.2+0.24 15.0£0.8Kmnoea 28 4+(.6Ghikimno

20 OL-1847 76.9+£0.59mnoparst 26 0+1.5%° 26.8+1.00mn°p 42 OL-1882 69.1+0.784 20.8+0.2¢fonikimn 28 841, 3(Qghikimno

21 OL-1852 77.5+0.09Kmnopar 23 4+() Sedefhi 28.7+0.29gnikimno 43  0OL-1883 77.8+¢1.28, . 22.620.1°%0NK  23.6+0.39°

22 OL-1854 81.0£1.62, 22 .4+ 1 cdefohiki 27.4+0.63!mnop Mean 77.3 30.1
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Values are mean £ S.D of triplicates
Within a column values followed by different alphabets differ significantly at p<0.05



(OL-1869) to 326.0 ug/g (OL-1852) with an average
value of 154.8 ug/g (Table 4). Sixteen genotypes
were found to have lower range of total flavonoids
content (31.6 to 129.7 pg/g), 21 genotypes were
having medium range (129.7 - 227.8 ug/g) and 6
genotypes (OL-1876, OL-1868, OL-1852, OL-1875,
OL-1855, OL-1871) possessed higher (227.8-326
Mg/g) content. Salawu et al. (2014) reported that total
flavonoids content of whole cereal grains varied from
33 to 170 pg/g, whereas in other report it was found
to be 33.8-44.7 pg/g (Wahed et al., 2019). Kim et al.
(2007) found that total flavonoids content of barley
grains ranged between 62.0 and 300.8 ug/g. In case
of barley grains, flavonoids content was proportional
to the degree of colour depth, thus blue and purple
grains were discovered to possess the maximum
flavonoids content among different barley varieties
(Liu et al., 2013). However, Ivanisova et al. (2012)
observed that total flavonoids content in oats were
640 ug/g.

Ascorbic acid is involved in the first line of
antioxidant defence and in protection of lipid
membranes (Berger et al, 1997). The current
investigation showed that ascorbic acid content of oat
genotypes varied widely from 9.9 (OL-1868) to 182.9
nmole/g (OL-1845) with an average value of 52.4
nmole/g (Table 4). Thirty two genotypes possessed
lower range of ascorbic acid content (9.9 to 67.5
nmole/g), 10 genotypes were in medium range
(67.5-125.1 nmole/g) whereas only one genotype
possessed higher ascorbic acid content. Earlier
studies (USDA 2005) showed that cereal grains
contain negligible amount of ascorbic acid content.

Cluster analysis

The clustering of 43 genotypes was done
according the data of antioxidant capacities and non-
enzymatic antioxidants (Fig.1). The oat genotypes
in this study were divided into two main clusters in
the dendrogram i.e. Ml and MIl. Cluster Ml has 2
sub clusters Mla and MIb. Genotypes which were
clustered in sub cluster Mla possessed low/medium
non enzymatic antioxidants whereas genotypes
of MIb cluster were medium/high in free radical
scavenging activities. Mll has 2 sub cluster Mlla and
Mllb where Mlla had two sub sub clusters Mlla1 and
Mila2. First sub sub sub cluster of Mlla1 i.e. Mlla1A
had medium free radical scavenging activities
and low non-enzymatic antioxidants, and Mlla1B
contained medium/high free radical scavenging
activities. Genotypes of sub sub clusters of Mlla2

have low/ medium non-enzymatic antioxidants.
MIIb1 sub sub cluster of Mllb possessed low/medium
free radical scavenging activities and non-enzymatic
antioxidants, and MlIb2 further divided into 2 clusters
named as MIIb2A and MIIb2B former contained
genotypes of medium free radical scavenging
activities and non-enzymatic antioxidants and latter
had medium/high and non-enzymatic antioxidants.

Correlation between antioxidants and free radical
scavenging potential

Correlation coefficients between various free
radical scavenging activities and non-enzymatic
antioxidants in oat varieties were calculated.
Significant positive correlation was observed
between nitric oxide radical scavenging activity
and total flavonoids (0.343). Total reducing power
was found to be positively correlated to superoxide
radical scavenging activity (0.365). These results
were consistent with Shim et al. (2003).

The average Ferric reducing antioxidant power
(FRAP), total reducing power, 2, 2-Diphenyl-1-picryl
hydrazyl (DPPH), superoxide anion, hydroxyl, and
nitric oxide radical scavenging activities were 2.7
pmole/g, 56.4 ug/g, 47.8%, 21.4% and 30.1% and
77.3%, respectively. The oat genotypes namely OL-
1769, OL-1873 and OL-1880 were observed to be in
high or medium category of antioxidant potential in
terms of their capacity to scavenge DPPH, hydroxyl,
nitric oxide and superoxide radicals as well as in most
of the non-enzymatic antioxidants i.e. tocopherol,
total phenols, ascorbic acid and total flavonoids.

Positive correlation between nitric oxide radical
scavenging activity with flavonoids content at 5%
probability level depicted the role of flavonoids in
scavenging nitric oxide radicals. The genotypes;
OL-1769, OL-1873 and OL-1880, possessing
higher antioxidant potential may be employed in the
breeding programs to acquire superior cultivars.
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Table 4. Variation of a-tocopheol, total phenolic, ascorbic acid and total flavonoids contents in oat genotypes

Sr. Geno- a-tocopher- Total phenolic Ascorbic Total flavo- Sr.  Geno- a-tocoph- Total phenolic Ascorbic Total flavo-

No. types ol content content (ug/g) acid content noids con- No types erol con- content(ug/g) acid content noids content
(Mglg) (nmolelg) tent (ug/g) tent(ug/g) (nmole /g)  (ug/g)

1 KENT 34.4+4 6 301.3+24 . 20def 78.1+3.30def 133.444 qfhik 23 OL-1855 11.6+2.3svw 463.2+29.9° 47.3+4.0Mkm  240.7+19.2

2 OL-09 37.2+2 . 71ni 154.5+7.0nopar 61.3+8.2¢fn 123.816.8ikm 24 OL-1862  42.8+2.7cdefdn % 17.1£10.2"-  35.8+0.64™°  116.2+8.9™

3 OL-10 38.6+2.3%f 288 7+23.4df 30.6+9. 1kimnop _:|39.611 4 4t 25 OL-1863  11.6+2.3sv J1 43.2+3.8% 33.8+6.2Kmmo 129 345 5ohikim

4 OL-125  48.0+2.3% 343.8+27.4b 40.34 8ikimno J1 38.9+9.6nik 26  OL-1864 27.9+1.8<me  102.9+2.2" 59.6+7.7ni 123.1£11.67m

5 RO-19 35.4+2. 79"k 253,0+20.8niK  23.6+6.9° 158.9+7.5¢ni 27 OL-1865 25.6+3.2™°  191.3+£16.24mop  47.3+4,0hikm  141.0+10.3fhi

6 UP O - 9.7+1.3uw 380.0+£30.7° 52.7+7 .69k 160.942.7¢fh 28 OL-1866  11.6+2.3sw 293.3+11.2¢def 50.5+5.09ni 144.4+6 89Nk

7 %1L2-1 689 15.3+2.3% 150.5+9.7°F 31.7+0.3Kmmop 127,247 5hikm 29 OL-1867  36.8+1.3fNi 316.8+£19.70c  116.1+£14.4° 117.617.1km

8 OL-1760 26.1£2.7'™°p  219.3+19.9hikmn  8(,9+3,9cdef 118.318.2¢m 30 OL-1868  44.2+1.3cdf 265.8+7.0¢fn 9.9+2.9r 246.9+28.2"

9 OL-1766 48.0+2.3 202.04£10.3ikmo 47 3+4 Qhikm  123.3+9.7ikm 31 OL-1869  21.4+1.8°% 267.3+8.7¢fN 27.1+£8.3mp  31.6+2.7"

10 OL-1769 38.6x0.4¢%fh  261.6+14.8efni 83.314.70% 190.5+26.0¢% 32 OL-1870  37.7+1.3¢fni 316.8+7.9Pedef 22.5+6.9%° 136.8+7 .59k

11 OL-1802 18.6+1.8pars 266.3+12.8efon 41.942 4ikmro - 209,8+4.0% 33 OL-1871  1.3+x0.4% 252.0+4 .1 ghik 26.8+0.4™r  247.6+20.6°

12 OL-1804 30.7+1.8ikmn 311,242 4cdef 72.0+8.5¢%f9 165.0£12.3¢" 34 OL-1873  28.9+1.8kmno 262 2+11.6°fhi 24 Ax7 .2 137.545. 59k

13 OL-1835 47.0+0.4bx 220.9+12.9nikmn 29 8+8.8™mp  140.3+4.1fhik 35 OL-1874  14.942.79 190.8+£17.4mop 48 3+4 5hikm 169,242 7¢f

14  OL-1837 12.1+2.7sw 161.7£12.9mpa  32.3+9.5Kmo  121,0+5.5Km 36 OL-1875 6.0+3.2uw 223.2414 3%nikm 48 314 5hikm - 257 9+22.7°

15 OL-1841 8.84+2.3uw 131.6+11.9p9 34.046.1Kmmo - 120.3+14.4Km 37 OL-1876  23.3+3.7"Fd 173.4+9.4mnopa 22.8+6.7°° 308.8+3.42

16 OL-1842 11.141.8sw 187.7£19.1!mopa 46, 5+3,7iKmn 122 448 2ikm 38 OL-1877  46.1+2.3bcce 281.14£21.2d¢%h  68.8+1.4%4 94 2+3.4™

17  OL-1843 13.9+3.7w 151.5+£13.0° 31.713.6Kmnop 1&2.011 4.4° 39 OL-1878 63.4+2.72 471.9+14.5° 39.2+5.8ikmo 114 .8+11.6'™m

18 OL-1844 6.0+2.3uw 149.8+3.4p% 24.7+7 .5 EjI 1;0.018.99'“”""" 40 OL-1880 43.3+1.3cdfs 212 248, 3ikimno 100.3+9.9v° 149.942 79k

19  OL-1845 31.73.7%mn  198.9+9 Qikimno 182.9+9.42 152.7+5.5¢00K 41 OL-1881  32.1%4.1ikm 320.3+22.6bcd 42.1+8.6ikmno  138.2+10.3hik

20 OL-1847 23.3£3.7™p4  163.7+14.5m™cra  85.7+5 5¢ 156.112.0°nik 42 OL-1882  8.8+1.3uw 127.5+11.8p 37.611.3Kmme 167.1+4.8¢%

21 OL-1852 4.6+2.7" 355.6+23.2% 36.0+4.8Km  326.0+24.0° 43 OL-1883 53.1+2.7° 257 .6+8.7¢fhik 83.314.7¢% 118.3+£11.0Km

22 OL-1854 21.4+3.7°%°  267.7+14.8°9n 116.1£14.4° 116.2+8.9"m Mean 26.8 2435 52.4 154.8

Values are mean + S.D of triplicates

Within a column values followed by different alphabets differ significantly at p<0.05
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Fig. 1. Clustering of oat genotypes based upon free radical scavenging potential and non-enzymatic antioxidants
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