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Present research study was carried out with four walnut (Juglans regia L.) genotypes viz. KG
(Kulgam), CS (Char-e-Sharief), KW (Kupwara) and TM (Tangmarg) from major walnut producing
areas of Kashmir valley. The aim of the study was the selection of superior genotypes having better
quality nuts and kernels with higher antioxidant potential, for its exploitation at farm and consumer
level. Nut and kernel external quality traits were recorded. The results revealed that the nut weight
ranged between 11.70 to 14.51g; nut diameter between 9.60 to 14.27mm; nut length between 17.40
to 20.51mm. The maximum variability was observed in nut weight, kernel weight, kernel recovery,
nut length and nut diameter. The fat content accounted for more than 60% of walnut kernel weight
and ranged between 49.83 to 83.76%. The antioxidant potential, proximate and mineral
composition, total phenolic content, flavonoids, as well as, flavonols, were all evaluated. Mineral
content; zinc (Zn), iron (Fe), manganese (Mn), copper (Cu) magnesium (Mg) were determined. The
Total Phenolic Content varied between 19.8 to 50.19mgGAE/g while the total flavonoid and
flavonols ranged from 188.5 to 815.08mgQE/100mg and 3.46 to 7.77mgQE/g respectively. The
walnut extracts (0.5mg/mL) showed 82.60 to 97.19% DPPH (2,2-diphenyl-1-picrylhydrazyl)
scavenging activity. This study demonstrates that owing to maximum nut and kernel weight, as well
as, nut recovery, better free radical scavenging properties and higher phenolic profile of KW
(Kupwara) extract, this genotype seems to serve as a potential and promising one for production of

walnut on large scale to avoid non uniformity.

Introduction

The Juglandaceae

family includes walnuts provide a lot of nutritional and medicinal benefits

(Juglans regia L.). Walnut production in the globe is
estimated to be 1,500,000 metric tonnes. China, the
United States, and Iran are the major walnut-
producing countries in the world, accounting for
around 25%, 20%, and 11% of global production,
respectively (Gharebzahedi et al., 2014). Walnuts

(Jahanbani et al., 2018). Walnut has a long history of
therapeutic use in Silk Road countries to cure a range
of ailments (Vahdati, 2014). Walnut (Juglans regia
L.) is economically significant due to the nutritious
content of the nut and its wood (Khodadadi et al.,

2020). All plant organisms have abundant phenolic
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chemicals as secondary metabolites, with a role in
fruit tree growth and development, as well as pre- and
post-harvest fruit life (Cheniany et al., 2010). Walnuts
are a healthy nut that include alpha-linolenic acid in
their lipid fraction and poly phenolics in their skin,
both of which have potential free radical scavenging
qualities (Gao et al., 2019). Synthetic antioxidants
Butylated Hydroxyl (BHA),
Butylated Hydroxy Toulene (BHT), Butyl
Hydroquinone (TBHQ) and Propyl Gallate (PG) have

been utilised widely in the past, owing to their

such as Anisole

tert.

chemical stabilities and significant antioxidant
activities. However, due to the potential negative
consequences of these synthetic oxidants, academics
and the food industry have been looking for
alternative potent natural molecules with outstanding
antioxidant qualities over the past two decades
(Gursul et al., 2019).

Natural antioxidants, such as phenolic compounds
and flavonoids, are gaining popularity as a result of
their health benefits, which include lowering the risk
of degenerative diseases by reducing oxidative stress
and inhibiting macromolecular oxidation (Oliviera et
al., 2008 and Yang et al., 2014). Walnuts contain a
variety of phenolic molecules, some of which play a
function in pathogen defence (Khodadadi et al.,
2016). Walnut proteins and protein hydrolysates have
garnered a lot of attention for their anti-atherogenic,
anti-mutagenic, and antioxidant properties (Jahanbani
et al., 2016). Walnut kernels also have a high oil
content, which is beneficial because the main fatty
acids found in walnut kernel oil are polyunsaturated
fatty acids (PUFA) (linoleic [18:2, omega-6] and
linolenic [18:3, omega-3]) and monounsaturated fatty
acids (oleic [18:1, omega-9]). Walnut kernels have a
higher concentration of linoleic acid and a better
linoleic acid/linolenic acid ratio, making them one of
the greatest sources of these substances for humans
(Pakrah et al., 2021). Walnuts have a somewhat
astringent flavour, and phenolics together with
tocopherols, serve an important function in shielding

unsaturated fatty acids from oxidation (Trandafir et
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al., 2016). Ellagic acid, Gallic acid, Ellagitannins
(tannins) and many other such compounds with
excellent anti-oxidant potential, in the form of
polyphenols are found in walnuts (Ahad et al., 2020).
Antioxidant-rich diets, on the other hand, have been
shown to lower the risk of acquiring a variety of
diseases, including cancer, and to scavenge numerous
free radicals (Jahanbani et al., 2016). The aim of this
study was to determine the phytochemical efficacy of
walnut kernels from four different genotypes grown
under different environmental conditions, but gathered
at the same time, by measuring TPC, total flavonoids,
flavonols, and free radical scavenging capability. The
scavenging action on DPPH was used to access
antioxidant potential (2,2-diphenyl-1-picrylhydrazyl).

Materials and Methods
Chemicals and reagents

Merck supplied the Folin-Ciocalteu reagent (2N),
hydrochloric acid (37%) and potassium chloride, as
well as 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox) and methanol (Germany).
Sigma (Germany) provided Gallic acid (99% purity),
(99% purity),
Anhydrous Sodium acetate (98%), Aluminium nitrate,

Anhydrous  Sodium  carbonate
Potassium acetate, and Quercetin (HPLC-grade); and
Sigma-Aldrich Co., St Louis, USA provided 2, 2-
diphenyl-1-picrylhydrazyl (DPPH, 90% purity). The
tests were conducted with analytical-grade chemicals
and reagents. The water used for analysis was purified
using a Milli-Q water purification device (Millipore,
Bedford, MA, USA).

Plant material

Samples of walnut (Juglans regia L.) were
obtained from various eco geographical regions of
Jammu and Kashmir, covering a wide range of
altitude areas (Tablel). All walnut samples were
collected from mature trees grown in the designated
zones in 2020. Nuts were gathered from three trees

chosen as duplicates for each tree. Once harvested,
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nuts were instantly taken to the laboratory within two
hours. Peeling of the green husks was immediately
carried out and the shelled walnuts were rinsed with
water. For about four days, the cleaned walnuts were
dried under sun and in the open air conditions. After
drying, the hard shells of the nuts were manually

cracked, and the samples were visually inspected, to
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detect them with defects, such as insect damage,
odd
conditions. Only healthy kernels, devoid of illnesses

fungus development, colour, or harmful

macroscopically, were chosen for analysis, and
defective samples were rejected. For later use, the
selected nuts were kept in polyethylene bags and
stocked at 3-5 °C and 65-75% relative humidity.

Tablel. Areas Specifications

Sampling areas Latitude Longitude Altitude(m)
Kupwara (Sogam) 34 07925 N 74 7286 E 1615
Char-e-Sharief (Nagam) 330 55/ 29” N 740 47/ 23” E 1933
Tangmarg (Dhobiwan) 34°05 352" N 7432 416 E 2080
Kulgam Munad) 33'4421.08 N 74’5745.75 E 1639

Morphological analysis

During the harvest season, nearly 20-30 nuts from
mature trees were arbitrary collected and their traits
like shell colour, shell texture, shell integrity shell
thickness, shell strength, nut length, nut weight, nut
diameter at suture, nut diameter at cheek, nut shape,
kernel weight, kernel colour and kernel percentage
were evaluated according to the international

descriptor for walnuts (Eriksson, 1998).
Extraction preparation

Sun dried walnut kernels were milled to a fine
powder with the help of a grinder. Briefly about 5 g of
each sample was extracted with 100 mL of methanol,
incubated in an ultrasonic bath for 40 min at 50°C, and
then centrifuged at 8000 rpm for 10 min. For analysis,
the supernatants were filtered through Whatman no. 4

filter paper and stored at 4°C.
Physico-proximate composition
Colorimetry

For colorimetry, a Hunter colour lab spectro-
colorimeter was employed. Colour indices, indicated
by the CIE
(Commission International de I’Eclairage) are being
measured by the instrument. For the determination of
the kernel colour of the walnuts of each samples, the

CIE, L", a" and b" colour indices were assessed. The
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colour index L" (lightness component) extends from (O

to 100) and the other two colour indices viz; a~ (from

green to red) and b” (from blue to yellow) are ranging

from -120 to 120. Using the below mentioned

equation, the WI (Whiteness index) was calculated.
(W1) = 100-[(100-L"Y?+(@")*+(b ")’

Browning Index

For determination of the browning index of walnut
samples, the method as described by Lee et al., (2016)
was followed with certain modifications. About 15g
of each sample were homogenised in 90% methanol in
a lab blender for about two minutes and then
centrifuged at 8000rpm for 20 min at 4'C. Whatman
no.2 filter paper was used to filter the supernatants.
Immediately, the absorbance was measured at 420nm
and greater values of absorbance indicate advanced

browning of the tissue.
Proximate composition

Ash, moisture, protein, fat contents of the
grounded walnut kernels were evaluated according
to Association of Analytical Chemists (AOAC,
1998) protocol. For each component, the samples
were examined in triplicate. The carbohydrate

content was established by comparing the

differences in other components, rather than by using
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an analytical method. Each sample's mineral content
was determined using the Association of Analytical
Chemists' method (AOAC, 1990). Zinc (Zn), Iron
(Fe),
Copper (Cu) were analysed by AAS (Atomic

Magnesium (Mg), Manganese (Mn) and
Absorption Spectrophotometer) whereas, sodium
(Na) and potassium (K) by Flame Photometer. All
absorption measurements were performed on an
Analytik Jena AAS Vario-6 Graphite Furnace
Spectrometer (Made in Germany), which was
equipped with a PC-controlled 6-piece lamp turret
with hollow cathode lamps mounted as line
radiators, as well as a deuterium hollow cathode
lamp for background absorption compensation and

argon supply.
Total fat

Walnut grinds were transferred to a glass
extraction beaker following centrifugation. Fat
content was measured by the Soxhlet extraction
method. Petroleum ether was used as an extraction
solvent for all of the grinds and fat. Each sample
received a total of 150 mL of petroleum ether. Total
fat extraction was carried out using an automatic
Soxhlet device (Gerhardt's Soxtherm® SE-416 MK).
The solvent was removed and recycled after the
extraction. The sum of the fat utilised for fatty acid
analysis and the fat extracted with the Soxtherm

device was used to compute total fat.
Total phenolic content

Total phenolic content in the extracts
was determined colorimetrically with Folin-Ciocalteu
reagent by using the method described by Vasco et al.,
(2008) with slight modifications. About 0.5 mL of
walnut extract of each sample was added to 2.5 mL
Folin-Ciocalteu reagent (previously diluted with
distilled water 1:10v/v). Stirred and set aside for 5
minutes to allow for response. The reaction mixture
was then given 2 mL of 7.5 % sodium carbonate
(Na,COs).

incubated for 2 hours at the room temperature (approx.

The tubes were then vortexed and
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25°C) with intermittent shaking. A spectrophotometer
was used to measure the absorbance of the mixtures at
765 nm. The standard curve was calibrated with gallic
0.9988).
Milligram gallic acid equivalents per gram of dry

acid in the range of 0-400mg/l (©* =

material (MgGAE/g) were used to calculate the final
All

triplicates.

values. the determinations were carried in

Total flavonoid and flavonol content

With slight modifications, the total flavonoids
were determined using the Aluminium chloride
2009).
Briefly, 0.5mL of each extract was mixed with 1 mL

colorimetric assay (Ebrahimzadeh et al.,,

of 2% Aluminium chloride solution and followed by
1.5ml of 60% methanol. 6mL of 5% potassium acetate
was added to the mixture. For the development of
yellow colour, the mixtures were left at room

temperature for 40 minutes, demonstrating the
presence of flavonoid. The absorbance of the reaction
415nm

spectrophotometer. Standard solution of Quercetin in

mixture was  measured at using
concentrations 0, 25, 50, 100, 200mg I"* were prepared
in 96%
calibration (r* = 0.9794).

For flavonol measurement, the same method was

methanol and used for standard curve

used, except the incubation period was 150 min
instead of 40 minutes, and the absorbance was
measured at 440nm. (r* = 0.9941). The results were
expressed as milligrams of Quercetin equivalents per
gram of dry sample (mgQE/g). All the determinations

were carried in triplicates.
Total antioxidant activity

DPPH  (2,2-diphenyl-1-picrylhydrazyl)  radical-

scavenging activity

Total antioxidant activity was measured using the
radical scavenging capability of the DPPH free radical
(Trandafir et al., 2016) method with
Walnut extract (2.0 mL) of each

slight
modifications.

sample were mixed with 2.0mL of DPPH-methanolic
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solution (4x10™M). The mixture was gently shaken,
and allowed to react in dark at room temperature for
30 min. After the incubation period of 30 min at room
temperature, absorbance was measured using
spectrophotometer at 517nm. The antioxidant activity
was calculated by comparing the decrease in DPPH
absorbance, caused by the addition of test samples, to
the control. Standards of ascorbic acid with various
concentrations were used for calibration of the
standard curve (©° = 0.9844). Antioxidant capacity
was expressed in mg ascorbic acid equivalents per
gram of dry sample (mg AAE/g). The scavenging
activity was calculated using the formula;
scavenging activity (%) = [1-(A - As)/A]x100

where, the absorbance of the sample is As, whereas
the absorbance of the control is A. A mixture of
methanol and DPPH (ratio, 1:1) was taken as blank,
and the mixture of standard (Ascorbic acid) and
DPPH (ratio, 1:1) served as control. Samples were
analysed in triplicates. Observations were taken in
triplicate in all cases and means were used for making

graphs. Duncan mean range test was done through
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SPSS software for analysis data on DPPH, TPC,

Flavonols and Flavonoids.
Results
Morphological characterisation of walnut

A morphological study was conducted out based
on a few key qualitative and quantitative
characteristics. In this paper, the morphological
characteristics of four different walnut genotypes are
described in depth. Twenty important quality traits
were studied and were found significant variable
among genotypes (P=0.05). The majority of the nuts
were ovate in shape, with only a few being round
(Table 2). The genotypes also differed in terms of
shell strength. Shell surface showed variations from
rough to smooth; shell colour from light to medium.
The data revealed that the nut weight ranged between
11.70 to 14.51g; nut diameter between 9.60 to
14.27mm; nut length between 17.40 to 20.51mm;
kernel weight ranged between 2.13 to 7.21g; kernel
recovery between 14.6 to 61.57% and kernel colour
from light to amber (Table 3).

Table 2. Nut shape, Shell strength, shell integrity, Kernel plumpness and other physical parameters of different walnut genotypes.

Physical Characteristics: CS ™ KW KG
Nut Shape Round Ovate Ovate Ovate
Shape in cross section Oblate Round Round Round
Shape of base perpendicular to suture Rounded Truncate Rounded Rounded
Shape of Apex perpendicular to suture Truncate Rounded Rounded Rounded
Prominence of apical tip Medium Medium Weak Medium
Position of pad on suture On whole length On upper 2/3 of nut On whole length On upper 2/3 of nut
Prominence of pad on suture Strong Medium Strong Strong
Shell surface Rough Smooth Rough Moderately smooth
Shell colour Light Medium Medium Medium
Shell seal Strong Strong Intermediate Intermediate
Shell strength Intermediate Strong Weak Strong
Shell integrity Strong Strong Strong Strong
Shell thickness Medium Medium Medium Medium
Ease of removal of kernel halves Easy Moderate Moderate Moderate
Kernel plumpness Plumpy Plumpy Moderate Moderate

Phytochemical determinations
Total Phenolic content, Flavonoids and Flavonols

Antioxidant function is mediated by phenolic
chemicals, which are significant plant ingredients

having redox potential (Soobrattee et al., 2005). The

extract’s hydroxyl groups are responsible for aiding
radical scavenging. Walnuts have a higher TPC than

other nuts and are abundant in phenolics (Kornsteiner
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et al., 2006, Reddy et al., 2010). According to Habibi
et al., (2019) as a result of coating the fresh kernels,
the values of total phenols, colour, and sensory
qualities were largely retained.  Folin-Ciocalteu
reagent was used to calculate total phenolic content.
By graphing the absorbance against the gallic acid
concentrations, the calibration equation for estimating
total phenolic was created (in triplicate). The total
phenolic content of four walnut genotypes ranged

from 19 mg gallic acid equivalent/g to 50.49
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mgGAE/g. The walnut genotype KW (Kupwara)
the highest (50.49
mgGAE/g). The total phenolic content of the extracts

showed phenolic  content
was calculated using the calibration curve's equations
as milligram gallic acid equivalent (mg GAE/g) dry
weight of the plant extract: y = 0.0271x - 0.0421; r* =
0.9988, where

y and x correspond to absorbance and the gallic acid

equivalent in mg/g respectively (Fig.1).

Table 3. Proximate compositions, Mineral content and Physical properties of different Genotypes of Walnut.

Proximate composition ™ KG CS KW
Moisture (g /100 g kernel) 6.53+0.22 6.98+0.21 7.33+£0.23 5.65+0.21
Protein (g/ 100 g kernel) 12.8+0.32 14.1+0.43 14.6+0.42 15.8+0.44
Fat (g /100 g kernel) 64.7x0.72 62.5+0.71 61.3+0.65 67.8+0.64
Ash (g /100 g kernel) 1.76+0.02 1.65+0.01 1.55+0.03 1.8240.05
Carbohydrate (g/ 100 g kernel) 14.21+1.43 14.77+1.75 15.22+1.08 8.93+1.37
Mineral content (milligrams/100 gram of kernel weight)
Ca 175.2412.01 174.9412.12 178.5+14.32 180.4+14.21
Mg 138.8+9.75 151.6+10.45 146.3+9.87 150.8+12.08
K 251.39+29.0 268.99+30.0 276.83+25.0 280.82+26.0
Na 1.97+0.6 2.18+0.8 2.1+0.5 2.99+0.9
Zn 2.51+0.06 2.35+0.03 2.33+0.08 2.97+0.10
Cu 3.04+0.01 2.76+0.04 2.61+0.02 2.79+0.04
Mn 16.5+0.13 20.9+0.12 25.35+0.21 25.15+0.20
Fe 2.53+0.3 2.58+0.4 2.34+0.8 3.1740.5
Physical parameters
Nut weight(g) 13.31+0.70 14.51+0.71 12.46+0.80 11.71+0.76
Kernel weight(g) 4.22+0.65 2.13+0.54 5.16+0.47 7.21+0.45
Kernel recovery (%) 31.7+2.34 14.6+3.43 41.4+3.67 61.5+4.12
Nut length(mm) 17.4+0.34 17.66+0.56 18.95+0.23 20.51+0.78
Nut diameter at cheek(mm) 10.63+0.76 12.5+0.13 14.27+0.36 9.6+0.62
Nut diameter at suture(mm) 9.58+0.65 11.82+0.35 11.31+0.34 10.66+0.42
Kernel colour
L* 51.69+3.10 51.55+3.12 52.72+3.56 50.76+3.11
a* 6.81+0.09 6.38+0.12 7.65+0.16 9.18+0.08
b* 23.15+2.43 24.85+2.75 25.77+2.38 26.39+2.17
Whiteness index(WI) 46.03+1.54 45.17+1.63 45.62+1.32 43.38+1.59
Browning index(BI) 0.37+0.01 0.51+0.02 0.44+0.01 0.81+0.01

The mean and standard deviation (n=3) are used to calculate the values. L* is a lightness chromatic component, while a* and b* are two
chromatin components that range from green to red and blue to yellow, respectively.

Data on the flavonoid and flavonol content of
different extracts of walnut kernels ranged from 188.5
to 815 mgQE/100g and 3.46 to 7.77mgQE/g
respectively (Figs.2 and 3). Significantly high
flavonoid content 815 mgQE/100g was displayed by

KW (Kupwara) walnut genotype (Table 4). The
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following formulas were established on the calibration
curve to obtain total flavonoid content as Quercetin
equivalent (mg/g): y = 0.0236x + 0.191; r* = 0.9794,
where y and x implies the absorbance and the

Quercetin equivalent in mg/g respectively.
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Table 4. Phytochemical determination.

Samples TPC TF DPPH TOFL
KW 50.4° 781.1° 97.1° 7.7°
cS 32.4° 476.1° 95.3° 6.7°
™ 19.8° 188.5% 92.2° 5.2°
KG 38.7° 815° 82.6° 3.4

Genotypes showing similar superscript values are statistically,non-significant at 5% level of significance means followedby the same
letters within the columns are not significantly different using Duncan’s multiple range test (p=0.05).
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Total Phenol content(mgGAE/g)
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KW cs

32.4

Walnut samples

38.7

19.8

™ KG

Fig.1. Total Phenolic content (mgGAE/g) of different Walnut genotypes. Data are shown as mean +SD (Standard Deviation) of three
replicates.

Flavonols are a type of polyphenols, a broader group
These

compounds play a protective role for plants and are

of natural compounds found in plants.
known to exhibit antioxidant effect. In the present
study, the highest flavonol content was observed in
KW (7.77mgQE/qg). Total flavonols was determined as
quercetin equivalent (mg g™) functioning as the

standard compound, via the subsequent formulae from
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the calibration curve: y = 0.0071x + 0.0539; r’=0.994,
where y is the absorbance and x is the quercetin
equivalent in mg g*. The variation in the total
flavonoid and flavonol content in the genotypes may
be due to genetic diversity, biological, environmental,
seasonal variations that significantly affect the
flavonoid content of the nuts, as reported in the

literature (Kumar et al.,2018).
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Fig.2. Total Flavonoids (mgQE/100g) of different Walnut genotypes. Data are shown as mean +SD (Standard Deviation) of three replicates.
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Fig.3. Total Flavonols (mgQE/g) of different Walnut genotypes. Data are shown as mean +SD (Standard Deviation) of three replicates.

Antioxidant potential of walnut samples
Antioxidant activity (DPPH free radical scavenging

activity)

The antioxidative potential of walnut extracts was
determined by detecting changes in the absorbance of
the DPPH radical at 517 nm, due to their free radical
scavenging effects. DPPH assay results revealed the
antioxidant activities of different extracts of walnut

kernels. In the current study, free radical scavenging
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activity (DPPH) assay ranged from 82 to 97.1%
among the four extracts (Fig.4). Maximum free radical
scavenging activity (97.19%) was observed in KW
(Kupwara) extract followed by 95.35%, 92.23% and
82.60% in CS (Char-e-Sharief), TM (Tangmarg) and
KG (Kulgam) respectively.
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Fig. 4. DPPH %inhibition (mgQE/100g) of different Walnut genotypes. Data are shown as mean +SD (Standard Deviation) of three
replicates.

Discussion

In the first part of the current study, the maximum
variability was observed in nut weight, kernel weight,
nut length, nut diameter and kernel recovery. Similar
variations were also reported by various workers
(Pandey et al., 2004, Ozkan and Koyuncu, 2005, Rana
et al., 2007, Aryapak and Ziarati, 2014). Furthermore,
earlier research has shown that higher PPO enzyme
activity causes higher browning and a lower whitening
index in walnut pellicle (Habibie et al., 2021). In
breeding programmes, nuts with smooth, strong, thin
shells, with a tight seal and light kernels are most
desirable (McGranahan and Leslie, 1990).

Phenolic and Flavonoids impart major contribution
to the antioxidant activity of plant extract. The types
and amounts of phenolic compounds may play a role
in the antioxidant activity of the extracts under
investigation (Aryal et al., 2019). The result in the
nuts under investigation correspond rather well with
the observations of Pereira et al., (2008) wherein, the
TPC of walnuts was estimated to be 58.8 to
95.1mgGAE/g and 3.3 to 31mgGAE/g as was
recalculated by Bakkalbasi et al., (2012). Comparing
the works of literature, the highest TPC of the walnut
was reported to be 58 mgGAE/g (Tapia et al., 2013).
The extraction procedures and solvents are in charge
of dissolving the plant's endogenous components
(Siddhuraju et 2003).
components might be either polar or non-polar. Due to

al., Furthermore, plant
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the presence of a hydroxyl phenolic

group,
compounds are more soluble in polar organic solvents.
As a result, methanol was chosen as the extraction
solvent (Wang et al., 2006). The total phenolic content
of the four genotypes under investigation showed
variation. In summary, Juglans regia L. samples under
study exhibited statistically significant differences in
TPC. This may be due to different climatic conditions,
different altitudes, geographical variations, which may
alter the amount of phenolic compounds. Flavonoids
are water-soluble poly phenolic compounds with a
large number of aromatic rings that are found in
abundance in plants as glycosides. These secondary
metabolites protect lipids from oxidation by
scavenging free radicals, chelating metals, activating
antioxidant enzymes, reducing tocopherol radicals,
and blocking oxidation-causing enzymes (Heim et al.,
2002). The efficacy of flavonoid’s antioxidant action
is determined by the number and position of free OH
groups (Panche et al., 2016). The results in the present
study regarding flavonoids and flavanols have been
found to be in close proximity with the earlier findings
(Yang et al., 2009). The variation in the total
flavonoid and flavonol content in the genotypes may
be due to genetic diversity, biological, environmental,
seasonal variations that significantly affect the
flavonoid content of the nuts, as reported in the

literature (Kumar et al.,2018). The DPPH method is a
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simple practical and sensitive assay which has been
widely used to detect active antioxidants. The ability
of antioxidants to react with DPPH, which is a stable
free radical, and its ability to detect active antioxidants
with scavenging capacity, even in low concentrations
(Pinelo et al., 2004). It is a discolouration assay in
which an antioxidant is added to a DPPH solution in
methanol and the results are examined. The findings
of this study are consistent with those of earlier
research (Pereira et al., 2008) reporting 90.2 to 92.6%
DPPH scavenging activity. Their findings also
revealed that walnut kernel extracts have high free
radical scavenging potential, which can significantly
contribute to its antioxidant properties. Thus walnut
extracts particularly those having higher free radical
scavenging ability can have potential chemo-
preventive roles when compared to untreated walnuts
(Chatrabnous et al., 2018).

A linear relationship between total phenolic and
flavonoid concentration and antioxidant capability has
been reported in several studies (Shrestha et al., 2006).
Total phenolic component concentration of walnut
micro shoots was found to have a significant linear
connection with increasing antioxidant activity
(Chenainy et al., 2013). Phenolic compounds are a
class of antioxidant-active secondary metabolites
commonly used in the food business. Scientists have
recently become interested in extracting natural
phenolic compounds from agricultural goods and
waste and using them instead of synthetic chemicals
(Habibi et al., 2021). The TPs in dried walnuts have
been extensively studied. The reported outcomes, on
the other hand, were mixed. According to Pereira et
al., (2008), the TPs of six different walnut cultivars
growing in from 589 to
95.1mgGAE/g. Another

polyphenols in four dry walnut cultivars (Juglans

Portugal ranged

study looked at total

regia L. cultivars Serr, Hartley, Chandler, and
Howard), with the Howard having the greatest TPs
content (58.2 mg GAE/g) (Tapia et al., 2013). Several
findings, on the other hand, revealed substantially

lower levels of TPs in dry walnuts (Chatrabnous et al.,
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2018), ranging from 15.8 to 16.9mgGAE/g (Anderson
et al., 2001, Chen and Blumberg, 2008) or 10.7 to
16.0mgGAE/g as determined by Arranz et al., (2008).
In our analysis, the phenolic compounds were higher
than the TPs in all investigations. These differences in
TPs concentration could be due to the usage of
different cultivars or the variable phases of kernel
development during harvest. Walnut products have an
antioxidant effect due to phenolic components and
phytochemicals, which help to prevent the detrimental
effects of free radicals. By lowering the scavenging
activity power of DPPH radicals, the antioxidant
potential of fresh walnut kernel sample was
determined in this study. Through the correlation
analysis of phytochemical contents and antioxidant
ability of the walnut extracts, the phenolic and
flavonoid contents have exhibited excellent
association with DPPH. According to Erkan et al.,
(2008), total phenolic content of extracts from various
natural sources and radical scavenging activity are
closely related. Correlation coefficient estimates the
levels of association among two or more parameters.
The present investigation highlights a significant
relation between total phenolic and flavonoid content
with free radical scavenging capacity of the extracts.
Significant positive correlation was found among TP-
DPPH (r* = 0.833) and TF-DPPH, (r* = 0.794) were
observed. It is feasible to conclude that the antioxidant
potential of the extracts is mostly related to the
presence of phenolic and flavonoids in them by
comparing the correlation coefficients (R values). The
total flavonoid and total phenolic content were
perfectly  synchronised. It was successfully
demonstrated that samples with a high phenolic
content also contain a large number of flavonoids. The
extracts with high content of total phenolics and total
flavonoids also exhibited higher antioxidant activities.
Thus, the contents of total phenolics and flavonoids
were confirmed as

largely responsible for the

antioxidant activity of walnut kernels.

From the foregoing discussion, it is clear that the

secondary metabolites were examined in different
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samples of Juglans regia L. in order to highlight their
total phenolic and flavonoid content and antioxidant
potential. The obtained results indicate that all the
four genotypes reveal different levels of TPC and
flavonoids and free radical scavenging activity.
However, the extracts from KW (Kupwara) and CS
(Char-e-Sharief) TPC,
flavonoids followed by TM (Tangmarg) and KG

presented  higher total
(Kulgam). Therefore, the fact that highest antioxidant
activity, among the genotypes, analysed in the present
study, has been found in KW (Kupwara) extract,
owing to the greater accumulation of phenolics in its
kernels. According to several studies, the antioxidant
activity of walnut kernels can be linked to the
existence of such phenolic compounds, primarily
because high TPC and total flavonoids levels indicate
high DPPH levels (Shi et al., 2017). Our findings also
point to a strong positive relationship between
antioxidant activity and total phenolic and flavonoid
concentration in walnut kernels. The same results
have been reported in wild vegetable extracts (Aryal
et al., 2019), Lantana camara (Kumar et al., 2014),
Trifolium pratense extract (Esmaeili et al., 2015).
Antioxidants do play a role in preventing diseases
including obesity, cardiovascular disease, and
neurodegenerative disease by counteracting the
detrimental effects of oxidative processes (He et al.,
2018, Chen et al., 2016 and Srinivasulu et al., 2018).
Due to the presence of those compounds, in the
extracts under investigation, indicate how useful and

beneficial these kernels are to human health.
Conclusions

It may be concluded, based on the findings of this
investigation, that genotypes KW (Kupwara), CS
(Char-e-Sharief), TM (Tangmarg) and KG (Kulgam)
were found rich in mineral composition especially
Mg, Mo, Mn. Although other elements like Zn, Cu,
Co, Fe were also found in significantly higher
concentration. The results also suggested a strong
correlation between the total phenolic, flavonoid

content and antioxidant potential. The four walnut
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genotypes (KW, CS, TM and KG), in the present
study, highlighted varying TPC, flavonoids and
antioxidant activities. However, the possible reason
for the variations could be difference in altitude,
temperature, soil, UV, humidity. Since these variables
are key determinants of metabolism and secondary
metabolite accumulation (Connor et al., 2005, Ahuja
et al., 2010). Nonetheless, biochemical characteristics
differed between walnut genotypes from various
places. To put it another way, environmental
conditions appear to have a major impact on
biochemical properties (Sarikhani et al., 2021). Owing
to maximum nut and kernel weight as well as nut
recovery and higher phenolic profile of KW
(Kupwara) extract illuminate the exploitation potential
of this genotype for commercial cultivation for
market. Based on the good fruit quality, rich mineral
composition, higher total phenolic and flavonoid
content and better free radical scavenging properties,
this genotype seems to serve as a potential and
promising one for production of walnut on large scale
to avoid non uniformity. More research is needed to
identify the active chemicals responsible for the

kernel’s high antioxidant capacity.
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